I T o T
;  e3e , T 6T-9 Cctober, 2002 TITLE OF THE I NVENTION 5 Modifi ed

phot ocat al yst sol BACKGROUND OF THE | NVENTI ON fmwvent The
present invention relates to a nodified photo 1 al yst sol .

More particularly, the present invention is concerned with a nodified

phot ocat al yst sol conprising a I'iquid nedi um havi ng di spersed ther

particles of a nodified photocatal yst, wherein the nodified phot ocm”m mmm,m"","mm
particles are prepared by subjecting particies of a photocatalyst to Q00000
nodi fication treatnent with at | east one nodifier conmpound sel ected fr M2

t he group consisting of differ enmm&ﬁ ependent|y conprising
at | east one structural unit sel group—consi sting of a

nmonooxydi or ganosi | ane unit, a di oxyorganosilane unit and a ammmmw,gmu"m”"”m

di fl uoronet hyl ene unit, and wherein the nodified photocatal yst p

have a specific volune nmean pagt,) [ r nt invention | .
al so concerned with a nodifi edﬂ%ﬁg%gggt g@é&%%%g%%ﬁ%%ﬁ conpri si ng tﬁe'“
abovenenti oned nodi fi ed photocatal yst sol and a functional substance. Wen
a filmcontaining a nodified photocatalyst is forned on the surface of a
substrate by us 9 COctober, Akckdiig tdie aovigwiRatriogned nodi fi ed

phot ocat al yst sol or nodified photocatalyst conmposition, not only can the
nodi fi ed phot ocatidd stoersd rafeEnigaobi I i zed on the surface of the
substrate under noderate conditions 5 without Buff eying a |owering of the
activity of the nodi fihed presicocatialwsit idntredlazesany af mbhefielinphotaed and
the substrate covered with the filmare not deteriorated by the action of
the nodi fi ed phetadeaivdtystol FuMohrer patrtd caBevdynetibeopedsént miexénbices
excellent 10 properties with respect to transparency, durability, staining
resi stance) har difes¥PRrnatt vike a et ind phafocai@lysie soilogearydarfi ed
phot ocat al yst sol and npdified ({)hot ocatal yst conposition are extrenely

useful fidt, e.gIPPrvierfiiifh BRGHUR (AN HithHiTRp IS8 Y Hesgln1 pardded o6t

o var: ous. sube i et GUUROT BN ton THETRGh O detida o PROa 111 m
f d [ th bave- ti d podi fied phot t al yst I i,fi ed
phot ocat al yst  cOERITIOT: BED0-G LRt TR TOHFSE e BRSSP PR 1 m
and a substra t%féyegfdaggg%o%%#%oﬁg%% yaﬂ?ﬁ%ﬂro i QI%aQ;n%%Eced by

shapi ng the above-nention st conposi tion. Prior
Art 9 Cctober ,wid30% B 1east one modifier compound selected from the

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

- unit, a dioxyorganosilane unit and a difluoromethylene
unit, and wherein the modified photocatalyst particles

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

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



When specific types of substances are irradiated with Iight having energy
which is larger than the ener gy gap (band gap)gt@ém tdwoaonducti on band
and the val ence band of these substances, i.e., 1rradiated with 5 | i ght
(excitation |light) having a wavel ength snaller t han a wavel ength
corresponding to the band gap of these substances, the |ight energy causes
an excitation (photoexcitation) of the electrons in the val ence band, so
that an electron and a hole are, respectively, gen 10 erated in the
conducti on band and the val ence band. By using the reducing activity of the

el ectron gener a&ﬁgl Lot QBOGQUggﬁER Eaﬂﬁdﬁﬁgéggﬁgé’cé’&awﬂ%' 961?'6&9

activity of the e generated In t ence var i1 ous chem cal

reactions can DRoREE| BB, d8alhay s scanen: Lhenanaye- oy | onedusubst ances

are irradiated wth exci atlon they can function as catalysts.
Therefore, the ﬁ@@!@igﬁnbh@@%@a&ﬁ@§%@n685straﬁglﬁai&ﬁgb ‘phot@cahatysts. " As
a nost representative exanple of such photocatal ysts, titaniumoxide is
known. 20 As exguplFaseobrfched eabsteacti anGegamaliyzete byoidetions
phot ocat al ysts, there can be nentioned oxidative deconposition reactions of
vari ous @rgani cwittheuancesfetfhageboiewentian bvliethhotcthavhtysts ahe
i mobilized on the surfaces of various substrates, it is possible to 25
cause vari ous omgdnifdesubbdncaesailyisth bateaddhersd 06 the® OtlwbEerme@02 4
the surfaces of the substrates to undergo oxidative de conposition by |ight
i rradiation. Cnanﬁet@@hgmbﬁam@teipowgrhdowﬁthhahe ®hén phetodotadatgsts are
irradiated with light, the hydrophilicity 5 of the surf ace of the
phot ocat al yst s Kéoradiedad¥d thehacsrone Ofwhas ﬂﬁéﬂéé&@ap9§F§C§FélYﬁﬁDblIlzed
on the surface of various_ substrates, it is possible to increa
hydrophilicity gPItW@réuFpﬁb@h@Wermén§&8§@ﬂa§é§mb?xpﬁﬁﬁFsl?FSH&iFPBn 10 In
recent years, studies have made for_ appl t he ahove i oned
propertﬂé@ of pﬁ%i&@&?&ﬁfsﬁgﬁgbrﬁﬁp'8&3 F@§SP§%8HCXS QHEaPE§F§Y0f
envi ronment al ~clyg Qnti%@r frje dsscfa WA Gl S ’%@C%i%aghéo pfﬁérlfé‘foﬁé”
ace

from adhering tS Vari 6us “su stra and fiel'ds 1n Wwhich
It Is necessary {4Q RIRMRNIdAGHIAS | o‘?ﬁ‘fg] CULHAD ARl 8 £SULTagRE Of

vari ous substrates. For enabling suc I cations, the nethod for imobi

|'i zi ng phot ocat gjqsitsSi e ﬁﬂtﬁtoﬂgﬁaq%tofcowdﬁ&q@ula&t é%ﬁ:@%m@iz asgeaat

i nportance. 20 Wth respect to the nmethod for inmmobilizing a pho tocatal yst
on the surface dom sdlbpt) gsverrin SO adhevrenbeen mhdesukor
exanpl e, Unexan ned Japanese Patent Application Laid-Open Specification No.
60044053151 scl osescess et hok faars 1snttida iz g andolpotegeattan®s floggtingn t he
surface of a substrate, in which a thin 9 Qctober, 2002 5 filmof a

phot ocat al yst i sffam ragcwir e Jurtthe swifaces et vard oy spkstagteg.. O

t hese net hods whi ch have been proposed one which has been attracting
attention as being eSiCiRHSSPE: ddWaNtAGI0US 1389 ROPREARLEr WilivRoBi | i zi ng a
phot ocat a

film formed using the above-mentioned modified photo-
catalyst sol or modified photocatalyst composition, a
20 functional composite comprising the f£ilm and a substra-
te cévered with the £ilm, and a shaped article produced
by shaping the above-mentioned modified photocatalyst

composition.

25 Prior Art



| yst on the surface of a substrate, in which a conposition containing a
phot ocatal yst is coated on the surface of a sub%tég%@bép 3065eby forma
phot ocat al yst -containing filmthereon. 10 In t - oned net hod
for imobilizing a photocatal yst by coating, it is required: O that the
phot ocat al yst be strongly i mobilized on the surface of the substrate

w thout suffering a lowering of the activity of the photocatal yst, and 15 O
that any of the filmformed and the substra&te covered with the filmforned
be not deteriorated by the action of the photocatalyst. - Further, for

br oadeni ng the app! i gaLhonpLLekdcofyble aRoKeroTEahLoned-getbodaidicd s

desired: 20 OO t hat i I'zation can be performed under nobderate

condi ti ons (for , ¢XARLgnaha RN bREREYALNIEH 85abANLeR0BnG), tROCendhat the

filmformed exhibits e | 'ent proper “ties with respect to transparency,

durability, st aigﬁ}i BEp27phesi ghahceethdkdness avddubeibhkBana @n&ctiber,
2002 6 For immobilizing a photocatal yst by coating) vari ous nethods have

conventional |y heeaneeopasadorFehe@sarpbetadeesgnined,JapanasatPat enth
Applica tion Laid-Open Specification No. 60-118236 discloses a 5 nethod in

whi ch a gol conflaighitnd excpheitaoat akiysit )phevdugs ar welvel eegdhrpkmadher
organotitanate) is coated on the surface of a substrate, and the resultant
filmis cal canedhian tehemste) enginecortres pohdticcattal tde pradugsprofnto a
photocatal yst while immobilizing the forned pho 10 tocatal yst on the
surface of the s$hiestr studstdoweser thiehild ot [eE@HIgTCICERESSa st 8FCR6ALEBR M ng
crystalline mcroparticles of a photocatal yst, wherein this_step requires
cal cination at Hingetoersditatdad. ofhdber @lectugns idt f6¢ NadeRc<qi 8a8¢ant age
in that, when the sub 15 strate has a | arge surface area s difficult

A
to perform the SOt 28 i TFEThEPh&t %13, TSP Cﬁé‘[vﬁbféf'wﬁ%ﬁ uses
a sol containing a t.0o catal yst nd ich, h .. do t. require. a
step fort% orni n%%‘%&oaﬁq itg\se rﬁgaﬁd’é%r]tqn\é%&ndofa %18‘%‘& gggt%&%%spaﬁa,' 20
exam ned Japanese .Pat ent i cation. lai.d- eciqfi .ratli 278241
di scl oses aprret ﬁ’osdu?gt)retqwmprigegdl Cil%%gaca{:lph%tyc?gogaﬁ%st%lc?ﬁttrﬁ% %Pyggécggf a

substrate, in vhighyp WaheheheRll 48he Undfod AN HIBRXIAE dis160aked on the

surf ace of a substrate. wever, since a titanium ox25 ide sol cannot

exhibit a filmforpng oF opgs tho W dRner S Xt 0D ethe 202 ntMERIGA &ari-
conditions, this nethod also requires calcination at high tenperatures.

Further, the filda®hipdnethbyrdduisiomé hadh itse byettdmneaind easily broken and
conmes off fromthe substrate, so that it is inpossible to al 5 |lowthe
phot ocatid yst to exhilidt iis, effeacttled dbdmevestmentioned substances are
irradiated with excitation light, they can function as
catalysts. Therefore, the above-mentioned substances
~ are called “photocatalysts.” As a most representative
example of such photocatalysts, titanium oxide is known.
20 As examples of chemical reactions catalyzed by the
photocatalysts, there can be mentioned oxidative decom—
position reactions .of various organic substances.
Therefore, when the photocatalysts are immobilized on

the surfaces of various substrates, it is possible to

25 cause various organic substances which have adhered to



face of the substrate. Al so, nethods have been proposed in which a resin
coating material containing a photocatalyst is o@2surface of a
substrate. For exanple, each of 10 Unexam ned J§Q§éﬁﬁb 2 Application
Lai d- Open Speci f ication Nos. 7-171408 and 9-100437 discloses a nmethod in
whi ch a photocal yst is incorporated into a resin coating materi al
containing, as a filmformng elenent, a resin which is unlikely to be
deconposed by the ac 15 tion of a photocatal yst, such as a fluoro resin or
a silicone resin, and the resultant photocal yst containing coating materi al
is coated on the surface of - a substrate, However .in the resin coating
material s used ?Hetﬁ8§ aEEN8Es héuéﬁgﬁaFgﬁo °o¥n?%ﬁg%h8¥%§%tgyad§%yst i's
poor and, therefare, th oat. terl ome white turbid. Further,
for obtaining acﬁg§85 Fﬁﬁ%b%gtEggg%ng%k%ggéP??ﬁfs necessary for the coating

materials to contalnog |ALOG ARRUALAR Bef o8l fnodRdchbls Uagnofnged arge

anount of a resin poses a pro min 25 that the photocatalyst is enbedded

in the filmandgatadloRee 1200413 +tRENGEthCaNAAL , exAbbhiadopRiiséagfory
activity. As a nethod for solving these probl ens, Unexam ned Japanese

Patent Applicatigen thal dnGReReSRECithieC phb@Bchlea19s344052idse6heses a net hod
whi ch uses a conbination of 5 a resin coating material and phot ocat al yst

particles havi ngheregirel he@nghicakidaithy yeitkhatrespambbtioikbe snl veat
contained in the resin coating material. In this nmethod, the resin coating
materi al is firsurdeated orvdtiewsursiee rattea , sulstisapesantlet heninbef ore
the 10 curing of the coating material is conpleted, the above nentioned
phot ocat al yst pamtdaseeshar dvywcomipdd ldeittlye ofodhengumiieeei alf. thHewever, this
met hod i s di sadvantagenus in that not only is the operation cunbersone, but
al so a honogenedUsadint thvansilrtedrfddimtd®@mnot be ob 15 tanmed. The

above- nenti oned patent docunent also dis closes a nethod intended to
sinplifyt® he operati ot Z&F&ET YeRMSy &tMOdRSdPANCWRPER B2APxEAFe®BPLE resin
coating material, and photocatal yst, particles having_a controlled

wet tabi @ity wit TSP ey S TP et FESR <50 Eaed PROCRESFELYATE0kP ng
material is coated on the surface aof a bst . I

phot ocat al yst ca"Fﬁﬁ)JtO"bSel’%lre ' esdl%q} S Ecéenggi%?r%le E‘g\é%xfﬁrioﬁéngsitlarlﬁ by using
phot ocat al yst p i cles. havi ; ; ol M h respeet to the
sol vent, and nng%&% 5%%’g%h%§%$6§g32F3%{q%ﬁ?%%g%%?sg%eyﬁginege!y enbedded
inthe 9 Octohefyt 2008 hdhdMiNtho NENE Gu RO reXiididusa stdishaekory

activity. Thus, no nethod has yet been known which is for imobilizing a
phot ocatgd yst orafdnerserdficen ofhecis Ul Sty afedis agationravednwhifolygiatyi sfi es

all of the above 5 nentioned requirenents ~Oto . SUVWARY OF THE | NVENTI ON
In this situati oforth hecpuesiang omvihd ocsuihfascgmde various substrates.
For enabling such applications, the method for immobi-
~ lizing photocatalysts on the surface of various sub-
strates has a greét importance.

20 With respect to the method for immobilizing a pho-
tocatalyst on the Surface of a substrate, various pro-
posals have been made. For example, Unexamined Japane-
se Patent Application Laid-Open Specification No. 60-

044053 discloses a method for immobilizing a photocata-

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



extensive and intensive studies with a view toward de 10 vel oping a net hod
f.or inmmobilizing a photocatal yst on the surfaceg %g; g e wherein the
nmet hod satisfies all of the above-nentioned rqugﬁcﬂﬂ; %g Géo . As a
result, it has unexpectedly been found that, when a filmcontaining a
modi fi ed photocatal yst is 15 fornmed on the surface of a substrate either by
using a nodi fied photocatal yst sol conprising a |iquid nmedi um having

di spersed therein particles of a nodified photo catal yst, wherein the
nodi fi ed photocatal yst particles are prepared by subjecting particles of a

phot ocatal yst 20.to a_nodification.treatne LLh_at ifier
conpound seIectgﬁiTr8ﬁ1?h8£8%888%86¥§§sgfng£5$%éi??e?%ﬁ?gégﬁggﬁﬁgg %ach
i ndependent |y congr'siﬁg §t Iegg%egg structural unit selected fromthe
group consi sti n§Bf a2 Bn8x Y& 6r-§an0Si 1 ane unit, a di oxyorganosil ane 25

uni t and a dif| uor ongtnyl.gag HALhha@nGnIBR! fbDe! BEen Sr&5b8be!. oR002 10

nodi fi ed phot ocat al ySt par ave a specific voluhe nean particle

di aneter, or bywHE%ﬂghQ madishi &4 thhekanat akyehteerPasi bbOAgCEEPEE SRy t he
above-nmenti oned no |f|e5 phot ocat al yst sol and a functional substance, 5

all of the abovgg{yRAthORSGs AGUIa @RRALS ©ol0 imAbBisakiahi edpaodotaea-
nodi fi ed photocatal yst is not embedded in the filmand, hence, can exert a
satisfactory effiget ah the swirffaee of heubsitratkt haswhlisb beeomposhd t hat
each of a filmformed 10 using the above-nenti oned nodi fi ed photocat al yst
sol or nodifiedtpbat eoattaliysn o anpisitidicartalysftudst icondedconpdbiet eur-
conprising the filmand a substrate covered with the film and a shaped
article producedaby sifapi sgpisteatizove riiveriedive d omodiaf PB@TEREILALHEE] yst
conposition, en 15 ables the nodified photocatal yst contained therein to
exert a satisfactontadifiag fHtlm Hedepde of each of the film the
functional conposite and the shaped article, therehy etfec%h el reventing
dirt frdm adhering tdnt F&es@rovgrdantdoasd Medhecs 08 FEY 6ﬁégéﬂgiﬁg

fogging 20 fromoccuring on the surface thereof . Based on these novel
findi ngs, the prpé’é’&rﬂcait%}é'rﬁtt iTh %tjﬁb%’nqt%or?‘pﬁ é:teeqdl.lrﬁgidor dingly, it is a

i bj t of th i i .d ified t al t
o ot o b e ogi 11 od PHERELnk P hERR Dy BE e CecPolipty ifloblei bRt Bl VS
Cct ober, 2002 1I i (Gt | wh i

tober 'ﬁfeaps;%@ag% %ysﬁh%%un%é(}l%a?téc Yot analsushstiane e wherein

f
the nodified phé?bca and the I ed photocatal yst conposition
have an advanta G‘od&i{@toﬁm@'ﬂe%é{iﬁ@f%@im@q}rﬂ:ﬁmﬁﬁﬂqﬁkmh(&mat al yst
is 5 formed on the surface of a substrate by using the nodi fled
phot ocat@d yst sol or godhhitednghetroeakalrysin gompedsahiiothet bebsodatée ed
phot ocat al yst can be strongly im -
covered with the film formed be not deteriorated by the

action of the photocatalyst.
~ Further, for broadening the application field of
“. the above-mentioned method, it is deéired:

20 ® that the immobilization can be performed under
moderate conditions (for example, at room temperature
to about 100 °C), and

@ that the film.formed exhibits excellent proper-
ties with respect to transparency, durability, staining

25 resistance, hardness and the like.



" nobi lized on the surface of the substrate under nodera to conditions
wi t hout suffering a lowering of the ac 10 tivit Bgohi ed
pheotocatal yst. It is another object of the pres13'r%l—ﬁve"ﬁ‘l"l—on—g btobér éto provi de a
film a functional conposite conprising the filmand a substrate covered
with the film and a shaped article, each eof which can effectively prevent
15 dirt fromadhering to the surface thereof and effec tively prevent
fogging from occuri on the .surf.ace _ther 5 e.f0 i d. ot her
objects, features a%%&%ﬁ%&e&ﬁ& % ﬁg“’ggrégéﬁ%ygﬁvﬁﬁt {:g%@%\nﬂ?[ aﬁe 3(é)lppar ent
from 20 the follow ng .detai el N e Lai ms taken in
onwi {17 ERE SR AT e 3y pBRR R PR Ry

connection with onpanyl ng draw ngs. CF THE

DRAW NGS | n .t he dr aw ngs.. Fi 0.urkasdashid oG i he gpgeieal energy
dis 6 outober, 200PN YT Ireefefl S8aRogY PRCEHE RRSSHEA, Sor R

fluo rescent | am F: OSHInB I ECHNOLOGY -
co., LTD., Jap?r;%)?A %g& g&;}gésﬁ Zéj%%é;%hf%h%vﬁggt'hg lodgtllag 2?5: gum §§§NE§I5

measuring, by nranso@f 1 ANyISNSH G -6 SRY A g @Y pERRGaft@NgEer préhe
di stribution of the titaniumatons in a cross-section of a coating which

has been formede@psdhe( sorf aeampie an QiRydmtartad ir djseeicarted bhmthg usi ng
the nodi fied photocatal yst conposition produced in Ex 10 anple 17; and Fig.
3 is a graph shewtfgcéherdat supbteaned and neres ureisud, tamt fdams isf caa -

ener gy-di spersive X-ray spec troneter, the distribution of the titanium
atons in a crossisedt tontbérebyoatnwnerwhiloh diest duedralfysrinaidegmoses 15
surface of an OHP (overhead projector) filmby using the nodified .

phot ocat al yst cbmposat pbatpeotatest | whike akprabiflglz mpr AAheED RSCRPEPFON OF
THE 1 NVENTI ON 20 According to the present invention, there is provided a
nodi f i edOphot ocheapyaiyssl cpofipei SPRERGE | 9% thel THRA ATV H§YEVSher sed
therein particles of a nodified photocatal yst, the particles..of a nodified

phot ocat al yst bER#AS Q‘EtﬁpépéPQ&Iugﬁssﬁbeﬁi#&r p%ﬁ’f“i”(ﬂ%scgﬁ hJt 6t al yst

to o Cthber’péﬁﬁggs of a photocatalyst, wherein this step re-

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

25 ide sol cannot exhibit a film-forming property under



13 a nodification treatnent wwth at | east one nodifier conpound sel ected

fromthe group consisting of differ ent conpoungdp&eshes, BFpgndent |y
conprising at |east one structural unit selected fromthe group consisting

5 of a nonooxydi organosilane unit represented by formula (1), a
di-oxyorganosi |l ane unit represented by fornmula (2), and a difl uoronet hyl ene
unit represented by formula (3): 10 -(RIR2Si0)- (1) wherein each of Rl and
R2 independently represents a hydrogen atom a straight chain or branched
Cl1- C30 al kyl group, a C5-C20 cycl o0l5 al kyl group or a C6-C20 aryl group

which is unsUbsﬁbagkggeoéoﬁﬂgﬁﬁbﬁgte@h@%tRe@hohe§§EOOP§q§ﬂP§£'&QE@ina-

sel ected fromthe group consisting of - al kyl group, a Cl-C20 al koxy

group and a hal pggR atORE gROtBrpSra@utR) O R Wher eithdle i1 asvidefiged for
formula (1), and 9 Cctober, 2000 14 ~(CF2) (3). the nodified

phot ocat al yst pgyttﬁhgsma@ﬁbaglg %o 4#B oS afBaBaBANLYI BLek&haaREecomés 800 nm
or less. For easy understanding of the present invention, the essential

features and vapkgugsrpmetaer edberbadie , meat heft tLlﬂelprﬁ&ﬁﬁksﬂmuentooalare
enunerated below. to 1. A nodified photocatalyst sol conprising a liquid
medi um havi ng dilsperthed phbéoeiat apgstti dloe exbfi bd tmodisf eédephotbcahal §y8t; the
particles of a nodified photocatal yst being 15 prepared by subjecting
particles of a fhoeoodt dhestsubostararmedi fication treatment with at | east one
modi fi er conpound sel ected fromthe group consisting of differ ent
conpounds each of mh%éﬁohn@@ﬁéﬁé@nhﬁyec@@ﬁﬁi§§§Paﬁeaeé§tWBhéhsFrE%Fﬁ?al
unit selected fromthe group con 20 sisting of a nonooxydi or anosil ne unit
represented by FeOARIPG @fﬁe§44$(9ﬁﬂﬁ%ﬁﬂ%&ﬂIaaMQqGﬁFPtPéé?ésé t 8825§9f or mul a
(2), and a difluoronethyl ene unit resented by fornula (3)

-(RR2Si 0)- (1) °" Fh&crigfdrc2dd aigqﬂ?é"rrétr? ea%ﬁ ‘Fxﬁipéﬁ(\ ?&g’“ of

oD o SRR A RIED AR BBl L0l el spshed
whi ch is unsubs@ é§f¥% 'N&gﬂﬁﬁJffﬁfﬁ%\%J&]§“1d6¥§¥ discloses a method
in which a photocalyst is incorporated into a resin
coating material containing, as a film-forming element,
a resin which is unlikely to be decomposed by the ac-
15 tioﬁ of a photocatalyst, such as a fluoro resin or a
silicone resin, and the resultant photocalyst-
containing coating material is coated on the surface of
~ a substrate. However, in the resin coating materials
used in these methods, the dispersion of the photocata-
20 lyst is poor and, therefore, the coating materials be-
come white turbid. Further, for obtaining a good film
by these methods, it is necessary for the coating mate-
rials to contain ablarge amount of a resin, and this
use of a large amount of a resin poses a problem in

25 that the photocatalyst is embedded in the film and,



one substituent selected fromthe group consisting of a Cl-C20 al kyl group,
a Cl-C20 al koxy group and a hal ogen atom 10 hé wherein Rl is
as defined for formula (1), and -(CF2) (3), tﬁégr?)% l{%%iﬁldo?ocatal yst
particles having a volune 20 nean particle diameter of 800 nmor |ess. 2.
The nodi fied photocatal yst sol according to item 1 above, wherein the
phot ocat al yst particles prior to the nodification treatnent have a vol une
mean particle 25 dianeter of 200 nmor |ess. 9 Cctober, 2002 16 3. The
nodi fi ed photocatal yst sol according to item1 or 2 above, wherein the

modi fi ed phOt00ﬁ£€£¥5tcQHﬁBFu8£ﬁ§bf?V§ §a¥QéPQ@%5%$rhéE¥¢i e dianeter of

200 nmor 5 less to the exclusion of noieties of e particles which

nmoi eties are derivedAgrgn%gQﬁong5;igglgpwyggﬁggﬁagragméﬁguﬁdﬂé%gmined

phot ocat al yst sol according to any one of i 0 3 above, which, after

all oved to 10 55@8Qn@5e39a€éﬁgrA%9919§¥§®nnﬁéﬂéa®ﬁ@nESﬁ@&iEEbé&iﬂhFNﬂIiC|e
di aneter of the nodified photocatal yst parti cles at 800 nmor less. 5. The

nodi fi ed photocatghyst2saksateakdi BOmbenhadywAbcangsef & tesmbindoich alve,
wherein the nodifier compound has a sensitizing group. 6. The nodified
phot ocat gl yst sal rasgar doagihe mayepnelo&nidt pstdcévabyabovertiibeei n t he
nodi fi er com 20 pound has at | east one reactive group selected fromthe
group consi sti npaofingnaepoxyrgidegd, wahtablyhioyl wijtbupespedet hacky® oyl

group, an acid anhydride group, a keto group, a carboxyl group, a hydrazine
group, an i socyacwavengr coptadnedsdnhitbeyansia gratpnganalersyt dioup, 25
an am no group, a cyclic carbonate group and an ester 9 October, 2002 17
group. 7. The nbdils 8@ thiestotaeargsinsepaséngr Brngriali tenf6r8bote®tSher ei n
the nodifier conpound has at | east one 5 reactive group selLected fromthe
group consi sti n@lofthg Wydﬁéﬁen@fgPoﬁﬁbéﬁaa§eképg'g%BﬁB! BeT9he WdYi fied
phot ocat al yst sol according to any one of iteng 1 to bove,. wherein the
modi fi erlO%com 10 PFRF % §g’|ef CORTHEG f“é%PEléﬁ &8 SBWBZF?‘F%M kpe %‘f{’o‘f%'e
nodi fi ed phot ocat al,y.st |_,accordi 0._any . of it tQ.8 ove,
wherein the nndﬁF?bf"é%f 5ﬁﬁﬁm€%ﬁggﬁksp%f¥ﬁgg§5 %ﬁ% g?FF%gnggtgﬁghaving
bonded 15 thereQﬂuﬂHkaqagtéyB%lhydEBQQOeftOghis method is disadvanta-

geous in that not only is the operation cumbersome, but

also a homogeneous and transparent film cannot be ob-
15 tained. The above—menfioned patent document also dis-
closes a method intended to simplify the operation,.
specifically a method in which a mixture of a resin
~ coating material and photocatalyst particles having a.
controlled wettability with respect to the solvent con-
20 tained in the resin coating material is coated on the
surfaqe of a substrate. However, the photocatalyst
cannot be prevented from being embedded in the film by
using photocatalyst particles having a controlled wet-
tability with respect to the solvent, and most of the

25 photocatalyst particles are completely embedded in the



10. The nodified photocatal yst sol according to item9 - above, wherein the
modi fication treatnment is conducted in the presgrgetsher 2002

dehydr ogenati on- condensati on cata20 |yst whi ch has

dehydr ogenati on- condensation activity with respect to the hydrogen atom
bonded to the silicon atom of the nodifier conpound. 11. The nodified

phot ocat al yst sol according to item 25 10 above, wherein the

dehydr ogenat i on- condensati on 9 Cctober, 2002 18 5 10 catal yst conprises
at | east one netal of the platinumgroup car a conpound thereof. 12. T a

modi fied photocay 3l Y8f 4S0he REEOT BLAHLE 0o @Y PR 0f oL 1 EFBC Pt ddt APOME.

wherein the nDdI%Ier cohpounggé a ST con conpound EaV|ng an aver age

structural conpositi epLes by thefobLoM RYoHQr e &n (49 £
HquC}XSSiO~4_p_q_r_g E%’(%? §§%§?% %%g28355t%§ch on'independentlyOr

represents a st Eﬁ\inSBEl%g% OQr pﬁF%BEB%Ql&%t%Q_ 2hkybkugteyge, o &5séR20
a -

cycl oal kyl group or aryl group ich is unsubstituted or
substituted ithgatakeast eBatiubshhbughtchekaetedibsorlhesgtnEpasonsi sting
of a Cl1-C20 al kyl group, Cl1-C20 al koxy group and a hal ogen atom each Q

i ndependgnt |y rgpheIenks 2eghe¥RmawtBy@Attd edst one function-inparting
group elected fromthe group consisting of: 1) at |east one hydrophobic
group selected fromthe group consisting of a straight chain or branched
Cl1- C30 al kyl 9 Cctober, 202 19 group, a C5-C2p cycl oal kyl group and a
C6- C2p aryl group which is unsuBSMMARY cQF dPHE ENYENTE@ with at | east one
sub 5 to stituent selected fromthe group consilting of a Cl-C2p al kyl
group, a C1C20 al koxyngitbds sAduathaNogéneaPsRserid laVERTesphas| iafdal kyl
group; 2) at |east one hydrophilic group selected fromthe %roug cansisting
of a carboxyl gredUlE Y a8l L1y  sEusHEsHAtE §r JdFY¥ahGvardafe-

thereof, a sulfonic acid groy a salt thereof, an ol.yoxval kyl ene
group; 3P at | ed&: 9 é’a&q@’é’%%&ﬁ %0@8‘56&%11@' %P%@%ngﬁ]%gﬁg%gf’}éup
consi sting of an.epox roup,. an acryl oyl group,. a. et |0yl an
aci d anhydri de &}begpis rafg‘}f’e’i @fgraoﬁbﬁ)%rr‘i%%cﬁ g”zhlerlfgdlélr &%, g%%%}ggo%?g%%?ggar oup,

an i sot hi ocyanatg group., a Jyoq;eo—Wéntgﬂ’ogll% rgé[ﬁ\ﬁrpe'ﬁ%r&rs()lﬁ?’t& @yclic

carbonat e group and an ester group; an east one sensitizing group,

each X independently fens esenlis 2 sy WL YERRILR MR TRleactednlr emuthe
group conisting of a Cl-C2p al koxy group, a hydroxyl

when a film containing a modified photocatalyst is

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

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

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

25 unit and a difluoromethylene unit, and wherein the



9 Cctober, 202 21 ship: wherein a, b and c satisfy the followng relation
( +b+c) s 10,000, and wherein when (a + b +§§2@to%jeﬁ_'3@6b2.5 0, the conb
pound f formula (5) is a cyclic silicone conpo ) is 2, the
conmpound of forrmula (5) is a straight chain ilicone conpound. 14. A
nodi fi ed photocatal yst conposition conprising 10 the noified photocatal yst
sol of any one of itens 1 to 13 above a and at | east one functional
substance. 15. T a nodified photocatal yst genposition according to item 14
above, wherein the functional substance is a 15 resin, 16. T to itemresin

20 resin 17. to 'i,zol i 25 and t. he nmodified cat . i-ton

accor d: ng m 15 r%ll ,e@m%ll ?%?%C?%%Wse%i%a%tsilca eﬁog%é% %n?pégaggmg?}%nﬁq t he
roup consi sting. of ilicone, fl uor.qQ, r.esi i -

ghotgcatalyst é%ﬁ%%éﬁ??%%éggcg%%ﬁékfﬁﬁ f§9§§6&§5J§%é??Fﬁiﬁﬁifﬁiéﬁ°Ffed

phot ocatal yst t I%@%Hﬁ%}g&@i%@ﬁa&aﬁrfﬂn@ftﬂé Byl idhdesin i s

capabl e of reac reactive Cctober, 2002 22 group off the
modi fied phot ocgbal ¥$LaSphotd8atd1fstmehl i fch PhohBcAl@lnest armesidd,on
according to ite 14 above, wherein the nodified photocatalyst 5 sol is the
modi fi eds phot ocgi 8l Y8t +88! aBbvh L REh ¥1 SR ere @ik-diih 4110t kond =aubst ance i s
at | east one conpound select d fromthe group consisting of a pol ycarbonyl
conmpound and a petybydeazhne epspaoatcidd Pifotdcataingsf ikd photecat al yst
conposition according to item 14 above, wherein the functional substance is
a coatin resin peapedi ihobhe2f@lm dhd, 1Behoe | t @am capgourad Sl SR BT f ace
energy |l arger than that of each nodified photocatal yst particle 21. T 20 to
item 14 above whéfech thethenstirfaak stibthantelis a coating conposition

conprising a resin having a surface energ% | arger than_that of each
modi fi ed phot ocat al yit TThe abaPfPednpheoundathkdlstachost tFbH &8 ng to

item 14 above, wherein the functional substance is a congo ndthav'Q%ia
surfacel@nergy PE-§8r thRaAPENEr MR tdaBRINBAREF &89 pRBPHRGR ?#%? part it e.

The nodified phot gcatal yst it di 14_ab in th

funct fonal - SubSPaACE RS 56 CRALFEROROBDNPLFAPR 3 FOUy KERATT n B ur  ace
| than that_of each modif] | i . di fi ed
photocat al st cOMBEs CLTBA GoNS (oFd LAt SpepB8bhpseSaogered pfufnd! 1 €

phot ocat al yst pagl ¢l;8% hay WTR RERAPRELEGBLadbEMBREPIRG 899 nm or
| ess and at Ieagp o%gﬁ'dng¥¥%%%%h§%€gtaﬁbe, ﬁhgrein t he %Ddif%sjédé :

phot ocat al yst paifovel-gerdi® e #ideadiky paeRvcadalet! barbdsmedonm ésom the
nodi fi ed photocatal yst sol of any one of itens p. to 13 above. 23. T a

modi f i ed gphot ocafialess tt o ieeEi fidd phetoicditagykse cbamm2Redbbuerenhetei n the
functional substance is a 10 conpound having a surface energy |larger than
that of each nodixdred phattoicHtaltysty Edifteict] et 24 sunéagedirfi edcphototheal yst
conposition according to it m 22 above, wherein the functional substance is
a £ilm, the functional composite and the shaped article,
~ thereby effectively preventing dirt from adhering to
the surface thereof and effectively preventing fogging
20 from occuring on the surface thereof.
Based on these novel findings, the present inven-
tion has been completed.
Accordingly, it is a primary object of the present

invention to provide a modified photocatalyst sol and a

25 modified photocatalyst composition comprising the modi-



15 coati g conposition conprising a resin having a surface energy | arger
than that of each nodified photocatal yst partichetober; 200271 ed

phot ocat al yst/resin conposite conposi 20 tion a%ft%‘TS‘ﬁTﬁdﬁéed by

pol ymeri zing at | east one conpound sel ected fromthe group consisting of a
vi-nyl conpound and a hydrol yzabl e silane conpound in the presence of the
nodi fi ed photocatal yst sol of any one of it ns 1 to 13 above. 25 9

Oct ober, 202 24 26. A functional conpositEklconprising a substrate and a
filmformed on the substrate, the filmconprising the nodified

phot ocat al yst | . of Y. it ald Angeaped article
produced by shgg‘ler?g ptr%e%onét%eﬁlﬁ{asde pﬂo%ﬁ%%@gﬁgsli tsi%(?))rsftof any one of
items 14 to 18 ghqve. 10,2804 £ L6 THANAcAUMARY 12 1CMRN ithleno@iFulst r at e

and a filmforned on the substrate, the filmconprising the nodified

phot ocat al yst qumg;%aéﬂysoé S e Qfn IHAB i davSitrhevan ¥hatd. A

shaped articl e "produced by shaping the nodified photocatal yst conposition

of item 20 aboyg,edVi Gt ie St SO1KOR Ca Whddl ff RsDaHo Howdtha yditstirs buti on of
the nodified photocatal yst. 20 30. functional conposite conprising a

substrate and adihdn fou mele ouihigcs UbBta atuhs tietd idymuomy igiengradie
nodi fi ed phot ocatal yst conposition of item 20 or 21 above and being

ani sotropi ¢ wi thi¢@sgiectotatahesti soli dutnodibied Ehaipidtaly PhotRst-al yst .
25 9 Cctober, 2002 25 5 10 15 31. A shaped article produced by shaping
the nodified photbtenal yse sodpdiedi Phobscataky o o Re %%t%%ﬂea
produced by shaping the nodified photocatalgst coqgositioqgff itq¥1

22, above. 32. MehtizeRaPncbhposirEacendti Shags SRS A ehd"E 53 m
forned on the substrate, the filn1conprising t he ﬂDdeied %potocatajyst
conposition of FeefPpdihbene. WiEhoAtSRUREGTERY| €| tORPOIRE Y by S HApi ng t he
nodi fi ed photocata[¥st congositigg,of i£§g123 agOVﬁ, whi ch is anisotropic
with resPect tottWit¥i SfrFBGt MBALGECENBERBAFPFRH Bhot ocat al yst. 34. A
functional conposite_copprisi a i f oty t
substrate, the filn15gnﬁ igPﬂgHFﬁegﬁgg%%iég gﬁ%tQE%$% ys%ﬁconﬁ%gfﬂggn of
item23 or 24 a .apnd_bei, ani i i est bt heidyStmée bution
of the nDdifiengﬁgggga?a ;ggf %B%QEESESgagﬁ%?g gggrodugg% by shaping the

nodi fied 20 phokggat ah¥st/ ePish re@EPesvbe@OWResi thanfoimit @ni2& above. 36
a fi . A functional conposite conprising a substrate and fornmed on the

substrate, the ghhpe@oapriisileg tdaeh wEdwhiied phat efétakyselyepravenhposite
conposition of 9 Cctober, 2002 26 5 10 15 20 25 item 25l
15 dirt from adhering to the surface thereof and effec-
tively prevent fogging from occuring on the surface

thereof.

- The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from
20 the following detailed description and appended claims

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

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



Hel detail. above. Hereinbelow, the present invention is described in The
particles of a nodified photocatal yst in the nuglidgdhetn@ogat al yst sol of
the present invention are prepared by subjecti particles of a
photocatal yst to a nodification treatnent with at | east one nodifier
conpound nentioned below. | the present invention, the term"nodification
(of particles of a photocatal yst)" nmeans "inmobilizalLion o the

bel ow- nmentioned at | east one nodifier conpaund n the surface of particles
of a photocatalyst”. It is considered that the above-nentioned

i mobilization o the podifier,coppou 0 he surf f ti a

phot ocat al yst iEr%E%F%QEdO%yiﬁﬁﬂgB%?fgﬁ%ﬁs% %Pé%g(p yé?é%ﬁﬁga§§1§?f§h),

Coul omb force or_ chenjcal_hondi L&l te st 2 at 1 NG

achi eved by cheﬁ?%ﬁ?gkog%WEQ?g%ﬁgfgﬁgggggt%%% etmé%ﬁ thezindifier conpound
and t he phot ocajalyst, gegusl eco rong, so that the nodifier
conmpound can beggérﬁﬁaﬁgaﬁgﬁgbgﬁf2e§Tgh'tﬂgﬁgﬁ?face of the photocat al yst
articles. Therefore,pit i§ ?ge%nggghtgﬁéwiﬂg mesli dd catowimised@aly eved by
chem cal bondi ng. Eanples of phofocatal ysts used in the present in 9

Cct ober, ;2002 Z%eﬁsﬁﬁﬁhgo bChiddasTb®2anZ8Rer§ Ta0Spefuifie GaPray néheGaAs,
BaTi 03 , "BaTi Ca , BaTi 409 ( K2Nb03 , Nb205 , Fez03 , Taz05 , K3Ta3Si 03 ,
W3 , Sn02 , Bi 203metBirY04ne Mi@triGu2Bon SECtheStHRanilbS2tom$bin Ru02 and
Ce02. Further exanples of photocatal ysts include | anellar ox des containing
at | east one el ereglis-selcedioed ofr @mdoaa iggowpicbnbist bagnofompedN\pn T2 and V
(see, for exanple ( Unexam ned Japanese Patent Application Laid Open

Speci fi cati on Neswrf@ze74H452n DHP7A53%rhpapipr9iegten) 85¥99gP8- 89509,

8- 89804, 8-198061, 9-248465, 10-99694 and 10~-244155 ) . g ilé Rur her
exanpl es of phottdearmeidisiied PHAfRCIIEEaCaMPetd taBRaPRREVEG Y a  retHiod i n
whi ch at | east one nenber selected fromthe group consisting of netals 15
of Pt, RY Ru, MBPleul7’snand and Fe and oxides thereof is added to or

i mmobi i zed on the above-nentioned pho tocatal ysts;._and talysts
obt ai ned by coating tH& abbved Qnﬂﬁ4§9u§§°ﬁﬁﬁﬁb§§9apﬁg so§??%8%§rggs cal ci um

h hat the |ike . U ' J ; _i-gat i -
Cai oF Open Speci AT o, P QTR G 10 TIeey CrAyeree B 637( EPesni um

oxi de) i's pref erred hecause,d toas: gl @] dd Ytnd eusakel otlge Tncal
stability. Thereare knoWwn types of titani um oxide crystals, i.e.,
anatase-type, rutil&siype.fod @b brookiidy tyidesh IHad ey esefied wvethion,
any of these 9 Cctober, 2002 28 5 10 15 20 25 3 types of titanium oxide
crystal sygan be giseelacédtot Saprefier {&deihedd tiweo protstrgl fidmt iy esdingnet er  of
the hotocatalyst (primary particle diameter) is from1l 0 200 nm nore
advant ageousl y f¢ipen doddf 56d nphotocahelpsesernp s arodused dfmE¥ whi ch
t he photocatal yst to be subjected to the nodification treatnent i's provided
is a factor inpoamph¢ 18r the nodified photocatal yst sol to exhibit good

di spersion stability, good filmformng properties and various functions.
In the~present invention, for the belownention d reason, it is preferred

that the photocatal yst to %e Eubiected ﬁgTigg EEQ: éc i {&gat ment i s not
in-he formof a powder bu : —T1n the case of
a photocat al yst powder co [iseg o% nicroggr%ig%§§>tf'§gl Stystal
particl edO(primry paﬁFF8?B%?ga 8 SPPOREFY %ggrega?edstb.?%rn1secondary
particles, thus causi, a_great. J.ass C r i fathes-
D mary part i ol e Eortane par SR Brp PR g ok o Eng = T
parti cl es back | (tg RETREY pRYLIClda3pcRLefOREasin barthELEasSE0d 2

P

phot ocat al yst so ot ocatalyst “particles are not dissolved but present in

a formclose to { e RHIJPBDARYIEtE1§skor m so that the surface properties of
the primary particles can'be effectively utilized. Therefore, a nodified

phot ocat al yst sol obt ailaegafitamizsPhet acabaifi8dOphobecat2DP2t 28e ing

25 prepared by subjecting particles of a photocatalyst to



10 15 lyst s 1 exhibits not only good dispersion stability and go d
filmformng properties but, also various functéghstotét, ghot ocat al yst
sol used in the present invent on, the photocararygr—pafégg%és may be
either in the formof primary particles or in the formof a m xLure o
primary particles and secondary particles. In genera , in the photocatal yst
sol used in the present invention, the photocatal yst particles are present
inthe formof a mxture of primary particliss and secondary particles. |
the present invention, fromthe viewpoint of effectively utilizing the
surface properties qf .the, modifi hot o Y S r that the
phot ocat al yst parWP§F£§CBF'8P %gggﬁgeﬁ%dﬁﬁkgagﬁo%e%%%d%ﬁgﬁﬁ$ﬁ%€§g50lune

mean particle dianglenaol.490. 8 BLoheShe BrbUE PERSSALLAGUSR! ofrels Om the

Vi ewpoi nt of pr I'ng a transparent fi romthe nodified photocatal yst

sol, it is very,pte akabhe 1pRebRpakalY§t cahbbebesgpatoresott he
nodi fi cation trggﬁnégﬁbﬁgsggzgaghvéﬁ n% nmean erFiCFe dia%eter of 200 nm or

less. It is no gnprekeqtedbiatntihe seheteeat aryst thar gtebpscpnsostingt he
nodi fication treatnent have a volune nean particle diameter of 1 to 100 nm
nore advant ageoysl ¥ Fohox§didirgdhodi 1exel andti eepiresentdedbeyofobyutaki ng a
titanium 9 COctober, 2002 30 oxide sol as an exanple of a photocatal yst
sol. As an exanphes ef ddokiyloajamdsdliate swlit treepreseateBebpefioronéd a
titani um oxi de hydrosol, in which titanium oxide par ticles are peptized in
a di spersi on nmedium couds iss tdirfi Us ressdintyilainiey uwfl twaepreshBtelnbyh&oTer m

"di spersion nediumcon fisting essentially of water"” neans a di spersion
medi um cont ai ni mgplabd®) :80 % or nore of water). The preparation of such a
hydrosol is known, and such a hy drosol can be easily produced (see, for
exanpl e, Unex10 am ned Japanese Patent Application Laid-COpen Specifica tion
N s. 63-17221, 7-819, 9-165218 and 1%-%3327). For exanple , aqésqueous
sol uti ot®@f titaniumsulfate or tit&RIFR-LEtrachl oride is subjected to
hydrol ysis under heating to thereby formnetatitanic acid. The obtained 15
metatianic acid is neutralized with aqueous ammoni a to thereby deposit

titani um oxi de hydrat and t he ob d titani, i s
subjected to filtrat i"gf‘ffreei‘st}'lief’F’gcl%lnoatt ggf&datﬁnl%@g%g%ggé%ﬁeg n an ag
gregate of titanium qxids pard ig)Esogdihnea il inesta0 20 ehedat @x s pepti zed
by the action of nitric acid) hy drochloric acid or ammonia, and, then,
subj ected to a hydrothednEied repitntalkyl hgrduke & Co-lenelpyadist-ain a
titani um oxi de hydrosol. Further exanples of titanium oxide hydrosols

i ncl ude tHose hydrosohkkpbteroep oy a Q&5 Gpd ey d rondvc whiiahadisum oxi de
particles are peptized 9 CQctober, 202 32 5 10 15 20 25 in water by the
action of an acid or amsabkialtyteddor hoges yitesed svioit @#thd®ast a nethod. in
which titanium oxide articles are dispersed in water under a strong
shearing force and i nonhi gebahiteentnsatedtaddtaem Atk 9T foised and, i f

desired, a dispersant, such as_sodju ol rylate, is ed. Also, by the
net hod™ pr oposed n Une§éﬁ¥ﬁ%% 9hp3neke t%ggy%p%¥?%%tf%nJLgﬁHtpen S
ecification No. 10-675%6, t here can Qe egs%lgeobégéﬂ'd a sol of

anat ase-type titani unfoxPEE PROWRi 8R%t Re"Parerel 8s™have their surface

nodi fied_with a peroxo group and exhi bit excellent dispersion stability
even in aqueous solution having a pH around neutrality. T a
above-descri bed titani um oxi de thydrosofis are conmer Tally avail abl e as
titania sols. (Exanples of COHIE{NIQ% avai l abl e titania sols include
"STS-02", manufatured and sold bw | shi hara Sangyo Kai sha, Ltd.(2Japan, and
"TO- 240", manufactured and sol d gy TANAKA TENSHA CO., LTD.) Japan.) E ch of
t he above-described titani um oxi de hydro sols as a solids content of 50 ~
by weight or less, preferably 30 ~ by ight or less, nore preferably 0.1
to 30 ~ by weight. Such a hydrosol has a relatively |ow viscosity (as
neasured at 20 C). In the present invention, the hydrosol may have a
viscosityg n the ranggmefrdfimoml2 i@0Qsc@e ftined Foepsforntilas (p)ef ended 9
Cct ober, 2002 32




t hat the hydrosol has a viscosity in the range of from 1,000 ceps to 1 cps,
more advant ageously 500 cps to 1 cps. Irk addi tgQhetghddl20@2hods for
producing titanium5 oxide Viols, also known are nethods 1or producing vari
ous ot her types of photocatal yst sols, for exanple, a cerium oxide sol (see
Unexam ned Japanese Patent Appli cation Laid-Open Specification No.
8-59235) and a sol of a lanellar oxide containing at |east one el enent se
10 lected fromthe group consisting of Ti, 1hb) Ta and V (see, or exanple,
Unexam ned Japanese Patent Application L id-Open Specification |dos.
9- 25123, 9-67124, 9227122, 9-227123 and 10-259023). a above-nentioned
phot ocat al yst sols are 15 preferred since the nodified photocatal yst sol of
the present invention can be cﬂu@ggg?i sinply by subjecting these
phot ocat al yst sols to a nodificati treatment with the above-nenti oned
nodi fier conpound. a at |east one nodifier conpound used in the 20 present
invention is selected fromthe group consisting of different conpounds each
i ndependent |y conprishig:ah bREELcRPELFEE USLHEBE1 40 KaPBh&C4 6gb furm t he
group con 25 sisting of a nohooxydi organosilane unit represented by fornula
(1), a dsoxyorggggesi haveidnkt aigneesenbedsby herowl Bed2), and a
di fl uoronet hyl ene unit represented 9 Cctober, 202 33 by fore ma ( 3)
-(RR2Si0)- (1) 5 10 15 20 25 wherein each of Rl and R2 independently
represents a hydrogen atom a straight chain or branched Cl-C30 al kyl
group, a C5-C2p cycl pakkghsgr onfenstan@6ng20f atlyé presgninhizvenisien,
substituted or substituted with at |east o a substituent selected fromthe
group cons stinghef ess€ntCald fekylrgsoepd #aclowoprekexyeqdreuperdhd a
hal ogen atom Rl Si-O (2) Owherein Rl is as defined for fornula (1), and
-(CF2) (3). | tmentssefothehpresenst 1avABEiPRefTEofPBURBEHAR RS tTHpri ses at
| east one structural unit selected fromthe group consisting of a
monooxydi®or ganosi | ane unit represented by fornmula (1) and a
di oxyor ganosi | ane 9 Qctoher, 2002 34 unit r esented by fornula (2), the
obt ai ned nodifiéd phét B‘é’d&grl?ét PQ?HPSP@EV&H 88@ sigants U1 an‘flrcg adi
ated with excitatiagn |iaght. erein such.variqu QhYLties.c i ed
exhi bi ted, for gfgﬁﬁﬂbﬁggPh§hel§€FF§8 the%elg §a§%1Ei¥E 5% a ﬁgdpfle
photocatalyst,
the particles of a modified photocatalyst being
15 prepared by subjecting particles of a photocatalyst to
a modification treatment with at least one modifier
compound selected from the group consisting of differ-
~ ent compounds each of which independently comprises at
least one structural unit selected from the group con-
20 sisting of a moncoxydiorganosilane unit represented by
formula (1), a dioxyorganosilane unit represented by
formula (2), and a difluoromethylene unit represented

by formula (3):

25 -(R1R25i0)- ' (1)



5 of afilmwhich is formed fromthe nodified photocata |yst sol or

modi fi ed photocatal yst conposition of the presegtobforséy,izooand at the
surface of a shaped arti cle which is forned from the nodifred

phot ocat al yst conposition of the present invention. Further, when 10 the
nodi fi ed photocatal yst has the nonooxydi organosi |ane unit represented by
formula (1) and/or the dioxy organosilane unit represented by fornula (2),
R1 and R2 groups groups 15 a result of theiseplacement of Rl and R2 groups
by hy- droxyl groups the surface of the above-nentioned filmand shaped
article increases hydrophilicity Al so the forned hydroxyl group undergo
dehydr ati on-condensati on reaction with each other so that the surface of
the in these units wiJl _ be replac r Xy ' f the

nodi fi ed phot ocat al y‘g}{.\gr%nl_?ggﬁ ?ﬁe‘%ep &ajlclgznein?(?%eéﬁergﬁ% %b%r oups by
hygroups, the surf aCﬁeQEnweaaﬂgafogsﬂt&@&ﬁﬁ 4 i 4200k afkaDh eoff ncr eases
hydrophilicity. Al so, the hydroxyl groups undergo dehydration-condensati on
~n with each other, Beahbakdte-sypfatkydf gtdep 20a abovésgreeyébered fil m and
shaped article is caused to have very high hardness. en a nodifier conpound
whi ch comprises a di liLuglr geptb~yreaeCynthgrepybsenver Wyithri®l a (3) is
used, a filmnd a shaped article each having not only a photo25 catal st
activity but al so veuyshbghihydedpbebsobsyitabhed 91itetabeteagt®02 35 be
obtained fromthe nodified photocatal yst sol or nodified photocatal yst
conposi tion of the ppaesesubistiveenitoselentefiefppRsthe FHOBAtFOR; it is
preferred that the 5 nodifier conmpound has_a_sensitizing group. The term
"sensitizing group" FA&YINY @ﬁoépCdéFQOeélkyﬁngﬁﬂypofavgiféag net al

conpl exes and organi c dyes wherein the netal conpl exes and organi c dyes
exhi bit an absor pti o lKeXFh@reLe BRe Pi&ﬁ%oﬁéﬁiggoﬂnd/or the in 10 frared
| ight region (hereinafter, such netal conplexes and organic dyes are
referred® o as "sensitizing dyes"). Wen a nodifier conpound having a
sensitizing group is used, the i figd photocatal yst sol of the present
invention can exhibit a cataly t.ggbi ity and a photoe Z5 lectric
conversion function not only en irrgdiated with ultraviolet (yght but

al so when irradiated with visi Iz light and/or infrared |ight. I%xanpl es of
sensitizing dyes include xanthene dye,| _, oxonol dye, cyanine dye,

mer ocyani ne dye, rhodacyani ne 20 dye, |styryl dye, hem cyani ne dye,

pht hal ocyani ne dye (including netal conplexes thereof), porphyrin dye

(i neludi ng nmetal conpl exes thereof), triphenyl methane dye, perylene dye,
coronene; glye, azo dyeyhdérdiopientd «yeiefiorgd eboas fefrmulishdrii)umandsm um
iron and zinc (de 25 scribed in Unexam ned Japanese Patent Application Laid
9 Cctober, 2002 36 Open Specification No. 1-220380 and Japanese Patent

Appl acation prior-to-exam nation Publication (kohyo) No. 5-50&9?3), and
nmet al conpl exes, such as of Rut HfiFZhRed and the |i ke. o

~

the modified photocatalyst particles having a volume

20 mean particle diameter of 800 nm or less.

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

25 diameter of 200 nm or less.



5 O these sensitizing dyes, preferred are those dyes which have
characteristics that an absorption is exhibited b;l.ﬁ,?@rwgwfngt h range of
400 nmor nore and that the energy |level (the OXIo n-teducti on potenti al
of the excited state) of the | owest unoccupied no 10 lecular orbital is
higher than the energy |evel of the conduction band of the photocatal yst.
The abovenenti oned characteristics of preferred sensitizing dyes can be
confirmed by, for exanple, the nmeasurenentl®f the |ight absorption spectrum
inthe infrared, visible 15 and ultraviolet regions, the nmeasurenent of the
oxida tion-reduction potential by an el ectrochem cal nmethod (see, for
exanple, T. Tani, Photogr. Sci. Eng., 14, 72 (1970); R W Berriman et al.,
i bid., 17. 235 {19730 Rioafeidd! Hataly¥itd s0118ccbfdinlP t4) itethe

cal cul ation 20 "of the energy +eve y using the nolecular orbital method

(see, for exarrq{le,2 TaE; J Ghepbin FHOULRMHLFISME pHG®cathllyst29artd67); D.
al ., i

M Sturnmer et ibrd., 17. 146 (1973); ibid., 18, 49 (1974); R G Sel by

et al., J. Opt.o1908 hdWe , a3vd1dmé LRdAD )partict e neidnekdm afhiad) amr
wet-type Gratzel solar cell is produced using the pho 9 COctober, 2002 37
tocat al yst and pesensédt tréngxdyesiandof heosot s oef Ithes partdil@sed with
| i ght and observed with respect to the presence or absence of an
el ectronotive fwiteh andisbitheartf ferbved . £BoExEHmp|eedbhiqn F@RAHA-
sensitizing dyes having the above-nentioned characteristics include
conpounds hav ing a 9-phenyl xanthene skel eton, rutheni um conpl exes
containing a 2,2'-bipyridine derivative as a |ligand, conpounds having a
peryl ene skel et én, ﬁﬁhﬁamgé?ﬁﬁ?ﬁepﬂgt?9ﬁEa%¥§%ﬂs?ﬁnﬁﬁ%ﬁéﬁ?%&d“b&Fﬁhyrin
type netal conplexes. Wth respect to the nethod ff% obtg%nin %ge nodi
fier conpound havengfalsemsi tli #ong §PEUR- dERTFRd +0RT a® %@??i2|ng dye,
there is no particular |imtation. _Far _exanpl a {fier ound
can be éBtainedsigngyaFeaglF%bfgrhﬁggf98VSCOW%%3§%£ﬁ3v?ﬂgg%ﬂggﬁg %ﬁ?
menti oned reactive,group W bt 21 Ag 1 } i ¥grwith the
reactive group.pFﬁtgﬁgeppé%%ﬁ1E%Iﬁégﬁ#ﬁgn?gg%g¥§dg?2§g?$§gé$ﬁgf ?he nmodi fier
compound has at Jheast .0RQd eafld Ve Fsoup se 20 lected fromthe group
consi sting of an epoxy group, an acryloyl group, a nethacryl oyl group, an
acid anhydri de group, a keto group, a carboxyl group, a hydrazine group, an
i socyanate group, an isothiocyanate group, a hydroxyl group, an am no
group, a cyclicscar banat enctfi filed phandcanadgter sgioapecord®n@etobany 2002 38
A nodi fi ed photocatal yst sol which is obtained by using a nodifier conpound
havi ng tie abovemenrti drsghy eactd vie ahoiep Wasredos $hei mrRAAE 185 PPRres and
hence can forma filmhaving excellent durability and the

pound has a sensitizing group.

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

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



5 like. It is especially preferred that the nodifier compound has at | east
one reactive group selected fromthe group consy gdtobhe?! 200W/dr azi ne group
and a keto group, wherein the hydrazi ne group F§‘T€ﬁ?§§§ﬁr§ﬂ'by formula 10
(6) -NRL1I2NH2 (6) wherein R12 represents a hydrogen atomor a Cl-C20 15
alkyl group. The reason for this preference is because, when such a
nodi fi er conmpound is used, the nodified photocatal yst sol of the present

i nvention not only exhibits both good | ow tl@nperature curability and good
storage sta 20 bility, but is also susceptive to a hydrazone (sena.car
bazone) cross-linghgg reaction, which is useful for formng a film having
excel | ent prope?fle ‘wWith respect to water resistance, staining resistance,
hardness and the like. 25 In the present invention, it is preferred that

t he 9 COctober, 2002 39 nodifier conpound is self-émulsifiable or soluble
in water. Such a nmodifief89FPRHNEhE68HcREaOPERI 6T Aycdd1mgiucs niten 6
hydrophilic group into a nodifier conpound. Exanples of hydrophilic groups
include a carboyybvar oupebednd theSabliiEhereabmpaupiospbase Deasp amel a salt
t hereof, a sulfonic acid group and a salt thereof, and a pol yoxyal kyl ene
group. VWaen a nedatite@keCaipopndehaviteg @rbwdtbphgroupgecouplisbinged 2 he
obt ai ned nodi fi ed photocatal yst has very good dispersion stability in wa 10
ter, so that thaya@reainee grasip wndbtakedéd greoi.fi ed phot ocatal yst sol
(hydrosol) of the present invention containing nodified photocatal yst
particles having a volune nmean particle dianmeter of 800 nmor |ess.
Preferred exanpl es of groups having the above 15 nentioned hydrophilic
groups i ncl ude &-gro@behQQQ%f%@dpGEVGQVéFﬁ}VéﬁeS@Foﬁﬁ?oﬁﬂ?ﬁﬂ FQ ?®¥%resent ed

wher ain m ropr cSbm Stk teRSYertoor! ARGHEr HOCTO00 4NA RONEAPESERTS o
01 oup ha¥i ng & RSCFEhIE AL VB i el SO “GRPont ¥2060 40 ther eof
which is represented by the following formula C8): CH20CH2CH2CH2-5 ar v
9. The modified photocatalyst sol according to any
one of items 1 to 8 above, wherein the modifier com-
poﬁnd contains at least one silicon atom having bonded

15 thereto at least one hydrogen atom.

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

atom of the modifier compound.

11. The modified photocatalyst sol according to item

25 10 above, wherein the dehydrogenation-condensation



R OCH2CHO( CH2CH20) nSO3B wherein n represents an integer of from1 to 100;
Re represents a straight chain or 10 branched @ gcidparkpog oup; and B
repre sents a hydrogen atom an alkali netal atomor an unsubstituted or
substituted amoniumion represented by the followng forrmula: 15 ~
HNRORLR~1 wherein each of R9, Rl and Rl11l i ndependently represents a

hydr ogen atom or a straight chain or branched Cl-C20 al kyl group unsub 20
stituted or substituted with a hydroxyl grasp; and a group having a
carboxyl acid group or a salt thereof, which is represented by the

fol | ow ng forml a‘tfé)?%%’f gg%m%zg $&L Oggr%eggp%ﬁl& rﬁ%é‘]@q}?’ thdd JEY§lum each B

i ndependent |y r%% rogen atom an al netal atom or an

unsubstituted o sftut i i 10 represented by the follow ng
f or mul a: HNRQbeT%EQhé#e#nggggﬁH§€ Egé#gﬁﬁ'and R11 i ndependently 15
represents a hydrogen atomor a straight chain or branched Cl-C20 al kyl
group unsubstituted or substituted with a hydroxyl ° group. Exanples of

modi fier conpoupds usgd f041PERBhSToeR AP DG T | acbpiminsai@last sol of
the present invention wherein the nodifier conpounds conprise at |east one

structurgl unitohrgpeesentrd bytbornuhBoté) wndtetinftheuhad{?)enbowe-
include: a silicon conmpound having a reactive group which 25 bonds
chemical ly withppanti ékea efilacphotomabahyishpvingdatcavbeage 200042 such as
an Si-H group, a hydrolysable silyl group (e. g., an alkox¥siI¥I group, a
hydr oxysi | yl greupalachabpogéndbedrspirgkegtedpbyahhactebk9sing LgF®ap? an
am noxysi |yl group and the |Iike), an epoxy group, an acetoacetyl 5 group,
a thiil group of4an acid anhydride group (with respect to the silicon
conpound having an Si-H group and the silicon conpound having a

hydrol ysabl e silyl group, explanations wll be nade below); and a silicon
conpound havi ng a hydrophil jc_groyp whi ch exhibits high affinity to
particléd® of a photo PRQérHSS%8(4‘P'q‘r‘S)/2 thg

wherein:
each R independently represents a
straight chain or branched C;-C3zp alkyl group,

15 a Cg-Cyg cycloalkyl group or a Cg-Cpp aryl
group which is unsubstituted or substituted
with at least one substituent selected from

S~ the group consisting of a C;-Cpyg alkyl group,
a C3-Cpg alkoxy group and a halogen atom,

20 each Q independently represents a group
having at least one function-imparting group
selected from the group consisting of:

1) at least one hydrophobic group se-
lected from the group consisting of a

25 straight chain or branched C3-C3p alkyl



catal yst, such as a pol yoxyal kyl ene group. As exanples of such silicon
conpounds, there can be nmentioned: a silicon caypriteheraviot® at | east one
silicon 15 atomdirectly bonded to a hydrogen atom (hereinafter referred to
as a "silicon compound containing an Si-H group"”), wherein the silicon
conpound has an average structural conposition represented by the foll ow ng
formula (4): 20 HoRQQ XSSIOQ(4 p_q r_s)~2 (4) wherein: each R independently
represents a 25 straight chain or branchedy€£Z- C30 al kyl group) 9 Cctober,
202 43 a C5-C2p cycloal kyl group or a Cg-C2p aryl group which is
unsubstituted or substit W th.at - _ea Sk Nngngehected from
the group consisting of ;&‘%%-Pcztﬁ g%k)?lzog? Sgl,a%%§a9bkc%lfégg al koxy group and a

hal ogen atom each Q i ndependentl.y, r enis & 9k5oupshavicnguabdl east one
function-inparting gr oup%osselra%@[ tea&x’flr g‘%o?%e group consisting of: 1) at | east

one hydrophobi c group se ctad . f 18 HOYReRNShet kag-of a straight
chain or branched Cl-C3p %ﬁokéﬁ% gr%&lp;c,re(a;wtég-@p cygl oal kyl group and a

C6- C2p aryl group which ig UNRUNStIdIEAG O P Ehe! Wiredphich-at | east one
sub x 15 stituent selected fromthe group consisting of a Cl-C2p al kyl

group, ag5ClC2p al koxy gr oups ity athal aget g aikydndrau@l- @3F1fl uor oal kyl
group; 2) at |east one hydrophilic group se 20 | ected fromthengoup

consi sting of a carboxyl ¢geunllkoxy qgalg artkraedfalogeph@diat é°§r oup and a
salt thereof, a sulfonic acid group and a salt thereof, and a

pol yoxyal kyl ene group; 25a3¢;al3¢ cabtonmlelacdia igr oup sel ected 9

Cct ober, 2002 44 fromthe group consisting of an epoxy group, an acryl oyl
group, a nethacryl oyl group,atnleast emhiiydeRphjkloifp IEPWRSE gr oup, a
hydrazi ne group, an isocyanate 5 group, an isothiocyanate group, a hy
droxyl group, an amino grbepted £yemithe JBUHRAtCRF G MhEarf ester group;
and 4) at |east one sensitizing group, each X independently represents a
hydro 100l yzabl e group sefFBEPedY r%ﬁ??%ea@‘?o%ps%msiéeﬁ of* a Cl- C20

i no group. an ani do. gr obpoEBheRe BB SRy FBRySaret, e nary "oroup and a
hal ogen sulfonic acid group and a salt thereof,
and a polyoxyalkylene group;
3) at least one reéctive group selected
15 from the group consisting of an epoxy
group, an acryloyl dgroup, a methacryloyl
group, an acid anhydride group, a keto
~ group, a hydrazine group, an isocyanate
group, an isothiocyanate group, a hy-
20 droxyl group, an amino group, & cyclic
carbonate group and an ester group; and
4) at least one sensitizing group,
each X independently represents a hydro-
lyzable group selected from thé group con-

25 sisting of a Cj1-Cpp alkoxy group, a hydroxyl



15 atom and p, q, r and s satisfy the following relationships: 0 < p < 4,
0<qgq<4 200sr <4 0ss <2, and (p + 0g Ddtober) 2002 2 reaction
product obtained by reacting the abovenentioned SiTicon conpound contai ni ng
an Si-H group 25 with a vinyl silicone conpound represented by the fol 9
Oct ober, 2002 ~5 lowing formula (5'): CH2=CH (R R SiOe-(R R Si)-CHCHzZ
(5'") 5 wherein: each Rl independently represents a straight chain or

branched Cl1-C3p al kyl group, a C5-C20 cycl»al kyl group or a C6-C20 aryl
group which is unsubstituted or substituted 10 with at | east one

substituent sel ect e%ﬁ%@é”irﬁlh? 9% Ol Ccork%-é_té-f@g 19 FQloWwdd@llerlatabadp, a
a ha

Cl- C20 al koxy group an ogen atom and a represents an integer of from
1 to 10,000; ang 5. a silicon conpound having a hydrol ysable silyl group,
whi ch has an average structural conposition rep resented by the follow ng
formula (10): R~X\Ssp9ﬁﬁ;ﬂ_§~ag £ 1y &b Whatei n: each R independently
represents a straight charn or’ branched Cl-C30 al kyl group, a C5-C20

cycl oal kyl group or gn£BsfR0yREY! (£5+ O oL W Gh drl SISt thitee coor-
substituted 9 Cctober, 2002 46 with at |east one substituent selected
from t hegsgroup geasiésbEngoehuaaClsC20s ad kyychtoupllicd@le GRonpdusky adoup
and a hal ogen atom) each X independently represents a hy 5 drolyzable
group sel ect ed ¥hem tihésgeoupheonsinpoung of HoxMuEPO( %) kbkya of it It

hydr oxyl group, an epoxy group, a Cl-C20 acyl oxy group, an am noxy group
and a Cl1-C20 oxtcheipredpicene tomgouhd.s satisfy the following relation
ships: 0 <g<4 0<s <4, and 0 < (g + s) s 4. 15 Exanples of nodifier
conmpounds used for preparing

14. A modified photocatalyst composition comprising
10 the modified photocatalyst sol of any one of items 1 to

13 above and at least one functional substance.

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

15 resin.

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

20 regin and a fluoro resin.

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

25 and the resin is capable of reacting with the reactive



the nodified photocatal yst sol of the present invention wherein the

podi fier conpounds conprise at | east one - struygdtdberN20022Pr esent ed by
formula (3) above in elude Cl1-C30 f IuoroalkylTﬁﬂﬁiﬁﬁﬁﬁf?ﬁﬁrfluoroalkylene
20 conpounds each having a nunber average nol ecul ar weight of from 100 to
1,000, 000 wherein each of the fluoroal kyl conpounds and fl uoroal kyl ene
conpounds has: a reactive group which forns a chem cal bonding with
particles of a photocatal yst, such as an Sk2H 25 group, a hydrol ysabl e
silyl group (e. g., an al koxysilyl 9 Cctober, 2002 47 group, a

hydr oxysilyl grou a . Skl t oxysilyl group, an
am noxysi | yl gﬁgﬁ%n%ﬁﬁPtlggﬁES%ﬁgla% %&ﬁégﬁ%ﬁ%} , gﬁﬁécetoacetyl group, a
thiol group and an acid anhydride group; or 5 a hydrophilic group which
exhibit high affinity to particles of a photocatal yst, such as a

pol yoxyal kyl ene; gr ouphe AgoSPEELA | SnOXSEPE £8y 9 Sapbdmdidi efcourgiounds,

there can be nentioned: 10 a fluoroal kyl conpound represented by the

following formig {tdd 14 CEBEEED) GndréM Wid lpodbe vberghetogataprasents an
integer of fromO to 29; Y represents an organi c group having a val ence of

w and a gol ecul g61Wek ghhe OhofiOed 18hb0ob8taOpEx 201 vwof eprasehtab@re . nt eger
of from1l to 20; each V independently represents a functional group

sel ected from thsdgthapfanosishahgsobshanepoxy gtolpash dyelroxypowrdup, an
acet oacetyl group, a thol group, an acid an 25 hydride group, a carboxyl
group, a sul fonselect®dOfronethe2002ungcanbisintpof aa ppPyHSFEPRIY ne group
and a group represented by the following formula: -Si WKRy 5 wherein: each W
i ndependent | y r epmpsunésaadf anepilyhyfirgednp SEemeered:from the group

consi sting of a Cl1-C20 al koxy 10 group, a hydroxyl group, a Cl-C20 acyl oxy
group, a hal ogen atom a hydrogen atom a Cl-C20 oxi nme group, an enoxy

. , i d an i 1 h R ind
Lot bseabs a ot ik onhBnBPAIETel BHORCHSERLERS SPRPP-F bR SaceEh s,
cycl oal kyl - gr Qr a - C20 ar r i .S bsti o]
sﬁbstitu?ed m?t%ggé%gp Feagg%gﬁé bﬁ%ﬁﬁﬁﬁéﬁ?'%@Péﬁ%ggﬁgrgﬁF%Eéﬁg?oﬁﬁ @

consisting of a Lkyls 97 Q) &5 C20 al koxy group and a hal ogen
atom and x repfgﬁgﬁggaéﬁ¥?ﬁ%ege gg r8n125 1to 3 and y represents an
i nt eger

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

each modified photocatalyst particle.

21. The modified photocatalyst composition according
20 to item 14 above, wherein the functional substance 1s a

coating composition comprising a resin having a surface

energy larger than that of each modified photocatalyst

particle.

25 22. A modified photocatalyst composition comprising



9 Cctober, 2002 49 of fromO to 2, wherein x +y =3, and a f luoroolefin
pol ynmer represented by the followng formula (Iectobet, 200 11 | CF2 i C
(12) Aa ~'-N)w 10 wherein: each AL to AS i ndependently rep resents an atom
or group selected fromthe group consisting of a fluorine atom) a hydrogen
atom a 15 chlorine atom a Cl1-C6 al kyl group and a hal ogenated Cl1-C6 al kyl
group; mrepresents an integer of from' 10 to 1,000,000; r r...~ ~n
represents an integer of from20 O to 1,00@3000; Y represents an organic
group having a val ency of w and a nol ecul ar weight of from 14 to 50,000; w

represents an intgg%%T%;péégghg§2éygg €$¥t§99es §?5§5§Q§rvong32£ghd/is as

defined for forfif OVE. spe I'c exanpl es of such fluoroal kyl

conpounds and f|,yet9ehel 9 RaLYES. sbhEhR 6ANLEES MBI | onetkdd ticoits

roal kyl si | anes Fsuc -perfluorooctyl ethyltrine thoxysilane), Nafion
resins, and copalymeiS,gh 3.hLuanagl ehhar6sHCnasnshl pred rpbvetded hyl ene

and tetrafluoroéthylene) wth a nononer (such as a vinyl ether, a vinyl

ester, an allyl 12%@3‘&&‘%1%%%“%::@ kekalfehavingemotungt teaal iguodippe such as
an epoxy group, hydr oxyl group, a carboxyl group, an acetoacetyl group, a

thiol grqup, a eyehi ¢rdp dnanhydiirdeagpavpocatallystosdt afiangroup of a

pol yoxyal kyl ene group. Further, as an exanple of the nodifier conpounds 15
used for prepariir@nrsha redilf3 edopleat ocat al yst sol of the present invention
wherein the nodifier conmpounds conprise at | east one structural unit
represented by fornula (1) and/or formula (2) and at |east one struc T
tural unit represented by formula ( 3 ) , there can be 20 nmentioned a
silicon conpoun®davilig mddifdedaphytogasag Yatd camPesLELoB BFE8PIWAT ch
forms a chem cal banding with particles of a photocatalyst uch as_an Si-H

group, a hydr ol yEabensid3 | ahpvsup Wheregn the AUBGHORE S&Pﬁ%ﬁ,ncﬁ 1sa
hydr oxysi | yl group, a hal ogenated silyl grou 25 an acetoxysilyl group, an
anmi noxysiQyl gr GIFPRARPA REVIRG &t ceZ(f@f‘pr?f ﬁﬁ%@)ﬁr a a@p%k?%?%up, an

acetoacetyl gr Ou£é0€ x%\gézgjflgc{ OpLiPotOorca nal%rcsjtd paai}h:yidélieqe group.

24. The modified photocatalyst composition according

to item 22 above, wherein the functional substance is a
15 coating composition comprising a resin having a surface

energy larger than that of each modified photocatalyst

particle.

25. A modified photocatalyst/resin composite composi-

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

25



The nodi fied photocatal yst sot of the present in vention can be obtained by
a nmethod conprising: 5 mxing, in water and/ or qp&iohdd, 2002 vent, (A) the
above-nmenti oned photocatal yst with (B) the abovenmeniioned nodifier

conmpound, wherein the ratio of the weight (in ternms of the weight of the
solids content) of (A) to the weight of (B), i.e., (A/(B) weight ratio, 10
is fromO0.001 to 10,000, preferably fromO0.1 to 1,000, thereby obtaining a
m xture; and keeping the obtained mxture a# a tenperature of fromO to 200
C, preferably from10 to 80 C, or sub jecting the obtained m xture to

(vacuum distillation éPi@ﬁaic%ﬁi?ﬁ%?ﬁ%ﬁﬁbﬂﬁﬂﬂéiﬁg d el dnia t he

m xture. Exanpl és of solvents usa e above-nenti oned nodification of
the photocatal yst¢i gl #B9EnbYdbRPELL T SusSOL¥ERE 5. t15eICHL BS simpeaneing the
tetrahydrofuran, dinethy x [acetam de, acetone, nethyl ethyl ketone,

ethyl ene gly 20,68k ribyt yhoe8kheaol¥e, s€1 henohnpnshdaredhaniodms and:dyidy o
phobi ¢ sol vents, such as toluene, xylene and hexane. The nodified

phot ocat al yst sg@bo9&.the present in vention can al so be obtained by a

met hod conprising subjecting a photocatal yst powder to a nodification 25
treatmeng with the above-nenti oned nodifier conmpound in 9 Cctober, 2002
52 the presence of water and/or an organic solvent and, then, dispersing
the resultant pedduch Ehapatlenrrsihdier pandecgdnby sanend . theveeditigh this
method, it is ex trenely difficult to conduct the nodification treatment 5
under conditi onphwiteceitalyss pRoPesitiPpsefi an¥noRfeCf ot heBF pti hArds
particles. Further, the volune nean particle dianmeter of the resultant
modi fi ed phot oc8P&NF§st particles cannot be rendered small) so that the
final sol becomes unstable. 10 In the present invention, it is preferred
that the photocatalyst to be nodified with the nodifier conpound by the

R T8 il on 2Ravo e sl iR RAgoRBhBoske? BenERILERD, R05RUCLAGES Al
more advanta 15 _gequgl ¥ fhog 1 t%0%\1%%%%,lemgpmm_wﬂsmpm%ﬂguml@’xi de

is used as a phgtoca al'yst,” a photocatalyst sol contal ni ng photocat al yst
particles which hame: aler! an tRaht bel an¢ anet ek gasmbe
obtained by a netﬁgﬁ§#ﬁqﬁﬁich f%%%gﬁﬁﬂgaggﬁde hydr at e ig peptized in 20 the
presence of hydnachlprie advh. nitric acid, amonia or the like, and the
resultant product is subjected to a hydrothermal treatnent wherein the tine
for hydrothermal treatnent is appropriately controlled. The shorter the
time for the hydrothermal treatnent, the 25 smaller the vol unme nean

particl asdi anet &9 of A hehamesllartiglecrotesiuceZOdy 52apang et Merésise t he

photocatal yst. In the present invention, it is preferred that )
photocatalyst composition of item 20 above, which is

anisotropic with respect to the distribution of the

- modified photocatalyst.

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

tribution of the modified photocatalyst.

25



during the above-nentioned nodification treatnent of the photocatal yst, the
occurrence of aggregation of the 5 photocatal ys§ ciildbes @dokie to the

nodi fication is small (nmore advantageously there rs no occurrence of
aggregation). Such a nodification treatnment can be achi eved by using, as

t he nodifier conpound, the abovenmentioned silicon conpound containing an
Si-H group. 10 That is, in the present invention, it is preferred that the
nodi fi ed photocatal yst particles of the nodbfied photocatal yst sol have

noi eties derived fromthe nodifier conpound and have portions which are
exclusive of the,nmodjfjer c - LV hef i IC e a

vol unme nean par??‘(‘:l eAd?lgﬁ%?(gpg]g&g}O% fng(ggc%sb? S?%Sgﬁ%a%r B‘rﬁ%@ﬁof t he
nodi fi ed phot oc ' L e, ervation of a
sanple pre ° pa$e§L¥§%H$g§%%d§¢§é%§p %?%d%?g??it soPﬂ¥a§?ch sol has been
diluted so as to have a nodified photocatal yst 20 content of 0.01 ~ by

wei ght or less) by neans of a transm ssion electron mcroscope (TEM.
Further, a nodi ghed phetreaishyst céfbodhis odmptint & ualbstateplanidogy of
the nodified photocatal yst particles for a long period of time is extrenely
preferred, becagseitherdbmaachbantrnal sabatasterisie cdianddierisiey ofhea film
ob 9 Cctober, 2002 54 tained fromsuch a sol are very stable (in this
respect, for exapgli€iedt phetpratelyst tbmposiatien ¢helpedii2 exbove.

phot ocatal yst sol is allowed to stand at 30 C for 100 days, the volunme nean
particle dianmeter of the nodified 5 photocatal yst particles is maintained
at 800 nmor less). As an exanple of the nodifier conpound useful for
preparing such &3noddf shapphorstacapyproduredt ber thaRH Hethe eSherd he

above-nentioned silicon conpound con 10 taning an Si-ngroug.,s L
| 9 COctober, 200RoSmoEtalys thCeEERELEAPBNPE oA P hes bPRAT g BBtWReh® t he
phot ocat al yst and the nodi firer conpoun an, be nfir . by the follow ng
met hod. 1for exaﬁﬂ%ﬁotﬁﬁ§ﬁciW&thGFépﬁggti8n§§en§8F£F%§$?%ﬂxt?ga Bent is
conducted us 5 ing.the Si-H aroup-~containing silicon conpound of for nmula
(4) above as thg“%ﬁﬁgﬁqquﬁﬁ%&ﬁﬁﬁ&ysﬁydrogen gas is generated fromthe

m xture of the photocatal yst and the nodifier conpound, and an increase in
t he vol une nean particle dianeter of the photocatal yst (which is 10 caused
by the binding ofs t he, mgidti@ma00mapedite tbapphotagakakibblrate observed.
Further, in this case, when the titaniumoxide is used as the :

phot ocat al yst, ap fegk eastndd iy Rfbstthetl,- GHegfaup, cohberhsdogutbe
during the above-nentioned nodification treatnent, is 15 observed in terns
of a decrmzase i nmahsHidhnge Bdc3630 410 i sdrnibni oft AdemR28pert 2dm Thus,
when the Si-H group-containing silicon compound is used as the nodifier
conpound in the gvesemnd fveimnd amigatoomideridds HepPresif tenddet HAE -t he
modi fi ed 20 photocatal yst sol of the present invention is not a sinple

m xture of the ptrotlebien yaf %hﬁim9ﬁ9é3&44 1¥iSfi-ng conpound, but
conprises a reaction product of the photocatal yst and the nodifier
conpound, which axe bonded to each other through an interaction, such

35. A shaped article produced by shaping the modified

20 photocatalyst/resin composite composition of item 25

above.

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

25 modified photocatalyst/resin composite composition of



25 as a chem cal bonding. For this reason, the use of the 9 Cctober, 2002
56 Si-H group-containing silicon conpound as thg g@idd€20@P0ound is very
advant ageous. By virtue of the binding betmeen'Tﬁé—ﬁﬁﬁrﬁfﬁrﬁryst and the

Si - H groupcontai ning silicon conpound, the nodified photocatal yst 5 sol
exhi bits excellent dispersion stability, chemcal stability and durability.
As an exanple of the Si-H group-containing silicon conpound of formula (4)
above, there can be nmentioned an Si-H groupécontaining silicon conpound
having an av 10 erage structural conposition represented by the follow ng
formula (5): (Wo%fja(%@g‘s%p) b(R Qi O ~(R13Si 01/ 2)a (5) 15 wherein: Rl is
as defined for Tormula 1 and Qis as defined for formula ( 4 ) , - a
represents an integer of 1 or nore, _. each of b and c independently
represents an 20 integer of O or nore, dis O or 2, wherein a, b and c
satisfy the foll ow ng#&i @td oAhi Phe (Fresdntt MventlihDAG; destrdBashemnei n
when (a + b +c) z 2 and d is O, 9 Cctober, 2002 57 the conpound of
formula (5) is @¥€yclic silicone conpound, and when d is 2, the conpound of
formula (5) is a straight chain silicone conpound. 5 As anot her exanpl e of
the Si-H;group-cont arie ngaftDidbe2008i & i modif tedqEhakbaftdlastulin (4e there
can be nentinned a conpound conprising: recurring units, each independently
represent ed by fodnfiied(ghptbekbaiyahdsekcofrthg pFesent clfeNEAThPRE
termnal group A, and each independently represented by formul a (4ﬁ%§

bel ow, wher ei n pRebarednbrabuliegsingi Bapbhates t of t AePRP IR OM It the
recurring unit through_an oxygen atom (4=£ (4..% R3. s Ri (353%: A R3
wherein: each R8 mpdépiRacrrhy trepimerht Y15RhGt 25237 bgRn® POt 1T

hydr ocar bon group sel ected from %egbtober, 2002 58 the group consisting
of a straight cRaMROBPALMEREHCESE1PE38%al kyl group, a C5-C20 cycl oal kyl
group, a C6-C20 aryl _gr whi ch_ i s.unsubstitu u ! ith a

Cl- C20 épkyl 5 group?gagég-Efgsgpﬁo%ﬁvanﬁ%HOrEgghg%%geﬁﬁéé%ﬁgéékyéﬁgroup
having at | east (gpe Luncthenl mRarl LAG.ArauR1skoc! AahLom ifien LoLE:

consi sting of: “I'east "one "hydrophobic group selected 10 fromthe group
consi sting of a,$LLALN RN W-mindAched G- £3Rsal bk @bQuUpied &mC20

cyclo
’ pound on the surface of particles of a photocatalyst”.
It is considered that the above-mentioned immobiliza-
15 tion of the modifier compound on the surface of parti-
cles of a photocatalyst is achieved by van der Waals
force (physiqal adsorption), Coulomb force or chemical
- bonding. Especially when the modification is achieved
by chemical bonding, the interaction between the modi-
20 fier compound and the photocatalyst advantageously be-
comes strong, so that the modifier compound can be
strongly immobilized on the surface of the photocata-
lyst particles. Therefore, it is preferred that the

modification is achieved by chemical bonding.

25 Examples of photocatalysts used in the present in-



al kyl group and a C6-Czo aryl group which is unsubstituted or substituted
wth at |east one substituent selected fromthegghetgbe&xQ 02 Ng 15 of a
Cl- C20 al kyl group, a Cl-CzZO al koxy group and d‘ﬁ§T6§§ﬁ*5F6ﬁT and a Cl-C3o0
fluoroal kyl group; 2) at |east one hydrophilic group selected fromthe
group consisting of a carboxyl group 20 and a salt thereof, a phosphate
group and a salt thereof, a sulfonic acid group and a salt thereof, and a
pol yoxyal kyl ene group; 3) at |east one reaetive group selected fromthe
group consi sting of an epoxy group, an ac 25 ryloyl group, a nethacryl oyl
group, an acid 9 _QCctober 002, R9 drd ro anketo ou ar boxyl
group, a hydranﬁEtb?Bub?cﬁﬂg?s%%@hhgﬁgxgﬁ%ﬁﬁfgéneﬁgétﬁ?géygggfe@aﬁﬁhp, a

hydr oxyl group, .an.am up cyel i boRate. 9FQUB. anth @) ,5 ester
group; and 4) a?aﬁégétq%ﬁgﬁgﬁng¥§Pi¥hg %@gﬁ%f ggﬂ ¥ach ?A%i ndepéndent | y

represents a gr | ect fr he ggrgup wonpsi skitag eh oS SARORGid gach of
R4, R5 and R6 igg@%&ﬁﬂgﬁfﬁgo?bggg%éntszlbpa hydrogen at ofn or a hydr&%arbon

group sel ect edyfEom $hep 9r RLE qgﬁﬁkﬁggng of a straight chain or branched
Cl- C30 al kyl group?’a C5-C20 c@cloalkyl group, a C6-C20 aryl group which is
unsubsti ut ed or substirtHeedewhinplasCaf CGaibabecdbakystyrbuplude Glargdo- al koxy
group or a hal ogen atom, a hydrogen atom a straight chain or branched

Cl- C30 al kyl grauap, oxi@ssC2ontypdhdalg atkjkeagtoape ahdmenteseReck®Y| group
which is un substituted or substituted with a Cl-C20 alkyl 20 group, a

Cl- C20 al koxy gfawm dhea gratpgeonatioming off The Ppovidoabfal fheec und
comprising the recurring units of fornmula (4') above and recurripg units
of fornula (4 ")exabwie hivexaniags JepansseHPgteny. ApBLicatErtobdte- 202 60

The above- ti d d i Si t h [ it f I
(1) “above and EBen ARSI ABRCR-noAg 1HCar Prd GRFS. O SFBFRUI A (4" )

above, wherein each term nal graqu IS ho o the ,silicon,5 m of the

recurring unit tqﬂ%ﬁﬁﬂ1Qﬂ$g geﬁ'%ﬁ@ﬁf'c%ﬁqgé%ggfa%n23%6$$’f29 gggﬁple, t he

fol |l owi ng net hod. vent (such as di oxane), trichlorosilane and/or
Adad GRS

organot ri chl or ost ptional |y, diorganodichlorosilane) and water

are reacted with each.athere fq effect 19 A hydralosics tBok%eandapsatibon.
Then, the resultant re action mxture s furthér reacted with an al cohol
and/or a silylatjfig Kaed1¥S eSH B DY o MthddlI)n which at least
one member selected from the group consisting of metals
15 of Pt, Rh, Ru, Nb, Cu, Sn, Ni and Fe and oxides thereof
is added to or immobilized on the above-mentioned pho-
tocatalysts; and photocatalysts obtained by coating the
- above-mentioned photocatalysts with porous calcium
phosphate or the like (see Unexamined Japanese Patent
20 Application Laid-Open Specification No. 10-244166).
Of these catalysts, TiO, (titanium oxide) is
preferred because it has no toxicity and excellent
chemical stability. There are known 3 types of titani-

um oxide crystals, i.e., anatase-type, rutile-type and

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



'Z- Si RARSR6 (13) 15 wherein each of R4, R5 and R6 independently represents

a hydrogen atom a straight chain or branched Cg—é‘,gg%ﬁéyyi%ggoup, a C5-CzO0

.cyclo al kyl - group, or a C6-CZO aryl group which ituted or
substituted with a Cl-C20 al kyl group, a Cl-C20 al koxy group or a hal ogen
atom and Z represents a hal ogen atom or aghy droxyl group, to thereby
obtain a conpound conprising the recurring 25 units of fornula (4') above
and the recurring units of = 9 Cctober, 2002, formul aotg 4 " above . 61 If
‘desired, a fundt g?ﬁﬁeﬁnﬁﬁr itilﬁ@nél‘lﬁuﬁxigﬁ EEYFH?fﬁd‘ER:% § ntTIhe obt ai ned

d by the bl d i bed h [ ti tion. | Nt i.-H
;?gggijgont ;i ni (ra]g siO\F,[VitcggcrEIB Sﬁﬁégggﬁégylﬁﬁ gg%lﬁ%g%goé/%,ntjt%ee é%aﬁl%écr%g:up is a
f ti I whi ch i ; t dify. t h t. Wi th high
el cct i vi ty-under REIEPAteCBE AN Ao S B Y BAbE REF aRae AT o1 zabl o

Xin f I 4), al 10 o) il ' t tal yst,
Ut Fends to cai6R & e PUcPronbors FRYPESaSrSREFTL heok: Lo PYSRE% B °
resul tant nodified &%Ottglﬁéa%gleéﬁxtsQ.Irxvextﬁ?’t:éﬁf,OEﬁe E&B%Zixﬁ”ﬂféﬂ edd hat the

~anpount of hydrol yzable o] i's as snmall as possi It is preferred

that the Si-H i iy R Sy et -@0mBoYRd Abalersutack4) con tains
~substantially ?)w%;? ro a§L abl e group X.J Furet her, the Si-H group-containing

silicon com- RWRint AdNrditleebave reitel hapogthHectopnthaparting
group (Q, can be advantageously used for im20 parting various functions

to the nodifi eghdiginsaiplndcanl 1yt (e presamiibify gobionisperssopr ef erred
that the function-inparting group (Q is a group represented by the
foll owing formitaEbLHity; (9ol £AnOctarneimg 200DeG2 iwlseradnvayYipepr esents a
Wval ent organic group hav ing a nol ecular weight of from14 to 50,000, 5 Z
represerd s at |masttioms gr dnp thel eoesenftr dnvehsignrouporobike sk of t he
above nentioned function-inparting groups 1) to 4), and Wis an integer of
from1l to 20. mentioned reason, it is preferred that the photocata-
lyst to be subjected to the modification treatment is
not in the form of a powder but in the form of a sol.
In general, in the case of a photocatalyst powder com-
15 prised of microparticles,single crystal . particles (pri-
mary particles) are strongly aggregated to form secon-
dary particles, thus causing a great loss of the sur-
~ face properties of the primary particles. It is very
difficult to disaggregate the secondary particles back
20 into primary particles. By contrast, in the case of a
photocatalyst sol, phbtocatalyst particles are not dis-
solved but present in a form close to the primary par-
ticle form, so that the surface properties of the pri-

mary particles can be effectively utilized. Therefore,

25 a modified photocatalyst sol obtained from a photocata-



10 For exanple, when the Si-H group-containing sili con conpound of formula
(4) above has, as the function inparting group ¢ @ectcBed, FD0O20n€E
hydrophilic group 2) defined in fornula (4) above which 1s selected from
the 15 group consisting of a carboxyl group and a salt thereof, a phosphate
group and a salt thereof, a sulfonic acid group and a salt thereof, and a
pol yoxyal kyl ene group, the photocatal yst can be very stably dispersed in
wat er, and, hence, such an Si-H group-contagaing silicon com20 pound can
be advant ageously used for easily obtaining a nodified photocatal yst sol
(hydrosol) of the present invention, I [ t ,cle

di anet er of thegﬁﬁ iFPgdep 3¥§€5t§P§SPB%§¢9§§ e§§5§8§8g8%2?g$b?g£E? 25

ol orrod examlagy Shold13,30046+HRAL BRshobrdes oyl LxLODFAR13002eboPnl || C

group include a™p oxyethyl'ane grodp-represent ed by formula (7) above; a
sul fonic acid grqupOr a,Sahk HhEEERhtaYPiehsbs hebd esentred pyedartul a (8)

above; and a carboxyl group or a salt thereof, which is 5 represented by

formula (9) abovgweRHitdier M hdtReadialkisdr Quptaentai Aapgbsi kiensrconpound
of fornula (4) above has, as the function inparting group (Q, a Cl-C3o0
fluoroal kyl groume BEHPRITORIK EQURParticles e iSi tHegfoup- odnkamhkAg
silicon 10 conpound whi ch has a nonooxydi organosilane unit repre sented by
formula (1) and/wafrea ofi @oioiaganNqeidtdnd esniand eprendatrgdpbyticlesla I®), and
a difluoronethylene unit represented by fornula (3)), the surface energy of
t he phot ocat al ysgerscdnesiverhe pladtdocadmdystermed, usechinsthe grepent
group-contai ning silicon conpound can be advan tageously used for obtaining
a nmodi fi ed phot doaterityisin sothevnhgtaustadist e tlisd efe ReR- BESELTBed sel
stratifying or self-gradating property (which is the ability to distribute
ani sotropi cal | y thee e gHecre RfatRaiyRayy BARTIGLES &R4 5&C3%6d for
formng a coating having a very high water repellency. Wien the Si-H

gr oup- cokR ai ni nT&FY | RI¥NELOMPDUND of fornula (4) above has, as the
function-inmparting group (Q._at least one reactiye.qro fiped in
fornula 25 (4) above é&n?éﬁiéfiﬁﬁ?§n¥§Y%4%ﬁﬁ ’hgﬁg%bﬁ%ebgﬁgi Piﬁ% o%9

Cct ober, 2002 64 ﬁée“%fggf gﬁgifggjkne$nt@§réﬁloyécé;r%exaci@ Rac regleoy !

group, an acid an o group, a car boxyl group, a

hydrazine group,,28; E$0§YSRGE ScE &14Pst A4 SO§ NbACHANA® 1IAURned ghediooxy !

group, an am no group,
catalyst particles prior to the modification treatment

15 have a volume mean particle diameter of 400 nm or less.
In the present invention, from the viewpoint of
producing a transparent f£ilm from the modified photo-
- catalyst sol, it is very preferred that the photoccata-

lyst particles prior to the modification treatment have

20 a volume mean particle diameter of 200 nm or less. It
is more preferred that the photocatalyst particles
prior to the modification treatment have a volume mean
particle diameter of 1 to 100 nm, more advantageously 3
to 20 nm.

25 An explanation is made below by taking a titanium



5 a cyclic carbonate group and an ester group, the nodi fled photocatal yst
exhibits cross-linking ability, so that the solg ¢ritobet. POO2/ICh a nodified
phot ocat al yst can be advant ageously used for fOTWTﬁg_ﬁ_%ﬁafrﬁg havi ng an
excellent durability. 10 It is especially preferred that the above
mentioned reactive group is a group which has a nonoval ent group contai ni ng
t he hydrazine group represented by fornula (6) above and/or a nonoval ent
group containing a keto group. The reason fgr this is that, when 15 such a
reactive group is used, the nodified photocata |yst sol of the present

bt 2l S0 excel [BHASITAGE SAATITELS 41t 4 SHAER T g & Ry ar azone
Coati ng having VEFTRRE B Gort LMD oRERiT et Cleeag Sl dfo MREFLPE °
ompound of T oruf S- 00 PAnevE oy ARE LTI G LR ST 3 (0.
(4) above) the ROt T oA BrorRes o yer Or ot PE ot Il phot ocat al vl Sol of

the presgnt invgpktbppiganybsrexstted(horexertha eatml ydigpacsion tyedir- an
opt oel ectroni ¢ conversion activity through not only the ir 5 radiation of

the ul traviol et yhaysnbyktahgoekbentiadlyaof' waten” afedhe aididbpersions
and/or the infrared rays. As the function-inparting group (Q, at |east one
of the groups exeaplinf cedtabayegcanohe ased. oPamvreuct avdyer Whefhe hydr osol
of a photocatalyst is used for 10 producing the nodified photocatal yst, and
the hydro philiergparptipndefi sedhi B hgdrokal(4y khbowe. apddapychfa te ot her
function-inparting groups 2), 3) and 4) defined in fornmula (4) above are
used i n conbi natirosolt kenr beukrsalynmpapfineddphaedcaf arysk28Bie naVhew-

function 15 inpartin roups becones advant ageously stable. As ex | es of
the met B6d f or mé@@% %@PPH@SSi Plaltﬁlnéu6pEéﬁFéitﬁPﬂg¥§Hil'QBﬁncg%Shﬁgg%T

formula (4) above, which has _a functiqn-inparti ro L.e., il
con conpgu%d ha&ﬁﬁ& ghsavépgdgzgﬁrug%gagLn@é%%é????%ﬂagbg%%Béggthéﬂni; |

f I 4 bel th b t d: et h i L.ch Si-H
0r oup. cont a1 ni G AERkEn 2P0 rRRE A S0Ng A grerysantii Sfedeuneetean B
represented by formyla t&k@a&ellqgﬂ&gq§tso%r-%%ho +@onGarbagsyasahkeat ed

bond- cont ai ni ng conpound are su r, 2002 667jected to
hydrosi |yl ation (£actiPrho WHRIRIHY et AR ite@fkoRcYAsal Uhat éFttained

bond- cont ai ni ng conpound has at I|'east one function-inparting group sel ected
fromthes metatitanic acid is neutralized with agqueous ammonia to
thereby deposit titanium oxide hydrate, and the ob-
taihed titanium oxide hydrate is subjected to filtra-
~ tion, washing and dehydration to thereby obtain an ag-
gregate of titanium oxide particles. The obtained ag-
20 gregate 1s peptized by the action of nitric acid, hy-
drochloric acid or ammonia, and, then, subjected to a
hydrothermal treatment or the like to thereby obtain a
titanium oxide hydrosol. Further examples of titanium

oxide hydrosols include those hydrosols obtained by a

25 method in which titanium oxide particles are peptized



group consisting of groups 1) to 4) defined in formula 5 (4); and (b) a
met hod in which an Si-H group-containing corrpOlglq) Wetd 2gpAver age
structural conposition rep resented by formla r%mraﬁﬁ a

car bon-carbon unsat urated bond-cont ai ni ng conmpound are subjected to a 10
hydrosilyl ation reaction, wherein the carbon-carbon un saturated
bond- cont ai ni ng conpound has a reactive group 3) defined in formula (4), to
t hereby obtain an Si-H group-containing cogpound having a reactive group,
and, then, the reactive group of the Si-H group-containing ~. 5 conmpound is

reacted W|th afunct 0 np. t Or=Qup, the
formul a (4a) betth #—?-]I:? X@%Q%f&@@fm% rz]‘?c%/ig]qjléoarn\?madglr}dga% éilach of R Q

and X is as def , tSiatansfyn t he
following re 2 h{;lggl ong#gégﬁa%é%ci@%&\/ﬁy 2%8%1{6}170% J'<nr ﬁmﬁﬁ 0<qg<4 0c<

r <4, 0s s < r aalla ein
Hi p+r)RqXSS| 0~ 43}61%3%%?1/:58%5?%? dl%\g%arr%ﬁ lxggihhﬁég_? ‘IRr’innd Xsftélﬁ:g)diaf?ned

for formula (4) §Q§¥§nga§9ree Hndriﬁnﬁh§c§a&ﬁ§fdftéﬁfédﬂd(HMthn alka-

rel ati onshi ps: il <g<4 0 <4, - 0ss <2 and (p +q
+ 1 +5)5< 4. ZQlFiéShotaﬁséap!aﬂaat iﬁndé§iﬂ@@iﬁ bedoparddnt espedt ao t he
above-nentioned nethod (a) for producing an Si-H group-containing silicon
conpound havi ngsadfuncpbopabpglaitag gsouped25 Alsich s et medholde pro-

car bon-car bon unsat ur at ed 9 Cctober, 2002 68 bond-containing co ound
whi ch can be uspdsednmeUheda(na)ledbdaEanéee Pateod APPHL¢HEDBOR He2 i~ H group
cont ai ni ng conpound of fornula (14) a function-inparting oup which is a
hydr ophobi ¢ groOpeseseelcé@lblﬂ@nrpﬂhélOgré9p555é6ns11%%¥%gc%$g}é est?3tyht chain
or branched C1-C30 al kyl group, a C5-C20 cycl oal kyl  grou or.a %ﬁo aryl
group which is ohsabdsed: at 6@lorfsapstesar EdPR th%nﬁgmcﬁglg? TIM %

Cl- C20 al koxy group or a halogen atom, exa ch.car n, carb
unsat ur aed bon&hfopé‘éﬁtlé’llﬁlsng‘aé’ﬁnﬁaﬁﬁa FH%GB% ‘8?8???1@‘1 ‘gflg 3sP propyl ene,

1- but 1-h 1- oct but t
cycroﬁ(ra])e(ene aﬁ)o(leg%%ﬁé’r ﬁgﬁaéﬁ‘g’lbﬁco cm%@?[gn% gg %rgéggl ?g%bé%é?gxg@&él | yl
propionate, allyl, %n?%@ﬂéyﬂﬁa%%qhﬁl%%dh%k&%b QeBﬁOQESunélh¥ht§5m§f§l such

The above-described titanium oxide hydrosols are

commercially available as titania sols. (Examples of
15 commercially available titania sols include “STS-027,
manufactured and sold by Ishihara Sangyo Kaisha, Ltd.,
Japan, and "TO-240", manufactured and sold by TANAKA
~ TENSHA CO., LTD., Japan.)
Each of the above-described titanium oxide hydro-
20 sols has a solids content of 50 % by weight or less,
preferably 30 % by weilght or less, more preferably 0.1
to 30 % by weight. Such a hydrosol has a relatively
low viscosity (as measured at 20 °C). 1In the present
invention, the hydrosol may have a viscosity in the

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



15 as allyl nethyl ether, allyl ethyl ether, allyl n-hexyl ether, allyl

cycl ohexyl ether, allyl 2-ethylhexyl ether and §ldytoBEic oSt her;
(meth)acrylic esters, such as nethyl (neth)acry?%ﬂ?f‘@Tﬁ%#i(ﬁeth)acrylate,
butyl. (neth)acryl ate, 2-ethyl hexyl (nmeth)acrylate, cyclohexyl 20
(meth)acryl ate and phenyl (neth)acrylate; carboxylic acid vinyl esters,
such as vinyl acetate, vinyl propiovate, vinyl |actate, vinyl stearate and

vi nyl benzoate; vinyl ethers, such as nmethgl vinyl ether, ethyl vinyl
ether, butyl vinyl ether, isobutyl vinyl ether 25 and cycl ohexyl vinyl

t her; st , t 2002. 70 eth . V] t i
cster! a otyrentabr FUa FYBTORAtn FRaRpaRSAELYY nii FOE art dactE ey ¢
OO pedhorP13BRCLEA LEOT LAR ORGUG GADSKPALAGuILy 2508 B0K YL, O OUP and

a4 phos t

a salt thereof, ate grodp’5 and a sa ereof, a sulfonic acid
group and a sal L t.hereof, a polyoxyal kyl ene group and a cyclic acid an
hydri de. Preferr® “exanpl es of carbon-carbon unsaturated bond-cont ai ni ng

conpounds having t heyghgya:1#8Bhi 28edndOmbYAbEBNELE CpBb@ELAGCt Uen Am al | yI
et her contai ning a pol yoxyethyl ene group, which is represented by the fol

| owi ng farmul a Gk6he GH15CHEMZQ GHEWH2@rBRmethbiis 1Eovhpretacimgepaesents an
integer of from1l to 1000 and R7 represents a hydrogen atomor a straight

chain or branchedsCbtG39 alyipds @ropmotdeatalgkltykottheforoakainplag a

sul fonic acid group or a salt thereof, which is represented by the
fol | owi ng for nukar{iim oxGid20 GdCH=EL e xamined]l JaRa@SHR2CREt ERRCMRDY AS03B (
) 9 Uctobert ZOOZ ss (neth)acrylonitrile; and crotonic esters. Anpbng

t hese) from t he caitdwpoilati dbfopesndtiaditficatieonoNef.i 8s5A3¥PAgaafd 8l PLinic

| i nkage at the term nal thereof, 5-norbornene, allyl esters and allyl
ethers are pref@ﬁf@dld@ﬂh@&?rQ%%ﬁﬁnCQR$Qﬂ%§W&aﬁﬁo%ﬁéQFbBHGUﬁ%&PﬁPﬁtéa'
bond- cont ai ni ng _conpound which can be used faqr intrqo duting_into tge Si-H
bond- corit@i ni ng leSHFSUEFBt T FRASP (COPSISTERICeS Fﬁuaybalﬁﬁlaﬁﬁoup as a

function inpart i(nsgee(‘:],r Oé’gaf eeggmrg)ll.ee ,S l?rIexsaLrlnCir}le rJ%%%h%asreb%%t%?&atA'ﬂplica—
tion Laid-Open Specification Hos. 9-25123, 9-67124, 9-
227122, 9-227123 and 10-259023).
The above-mentioned photocatalyst sols -are
15 preferred since the modified photocatalyst sol of the
present invention can be obtained simply by subjecting
these photocatalyst sols to a modification treatment
~ with the above-mentioned modifier compound.
The at least one modifier compound used in the
20 present invention is selected from the group consisting
of different compounds each independently comprising at
least one structural unit selected from the group con-
sisting of a monooxydiorganosilane unit represented by
formula (1), a dioxyorganosilane unit represented by

25 formula (2), and a difluoromethylene unit represented



10 rated bond--containi ng conpounds include an olefin, an allyl ether, an
allyl ester, a vinyl ether and a (nmeth)acrylic ¢g&obera@doondependent |y
havi ng a perfluoroal kyl group represented by the folTowmng formula (15). 1.
5 -(CF2)~CF3 (15) wherein g is an integer of fromO to 29. 20 Wth respect
to the carbon--carbon unsaturated bond-containing conpound whi ch can be
used for intro during.a hydrophilic group into the Si-H group contai ni ng
conmpound represented by fornula (14), exam3ples of such carbon-carbon
unsat ur at ed bond-cont ai ni ng 25 conpounds include an olefin, an allyl ether,
a vinyl 9 Cbtobe& 20?2 % wherein n represents an integer of from1l to
100; RS represéﬂ S %F@? %ig P'chain or 5 branched C1-C30 al kyl group; and B
repre sents a hydrogen atom an alkali netal atom or an unsubstituted or
substituted amoniumion represented by the follow ng fornula: 10 HNRORLR11
wherein each of RO , 'Rl and R11 in ly represents a hyd{pgen atom or
a straight chain or branched Cl-C20 al Kyl ‘group unsub 15 stituted or
substituted with a hydroxyl group; and 5-norbornene-2, 3-di carboxylic
anhydride. - Exanpl es of carbon-carbon unsaturated bond containing
conpoundg used for iphredugi BAcR Hearli ¥8q2R20iAUEpéndent he wdove- nenti oned
silicon conpound con taining an Si-H group represented by fornula (14)

i nel ude ol efins, allyksehkera, hdrpgeastevs, ui aprakgherechaimng¥ esters,
(meth)acrylic esters and styrene deriva tines, each of which has at | east
one reactive group 2brescbetef1-Com EAEY4r §GPUBoNdi S5THG0 oFY@h°epoxy group,
a 9 Cctober, 2002 72 (nmeth)acryl oyl group, an_acid anhydrjde group, a
keto group, a carboxylkylo@FouR IFd@aiens 2gr 8451 8ﬁ°F§o€§bﬁétésgroup, an

i sot hi ocyanate group, a hydroxyl group, an am ng group, a_cyclic carbonate
group and an ester SW@ﬂﬂhﬁt#W¥W%ﬁK%US§ﬁ§éﬂ¢P@e§xHﬁﬁPe§to%e%ﬁFbon-carbon un

sat urat ed bond-cont ai ni ng conpounds havi ng the_abo g mentigned reactive
group i Ad ude al |yl §PFciSHRS it gqle)}@lcgﬁd %Fﬁ?fnhjv‘ &r AR, “afyi

(meth)acrylate, diall ‘lst]i gqetot}.era (f‘fill(?e%(%l)a& l]h@%hg,’ ¥i achggﬁt h) acryl at e,

vinyl crotonate, ethyléene ycol cryl ate) mal efi'c anhydri de,

5- nor bor nene- 2, 3-di car i ygid de, ahesena4oane, allyl isocyanate,

al Iyl al cohol, ethyl ga%gpgii}yc%ﬁoq{gn%gé %Ihag't er, aaIOI yl am ne, allyl

i sot hi ocya 15 nate, allylsem carbazide, (neth)acryl onohydrazi de, and

4- al | yl oxynet hyl - 2- oxo- 1, 3- di oxol ane. Exanpl es of carbon-carbon unsaturated

bond ( R 1
15 ' | (2)

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

20 -(CFjy) - (3).

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

25 unit represented by formula (1) and a dioxyorganosilane



- contai ning conpounds used for introducing a sensitizing group into the
above-nentioned silicon conpound con ~0 taini n@ gyrtebel 2002 represented
by formula (14) in elude olef ins, allyl ethers,—altyl esters, vinyl

ethers, vinyl esters, (neth)acrylic esters and styrene derivatives, each of
whi ch has the above-nentioned sensitizing group. Such a conpound can be
easily obtained by 25 reacting a carbon-carbon unsaturated bond-contai ni ng
9 Cctober, 2002 73 conpound havi ng the abowa-nmenti oned reactive group with
a sensitizing dye which is reactive with the abovenenti oned reactive group.
For exanple, when fhe reactive.grou e r on-.car st at ed
bond- cont ai ni ng“%d Bﬁﬁﬁefgnggdlégteag%?%%1{%Z'ggggﬁﬂggﬁgﬁg?ing g%&gﬂ epoxy

group, a (cycli Cﬁo%segtgﬁgxgrggﬁig%egpva@thgosa@M@iegg Qbtfen Afkradi-
i sot hi ocyanat e Broup, a cyclic carbonate group, an ester group, a keto

group and a (”EéQéécﬁxkﬁyhxgﬁegEioﬁ iggﬁ€95%hb%éﬂﬂ §Y&n i Sarisees W ch has at

| east one func tional group selected rfomthe group consisting of an am no

group, a carboxyl HR, canhydr @x¥hpgkaup, rarh¥x8hpZéNeagrond el dce
(et h) acryl oyl éégﬁgg ghctﬁe ot her hand, when the ?eactive group of the 15

carbon-cg@rbon uggsagukatgdyheed- ¢antairhledd reofpeHadnbaiseteciedt beavat he
group consisting of an am no group, a carboxyl group, a hydroxyl group, a
hydrazi ne groupiged aolmethieearyhien ppotdveatalyenscbmpoaptilye o tsed which
has at | east one functional group selected fromthe 20 group consisting of
an epoxy group, preeyd iinyveadidnamnidyditi dbegsogfacancEsacyhaned 8Fblp, an

i sot hi ocyanate group, a cyclic carbonate group, an ester group, a keto
group and a (metdleaciyilay iisgfsumedTHaomeddte S ieAerbatpeAteAYBbN

unsat urated 25 bond-cont ai ni ng conpound havi ng the above-nentioned re 9
Oct ober, 2002 74&ca@dsidigro@s wiheh Presendi tinveRsiffe WhPEHES rEdRive with

t he above-nenti oned reqcpivedg{oup is effected gﬁger condhtions wherein the
reacti ori@ enper dther @odiddad gt st iteF SOR08RY YARG9PRE M ke are

appro 5 priately selected, dependin n the type qf the rea i oup in

t he car bon- car borfth &t &t eo?ﬁmiegjnt r#?ﬁ"yc?nﬁgdn&ngﬁggt %ggt é%Sggf t he

functional group in the sensitizing dye. Furiher,.f t Vi ewpQqint ,of the

stability of thTRGIHAM Wt ﬁg%p’%(ess%tep% re{?yerfrOte’g‘%trff—ila'?Pzt)He%r ea%:ltﬁi on is

effected at a te%g)cg; ti&&%lﬁésé%f‘t@wiﬂs%e YR RO MR BEASKY 1f rom 0 to
(5% the hy

150 C. In netho drosilylation reaction be tween the
above- ment i oned £a5PON-1SAT B ADEBSAIT G eehd SndronTerD Al tticad aagEraunas and

t he above-nentioned sili” con conpound containing an Si-H group (which
conpound; as an QveEaget Sbf Uchelr 8dp CARBRSHE | ON RemBRY etdips by hy-
droxyl groups, the surface of the above-mentioned f£ilm
and shaped article increases hydrophilicity. Also, the
~ formed hydroxyl groups undergo dehydration-condensation
reaction with each other, so that the surface of the
20 above-mentioned film and shaped article is caused to
have very high hardness.
When a modifier compound which comprises a difluo-
romethylene unit represented by formula (3) is used, a

film and a shaped article each having not only a photo-

25 catalyst activity but also very high hydrophobicity can



- formula (14)) can be effected by contacting the carbon carbon unsaturated
bond- cont ai ni ng conpound with the 20 silicon copitebezP2002 Ng an Si -H
group at a tenpera ture of fromO to 200 C, inthe absence or presence of
an organi c solvent and preferably in the presence of a catalyst. As

catal ysts for the hydrosilylation reaction, 25 platinum group

net al -contai ning catal ysts, i.e., com 9 CctoberlL2002 75 pounds of

rut henium rhodium palladium osmium irigsumor platinumare suitable. O
t hese, pl ati num conpounds and pal | adi um conpounds are preferred. Exanples

oo R G AR R
hexachl or OB| at |%°a%€f%é¥@3m#a%%%%%ﬁ od}zi’?ld%é r?l aetsieg%mél(%l V)

di oxi de, dichlqra(dj gyclopentadienyl) platinum. (a), a platinumvinyls

i | oxane conpl ex a pl ati num phosphi ne conplex, a platinumolefin

conpl ex and netal licpplatd saer shfedeicd | i o pl atgrumatsedised teitheer

wi thout a carrier or 1n such a formas car ried on a carrier, such as

al um na, g silicano@etidat 8ImESHREMAE & hgedd keiz fuxqnptesp of pal | adi um
conpounds 15 used as catalysts for the hydrosilylation reaction in elude
pal l adium (I11) chl orirde astmpasémei tinz{dd)goxip®. ndaed egrafp clegarnied

sol vents usable for the hydro silylation reaction include aromatic

hydr ocar bons, sBgbmaantobfienaraods xykeak; cahppbats cangdeogarbordyesuch as
20 hexane, cycl ohexane and heptane; esters, such as et hgl acet at e, and
n-butyl acetat ewhkeesneshesnehaiscavpiones aprehgrgarky| AXes opER et A hyl

i sobutyl ketone; ethers, such as tetrahydrofuran and di oxane; am des) such
as di met hyl acet ahsgspaaandiirethyl ToFiRARdEIIDRaFBGEAR cBRTL8T pbinid ™ such as
chloroform nethylene chloride and car

_ 2 .9 %)ct ober %002 7g bon
tetrachhéride: ArAEERyLiSHitr 5RO4ENaABCRPEPBHERT enBlCHNBEE2L oFVIREE Y an be
d individuall i i tion, t | i L
W th rospect  to BoBERGa L IREneraEa ab55e 8 AR rpRebirfoateTol "

obtaining a silicon co u cont ai ni i.--H.g WAL G cgpgblnpshasa
function-inpart M’&ngraogg)%l%geé:xgﬁp%lpggggf ﬁ(%g?bgn?cgrgggﬁ\eﬁhgg uFQat ed bond
containing compauads had B £183CHhEE Faldly sthisell 8keth yeedenn i hod
(b), there can bé mentioned the sa corrpoungs as descri bed above in

connection W thy®midhied, (@ dxhimithed ekl vishe abydrasiyl what eophoeaeti on

bet ween t he above-nenti oned carbon-carbon unsat urated bond-cont ai ni ng

conpound scont ai Nidig: i d efsiivarss im0 Wnnk iamd nidte calgv eheentiroaddasedi con

conpound containing an Si-H group (which conpound has an average structural
with ultraviolet light but also when irradiated with

visible light and/or infrared light.

~ Examples of sensitizing dyes include xanthene dye,
oxonol dye, cyanine dye, merocyanine dye, rhodacyanine

20 dye, styryl dye, hemicyanine dye, phthalocyanine dye

(including metal complexes thereof), porphyrin dye (in-
cluding metal complexes thereof), triphenylmethane dye,
perylene dye, coronene dye, azo dye, nitrophenol dye.
complexes of ruthenium, osmium, iron and zinc (de-

25 scribed in Unexamined Japanese Patent Application Laid-



conposition represented by formula (14)) can be effect ed under the sane
conditions as those for the hydrosi lylation r 1 Iy god (a). 20
-According to method (b), by effecting the abovgigé%%lg%ééﬂﬁgdrosiIylation
reaction, there can be obtained a silicon conpound containing an Si-H group
and a reactive group wherein the silicon conpound has an average structural
*conposition represented by the fol 25 lowng fornula (18): 9 Cctober,
202 HpRgq@r XSSi ~~4 P g r _5~~2 . ( 18) ein: each of Rand X is as
defined for forrmula (4), each B independently represents a nonoval ent
group having at | east one reactive group selected fromthe grgug consi sting
of 10 an epoxy OpeouSpesificaiiop Ner.odp 228398 REEr yRBFRe§RobA SRR ART d
anhydride group, a keto group, a hydrazine groqup, .an,i.soc te,grQup, an

i sot hi ocyanat e Rjric@siom mﬁﬁQ£qﬂ°xﬁﬂﬁMin@%+Q%ﬁPH§ldPSG&?na¥gggwoé Qar 15
bonate group and an ester group, and p, g, r and satisf .0l | owi ng
rel ationshi ps: 5-394023 )« And netglc 043")“92183’?5"33' Isug%4,asoog }éutgg%nt‘tglr?d (p + q
+r +s) <4. Further, in method (b), with respect to the

function-i npar t88fY ad’r%&ﬁ‘-ecdri‘t]%?ﬂi ng conpound to be reacted ~5 with the
silicon conpound containing an Si-H . aro £t ke -2QERssS a

reacti ve® group (mhiéﬁ?c oY t%é#%ﬁﬁ?%%g §¥%ﬁcturalaggnposf?ion

represented by forml,a (18)),ef a{%@é@éﬁtwf&ﬁw&rﬁ%&ﬁéd@tﬁr@uasm t he
I -

silicon conpoun %%ﬁfalnlng an group and a reactive group is se 5

| ected from t he, gr OUp: £ONBA St OGyAfe PR SPOVardOUE AU a8 branturds iad

group, an isocyanate group, an isothiocyanate group, a cyclic carbonate
group, an ester¢QiPUpne dekety I1OVH1 alEhE §XBddM e Yt cigiraupoten -
functioni nmparting group-containing compound i s used which has 10 at | east
one functional gfguposetrst edcitem sbetgy oo tomsieresty wioarmpihaegr oup,
a carboxyl group) a hydroxyl. group, a hydrazine group and a (neth)acryl oyl
gfoup. ©p the otbenlhandrbibed ibehigheti teagrbie otexde Vekot ddifpound
containing an Si-H group and a re 15 active group is selected fromthe
group consi sti ngoofiuahiani hengr ofiptha phebesgtagystip) @8l group, a
hydrazi ne group and a (nmeth)acryloyl group, a functign - inﬁarting
gr oup- cont ai ni ngeotipoaAdcharassarmitéAshas RECFeRsed ofePFthtt 1 HhatY 4t oup
selected fromthe group 20 consisting of an epoxy,groL i hydri de
group, an isocy&ﬁ&t@egPSBﬁ?rgﬁdi?8?h%85y8ﬁ5?898r05%? ﬁg%ﬁc ?@g%gr onat e
group, an ester group, ket o_grqQup an ) Y ouP; <N
t%ﬁn@?ﬁ&%iﬁ%&??%ﬁgo sg%c%rgﬁﬁan 2k 1£§¥£r95,u91slﬁﬁb

above-nenti oned grodap i’s € same as function-inparting
group 25 Qin farmul - e Lk sent NG .a8uR%REAECOST EHE oxPadXt ober,
2002 79 tural cé ogﬁfgéﬁfgq%ﬁer%gg%@%angf tﬁe gilicon conmpound cont ai ni ng
an Si-H group anq 3 Hetdti®nd iR ntHiCihyC afpeuBethashanical method

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

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



average structural conposition represented by formula 5 (18)) with a
function-inparting group-containing com pound Wigdtober 2002 ve W th the
silicon conmpound is effected under conditions wherein the reaction
tenperature, reaction pressure, reaction solvent and the like are
appropriately sel ected, depending on the type of 10 the reactive group in
the silicon conpound and the type of the functional group in the
function-inparting group-containing conpoggd. Further, fromthe vi ewpoi nt
of the stability of the Si-H group, it is preferred that the reaction is
effected at a tenperature of 15 300 C or |ess, nore advantageously fromO
to 150 C. In thecptadeat hndent FORSiaszERANBYRs ¥0d nBRPOTRLFL o bbt'dl ni ng
the nodified photocatal yst sol containing "~ photocatal yst %aﬁt{cLﬁ§

modi fied with Arwediftef waihpddaBtnadingPeREvaPotethehtilngy t© the
function-inparting 20 group, there can be_nentioned: ( a nethod in which
a phot ocat al ysPT86P"F8 §HbF@§F€&etBfaaﬁnﬁﬂFFgﬁ??BﬁlY?e%%ﬁ%ﬁtaéﬁtﬁ%the
silicon conpound containing an Si-H group and a function-inparting group
(whi ch conpoun&hﬁa§f§ﬁ°§9€%§ge structural conposition 25 represented by
formul a_(4a) above) _in the abave 9 o] . o] ty ngoner; and
(11) a Rethod in mhF%ﬁm8q8ﬁ0P§cgngﬁgggéoggﬁglégg%%Qt%gggohggﬁg%ification
Lreat ment m‘Ihaége thl%99nﬁ§¥QﬁBﬁ¥Qﬂeggg%ﬁhg'@90@ﬁd§'bbﬁ?59ﬂ§saﬂgvﬁ
reactive group fﬁhlcﬁ conpoun as an average structural conposition
represented by ifn%r @J'ga-[p(hje%)yla%\fﬁ-)nen%”%k%h%tbﬁs,Ulrh%ﬂfenmzaﬁli tbmpl bess pr oduct
is subjected to reaction™w th the above-nentioned function-inparting
group- cont ai Ni RGRGARAWYI VY CY s gyaaetinee deirtirattheer @acti teggnaup. 10 In
met hod (1 T) above, the reaction of the nodifi cation product (photocatalyst
sol nodified widdmgdima Hasom g anpeind etentskieliertgnan pSithdlgcyapiaad a
reactive group) with the function-inparting groupcontaining conpound which
i's reaqgtd ve W tiygehenetasic tdontp Uk egy cupd qeorpbhey rdfnf dytoed meriv@dr CORELERAE -
conditions as tho se for the reaction of the silicon conpound containing an
Si-H group and a reatitilveragmagt wia the meddodo f orme@iteilng ngr 06- B8ftai ni ng
conpound which is reactive with the reactive group of the silicagn conpound
wherein 20 the FERtGPPIENE NGRS R | FRHBHFI (D )ITWP (98 THvEe Frel Bhat

the nodification treatnent of the partjcles of otocat al yst. with a
silicon com poutRPEb AN ng¥an ek grodl (Rﬁﬁ%t?p@tﬁfbéﬂﬁ‘&%aggoé’ﬁ aver age
structural conpgsition represented b r mul | ucted at
a tenperature °¥r%§ﬁTPf ’ Sﬁg?b?d%%9$85%5é§§%ﬁfééi6 un eréﬁ%ﬁﬁ$¥%ns
wherei n, a conpoupd _whi upc .t j S f99n¥ Qggﬂmﬁigﬁgqgggﬁﬁsation
catalys%gfor an i¥¥$%€%ﬁ% ?sm§%%§%??i%e on ?he surtace of the parti cles
of the phot Ocatﬁéﬂ*éioné%'PeéB%iGésérQﬁpt@ftNS@ &énd hei ahay eryentiened com
c

pound (catal yst conpound) which functions as a dehydrogenati on-condensati on
catal yst for ani$i rEhgtoue, wibg €Rdi Hégative greapment of the particles of

a photocatalyst with a silicon conmpound containing an Si-H group
~ In the present invention, it is preferred that the
%ﬁ modifier compound has at least one reactive group se-
20 lected from the group consisting of an epoxy group, an
acryloyl group, a methacryloyl group, an acid anhydride
" group, a keto group, a carboxyl dgroup, a hydrazine
group, an isocyanate group, an isothiocyanate group, a

hydroxyl group, an amino group, a cyclic carbonate

25 group and an ester group.



10 may be conducted either by a method in which the cata |yst conpound is
previously imobilized on the surface of the phgtgeedrér.2002rticles by
usi ng phot oreduction nmethod or the like, or by a method in ich the

nodi fication treatnent is conducted in the presence of the 15 catal yst
conmpound which is not previously imobilized on the surface of the

phot ocat al yst particles. In the latter, during the nodification reaction,
the catalyst - conpound is imobilized on the surface of the photo catal yst
particles by physical adsorption, photoreduc 20 tion or the |ike and, then,

t he photocatal yst particles are nodified with the silicon caonpound
cont ai ni ng an Si-Hrg$dm@ﬁiﬁiﬁﬂtQHQﬁOQQﬁﬁﬁﬁﬁﬁj%&ﬁ(ﬂ¥¥QHuﬁ§(§§£%i?%§ &&hydr oge
nat i on- condensati on catalast_for an Si-H group" ans a 25 conpoqu whi ch
accel erat es t hel kg d? ofeRat+8h co@p%‘?%t}g@‘,’”gbo %fstb FHEHER T BT eact i on

of an Si-H group with an active hydrogen-cantai ni.n ou i [ .S, present
on the surface ?a?ﬁévﬁagf?EPeEaﬁfcfﬂ%s b%b‘?%%%gf a?@%g%%e%%%de% or the

| i ke, wherein exanples of ive_h o] t al ol i ude a
hydr oxyl group f%pT%9Eﬁ argéémmﬁgﬁxgﬁe ﬁ%%?%%g€éﬁ§§%g?%g§ ﬁgﬁ?dgﬁ%xide), a

thiol group, an fﬁLnO group and a carboxyl group. When the conpound which
functions as a %e ydr ogenat i oncondensation catalyst for an Si-H group is

| mmobi |1 zed 10 on 1 heySuLf -apecehy i peppardtelastic e mdoeadal ysi, the
nodi fication of the partlc?es of the photocatal yst sel ectively occurs under

noder at e CO”dit%BGﬁd Examakes eak +CORBOYBAS t Wik Chr bupCé & Dc BSA dehyr ige
nati on- condensati on catal ysts for an Si-H group include 15 netal s bel ongi ng

to the platinumygbapp consestihdt benaurydrhedhanyrpap| add ua) kesai gmoupri di um
and platinum and conmpounds thereof, and netals and conpounds of silver, -
iron, copper, cehalfeinnitbkehydriaziaerdgtrhepl ikerepkeshrted prefermedaare
nmetals of the platinumgroup and 20 conpounds thereof, especially netallic
pl ati numoand pl &6i)num conpounds. 9 Cctober, 2002 83 Hereinbel ow, an
explanation is made with respect to the method for immbilizing a

dehydr ogenati on con densation catal yst on the photocatal yst, taking as an
exanpl e the case where platinumis immpilized on the 5 photoqghalyst in a
sol thereof by photoreduction met hod NEr 2 3 pl ati num sol uti i s added
to a photo catalyst sot in an anpunt of 0.001 to 5 ~ by weight, in

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

25 | In the present invention, it is preferred that the



terms of a solids content of the platinumsolution, to obtain a m xture.
Wth respect to the platinumsolu 10 Lion, it ig ¢, @bo®at the pH of
the platinumsolu tion is adjusted to approxinﬁT§F7_Fﬁ§4§5ﬁ§_as that of the
phot ocat al yst sol so that the change in zeta potential of the photocatal yst
sol can be suppressed as nmuch as possible, so as to maintain a

nonodi spersi on of the 15 photocatal yst sol. The above-descri bed plati num
solution neans a so lution conprising a plgtinum conpound and a sol vent.
Exanpl es of plati num conpounds include platinum (I11) chloride, hydrogen

tetrachloroplatinate (I11), platinum20 (1V)_chloride, hydroge
hexachloroplatmﬂdiéiGFV?Pmﬁﬁ#ﬁdn#ﬁnﬁﬁéﬁa@ﬁP%?BBi%Pfﬁa?% ??gg?f%o%%ssium

hexachl oropl atinate (I1V), platinum (11) hydroxide | at.i,num i_oxi de,
di chl or o( di cycVapert adPery|§ PPRET Hemn %‘P‘P ?U%&( Tt itﬁeurﬂbvﬁanlyﬁéd. |\Q ngr?e

conpl ex, a plati num phosphine 25 ¢ | ex, an | at | ef} | e
Exgﬁplés ofp @éegPSEQH,%2555I§2h§gggeﬁ?gupngpﬁagama%§¥?1§%h%%@?§9g§bpgnol,

i sopropanol , dioxane, tetrahydrofuran an I /th e
concentration BFAREES & ATRECS &3ﬁdgfﬁu%%eigngP%t%1gé?ﬁ??g%,é??&?s

preferred that _the conagg;&;;%&g() 5§ﬁ%%®%ggbggguboa§@ a Byieeight. Then

the mixture of 2 eapﬁgt yst 'so atinumsolution is

i rradiated withyaldght hayi i, yeralengidiousa thatiantakeebEgnaand a

hole are, re spéectivel'y, generated in the conduction band and the 10

val ence band of, the Rhetn6atalnstgrody | ewsbhr bi Rgdifiet scpmpbend edavhat the
| ight contains the ultraviolet rays. Exanples of |ight sources include an

ultraviol et |anpg & BlsRitaiml i Xprah | amse muheuoptiedmedamgdd fied
fluorescent lanp. 15 There is no particular limtation with respect to the
nmet hod for the griqdcd traiag athan. védopegerd  Ehegrension sHabddve- rEntiPoned
mxture is placed in a trans parent container, the light is caused to be
absorberb i n t hetewa) | so ofhd hetlvor adarerbe BaRsEforadtainegd ameddified 20 to
irradiate the light through an opening of the con tainer. It is preferred
that the di stamdetetakeivshestl ghhyderseh) il Hhife Hﬁ?rﬁeéitnelrm’ieé“%?“t he

range of from several to several tens of centineters.. \Wen . the dis 25 Lance

is too small, terepeainingMAdLileRphetRcatdtite PAFIGISHATV TGOS 85 of
t he above-described m xture is _drjed t he heat ' fr t he |ight
source. On the BPhere HARTD ﬁﬁﬁﬁg?%ﬁ ﬁ?%?%ﬁ%% ?€ ?@gnﬁgﬁg%fu%%%'iIIunination
intensity becones digsadyvantage The | [ AdPndd m&yaari es
dependi ng on the iII%ﬁ?%%fFo% ?%?%%%%?$b%f£$?&§£Eﬂg&aﬂé)

15 mentioned hydrophilic groups include a group having a

polyoxyethylene group, which is represented by the fol-

lowing formula (7):

{J - CH,CH,CH,0 ( CH,CH,0) ;R (7)
20
wherein m represents an integer of from 1 to
1000 and R’ represents a hydrogen atom or a
straight chain or branched C;-C3g alkyl
group;

25 | a group having a sulfonic acid group or a salt



| i ght source. Cenerally, when the irradiation is perfornmed for several
seconds to several tens of mnutes, platinumisofbeibler 2002 | zed on the
phot ocat al yst particles. 10 In the nodified phorﬁtara¥V§F_§6? of the
present invention, the nodified photocatal yst is dispersed in water and/or
an organic solvent, with high stability. In the nodified photocatal yst sol
of the present invention, the nodified photocatal yst particles have a 15
vol une nean particle dianeter of 800 nmor,fess. The volume nean particle
di aneter herein is not neasured with respect to the nodified photocatal yst
particles isolated fromthe nodified photocatal yst sol, buyt is nmeasured
with respect tdhereqihdivhidh photkrRESIYRIeDEH NS Eodd oHioTe FO& uﬁﬁ‘ t he
nodi fi ed photocatal yst sol. Wen the nodi fied photocatal yst particles have
a volume nean pdtticle dianeter of nore than 800 nm the dispersion
stability of the nodified photocatal yst sol becones poor. In addition, not
only the nodified pho 25 tocatal yst sol per se but also even a nodified
phot o 9 Cctober, 2002 86 al yst conposition conprising the nodified
photocata |yst sol and a annot 35€EH,8%1,8Hzoat i ng conpo sition. In

st sol o _ !
G Sper <1 Bn st abi 11 tyrer \‘!@33%%@ CRePad TP NG an S i ont

di spersion stability™of \t he nodi

exertion of various functyons, guch as the filmformng ability, of the
nodi fied catalyst sol, it Tspreferred that the nodified photocatal yst
particles have a volunme nean parti 10 cle dianeter of 400 nmor |ess, nore
advant ageously 200 nmor less, still nore advantageously from1l to 100 nm
and especi al |y advanyageeus! y £&prebetos 86 nmtdgerlestrited labove, in the
present invention, the volune nean particle dianeter is neasured with
respect 15 to the nodobdi er® phepesdmisy st Pardiigitesh@imi olr nay con tain the
secondary particles) dispersed in the nodified photocatal yst sol. On the
ot her hafd, conventibranfhed- CinCaanglkasesrowhe &4 R ¥ S Ted to sinply
as a "par ticle dianeter” with respect to titaniumdioxide and 20 the |ike
is not a particle di aspteranhgdupegnwatamy eagpelkathb Ikt iibary
particles formed by coagul ation of the primar articles, but is a particle
di anet er measured onP¥§ &Pt HREuBpEdtuLadt AE §P¥ﬁ£?§“ﬁ%.t?TW%ﬁﬁuﬁhe nodi fi ed

h I | of th r nt i nti IS, I risin h
gbgbg?gégc¥?gezonngii%nergp%%ge%tgg %g ¥get%8E1531§gsfbr£8fg:|SI g the

15 : HNRQRlORll

wherein each of R®, R*® and R*! independently

~ represents a hydrogen atom or a straight

P

&ﬁ chain or branched C1-Cyg alkyl group unsub-
20 stituted or substituted with a hydroxyl
group; and
a group having a carboxyl acid group or a salt
thereof, which is represented by the following formula
(9):

25



9 COctober, 202 a7 f ied photocatal yst particles dispersed in a liquid ne
dium In the nodified photocatal yst sol of the gpieber 2008 i on, the
‘content of the nodified photocatal yst particlesis preferably 0.01 to 70 ~
by weight, nore 5 preferably 0.1 to 50 ~ by wei ght, based on the wei ght of
t he nodified photocatal yst sol.- Wth respect to the type of the liquid
medium there is particular no limtation, and water and/or an organic
solvent may be used. Exanples of organic gl 10 vents include a hydrophilic
organi ¢ sol vent, such as di oxane, tetrahydrofuran, dinethylacetam de,
acetone, nethyl ethyl ketone, ethylene glycol, butylcell osolve, ethanol and
nmet hanol ; and a hydrophobi c organi c solvent, such as toluene, xylene and
hexane. 15 Wen a phot ocat al yst hydr@gol (that is, a sol in which the

phot ocat al yst particles are peptized {n a di spersion nmedi um consi sting
essentially of water (herein the termxdi spersion nmedium consisting essen
tially of water" neans a di spensgi i UNTe®Ht ai ni ng 20 about 80 ~ or nore
of water)) is used for obtainindzthe nodi fi d\Qhotocatauggt, an aqueous sol
of the nodified photocatal yst cAn bg . obtai fed. EO&Bthe thus obtai ned
aqueous sol of the nodified ca&éTY§rCFlt is possible to obtain a

nodi fi e® phot ocat al yst organosial 25 (that \s, a sol in which the nodified
phot ocat al yst 9 Cctober, 2002 88 particl €0@Be stably dispersed in a

di sper si on medi um conpri sed essentially of an organic solvent (herein the
term "di spersion medidRGaNsash B0 ieuepRinddntlyorepitegegani @ sol vent” neans
a di spersion nediumcontaining 5 about 80 ~ or nore of the organic

sol vent)) by substi pdyddded Reol,SRET Siika e diatalofhtbe oagaaous sol with an
or gani ¢ sol vent. Exanples of method for substituting the dispersion nmedium
of the aqueous sol qfpdudes tiditfd®dphoitocaitaltest af@oniitm 4enor gani ¢ sol vent
i nclude: (i) a method in which an organic solvent is added to the aqueous
sol of tde nodified Hntooattadd iy arits Rdlekpwige donmtl@enpved by heati ng
under reduced or at nospheric pressure, 15 (ii) a nmethod in which water in
t he aqueous sol of the nodified photocatal yst is renoved by heating under
reduced or atnospheric pressure, followed by addition - of an organic

sol vent, and (iii) a nethod in which t AERN®JRfi ed photocatal yst 20
particles in the aqueous sol of the nodified photocata |yst sol are
extracted with an organic solvent. Exanples of organic solvents used for

substituting water contained L0, the paugpus, 3l ringhiudeeauanriyc hy
15 represents a hydrogen atom or a straight
chain or branched Cj-Cpq alkyl group unsub-
stituted or substituted with a hydroxy;
- group.

Examples of modifier compounds used for preparing

€

20 the modified photocatalyst sol of the present invention
wherein tﬁe modifier compounds comprise at least one
structural unit représented by formula (l) and/or foxr-
mula (2) above include:

‘a silicon compound having a reactive group which

25 bonds chemically with particles of a photocatalyst,




drocar bons, such as tol uene and xyl ene; al cohols, such 25 as ethanol and
n- but anol ; pol yhydric al cohols, such as 9 Cclobyrtobe?0 2082 et hyl ene

gyl ycol and propyl ene glycol; glycol derivative§TTﬁRﬂT?ﬁTTEﬁ?lceIIosolve,
et hyl cel | osol ve, butyl cell osol ve acetate, propylene glycol nonoethyl ether
and propyl ene glycol nonopropyl:- ether; aliphatic hydro 5 carbons, such as
hexane, cycl ohexane and heptane; es tens, such as ethyl acetate and n-butyl
acetate; ketones, such as acetone, nethyl ,ethyl ketone and methyl isobutyl
ket one; ethers, such as tetrahydrofuran and di oxane; am des, such as

di net hyl acet am de and di neth 10 ylformam de; . am nes, f#cr as dib(;x%gnine
and trietha nobushnes Bal Sde¥, IEQER- ad EK?BP%Y%?ernﬁ Yt e¥e°'¢hl orite and
carbon tetrachl oride; dinmethyl sul phoxj

de:; nitrobenzene; acids; es; and
a nixture of aBn adkexRd g 9ﬁ8“3b09eb§a§8Fyﬁégygr%5%?%’s%l@%% @£§Annng
t hese, 15 when nethod (i) above is used for. .th aol.vent _su j i on,
preferred are ﬁ%&ﬂoﬁﬁﬂ&ﬂég6pﬁﬁni@n58F9gﬁ§§?i@§§h858u ﬂtﬁﬁcgﬁﬁgé%Y%%,
propyl ene gl ycaol _nonoet hyl ether, .di Qxane, a furan
dinethylacetanﬂ&@;9ﬁ§?ﬁ?ﬁ“f‘é¥ﬁ?ﬂlggt0n3P 8§§§&eﬁég8?ycé? gﬁﬁt%?%%ﬁ%%, and
when 20 frethod (Idd) 8DQYS 1S SHRO%E] 2holchBe apRlyUenhosybslp Ly tan,

iC

preferréﬁ are &P’phébic org solvents, such as toluene, xylene, hexane

and et hyl acet %Iee_;é,c?@le HH)dr_irIcﬁ ]f'sﬁ.el hetoeat@lovsia seki8h bhesprasgpbupn vention

as such may beus as a no photocata 25 |yst-containing coating
composi 1 0n. ALl Nald Wl Msodd confbddiied bk nd0@ 19areay shelesed ih t he
bel ow descri bed photocatal yst conpo sition conprising the nodified

phot ocat al yst splo@hnd &tpl&astidne iunctieonaides westoance ankdn t he

phot ocat al yst conposition of the present 5 invention, it is preferred that
the ratio of the weighiiQowfcdmutibrevdescr badineopdilfliied 9gRgPocat al yst
sol to the weight (D) of the functional substance (each of the_ weights (O
and (D)16S in tswieh oéxhhiel nei lyhgh of £ &Biolitds)to ipartiqley @) adhghe rati o,
is in the range of 10 from 0.0001 to 100, nore advantageously from0.001 to
10. Her ei nbel owpatalespl asiachons| s PRHCKNIHY P @ I t he phot ocat al yst
conposition conprising the nodi fied photocatal yst S°'<§?d1ﬁbeéf%% tiona
substance, 15 taki ngpasesamekaspPe T uskl O TEHNYHE t he FGnc T onal
substance. Wth respect to_the resin used as the functional substance in
the phot ocat al y8¢ ®BRPOSPEAGN of the pre sent invention, any synthetic

resin and any natural 20.resin_nmm 81 4 Ss 1B ardi Gy
limtation with respgcfl%ﬁc?ﬁec?% %$§?u$ ei?%g?%, aﬁ% t he ré%in may be in

the forguof pel Lets 8 kBchlenbRRENOLoaaShY #EbGEN Okt SPRESs Diad i cof i n 2
solvent>"It is noS preFerr d that the resinis in the formof a coating 25
resin conpositi QRferred to as a “"silicon compound containing an Si-H
group”), wherein the silicon compound has an average
~ structural composition represented by the following
&ﬁ formula (4):
20
HpRqQrXsS10(4-p-q-r-s)/2 (4)

wherein:
each R independently represents a

25 straight chain or branched Cj-C3g alkyl group,



9 COctober, 2002 91 Wth respect to the coating resin conposition, there is
no particular limtation, and any conventional @@dteBekc20@2c0NPOSition
may be used as the functional substance. Exanpl €S 0of coating resin
conpositions in 5 elude an oil paint, a |lacquer, a solvent type synthetic
resin paint (containing a synthetic resin, such as an acrylic resin) an
epoxy resin, an urethane resin, a fluoro resin, a silicone-acrylic resin,
an al kyd resin) an am noal kyd resin, a vinyk resin, an unsaturated 10

pol yester resin and a chlorinated rubber), an aqueous synthetic resin paint

(such as an enul sion_ type paint and an aqueous resin type jnt), a

non- sol vent type syrfth iTQ:ZQe%Y?If?)%PFan (%J%IFP & & pd(?ﬁlwfﬁ)o p#z;cla:’}njt), an

i norganic paint, and an electrical insulatjn int. 15 A hese coating
resin compositions, %F%?%rV%ﬁcgréSc%%ﬁ%%??#%ﬁggiﬁﬁﬁeﬁ %ﬁ§g¥£§ i cone resin,
a fluoro resin and a gonbi pation _thereof., each of ich i - likely to
be deconposed by théwgg?i%ﬂ %?a?ﬁeoﬁﬁo?%%%ﬁ%F$?%ﬁ.gggf%géﬁhﬁgh?cﬁ silicone
resins include al koxygL! ahoal koxysik apesq., hydngl ¥y sdrsodgact i on
products t hereof (po?@éi?ggg e§§? ang n?xtures fhe%@oflﬁgtﬁicoﬁfoidal
silica, gesins) suchyag,ap gcaxkbﬁ Sitb€PNEnd €81 HaldfeeROKYm Si | i cone resin
or a urethane-silicone 55 ? sin, m%erein the resin contains 1 to 80 ~ by
weight 9 Cctober, 2002 92-Qf oSk hhERBRAeRATy I £ShFe SO td i CONPr i Si ng
1 to 80 ~ by weight of an al koxysi | ane, an organoal koxysilane, a hydrolysis
reaction product thergefingpakysehax ane)randtosncohpaitahgsjtéwm, and the
bal ance of a res 5 in other than a silicone resin. The above-nenti oned
silicone resins can belestaayfiremmthk grsaputbnaishengobfin a sol vent, a

di spersion thereof in a solvent, or a powder thereof. Further, the silicone
resins may contain various)addi fLenes) osachydsophebbssgtrowki g~ 10 agent, a

catal yst and the like. Exanples of alkoxysilanes and organoal koxysi | anes
i ncl udelvet r aal koxysi | anedecsadhfaomt sheagroubxgenfinbling ee¥ a2t hoxysi | ane,

tetra-n-propoxysilane, tetra-i-propoxysilane and tetra-n-but ilane; 15

trial koxysilanes, such asSKEPHY rFﬁ@gﬁ09§ngﬁﬁﬁPe§e§hy€§9i%ﬁﬁ%ﬁysiIane,

ethyltrinethoxysilane, ethyltriethoxysilang, ,n- y i xysi | ane,

n- propyl tri et hoxysil ane, ﬁ¥8P8pyFt?ﬁné?ﬁo%?g%Pgﬁg?Eig%é%%?%??i%thoxysiIane,

n-butyltrirnethoxysilane, ~20n-b [ oxuskhane, bstituted
Cﬁ.ﬁ@Qy%%&ankghg %ﬁ?bh RE unsubstitute

n- pentyl tri met hoxysi |l ane, t hoxysi [ane,

n-heptyl tri met hoxyst | ane. i QUNMATAIRUN B! LANScaknbher bBLNOXYST | ane,
y

vinyl triethoxysilane, cyclohexyltrimethoxysilane
cycl ohexyl tri et hoxysi |l ane,gsRhet IdeTRIAREY $rbAN®he28roup con-
phenyl tri et hoxysil ane, 3-chloropropyltrinethoxysilane, 9 COctober, 202 93
' sisting of a C1-Cyg alkyl group, a Cj-
Cpo alkoxy. group and a halogen atom, and

- a C1-C3g fluoroalkyl group;

€

2) at least one hydrophilic group se-

20 lected from the group consisting of a
carboxyl group and a salt thereof, a
phosphate group and a salt thereof, a
sulfonic acid group and a salt thereof,
and a polyoxyalkyléne group;

25 3) at least one reactive group selected



3-chl oropropyl triethoxysilane, 3,3,3-trifluoropropyltrinethoxysil ane,
3,3,3-trifluoropropyltriethoxysilane, 3-am nopigo@¢itbbefER200Q/si | ane, 5
'3-am nopropyl tri et hoxysil ane, 2-hydroxyethy|trFﬁﬁTﬁﬁYVETT?ﬁﬁi

2- hydr oxyet hyl tri et hoxysi | ane, 2-hydroxypropyl tri nethoxysil ane,

2- hydroxypropyl triethoxysilane,- 10 3- hydroxypropyl tri nmet hoxysi |l ane,

3- hydroxypropyl tri et hoxysil ane, 3-mnercaptopropyltrinmethoxysil ane,

3-nmer capt opropyl tri et hoxysil ane) 3-isocyaggtopropyltrinethoxysilane, 15
3-isocyanat opropyl triethoxysilane, 3-glycidoxypropyltrinmethoxysilane,

3-gl yci doxypropyl tri et hoxysil ane, L.

2- (3, 4- epoxycycl ohexyl ) efhgmt EheredFoxy Gengs ting of an epoxy

2- (3, 4-epoxycycl ohexyl )ethyl tri et hoxysil ane, 20 h lovi

3- (met h) acryl oxypr opyl t r§H@¥Box§Ri d@Reloyl group, a methacryloy

3-(nmet h)acryl oxypropyl triethoxysilane, 3-ureidopropyltrinethoxysilane and
3-urei dopropyl tri et hoxys8Fane; @Pa??b@y%?@%ﬁ%%églﬂﬁa$gﬂ;énié%g(

di nmet hyl di met hoxysi | ane, di net hyl di et hoxysi |l ane i j{®et hoxysi |l ane,
di et hyl di et hoxysi | ane, QEEPBbeg.h¥§6§2§¥?n959%%yﬁ§}g%%ﬁ%&?%ﬁ%ﬁne,

di -1 -propyl di net hoxysi | ane, di-n-bu i [ A6 -

di - n- peft yl di met hoxysi | af&°84 SP-ﬁ%§%%%§§%?§%%%x i lane. Y

di -i - propyl di et hoxysi | an i, N- | di,gt i , a cyclic
di-n-pentyldiethoxysiIangFog&&igggﬁékyhgi§g¥%gx%€?€%ne, Y

di - n- hexyl di et hoxysi | ane h--R-.hep { OXMSb&BEL, group; and
di-n-heptyldiethoxysiIangéﬁﬁqgg?%c%§FgFg§?ﬁoxysiIane,g P

di - n-octyl di et hoxysi | ane,4)dizgyalakexyhdi BBhBRXYSLhangroup,

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

di phenyl di et hoxysi | ane; aEhl& MRReplehasysilyanepresashsas hydro-

tri met hyl met hoxysi | ane and tri net hyl et hoxysil ane; and the |ike. Anong
these, jpyeferred areaygdmlkaxysnig ardsctedc fram fbehgrerPnePRoxysi | ane and
met hyl tri et hoxysil ane; and di al koxysi |l anes, such as dinget hyl di pet hoxysi |l ane
and di met hyl di ~ 15 etHiekEig afe.2 e Gagoie-Xest igaﬁé‘Q'aﬁggk’%Pf‘ngs and

or ganoal koxysi | anes may be used individually or in combination. \Wen the
hydrol ysis reacti on gr@eRicta (PEEBY %R )9 R h&RaPREZY s SE]HE  and/ or

organoal k 20 oxysilane is, used as the coatjn | N Commesi tiens, the
wei ght aver age nDIecﬂ?a?mﬁﬁ?g%?OTmea%ﬁaéaéf é%gﬁglaboﬁgcgﬁdghggtion

product obtained by the hydrolysis react.i I referably J4ast he range of
from 400 to 100,000,£ﬂ5¥e 5?%WEr%%I3m%?%ﬁ?gﬁgﬁFgE@%ﬁ&b%éﬁg Exanpl es of the
above- nentioned fl uor &eséga in 9 Cctober, 2002 95 cl ude PTFE; '
pon(viﬁ?Iidene quo?lae); resins, such as an acrylic-fluoro resin, an
epoxy-fluoro resin, and apgrﬁghgngﬁélyogétiggyrthéMﬁﬂxﬂdwﬂﬂgezmesin cont ai ns
1 to 80 ~ by weight of fluorine; copolyners of a fluoro 5 olef in and a

car bon-carbon unsat uiatedneaipeund such as a vinyl ether, a vinyl ester, an
allyl conpound, and a (neth)acrylate ester ; and the like. The

abovenenti oned fluoro respng pay be in any formof a solution thereof in a

sol vent, a dispersion thereof in a
i 0 < q< 4,

Nt
20 0 =1 < 4,
0 <s < 2, and
(p+g+1r+s) < 4;
a reaction prodﬁct obtained by reacting the above-
mentioned silicon compound containing an Si-H group

25 with a vinyl silicone compound represented by the fol-



10 solvent, or a powder thereof. Further, the fluoro res ins may contain
various additives) such as a cross |linking agesj octoberaR0ty2 and the Iike.
When the nodified photocatal yst particles of th@‘ﬁﬁdrrrﬁﬁ“ﬁﬁbtocatalyst sol
are those which have been 15 prepared by subjecting particles of a
photocatal yst to a nodification treatnent with a nodifier conpound which
has at | east one reactive group selected fromthe group consisting of an
epoxy group, an acryloyl group, a nethacry/pyl group) an acid anhydride
group, a keto 20 group, a carboxyl group, a hydrazine group, an isocya nate
group, an isothiocyanate group, :a hydroxyl group, an ami no group, a cyclic
car bonat e gr oupomAfdaf cEsida dﬁodﬁ, it is preferred to mx the nodified
phot ocat al yst sol with a conpound or resin which has a function 25 al group
capabl e of reacting with the reactive group of 9 Cctober, 2002 96 the
nodi fi ed photocatal yst sol, to_ther faqrma; i L phot gsensi ti ve
catal yst conposition. In t&Enbdr B§§¥Eﬁ§b6é§ﬂg%3§fkg6§gésitig% phus
produced) the reac tive group of the nodified photocatal yst sol is occa 5
sionally, partly reacted with the functional group of the above-nentioned
conpound or resin (d rkggjghe storage of the mxture at 40 Cor low for 8
hours, the rado of tHeG%dction of the reactive group with the functiona
group is 50 ~or less). Hopgven ihRgplAagnealerepabbentstae modified

phot ocat al yst conposition as preparea above remains in the formof a

m xture of the nodi fdeeh phot casial ot wodnamal tthe Calpowd kydntoroN®d conpound
or resin. Anong the above-nentioned nodified photocatal yst 15 conpositions,
a nodi fied photocat a ysi-Goh ot bdrliasl agréwasir ghéa-Eaot & igroup sel ect ed
fromthe group con sisting of a hydrazine group and a keto group and a

nodi fi ed phot ocat al ygtoeeMaesEtH i De wiswihs bibsuted |@astubstd Tuhed i onal

subst ance sel ected fromthe.group con 20 sisting of a polyhydrazi ne
conpounggand a pol ycatbongt teapbuome ambst¢tﬂ%#¢eﬁﬁleﬁﬁ?i( for this

preference i s because such nodified photocatal yst,h conpgsiti ot only
exhi bit both good Ioﬁh?eﬁﬁ@?ﬁtﬁ?ﬁséﬁgéﬁgl? y2a H*ﬁﬁbgﬁgpgréggﬁl ‘ability,

but are also susceptive tg 25_a hydrazone cross-yinki atigor a
seni car bazone 9 Cb?oﬁéf?2905§k9¥ycgﬁggpl|%§i%gﬂé%§%??g%, whi ch is usefu

for formng a filmhaving excellent, propert] i £5pectyd o wat er
resi stance, staining resi §t aRBESSRAF n%gslékga?%géfiie. Exanpl es of the

above- nenti oned pol yh d%%%i”% 80”‘5 pounds i ncl ude pol yhydrazi des,
pol ysem car bazi des an ’polyhyarazides of carboni ¢ acid.

15 a silicon compound having a hydrolysable silyl

group, which has an average structural composition rep-

resented by the following formula (10):

RqX'sSiO(4_q_S)/2 (10)

20
wherein:
each R independently represents a
straight chain or branched C1-C3p alkyl group,
- a Cg-Cypg cycloalkyl group or a Cg-Cppo aryl

25 - group which is unsubstituted or substituted



O these pol yhydrazi ne conpounds, preferred are adi podi hydrazi de, and the
pol ysem carbazi de derivative proposed in Interngidg&sderP@g8 Application
Publica 10 tion No. W96/ 01252. Exanples of th e- ment | oned

pol ycar bonyl com pounds i nclude a copol yner havi ng carbonyl groups, a

car bonyl group-contai ni ng pol yurethane obtained by us ing as a raw nmateri al
a nonohydric or polyhydric alco 15 hol having a carbonyl group, such as
hydr oxyacet one (see. Unexani ned Japanese Fq$@nt Appl i cation Laid-Open
Specification No. 2-238015), a polyvinyl alcohol) ace toacetate and a

hydr oxyal kyl cellul ose acet oacetate. These conpounds can_be used

i ndi vidual ly or in wokbi a4 20astoaneCEubRESBUBDBE yEak¥RIRA Tothounds,

Copol yirer i 7 g () SPEaBBONY) <GRa0REORC B rknGL kO yE e £ TS Linsat ur af ed
W th mononer (&) 5 CarEaneR L 5o SRR R, P AT 2E 2 E opol yrmer whi ch
999 10 70 ~ by wei ght - oF SREnBnerPPoBaRBEY YorPRAEP e S LB Wenonet (a) . 5
(2 Tncliude o acet orECIHPFN G OUR SEaCHLemELRCY I okt 450 et ol ot n. vi nyl

met hyl ket one, acet$ﬁgghgéygkh§!égﬁn %cgﬁhggg,gggqbgaaehyayskbyl acryl ate

and fornyl styrene. ese com 1l S can be used individually or in

conbi nation. Exanpl eg-fifp etdiy|e:galdnoupisat @rateg aoptorysgtbhp,
copol yneri zable with nononer (a) include an acrylic es ter, a nethacrylic

ester, an ethyl eni cald Yanuinfoatirgdcath raoreC{hdigngxameagloorypl. group, an
ethylenically un 15 saturated nononer having an epoxy group, a nononeric
acryl am de derivativwehga nononeric nethacryl am de de rivative and a vinyl
cyani de derivative. Exanples of (nmeth)acrylic esters include an al kyl
(met h) acgyl ate having a Gi-45B saldatigfivouhe £aiyoxdndr sryatikpn-
(meth)acryl ate having a Cl1-Cl18 hydroxyal kyl group, a (poly)oxyethyl ene
(et h) acryl ate havi nghizpg pol y) oxyet hyl ene group conprising 1 to 100

et hyl ene oxide unit(s), a (poly)oxypropylene (nmeth)acrylate having a

(pol y) oxypropyl ene group CofrpEisihig 1 to 100 pro 25 pylene oxide unit(s),
and a (poly)oxyethyl ene 9 Cctober, 2002 99 di(neth)acrylate having a
(pol y) oxyet hyl ene group c®dnfpfisihg 3t o 100 et hyl ene oxide unit(s).

0 < (g + s) s 4.

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

~ structural unit represented by formula (3) above in-

it clude Cq1-C3zg fluoroalkyl compounds and fluoroalkylene
20 compounds each having a number average molecular weight
of from 100 to 1,000,000 wherein each of the fluoroal-
kyl compounds and fluoroalkylene combounds has:
a reactive group which forms a chemical bonding

with particles of a photocatalyst, such as an Si-H

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



Specific exanples of (meth)acrylic esters (having a Cl-Cl18 al kyl group)
include nethyl (neth)acrylate, 5 ethyl (neth)aggkibber., 2002/
(meth)acrylate, 2 ethyl hexyl (neth)acrylate, CyCl ohexy
(meth)acryl ate and dodecyl (neth)acrylate. Specific exanpl es of

hydr oxyal kyl (nmeth)acrylates include 2-hydroxyethyl (neth)acrylate,

2- hydroxypropyl 10 (neth)acryl ate and 2-hydroxycycl ohexyl (neth)acrylate.
Speci fi c exanpl es of (poly)oxyethyl ene (ne.p)acrylates i ncl ude et hyl ene
glycol (neth)acrylate, ethylene glycol (meth)acrylate nononethyl ether,
dieth yl ene glycol (neth)acrylate, diethylene glycol 15 (neth)acrylate
nonomet hyl et hgroupet madyidyosys 1dinic sicoupet B) AeApoghatgfgsilyl group.

nmet hoxyt et raet hyl ene gl ycol (neth)acrylate. Specific exanples.o

(pol y) oxypr opyla@n@c(a't@ti‘l?)sm STOYD n APy FBIBOFY PN & §F9ggl a{‘ﬂ‘e{:}ﬂ? acryl at e,
20 propyl ene glycol (neth)acrylate nononethyl ether, di propylene,glycol
(met h) acryl at e Lidiepr-opp &RO¥Y )ﬁéiﬂuf('nﬁnh)aé:@rt)ﬂagFéyﬁnﬁE%Bhyg %ﬁﬁg%

tetrapropyl ene glycol (meth)acrylate and tetrapropyl ene glycol

(et h) acryl at e SRSYEhETHY 12T 3R %ﬁ?ﬁéiiﬁ%iQFo anﬁ%bs of (poly)oxyethyl ene
9 Cctober, 2002 | oo di t h)acryl ates incl.ude l,ene.gly inity t

di (et h)Bacryl at e, diaetbg{ﬁeréﬂ’é“éi t IO P?é’tihc)%ac?%’lqétig grlight é?rkég% Yl ene

gl ycol di (et h)acryl at e, ecific e I of . .etihdeni qrlibyMasatueated 5
nononer s havi né’af%aﬁaloeo?y?%ogar r}omfonci ug acr ysllfgc aci d, %%é?hglgr%yl ?c aci d,

i taconic acid,é%gﬂﬂgic acid, malefic acid, a half ester of malefic acid,

and crotonic a peci fic exanpl es of nononeric (neth)acryl ani de

derivatives inC|udeligmgﬁgégfiﬁégﬁéﬁblé§rﬁﬁfﬁﬁdﬂ mdd i(fTeirh eampyuadisde and
N- but oxymet hyl (et h)acryl am de. Specific exanples of vinyl cyanide
derivatives in ghagle £amtba assytoomédil e. Specific exanpl es of
et’hyl eni cal |y unsaturated nononers having an epoxy group include glycidyl
15 (nmethyacryl ate, 2a3fepexysyeyDdhesypodmettdmoesdratesd sl tald yAolgloyci dyl

et her. Further exanples of nonomers (b) include ol efins, such as ethyl ene,
propyl ene and isohputyrenka ({ighes, such as butadi ene; hal ool efins, such as
vinyl chloride 20 and vinylidene chloride; vinyl esters of a carboxylic
acid, such as vinyl acetate, vinyl propionate, vinyl nbutyrate, vinyl
benzoate, vinyl p-t-butylbenzoate, vinyl pivalate, vinyl 2-ethylhexanoate,
vinyl esters of Versatic Acids ad@ﬂ#ﬁﬁépgr%nﬁﬁﬁe- isoproﬁiﬁgl esters of 25
a carboxylic acid, such as isopropenyl acetate and iso

15 wherein:
g represents an integer of from 0 to 29;

Y represents an organic group having a

~ valence of w and a molecular weight of from
fd 14 to 50,000;
20 w represents an integer of from 1 to 20;

each V independently represents a func-
tional group selected from the group cohsist-
ing of an epoxy dgroup, a hydroxyl group, an
acetoacetyl group, a thiol group, an acid an-

25 hydride group, a carboxyl group; a sulfonic



9 COctober, 2002 101 propenyl propionate; vinyl ethers, such as ethyl vinyl
ether, isobutyl vinyl ether and cycl ohexyl vinyd pétsHer, ZO0RLIi C Vi nyl
conpounds, such as styrene and vinyl toluene; alTyl ésters, such as allyl
acetate and allyl 5 benzoate; allyl ethers, such as allyl ethyl ether and
allyl phenyl ether; Y-(neth)acryl oxypropyltrinethoxysilane,
4- (met h) acryl oyl oxy- 2, 2, 6, 6-t etranet hyl pi peri di ne,
4- (et h) acryl oyl oxy-1, 2, 2, 6, 6- pent anet hyl-pjgeri di ne, perf | uoronethyl
(meth)acrylate, perfluoro 10 propyl (meth)acrylate, perfluoropropyl nmethyl
(nmeth)acrylate, vinylpyrrolidone, trinmethylolpropane tri th)acrylate, and
al |yl (neth)acrylaté*gfhégﬁnﬁbnﬁbGﬁﬂ§°5§ﬁxggaﬁ§8dgFﬁBPvFégzﬁly or in
conmbination. It is pref erred that t car . €O i.s 15 produced
by suspension pol ymri2h iroeﬂfreesrﬁﬂtselc{(;%yggk‘ém%g??%’%flgnggrgms}g ation
pol ynmeri zation. It is nore preferred that the pol ycarbonyl conmpound is in
the formof a | atex obtained by enmul sion polynerization. In this case, it
is preferred that an enul sifier having §E£WHieactivity (pol ynerizability)
is used in the enul sion polynerization to pfdduce a | atex, because the
nodi f i ed; phot ocat al yst conposition of the present invention which contains
the thus produced | atex has excellent water resistance. 25 The production
of the above-nentioned pglysasfonyl 9 Cctober, 2002 102 conpound is
performed in the presence of a radical polynerization catalyst. The
above-descri bed radi cal pol ymydaratW amdeaealdesit liys rapwatentsor oil -sol ubl e
persul fate, peroxide, azobis conpound or the like, which 5 is capabl e of
deconposing to form a racdi calndyldvesl igmpur dpl ez tredd faiong tdgent, so as to
cause radical addition polynerization of an_ ethylenically unsaturated
nononer. Exanpl es of radi $aPUBDFSMErTHRg &f @at%ll'fs&os P dde pot assi um
persul fate, sodium persulfate, ammonium per 10 sul fafe,, hydrogen peroxi de,
t - butyl LRydr operoxi de, t $ueY®- per AR # H4768i0%i sobutyl onitril e,
2, 2' -azobi s(2-am di nopropane) hydrochl ori de and
2,2'azobis(2,4-dinethylva?%ﬂiﬁ*ﬂt$¥?¥§¢ YREHIIE HEYadt B~ pol yreri zati on
catalyst is used in an a f fr 0.4 to ~ { ght, based on the
REPbe R et o St o Y

wei ght of the ethylenical nsat ur at ed y, it is preferred
that the polynerization ig_c t der. - Igﬁ%p ' sure at 65 to
90 C. However, depend ingggnggﬁggpgg%%$ti%% T@%c agf%ﬂgpsggir pressure at
20 the pol ymerization tenpgrahyugs) gPbuphe nononer, the polynerization may
be conduct ed under high pressure. %hen It is desired to increase the

pol yneriygation rate or it is degstheR imaspacieitiheramtegmrtization at a low
tenperature, i.e., 70 Cor less, it is preferred that 25 a reduci ng agent,
such as sodi um bi sul f at e, af etredght eh&@tr oberbrancped 031 ckd®ri de, an
ascorbate or Rongalit is used in conmbina tion with the radioa

pol ymeri zation catal yst. BEdk¥heSIonp.destsed20aC¥ebe® ¥¥hnsfer agent, such

as dodecyl ner .
- group or a Cg-Cog aryl group which

i;; | is unsubstituted or substituted with
20 at least one substituent selected
from the group consisting of a Cqp-
Cpo alkyl group, a C;-Cpo alkoxy
group and a halogen atom; and
x represents an integer of from

25 1 to 3 and y represents an integer



captan, can be used for controlling the nol ecular 5 weight of the
pol ycarbonyl conpound. It is preferred that durigngcpébéftoooRhe pol yner
zation for preparing the above-nentioned pol ycarbonyl conpound, the
pol ycar bonyl conpound is nodified with the above-nenti oned at | east one
conpound sel ected from 10 the group consisting of an al koxysilane, an
organoal k oxysilane, a hydrol ysis-condensation product (polysiloxane) of an
al koxysi | ane and/ or organoal koxysi |l ane and a colloidal silica, wherein the
cormpound for modif ication of the polycarb8fyl conpound is used in an 15
amount sufficient for nodifying 0.1 to 80 ~ by weight of the polycarbonyl
conpound. The use of the dhusréeh ¢ aeed mdiddesich carbgnyl 3conpound in the
nodi fied pho = tocatal yst conmposition of the present invention is ad
vantageous in that a fil midaving excellent weatherabil 20 ity can be
obtained fromthe nodified photocatal yst conposition. The nodified
phot ocat al yst conposa tf bmondotetipreobpmr i rapradantahdbeshtfalded by, for
exanple: a method in which the nodified photocatal yst sol 25 of the present
i nvention with ihe &bovelde§t?)bed func 9 Cctober, 2002 104 ti onal
substance (e.g., the above-nentioned resin), and a nmethod in which the
radi cal pol ynerization of an ethylenically unsaturated nononer (e. g., the
et hyleni cally unsaturated nononer deig ib ?gab Qe ag an exanple 5 of

j

nononers used for obtaining the above ed’ico po{ yner having a

car bonyl group) and/or the f a hyg #yzable
silane (e.g., the above-descr selected " fromthe
group conS|st|ng of an al koxysy ﬁ@y 10 lane, and a

hydr ol ysi s- condensati on product of an alk xyS|Ia “Yarfd/ or an

or ganoal koxysilane) is performed in the presence of the nodified

phot ocat al yst sol of the present invention. Wth respect to the nodified
photocagglyst sol 15 usedyhake@Rtai ning the nodified photocatal yst conposi
tion of the present invention, it is preferred that the nodified

phot ocat al yst sol contains a gegdR ASUh 2¥S iagepenbpaenyl exb-group) having
a reactivity with an eth ylenically unsaturated nononer and/or a group
(such as 20 a hydroxysil ykegeatip) ahadtog arreactpvséyeaied a hydro | yzabl e
sil ane compound. By the use of such a nodified photocatal yst sol, it
becomes possi bl e to obt ai firohe tivedioftbed phosbetiagysf @onposition in the
formof a nodified photocatal yst/resin conposite conposition in 25 which

t he nodifi ed photocat al ysl&edinge atesi naghgdrogecgbPr , 2202

15 chlorine atom, a Cl-C6 alkyl group

Pmmud

and a halogenated Ci1-Cg alkyl group;
m represents an integer of from

~ 10 to 1,000,000;

4W§ n represents an integer of from
20 0 to 1,000,000;
Y represents an organic group
having a Valency'of w and a molecu-
lar weight of from 14 to 50,000;
w represents an integer of from

25 -1 to 20; and



105 bonded to each other through a chem cal bonding. In the present
invention, it is preferred that a conpound havig\@ctobekf 2002=ner gy | arger
‘than that of each nodified photocatalyst particle in the nodified 5

phot ocat al yst sol is used as the above-nentioned func tional substance. The
nodi fi ed photocatal yst conposition containing such a | arge surface energy
conmpound exhibits a self-stratifying or self-gradating property with
respect to the distribution of the nodifi photo 10 catalyst (i.e.) the
ability to distribute anisotropi cally the photocatal yst). Hereinafter,
such a nodi fied photocatal yst conposition is frequentlfl referred to as a
"self-stratifying or self-gradaiéngst §eeipadt BatE T4 T onposition". By
virtue of this self-stratifying 15 or self-gradating property, the
self-stratifying or sel f{@ladabrNg-type photocatal yst conposition can be

used for formng on a substrate a filmor produci a s d.arti (such
as a structural par®p, s@eicdifiics %@F@é@ﬁoﬁifcs\‘/hc{’hfgggﬁg%?ﬁ?g ?ﬂ%bc’&k&

distribution of the 20 nodified photocatal yst. Mire. specifi y ring
the formati on @M% HeBFRR-&FelTt iIRSHETESS'm r?hgﬁgdbgrﬁg}cllfcggﬁghg%g?ent i's

automatically forned .in the sel fstratifyin I | f.< i ; e
phot ocatZl ys%/ EAIST AT O RE T hgsr“e &% -ge%%ug%ﬁ:g%ﬁ??g?f}g%@%fﬂn%ﬁe nmodi 25

[ oncl, Photocat al st partic) ey NSt SldLhe coneRaoayhass o ot ober, 2002

106 of the nodi particles 1n the réesultant fil mor shaped

article increases froming i nnet, pAL thon idesgafudrive thij@ coasanel the film

the "inner portion™ neans the surface contacting the substrate, 5 and in

the case of the shapef,rédeheleddr withed mfordON'sutkans theingnt r al
portion thereof) toward the exposed surface thereof. The property to cause
such a phenonengp,ds, hereinpit estes | egneat 1yl redmgraed toar dhe like)
"self-stratifying or self-gradating property". Wth 10 respect to the film
or shapeg arti chgvyobgainednétoonbbegsehp; ssuah idyiary epoxge|Fr@itadat i ng type
nodi fi ed photocatal yst conposition, the amount of the nodified

phot ocat al yst paytitckes grothe expaskdxglr§rewer t il esfeiaaIq9iom FEWPI00 ~
by weight, preferably from50 to 100 ~ 15 by wei ght, based on the total

wei ght of the nedthied phguneaﬁapyﬁiﬁaﬁﬁél@%@Y‘g‘h’od‘% HEFGHRurft Bt~ he
modi fi ed photocatal yst particles in the_inner O{tion t hereof is O to 50 ~
by wei ght, prefépabFyagifloITour By %P@M?%ﬁ%&ﬂ Y tHE Rt al wei ght of the
nodi fi ed photocatal yst 20 particles. Further L i 0 of
the nodified phot oca?&F%‘f’gpaFtﬁi éf‘egxi?‘p#ﬁeogx%}(%e@gsur#a%?%%%ﬁéénodi fied

phot ocat al yst particles at the.inn POLEELE @D o liSphePo@hit &t £81 @ehieving
the above-menti OF&F &&% P&E aatrilfng’i nélezgmg?@gglhﬁg?a%ati%pr operty, it is

i nportant that oher. P8 reehUrBe"RaNi PRELT €bepduaast er of
the nodified phgt?%cgt%s;gglttt t&gﬁeingclgéé be §00 nmor |ess., Wen the vol une

mean average palddnff i HPLKadtS JHY @ tirt@rugdd amitt bepsesénsedabifying or
sel f-gradating property of the 5 nodified photocatal yst sol becones very
low. In the sel festmmatd fyi NGami/ &elforgradat(iang angpetnbdaétednphstseat al yst
conposi tion of the present invention, it is preferred that the vol une nean
pafticl e di amet erurefl tuiel trock g esxkrptest duyatfalnystlapds i c LB§TRs C2B80PAm or

| ess, 10 nore advantageously from1 nmto 100 nm still nore_ad

vant ageous| y framembtioned H0shhicon compound having a fluoroalkyl group

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

| group, a hydrolysable silyl group (e.g., an alkoxysilyl
group, a hydroxysilyl group, a halogenated silyl group,

25 ' an acetoxysilyl group, an aminoxysilyl group and the



Wth respect to the self-stratifying or self gradating type nodified

phot ocat al yst conposition of the present inventgQhetdter, 20@2Si dered t hat
the Il ow 15 surface energy of the nodified photdEéTé%V§TJﬁUE—To t he
above-nentioned structural units (1) to (3) is one of the factors which
cause the nodified photocatal yst of - the present invention to exhibit the
self-stratifying or self-gradating property. This neans that the func 20
tional substance used in the self-stratifyipg or self gradating type
nodi fi ed photocatal yst conposition of the present invention needs to have a
surface energy larger than that of each nodified photocatalyst particle,
preferably by 2 e/ Gt GPROF ST THRD AR Yilo SEQWBur Fadli&ter gy of
each of the 9 Cctober, 2CDZ(%08 nDdiniedzghotocatalyst and the functional
substance can BEFMERAS &P 3D SURHE DI f ol | owi ng met hod. The
surface energy is sur ed. .usi filns qr shaped.arti .cle _a
structural part), i"th “hord(-#slreer%&ébo@?al b atD roc}dlfg‘e&%ﬁ M %%gltenggl fied
phot ocat al yst s t f.upct.i t i fical:dly deionized

wat er was dri pﬁ}e)écfl%%b %]%e %%r#%%%@b?éﬁ %%esntho()r%o?%ggg%%&g?'arti cle. Then,
t he contact angle (8):0f.4he r i SSU, f filmor
t he shap%d 10 arti c?%f%%é'nglaﬁé\ﬁ%c’g{de%t %dg%a%%%%?lﬁrsgogggngﬁegga? of the

filmor the shaped A6dy&lfedo:&mle bl eedtASNo,0aNt@n! OlMINg the
following Sell and Neu mann's enpirical formila: 15 cos a = ( o . 015 'ys -

2) X Ys X ~| ‘mahtydbxéd. fdexs ¥ex Yeorpothi®! ahile ysid effeeseittio tdfe why f ace
energy 20 (dyne/cn) of the filmor shaped article (whi ch is used for
measuring the cesaigict angl ebhs wat ethe awieight represedslitde curtfeads ener gy
of water, i.e., 72.8 dyne/cm (20 C). 25 Wth respect to the functional
subst ance (haviof 63) ®oCchebeeigROO0QE 108) hi fhe sur frack Bneveghghtus@diion t he
self-stratifying or self-gradating type nodified photocatal yst conposition
of the peesent IavEnenon;O0Phete 18,700 papreEerably iframtd oh, tand QA% ous
mononers, synthetic resins, natural 5 resins and the |ike can be used) as
| ong as the funkRereh#l cBLpsRARGe2hBSXRURE yhaBYr f ace energy satisfying the
above-nentioned requi renent. Herejnafter, such a functional substance is

referred to as a "hi}@ﬁegﬁ??ayéeeﬂ‘éF@%rn%@lbrg%’éW&Ea.atl'lﬂ% qﬁ“&?@ﬁﬁ%é’ ner gy
' %Pgtﬁpgeaégo?g%%gﬁ, 81I ?éﬁ?bﬁpfgdﬁ%g ﬁ!rgPigL P%’ﬁ%kgyaeé%%eé]gi%’ge ormati on of
Sub stance used PA"The ShavalranteAnSaREarP. LPTLyheSn) A il aee aneray
sel f-gradating typasmedi EhadgRhehecakak¥ShrCeAROsbiv&Mt in the mixture.
Examples of solvents usable in the above-mentioned
modification of the photocatalyst include hydrophilic

~ solvents, such as dioxane, tetrahydrofuran, dimethy-

lacetamide, acetone, methyl ethyl ketone, ethylene gly-

20 coi, butyl cellosolve, ethanol and methanol; and hydro-
phobic solvents, such as toluene, xylene ahd hexane.

The modified photocatalyst sol of the present in-
vention can also be obtained by a method comprising
subjecting a photocatalyst powder to a modificatibn

25 treatment with the above-mentioned modifier compound in



of the present invention is a conposition which con tains a conponent

i nsusceptive to deconposition by the action of Ehﬁc ';iﬁe ot ocat al yst
(hereinafter referred to as "i ndeconposabl e conpuneggﬂérLaﬂgﬁahich, 20 when
formulated into a filmor a shaped article, is ca pable of providing a
structure wherein the concentration of the indeconposabl e conponent
increases fromthe inner portion toward the exposed surface. Exanples of
such conpositions include a silicone resinsgonposition 25 and a fluoro
resin conposition. These conpositions can 9 CQctober, 2002 110 be used

i ndependently or_in conbination. As exanples of the above-nentioned
silicone resin ERAPREPISRIR @hdvteBrandiet ke opseiid Gesverieg@dcan be
menti oned a conPosition conprising a fluoro resin 5 and/or an acrylic resin
and 0.1 to 50 ~*BSRuneihfReofing BRRokgan]ltant REPBIGfaridaMedeyssiandderand/ or

a hydrolysis-condensatiﬁn roduct (polysiloxane) of an al koxysilane and/or

or ganoal koxysi | ZMeTLUIC 2O bonptdaviedn giopbd&dmrPhRPAex ki A8deYapanese
Patent Application 10 Lajd-Open Specification No. 10-72569. These resin com
posi tions may c%ﬂ %?%ya L%%%??f%egosﬁ%%g%%taﬁhﬁ(ﬂﬁQEQﬂ?ﬁqﬁSQa&gﬁPtmﬁnt

catal ystsand (NG ALkecoldi LNSKs WhiBLESRECII LN L0 oL e el

stratifyrng or se gradating type nodifred oca I"y'st™ cofposi ti on,

there 15 00 parsbeil 6f Liihiah ! ohreforeexamtndhe il (osbhat hbunng o

self-gradating ty pe nodi ot ocat al yst ‘conposi tion e elther in a

pel | et formor parthe1d cumpbtar SOk Uthon- el 80t oo MicsPeisiralder eof in

a solvent. It is nost preferred 20 that the self-stratifying or

sel f-gradating 1ype padtiéled phvhotabal ¥Sia&dPamid110n des tinat heef orm of a
coating conposition containing a resin. It is preferred that, in the

self-stratifyi nfiomalsebl-geacass ngnygelapdi fied photocatal yst conposition
25 of the present invention, the ratio of the weight (in 9 Cctober, 2002
111 terh8 of the weifhtthd piesewnt i tsvenmtant )itofid @refiehereddinbitedhe

phot ocatal yst to the weight of (D) the high surface energy conpound, i.e.,
(C)/ (D) wei ghtheheratalystrien be 000d1ifbed 0yl thoridhendvostitfgen goimpofundm
0.001 to 5 1. Even if the content of the nodified photocatalyst is very
smal | so that tPe tee)abeys-merphenedtnethedfinm eogeratelyst soie fiim or
shaped article for ve- menti oned. nodi fied phot ocat al yst

11 on_ cancSiFRb S phaTadet R 2
conposi tion can”~@xhi %F%%?B?%YiFd%%??+?%@%qu%ﬁﬁb§ﬁ%ﬁ% 10/t ™Mehe
e ot AR e BTGP PO SEPA St P N SO e
15 geously from 1 to 100 nm. For example, when titanium
oxide 1s used as a photocatalyst, a photocatalyst sol
containing photocatalyst particles which have such a
~ small volume mean particle diameter can be obtained by
u;é a method in which titanium oxide hydrate is peptized in
20  the presence of hydrochloric acid, nitric acid, ammonia
or the like, and the resultant produdt is subjected to
a hydrothermal treatment wherein the time for hy-
drothermal treatment is appropriately controlled. The

shorter the time for the hydrothermal treatment, the

25 smaller the volume mean particle diameter of the resul-



sel f-gradating type nodified photocatal yst conposition has a structure
wherein the nodified photocatal yst par 15 ticl & opthber! 2002pncent rati on
gradi ent in which the concentration of the parfTETEE‘TﬁET§5§és fromthe in
side filmsurface (in contact with the substrate) to ward the outside film
surface. Such a filmexhibits good adhesion to a substrate, so that the
filmcan 20 provide a functional conposite which exhibits extrenely
excellent durability and photocatal yst activity. In the present invention,
nodi fi ed photocatal yst particles having a YDl ume mean particle diameter of
800 nmor |less, which are obtained by renoving the liquid 25 nmedi um from

t he nodi fi ed pheimcaiadtisileplof e photddaletlgisdr., 2002 112 nmixed with the
above-nenti oned hi gh surface energy conpound to thereby obtain a nodified
phot ocat al yst conposit itdre mdsenta igelentsionat iifty ilsg pae fearedgithast i ng
property with respect to the distribution of the nodi 5 f ied photocatal yst
particles. Suchiwricogmpdss tdwoveareiisl ol Ino difidiadd araitieptmend &l 1 et form
and is very suitable for obtaining a shaped article having a structure
wherei n the noditié ephptreatatssyst thRAraTEIRENSh A 12941 & &'?}e

gradient in which the concentra 10 tion_of the nodifjed Qtoc%%glyst
particl es incr 2eEosrbrd YHe PRAEICIRT td¥h 7 ?nﬁa@ﬂéﬂﬁﬁéaa toward the

f ti f the shaped article. I ti i I ith
espect 1o the WEEhbd REFS GBRETH PGP GI Y (AT SHbatP ST B Kot he 15
bove- ti d_nodi fi t tal yst I Jo il | tal yst
Conbosi 1 on CompBREPRBEERR) nodi o RSTOCAAS . S SRR A PUnCE onal
substance, or thg,1o5hi 55t haLhLY!BY PhoSRbs Bl A sMioly@e MHdlidcid phot o

cat al yst conpos??lon conpfising-fhe nodified photocata 20 1yst (obtained
fromthe nodifi : a S a | 90-1 d@ce energy
| arger than thaﬁggggghgﬁn%g?¥?é gh%?ggg?afggﬁggggggQ%gnple, %ﬂ%&ﬁeach of
the aboyg-nentioned gphyand, COAPORLt pPESchE PR O¥AEE6h | Nt hes fref axfred
coating conposition, the coating conposi 25 tion is applied onto a _
substrate and dihee and, mbAefiied §hotbehenly28CBattBciésdesi tieel, meibj ect ed
to heat treatnment or the like to thereby obtain a functional conposite

whi ch exhi bits desidr ethopooptrtlyss whénhaveadbaetdeni darivegat froeted n t he
desired properties include hydrophilicity or hydro 5 phobicity, )

phot ocat al yst acidiiftipragdr@opnst galde bavec PesHERSi BRIFANBTPE ofXCEX SNt es of
nmet hods for applyigglthe coating conposition onto a substrate %nclude a

spray coating methdde Fodidiedosormeundrisgivadr Brietdsfi AGInERAGY, a brush
coating nethod, a dip coating 10 nethqd, .a spin coating thod, a een
printi nd et hod Pay < & NG e 156 E pgr?}g-g\}& gllﬁme%fe’irnﬁgrré?‘gﬁoamaﬁ %13%"

| exographic printjng nmethaod. Further e far i i -

phot ocat al yst cg(rﬁ%%i t% &‘r?r(plhr?cllol?t]{i r?gf t\MeL gleol ?Eslte(raa i %Ftﬁg%gr@% b§9t1

sel f-gradating type ther el )od igcrrﬂa% I&f oSl oS a5 4Binpakegrbo
extrusion nolding, 1njection nolding, press nolding or the like to thereby

obtain.a shaped 384 | £h&n Wi rfdla £48 Dirso 1908 At S @AY t(wds chhebli haadi at ed
with light, wherein the desired properties include 20 hydrophilicity or
Hydr ophobi city, mhwit ogal @ a@ts@cdd Vto have a modified photocatalyst
20 content of 0.0l % by weight or less) by means of a
transmission electron microscope (TEM). Further, a
' modified photocatalyst sol which maintains such a moxr- |
phology of the modified photocatalyst particles for a

long period of time is extremely preferred, because the

25 mechanical characterilistics and the like of a film ob-



ity and a photoel ectric conversion function. Wen the filmor shaped
article obtained fromthe nodified photocatal ysp §gkopéy,!B602Pdi fied

phot ocat al yst conposition of the present inventrUﬁ‘Frﬁfpﬁggﬁq 25 the
self-stratifying or self-gradating type thereof) is 9 Cctober, 2002 114
irradiated with |ight having energy which is |arger than the band gap
energy of the photocatal yst contained therein (wherein, in the case where
the nodi fied photocatal yst contains a sensitizing dye, the above 5
mentioned |ight may be absorbed by the sen8#tizing dye), the filmor shaped
article exhibits desired properties, such as hydrophilicity or

hydr ophobi ci ty,+ plvd @catahYStcRC i ¥b1 Yarddrerphofaeleedtin oo werspiert ,
function. Tn the filmor shaped article obtained fromthe 10 nodified

phot ocat al yst s@pbr ogxdhelapdifi s photaceddl tisdt canfpest ttihen nofditfhiedor esent
invention (including the self-stratifying or self-gradating type thereof),
nmodi fi er conpoupite tlecavetysbi ebless anklgredem orarnthatsld *dcdaf e
nodi fi ed photocatal yst particles, where 15 in the nodifier conpound-derived
moi eti es conprid&ays, sthecvataheumean hpad bicke nblaneter skdhe gredidiied is
not deconposed by the photocatal yst activity (which " structural unit is
represenfed by pRoteastadnstoparkicipsves mdtiedted AMAM: ™M)°% o0 (3)), so
that a resin 20 which is contained (as a binder or a structural mate rial)
inthe filmor 488ped article is not degraded by the photocatal yst

activity. Further, when a nodifier conpound. having the struct | unit
represented by the aﬁ%v@gnﬁﬁ?WBﬁ%dogong% Wﬁﬁ{?%%ﬁ ?%?Rﬁﬂﬂé %f%%ﬁynéér
structural material havin 9 Ot [, 2002 115 y. g 0 bicity
can be obt ai ned®FPBRFtHE %B&PfFe8°§ﬁg%88aP%?§%?aE%}y%§ ?%%’Egg%%§e

phot ocat al yst cgnposi t.i i agludi t - st j fyin fegyadating
type thereof). gelﬁéP%ggngsgﬁf ghggﬁt?%ﬁ?fgéegxgﬂ%+é%ﬁo%bf$%ﬁ?£ﬁgggng

ener gy ichis agsthe gap energy of the photocatal yst and

| i ght I'ch cantggﬁg go%geglbg gggggéitizing dye, there can be nentioned

| i ght obtained in the general residential environnent (such as 10 sunli ght
and roomlight)) black light, and light emt ted froma xenon |anp or a
mercury lanp or the like. Further, if desired, additives generally added to
conventional coating conpositions and the |ike nay be 15 chosen according
to various purposes and added to the nodified photocatal yst sol or the
nodi fi ed photocata |yst conposition of the present invention (including
the self-stratifying or self-gradating type nodified photocatal yst
conposition). Exanples of these addi 20 tives include a pignent, a filler,
a dispexsant , a light stabilizer, a wetting agent, a thickener, a

rheol ogycontrol ling agent, an antifoam ng agent, a plasticizer, a
filmformng auxiliary , a rust preventive agent, a dye, a preservative and
the like. Such additives can 25 be used individually or in conbination. 9
Oct ober, 2002 116 Each of a shaped article fornmed fromthe nodified

phot ocat al yst sol or the nodified photocatal yst conpo sition of the present
invention (including the self stratifying or self-gradating type nodified
dhgtocata 5 lyst composition), and a functional conposite obtained by
formng a filmon a substrate wherein the filmconprises the nodified

phot ocat al yst sol or the nodified photocatal yst conposition (including the
selfstratifying or self-gradating type thereof), can ex :



10 hibit desired properties) such as hydrophilicity or hy drophobicity,
photocatal yst activity and a photoel ectric congpidtepekl2002n. Therefore,
in anot her aspect of the present invention, théTE‘ﬁTé’ﬁ?ﬁVTHéd a shaped
article formed fromthe nodified photocatal yst sol or 15 the nodified

phot ocat al yst conposition (including the self-stratifying or self-gradating
type nodified photo catal yst conposition), and a functional conposite ob
tained by formng a filmon a substrate wherein the ', filmconprises the
nodi fi ed photocatal yst sol or the 20 nodi fi%d phot ocat al yst conposition
(including the self stratifying or self-gradating type nodified photocata
| yst conposition). Whemntherabewe- manehbhed, shhpedirding|eevedmniche i onal
conposite provided in the present invention ex 25 hibits a photocatal yst
activity, suchpastblatadtisti taypd theOmbdbéner2002p0Fdt canekonp®B8e or gani c
subst ances, such a shaped article or functional conposite exhibits various
functions, suckiamedn bynttheadtodrlicalingumetthod,. aF QT H¥ATMRY- e TR
function, a snell preventive function and an NOx 5 deconposi ng function.
Ther ef or e, suchb@wdﬁmaaiﬂﬂﬂddﬂmydifi@@ﬁé@@oﬁéﬁa@@ﬁﬁésF?eCEQHugEeGsBﬁ'in
various fields, such as environnental clean-up, for exanple, clean-up of

t he at nspher e ingattdre ¢rl-tthanquls COMEHRE éB&G@pﬁeﬁPWgBBBasﬂgpgarérticIe

Char acter i st i 0 TR ( DhGIPTHS A1k SR Az SORERE i ROPFORES SAFer

ol 0ss) At 2016 GSEES I ST AF BB Sy d BpRPPIEEEy T ach 8 B
Pyt ophi 11 c 111 NG Etber FRTRh, et Al Rt AENREC P Can be
occurring on a W areer g R e R o avent g i r 1

from adigri ng 0, Oui b41 B ¥1RE1 05 of NendNid SLAd:C doagiainguaD el he

i ke. erefore, the shaped article or functional conposite can be advanta
geously used i nNetbeusadpt) casi pséived ds Fusutleras ia whadowagkass, a
mrror, a lens, a goggle, a cover, an 25 insulator, a building material, an
bui | di ng exterighen tReCeiohrium26R024dd 15s ansddidsli tie iphadatalyssiruct ur al
menber, an exterior and a coating for vehicles, an exterior for machines
and ot her artichesdevaerheasidi spbaytappatae uBesOH | IR ng"Eeih FRGHES

residential equi pnent, tableware, kitch o . ,
during the above-mentioned modification treatment, is

15 observed in terms of a decrease in absorbance at 3630
to 3640 cm * in the IR spectrum.
Thus, when the Si-H group-containing silicon com-
- pound is used as the modifier compound in the present
{4 invention, it can be easily confirmed that the modified
20 photocatalyst sol of the present invention is not a
simple mixture of the photocatalyst and the Si-H group-
confaining compound, but comprises a reaction product
of the photocatalyst and the modifier compound, which
are bonded to each other through an interaction, such

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



5 enware, household electric appliances, magneto-optical nmenory nedia,
optical nermory media, and the like. \Wen the abgv@ctepés,c2@02shaped article
or func tional conposite provided in the presen fon has a
characteristic that, when its surface is irradiated 10 with |light, water
exhibits a contact angle agai nst the surface of 70 or nore (preferably 90
or nore) at 20 C, i.e., the surface exhibits hydrophobicity, such a shaped
article or functional conposite (a hydrophgpic shaped article or

hydr ophobic film and a substrate 15 covered with a hydrophobic film can
be utilized in, for exanple, the techniques for i rtlng wat er. r.e eIIent

properties, thé-"t'é%tﬂ’ﬁ%ipescq I it g IEROGR S S B&oﬁ‘?daﬁ t he
t echni f t dirt ad th f t

and he 20 { ecTRIBE ore Siee AAVA CRRRTn B PAECARAOS %‘QW Werore,
th h d t | f t | d d

Vari ous apphi cATibPATS P PSR A R D S SR T o

| | e | |

e it L i, L BRI S
menber, Aan ext gdf)r e A £08LL N1 4, d’ﬂBeﬂftﬁl squb@itlecr}) OlcHe@fi JFaChi nes

and other arti various display apparatuses, |ighting ‘equi prent, resi

dential equi preft,pipPtEWaE®, akddwhenware, household 5 el ectric appliances,
a roofing material, an antenna, an eléectricity transm ssion cable,

equi prent for sl i di ngs Ofh | Eeardlte SEOWhEEL theydddgs.cotherriig silicon
above- nenti oned shaped article or func tional conposite provided in the

present inventi@mexudd &EbEfdsmELPHhEL pediectes | ctivomy eresi dre fmerdtiicoed such a
shaped article or functional conposite can convert, for exanple, solar
energy into el et r$i-Pogeoup Thentd mbng ssithigos hegerbund itehelng dumst-i onal
conposite can be used in various application fields, such as an optical 15
seni contlict or ebBege ogbrustdrébrconpesitipe Tepresertiad dy tihe 15dd.ow-
Further, with respect to a nmenber provided in the = present invention which
menber has a chiR@cEermdiac(5):that its wettability with respect to water
can be 20 changed by light irradiation (change from hydrophobic to
hydrophilic or change from hydrophilic to hydropho bic), such a nenber can

b dvant I d f f inti I . 25
be preTy 2avant ageousl Y aeth | el 8Lof RS0 RTRTL4R8E By 1m0 P g

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

25 wherein when (a + b + ¢) = 2 and 4 is 0,



120 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present invention wll be
described in nore detail with reference to the d @dtoNer)2dooRp! es, Refer
‘ence Exanpl es and Conparative Exanples, which shoul no e construed as
limting the scope of the present invention. In the Exanples, Reference
Exanpl es and Conpara tive Exanpl es, various properties were neasured and 10
evaluated as follows. (1) Measurenent of the volunme nean particle dianeter:
An appropriate amount of a solvent was ad gd to a sanple sol or conposition
containing particles so that the sanple was diluted to have a solids
content of from15 1 to 20 ~ by weight. Wth respect to the resultant di

| uted sanple, the vehansompawnpaeti £eanylank? brivfa tHeehif t¥t¥es cont ai ned
t herein was neasured by neans of a vvet-t%/ e _particle size anal zer

(M crotrac UPA-9230CORBNEPERPURGd BRd ERFY ByLWi kkiEe C‘bo.“,‘p‘?_‘irﬁil,o | apan) .
20 (2) Measurenent of the wei ggt, aver a e,rm+ecu| [ we'%ht: The wei ght
average nol ecul ar wWEPERPlGass relSuRefthP1gRF DRPHRATTORCTCHT oWdl ogr aphy
(GPC), utilizing a 25 calibration curve obtained with respect to standard
di 9 Cctober, ZOOQOEQ%'mst hyl silicone sanples. The GPC was conduct ed
under the follow ng condi tions. Apparatus: chromatograph nodel HLC- 8020
LC 3A 55( manuf actured and sold by Tosoh Corporation, Japan); Columms:

TSKgel GLODOHA,  TSgel, GEA0HXL apd. TSKOGho G000 ofgachn ot g |

manuf act ured and so y Toso Japan),; connected in series;

Data processor s 1d3la Ry eeasshameee: oERudA (UBnutletactunedeangnsol d by

Shi madzu Cor poration, Japan); Eluent: chloroform Flowrate: 1.0 m/mn;
Met hod for prepaldnmd & SRMRoRINkOkoBel sAnganekeueeapguadite, beaanal yzed by
GPC was di sl1l5 solved in an appropriate anount of chloroformso that the
concentration ahddierRmls comesrnttied bye foesulat 4at )soelbwonahél | within
the range of fromO0.5 to 2 ~ by weight, thereby obtaining a sanple
sol uti am The oltaimeicthesamdlte ,s@ach tewiag sulfecttiedlt gréRE. A20ap8)
| nfrared absorption (I R) spectrum

each independently represented by formula (4'') below,

wherein each terminal group A is bonded to the silicon

atom of the recurring unit through an oxygen atom.

15 (47) (4" ")
_[q3 - ~ -
e - RQ
TC +Si—0
‘ P
|

—-Si—OT A

20 L‘q3 |
wherein:

each R’ independently represents a hy-

25 drogen atom; a hydrocarbon group selected from



| R spectrum was obtained by neans of infrared spectroneter nodel FT/IR-5300
(manuf actured and sold by Japan Spectroscopi c @Qctebdr, 20028n) . 25 9
‘Cct ober, 2002 122 (4) Measurenent of the visco§rr7?"“ﬁ§LVT§Ebsity was
measured using, a Brookfield visconeter equi pped with a rotor (No. 2) under
condi tions wherein the revolution speed of the rotor was 60 rpm5 and the
tenperature was 20 C. (5) Measurenent of the surface energy of a filmor
shaped article: The contact angle (8) of wgter against the surface 10 of a
filmor shaped article was nmeasured by the nethod described in item (7)

bel ow. From the obtai ned contact angle, the surface energy of the filmor
shaped article was chiheupBEPeH, CERFHGLIMRE 9513 Gl TRy Bt 1€ Nfumann' s
enpirical forrmula: 15 cos 8 - ( 0 ~ 015 ys - 2 ) x ys x yl + yl ylx(0.015x
ysxyl -1) wherein ys bepprekedtS1the 20kVAcETEHEr gf Folyray GHSIGRYhe film or
shaped article, and 20 yl represents the surface ener of water, i.e.,
72.8 dyne/ cm (20 C).Xk¥&) 9NBHBur BnEatCuf 2FNe FSPPi Hﬁ%%nléf U8H8di fi ed
photocatal yst in a coating: 25 A npdified photocatalyst cq oiition was
cast on a 9 OctobePti3pERd195 FPPRFFEFTEY BYEY HRd fb?@jggggr (hereinafter

referred to as "OHP filnl') so_as.to ve a coatin hi Q0 Vim The
OHP fil f havi ng for n84°PRer Bof1a 204t §YW§§°&Pi8% %thgggﬁéﬁe%%gﬁéture for

2 days and, then, suh.5_j 1eat = dryj abn80srénépios-days, to

t hereby obtain a snngfhacgg%?§ghgxgﬁ eagu¥%ggg of the OHP film The OHP
film(carrying the ceapaRg)niegrebeddedctBaanrepoxier gsoupbyonsi ng Quet ol
812 set (manufactured and sold by NISSHIN EM CO., LTD, Japan). The OHP film
10 enbedded in the epaxtimesior:was cut together with the coating (and epoxy
resin), and the resultant crosssections of the OHP fil mand coating were
anal yzed by neans of 13n aanaregystdiosiee hyidvepXobay gpeuvpr egseetedX-ray
spectronmeter nodel DX-4, manufactured and sold by N hon 15 Phili ps

Cor por atoi on, Japan). fhven ditst rgromip ewnsfisthagnodi i sdrphehscabalyst in the
coating was eval uated based on the concentrations (neasured by the X-ray
spectroneter) of the amdiddrethegshdt,e€at adlisyl adradti cuLspéndi Nd1df t he
cross-section of the coating. 20 (7) Measurenent of the contact angle of
wat er agai nst the surdldwl ofrurf ignfi & Sh&pedBft i TP AIdb 36f dei oni zed

wat er was placed on the sur f ace of a film.or. sh rti,cl.e.,and_.al | oned
Sbsiﬁjnw e_d .I%eriub[sﬁ:gtute% %&% § te l%faggzhgqe

to stand 25 at 20 C fHIY contact an
substituent selected from the group consisting

15 of a C;-C,y alkyl group, a Cl“czo alkoxy group
and a halogen atom, and a C,-C, fluoroalkyl
" group:
- 2) at least one hydrophilic group selected
from the group consisting of a carboxyl group
20 and a salt thereof, a phosphate group and a
salt thereof, a sulfonic acid group and a salt
thereof, and a polyoxyalkylene group;
3) at least one reactive group selected from
the group consisting of an epoxy group, an ac-

25 ryloyl group, a methacryloyl group, an acid



9 COctober, 2002 124 water drop against the surface of the filmor shaped
article was neasured by neans of Contact Angle dRhé&fopdriedod?- X150,

manuf act ured and sol d by KYOWA | NTERFACE SCTENCE CO, LID, Japan. 5 The
smal l er the contact angle of water against the surface of the filmor
shaped article, the nore hydro philic the surface of the filmor shaped
article. (8) How the hydrophilicity or hydrophobicity of the 10 surface of
a filmor shaped article is changed by ul traviolet light irradiation: The
surface of a filmor shaped article was irt% diated with ultraviolet |ight
(hereinafter referred to as "UV') emtted from FL20S BLB bl ack |i ght
(manufac 15 tured ancinysidtide IpBA al kel NSoAND EECHbdRY OGYreap, LTD.
Japan) for 1 day or 3 days, and the contact angle of water against the
surface of the film er Ishapedmy drotipe was iseayanedebgrobe.menhod descri bed
initem(7) above. The obtained contact angle was conpared to that 20
obt ai ned prior to theddthiroagkrstticomront h ar bydeoxyilogrhepuvanr r adi ati on,
the intensity of UV was adjusted to 1 nWcnR, as neasured by neans of W/
Radi orret er Model UVRazni(rmaraﬁcamuraediyaﬁdos@#ad"bwa'li@?gmu@oandLﬁD Japan),
whi ch was used in conbination 25 with Detector Mdel UD 36 (nmanuf actured
and sol & by 9 Cct ogten@OURS a@PCON CO., LTD., Japan), which is a
phot odet ector for detecting |light having a mavelen%}h of from 310 to 400
nm 5 (9) How the hydtbpht 123y Qe 't R8%urface of a film
or shaped article is changed by sun rrad| at on: The surface of a
filmor shaped article mase??qeﬁ(ﬂﬁﬂﬁﬁf %W¥%¥u¥%%ﬁﬁ$%ﬂ§ﬁ §33HE, and the
contact angle 10 of water ainst the surface of the fil _r.inggd ar
ticle was neasured bys?:h"ec T hotPHeSRT | Tet'R R Ra l'P)g &1 R ie obt ai ned

contact angl e was co dt hat 5obt ed o) The
sunli ght irradiation etéo ’g tedt ugf ﬂsun ‘LSP% %{E ransgm ttef t hrough a
glass p ﬁte so that thhfg - ?@ﬁ'ét&{% of é—%ﬁ%d’dr‘-‘d&{ ddughts adtai ned in

the sun"Tight were adjus MmNV cnez and 3 nWcne, respec
ed from the group consisting of a straight

chain or branched C;-Cjz, alkyl group, a Cgz-Cy
cycloalkyl group, a C¢-C,, aryl group which is
unsubstituted or substituted with a C;-C,, al-
15 kyl group, a C;-C,, alkoxy group or a halogen
atom), a hydrogen atom, a straight chain or
branched C;-Cyq alkyl group, a Cg-Cp, cycloal-
kyl group, and a C4-C, aryl group which is un-
substituted or substituted with a C;-C,, alkyl

20 group, a C;-C,, alkoxy group or a halogen atom,

with the proviso that the compound com-
prising the recurring units of formula (4')
above and recurring units of formula (4'")
above has at least one Si-H group.

25



tively, wherein the intensity of UV was neasured by ," neans of the
above-nenti oned W Radi oneter Mbdel UVR-2 20 u i Maiggpg i on Wi th the
above- nenti oned phot ode tector Mdel UD 36, an gtobied Tty of visible

| i ght was nmeasured by means of the above-nentioned UV Radi oneter Model
UVR-2 used in conbination with Detector Mdel UD 40 (manufactured and sold
by TOPCON CO., LTD., 25 Japan), which is a photodetector for detecting

1'i ght 9 Cctober, 2002 126 having a wavel ength of from370 to 490 nm (10)
How t he hydrophilicity or hydrophobicity S the surface of a filmor shaped
article is changed by irra 5 diation with |ight containing al nost no UV:
The surface of a fitReoabstepadnatbheiecompound acatipbsing tihe i RfRUL -

contai ning al nost no W, which was emtted froman FL20S~N- SDL NU

fl uorescence | ammpg(mantsf act fioedudnd (46]) dabgvEOSHE BRe THEHT NIFARD A-
TECHNOLOGY 10 CO, LTD., Japan), fox 24 hours. (The spectral energy

di stribution ofontirgnlinghtrecarstiognunite @f formpga (4shbvdPehat this |ight
contains visible light having a wavel ength of from 380 to 390 pm but

contai ns al noswhesely eack tepmgmalhgrong & wavBPaRAg§Hntof tP%sélph‘éﬂnsso 15
nm.) Subsequently, the contact angle of water ggai nst the sgrfacgarcl)f t he
film or 5shaped &Pl Gffe WEs TREITTHEY PP itthd PreRH8d 2Be8EY BRI TR 1 t 8F' (7)

above. The ob tained contact angle was co ed _to.that o i ned { or to
the irradiatioR® S®FOFS &pedt®h @Wsierwgg’ieatff’g%owlf’ﬁ g%ghpgcoﬁfr% ai ni ng

al rost no UV, the intensit f visjble |ight t.al LNt l L ght,-was

adj usted to 0. % rﬁﬂllé’r?é‘nc a(ssyurfg)asatﬁ ed&“aif‘ a’nstrﬁT%ﬂtlﬁggg %\%}g?ngﬁ%i(g%egruv

Radi onet er Mode) -2, US ' o) [ i t At bened

Det ect or Model 3% l.%htig%é:jtrioafoher,d%%@y]}d%ﬂ)ﬂ@vgﬁgggﬁgﬁdg? t he

phot ocat aIAth asgitlia‘ﬂé)y a%i@kﬁéé HAte the Sd apa rofeadnf bitieer tshapedct
~ nano

article: y weli'ght et sol ution of nethylene blue 5 was coated on

the surface of @lﬂi\}idiﬂwsﬁ‘%@dﬂd&ﬂ&tﬁ}d t Maehesuhbanésabanhgraas
irradiated with emt ted fromthe above-nenti oned FL20S BLB bl ack |i ght
for 5 days. W tdetespasixterd hes Waitheadivddmred thigh minerdiconol0 of WY was
adjusted to 1 mWcnR, as neasured by neans of the above-nenti oned UV

Radi onet er Mbdednd M 2a uselly L at cogrbagent £ orepwaedernttesl dyoviermarde dded :

Det ector Model UD 36. The surface of the filmor shaped article after

7-SiR*R°R° | (13)
15
wherein each of R4, R® and R6 independently
represents a hydrogen atom, a straight chain
N or branched C;-C,, alkyl group, a Cgz-C,, cyclo-
alkyl group, or a Cg-C,, aryl group which is
20 unsubstituted or substituted with a C;-Cyq al-

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

to thereby obtain a compound comprising the recurring

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



15 the W irradiation was visually observed with respect to the degree of
fading of the blue color of nethylene blue (in gggow%oghe degree of
deconposition of nethyl ene blue by the action o € photocatal yst). The
phot ocat al yst activity exhibited at the sur 20 face of the filmor shaped
article was eval uated, based on.the degree of deconposition of nethylene
blue, by the following 3 criteria: nethylene blue is conpletely deconposed,
bl ue col or of nethylene blue slightly reagins; 25 and 9 COctober, 2002 5
10 15 20 12a . al nbst no deconposition of t hyl ene blue is observed. (12)
Sol vent resistance of a film A nodified photocatal yst conposition was
spraycoat ed on fRm@ghass (@ ‘atye dvvvae .t hi ckness of 30 Vim The coated gl ass
plate was .dried at roomtenperature for 1 week, thereby form n% a. :
transparent and snodith dédimesh teh&Ewsurtfiace igpapitdngl asoupl &88. PFhelfi | m was
peel ed off fromthe glass plate, and put into a wre nesh bag (wherein the
wire nesh was dfr@Ufserbsints z8)e cdrichiresd ampavesh yagh€oRL&"ni ng the film
was i mMmersed in acetone at roomtenperature for 24 hours. The retention
rati o of the welegrriied Heydrogalgls bl WerEd By the fol | owi ng formul a:
Retention ratio of the weight - 100 x of the film\ight of the filmafter
i mrersi oh i n acet onelMeFRhtS o tHOIR 1GR3 B D § 3i PR UREePbne The

hi gher the retention ratio of the weight of the fjl he .hi r
sol vent resi st ariENgtat hd) rRpoye psthe %jﬁzl%o%’%‘?“}p ZIUEO? Ifté’é’cﬁelfog{%n té&%?arrpl e

1 [ Synt hesi f ter-sol ubl ili , d t.20-0i Si -4
50% énofez:zxgﬁgxgﬁﬁr%%gn%c%gsiééggiq?$$ cn%hﬁéﬁ%ﬁéé?ﬁﬁﬁfyéﬁgdﬁlh' group

met iyl hydrogensi | gxangs 8L IRE Y Skl QAN EEPRLY Bnask Brd] gbpuRnEONt ent:

7.14 mol /g whi i'sTa value SCri e catal og, wei ght average

ol ecul ar wei gh i g 00a( MBOMEAE HEBTe Aos0! A Dy Sl S ChetBsal 0. )

Ltd., Japan) were charged in a Teactor equipped with a reflux condenser,

a thernmpgeter apgdnhapdOusiiisel, taNdol ey’ e84l pRotodatd UFer J rodthecdeact or
was heated to 80 C while stirring. 1,370 g of Uniox MJS-8 (trade nanme of a

pol y oxyet hyl engoabhykenet byl reabeionvetghthaverageowat ethe | siralvielighit : 800
which is a value described in the cata 15 | og) (manufactured and sold by
Ni ppon Q| & Fabs €Ene, rkbdltadapaniifnddSphgobbcatslgsbhysakei giiherederepano
> it is preferred that the amount of hydrolyzable grdup X
is as small as possible. It is preferred that the Si-H
15 group—éontaining silicon compound of formula (4) con-
tains substantially no hydrolyzable group X.
Further, the Si-H group-containing silicon com-
- pound of formula (4) above, which has a function-
imparting group (Q), can be advantageously used for im-
20 parting various functions to the modified photocatalyst
sol of the present invention. It is preferred that the

'~ function-imparting group (Q) is a group represented by

the following formula:

25 -Y-(2),



| ution of hydrogen hexachl oropl ati nate(1V) hexahydrate were dissolved in

2,310 g of dioxane. The resultant solution was g gdtdder, Pigd3 he

‘above- menti oned reactor 20 over approximately one hour at 80 C while

stirring, and the resultant mxture in the reactor was stirred at 80 C for

2 hours and, then, cooled to roomtenperature, thereby obtaining a solution

of silicon conpound (1) containing an Si-H group (hereinafter referred to

sim?25 ply as "conpound (1)"). 9 Cbtober 2002 130 When 100 g of water

was added to 4 g of the above obtai ned solfftion of compound (1), the

resul tant aque ous m xture was honobgeneous and transparent. On the other

hand, 8 g of butyl cellosolve was 5 added to and m xed with 4 g of the

solution of conpound (1), and, then, 8 mM of a 1 N aqueous sodi um hydroxi de

sol ution was added whereis: so that hydrogen gas was generated, and the

vol une of the generated hydrogen gas was 37_m as neasured at 23 C. The

Si-H group content 10 of Yc5RBEBRENES) 2 HsVEAPBGI QF8ARHF oPFPWR B8 ume of the

generated hydrogen gas, was_0.3b muol  per of. the so_lutjio f conpound

0T L appr st o y 7§ AnP1gEn g omekB650 o CEBRRA oF Bkl Bl o 5

[ Synthesis of silicon conpound (2) . .containing an Si-H gr Lch is

sel f-em¥ sifiable in wat & FeP76 6%3F 8io%gﬁgQaﬁaelgﬁoﬁgogggﬁﬁfg 1- 100GM

(trade ,, nanme of a_neth nsj | -di ngt Si ne co 20 pol yner;
fg%gb%k%ﬁzgi) %ongﬁas@%ngl T8t Bybshboya

Si -H group content: wei 'ght ‘aver "age nolecular weight: 5,400)
(manuf actured and s I [eTo] A-N MMl B0 apged into a
react or equi pped mﬁ?kg§9¥g§¥t§§%%ﬁ@éﬁgé??agQgﬁé?%gggggfﬁanga&gfirrer, and
the resultant m xturgdn the reactor was 25 heated to 80 C while stirring.
9 CQctober, 2002 131 50 g of Uniox MJS-8 (which is the same as in Ref erence
Exanpl e 1 above), 25 g ofy S:-embamenir? of3direar hoxyl 2o.anhydride and 1.07
g of a 5 ~ by weight isopropanol solution of hydrogen hexachl oroplatinate 5
(I'V) hexmphydrate were dissolved in 170 g of di oxane. The resultant sol ution
was charged into the abovenentioned reactor over approximately one hour at
80 C while stirring,Fancestdm Treswhemtths xdinte dunpupheondadndnanwasLlitirred
at 80 C fox 3 hours and, then, cooled 10 to room tenperature, thereby

obt ai ni ng a solernt ceerBowid | @bt eMpbUn | BPehtdsr FF dReSiFMRCEHEDH
(herein after referred to sinply as "conpound (2)"). Wen .100 of ter
was added to 4 HRATEReT aBEVEP ol hi ekl LAt i i QQRﬂﬁﬁiiﬁf @f%Pptﬁﬁa

resul tant aque

defined in formula (4) above which is selected from the
15 group consisting of a carboxyl group and a salt thereof,
a phosphate group and a salt thereof, a sulfonic acid
group and a salt thereof, and a polyoxyalkylene group,
~ the photocatalyst can be very stably dispersed in water,
and, hence, such an Si-H group-containing silicon com-
20 pound can be advantageously used for easily obtaining a
modified photocatalyst sol (hydrosol) of the present
invention, in which the volume mean particle diameter
of the modified photocatalyst particles is 800 nm or
less.

25 Preferredvexamples of the above-mentioned hydro-



15 ous m xture was a dispersion which was slightly white turbid. On the

ot her hand, 8 g of butyl cellosolve was ~ added 1 ith 2.119 g
of the solution of compound (2), and, then, 8 g bdtibe 2Meous sodi um
hy 20 droxi de solution was added thereto, so that hydrogen gas was
generated, and the volune of the generated hydrogen gas was 31.0 ml as
nmeasured at 22 C. The Si-H group content of conpound (2), as cal cul ated
fromthe volune of the generated hydrogen gas, was 0.588 mmol 25 per g of

t he solution of conmpound (2) (approximatel 3 9 October. 2002 132 2.58 mmol
per g of HV5-301-100GV). Exanple 1 200 g of Tinoc A-6 (trade nane of an
amoni a 5 pepti pbdldcl gobuandhaidedeypepblyaryathpkénde; grvohpneepeaseparti cl e
di aneter of particles dispersed in the sol: 13 nm Ti02 content: 6 ~ by

wei ght) aver ageedr py tfairhufle d7ameberve: 16 sulfibnth asid ymbup oeszribed in
the catal og) (manufactured and sold by TAKI CHEM CAL 10 CO., LTD., Japan)
was charged int §3atr éhexrsrfeqiinppbdivi rApgesentast bynflenseira 681 her noneter
and a stirrer. Subsequently, 12.5 g of the solution of conmpound (1)

obtai ned i n Ref 8PENEE ERAnS! S2rPREYLcHEPYRAOFnRoSahe FoaEeof. ovlekoh is

approximately 30 m nute t 30 Cwhile 15 stirring, and the resultant
nixturen%n t he F&§EF§F“&&§ ??iﬁpéﬁuﬂar(g?hGBPgeat 30 Cto effect a reaction

f Ti A-6 with d (1 d dify the Ti Oz ti.ales of Ti A- 6
Co thereby obtain o SUFBGR: aPRPRG DA St-HH BT arY TR FRLbLEY | Shi1hA X! de
h i naf t 20 d "nodi fi,ed, Ti 02 ticles” L], di d
therei n wher of SOTROUTE e SORmY Har &) cPRC U ahBrer 251 CBRLeHBGHPAG T! 02
ticl 2 i th ti f T A- i th d (1
Py ogen_gas vee BARSAAC a2 T (D37 uteCorCane JOTSAIRYY ParB0aRTaE°Gas vas
125 ni as measupsealc Fofip) (3631 0RRE, 520020138, TenehI 211U 50l oS

applied onto a KRS-5 plate to thereby forma m on the plate, and, the
filmwagodried abmpduad @hizhhoessa hBRobegulbaghndEY15heMMBe F&kes- as a
sanpl e, and subjected to IR spectxonetry. 5 The IR spectrum obt ai ned by the
spectronmetry shewatedhaty tfoemalaorat)i andadbr3a6dfokgo3ghdOstihe aseit bed to
a hydroxyl group directly bonded to a Ti atom (hereinafter referred to as
"Ti-OH group") aferFieg2niad byl €onmuld 183 , Aa6ddasdppéaredpenheiena t he
above-nentioned 10 absorption had been observed in the IR spectrum of Ti02
prior to the noditfitc AGR3Esen telde bYi G2rpadei ¢BPes. Whensunéaest anerdy sof was

allowed to stand still at 30 C for 100 days, the volune _nean particle diane
ter of the nodi fi%&d PR FdAlivSite PORRECSt VPFYaSMEfkgt | and, hence, such
15 an Si-H group-containing silicon compound can be advan-

tageously used for obtaining a modified photocatalyst
sol which not only has the below-described self-
stratifying or self-gradating property (which is the
ability to distribute anisotropically the modified pho-
20 tocatalyst), but also can be used for forming a coating
having a very high water repellency.
When the Si-H group-containing silicon compound of
formula (4) above has, as the function-imparting group
(Q), at least one reactive group 3) defined in formula

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



15 as 23 nm The obtained sol was spray-coated on a glass plate in a
thickness of 2 ~,m The coated gl ass plate was giop&ebhr, 2002t enper at ure
for one week, thereby form ng a transparent and snmooth fiTmon the surface
of the 20 glass plate. The surface of the filmwas eval uated by exam ning
how the hydrophilicity or hydrophobicity of the filmsurface was changed by
W irradiation (specifically, the evaluation was made with respect to the
change in the contact angle of water against the film25 surface). The
surface of the filmwas al so evaluated ®4ctober, 2002 134 with respect
to the photocatal yst activity. The re cults are shown in Table 1. Exanple 2
5 200 g of Nangfi banepoliBgtolpr,ade Aawg1of,1aghbydpo ehhethacagidypepti zed
sol of brookite-type titanium ox ide; volume nean particle dianmeter of
particles di spgtosgd iah &leddseanhy@irm@e §roapcoat kato gboupbyaweaght)

(manuf actured and sold by Showa Denko K K., Japan) was 10 charged into a
react or equi ppddxwilt raupef lawhycorddmeegroapt hennbaetganahd grstprran.
Subsequently, 70.2 g of the solution of conpound (1) obtained in Reference
Exanpl e 1 was disartypdddyaina tteheggmoact ér hovisoxydpoyRiipat ehy agdnai gueeR. at 30
C while stirring, and the resultant 15 m xture in the reactor was stirred
for 10 Bours a® I¥@iro cabanate anew eRdoRINESSLIt SAPHPNTERE BPEh-
conmpound (1) and nodify the Ti 02 particles of Nanotitania NIB-1 to thereby
obtain a sol c&des NG arsdiaived B st icares - hdPk1agspeLdddYr hEPei n
wherein the 20 volunme nean particle dianeter of the dified Ti02 partitles
was 15 nm Dur %@t H&S &t | B G NDH 15 iaamﬁfé-fe%?P °38ﬁ6£8%35%1),

274 nh - s moas il TR S A SR R e B ra g L hedafghas
substantial ly %leexé%#%gé¥m§$ﬁég¥¥%a§5 same manner as in Exanple 1. The

obt ai ned I R spect rum showed e “absorption ascribed to a Ti-OH group

of Ti 02 particles inNanotdd.ania, NEB-pl-Heiappeanad) twaeasodethe
above-#éﬁtioned absor ption ﬁ%%ibe§§55%%erved in5the IR spgctrun1of Ti 02

prior to the nmyghii tid®@Ncdct hte TaApard iL£l@oup/hen dhhaabtamadvacl was

allowed to stand still at 30 C for 100 days, the volune nean particle diane
ter of the nodifdretl JidR peshtalesnyaishsthtdrasi mmygdout) @pr2kemnedUsi ng

t he obtained sol, a transparent and snooth filmwas fornmed on the surface
of a glass plateyifosulbla (6) above and/or a monovalent group contain-
ing a keto group. The reason for this is that, when
15 such a reactive group is used, the modified photocata-
lyst sol of the present invention exhibits not only ex-
cellent curability even at low temperatures but_also
- excellent storage stability, and is capable of forming
— ' a hydrazone (semicarbazone) cross-linkage which is ad-
20 ' vantageous for obtaining a coating having various ex-
cellent properties, such as water resistance, staining
' resistance and hardness.
When the Si-H group-containing silicon compound of

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

25 (Q)., at least one sensitizing group 4) defined in for-



stantially the same manner as in Exanple 1. The sur face of the filmwas
eval uated by exam ning how the hyl5 drophili ci tgy qutobés! 20oRi city of the
filmsurface was changed by UV irradiation. The—S'UT'%'e"_GT_The filmwas

al so evaluated with respect to the photocatal yst activity. The results are
shown in Table 1. 20 Exanple 3 420 g of TO 240 (trade nane of a sol of
anatase type titanium oxi de {wherein the surface of each Ti 02 particle

di spersed in the sol is nodified with peroxo groups); volune nmean particle
di aneter of particles 25 dispersed in the&wol: 15 nm TiQz content: 2.4 ~
by 9 COctober, 2002 13s weight) (manufactured and sold by TANAKA TENSHA

CO., LTD., Japapha"qs )ChaodRd itMeOmddieaehobne@utrpaly¥tt bfatnefhodi-
condenser, a thernoneter and a stirrer. Subse quently, 23.4 g of the

sol ution of compeUNGncboce st Red. iof Rekepeasentxanpkatiomasanhaeged
into the re actor over approximately 30 mnutes at 30 C while stirring, and
the resul tant eixditeri it thiereacicatalds ist acreditgr otOahoupsoat 30 C to
effect a reaction of TO 240 with conpound (1) and nodify the Ti 02 particles
10 of TO 240 t @lcharreyi oliciverssisol edntvdityl ngproodhf hed 1202 phet Letes
wal | di spersed therein, wherein the volune nean particle dianeter of the
nodi fi eds T102 padtiiadiiem wes the ntmodiolgtt wavsedeti eAsef the 23024t en
conmpound (1), hydrogen gas was generated. The volunme 15 of the generated
hydrogen gas wdsi@V.Gf rifhesvimidste apeg amgl/or \Whén leREagBtarAgd “sol was
allowed to stand still - at 30 C for 100 days, the V§| une an particle

diane ter of the nodiFitg TEMCHAR1IERAE AT SEOMP 48)snditl 18655s°%% nm

Usi ng the obtained sol, a transparen d.snmooth fihmwas fogrned.on_the
surface of a glssti AEPHRE S?Pbé)’%lflaﬁ#jreﬁ]lé&}’c’t% c?élrré’erré.lﬁﬁzir‘ aéa]fﬁl ampl e 1.

Th f fot fil | uat ed 1 0] : 2
drophi|icity or MG opHOHt ot (ST OToThE T TN et 9" BREGoa™ 2002
137 Chggged by SR04t Al oo dles SRR Al d iR d | It Alga-dual uat ed

wWithr ect t photocatalyst activ ity. The results are shown in Table

1. 5 Exanple 4 316) o 0frdipi 4 §r abB1AES {d rédianiay Of bl fd amgt age-type
titani um oxi de (wherein the surface of each T102 particle dispersed in the
sol is nodifiedihe other function-imparting groups 2), 3) and 4) de-
fined in formula (4) above are used in combination, the
resultant modified photocatalystvsol having function-
15 imparting groups becomes advantageously stable.
As examples of the method for producing thg Si-H
group-containing silicon compound of formula (4) above,
~ which has a function-imparting group (Q) (i.e., a sili-
con compound having an average structural composition
20 represented by formula (4a) below), there can be men-
tioned:
(a) a method in which an Si-H group-containing
silicon compound having an average structural composi-

tion represented by formula (14) below and a carbon-to-

25 carbon unsaturated bond-containing compound are sub-



with an apatite); volune nean particle dianmeter of par 10 ticles dispersed
inthe sol: 36 nm Ti02 content: 23.7 ~ by weig f agjgy ed and sol d
by Showa Denko K. K., Japan) was charged into a E%ggggﬁggﬁurpped with a
reflux condenser, a thernoneter and a stirrer. Subse quently, 78 g of the
sol ution of compound (1) obtained 15 in Reference Exanple 1 was charged
into the reactor over approximtely 30 mnutes at 30 C whale stirring, and
the resultant mxture in the reactor was stjrred - for 10 hours at 30 Cto
effect a reaction of Jupiter F6-APS with cd#%ound (1) and nodify the Ti 02
particles 20 of Jupiter F6-APS to thereby obtain a sol containing nodified
Ti 02 particles wekkedi spehyeaosidydianionheeecitithe vbeneennthe parbeel e

di aneter of the nodified Ti02 particles was 61 nm During the reaction of
Jupiter F6-APS wcahboonpogaduritedhpondgeongadniay germppanddhagsatthe vol une
of the generated hydrogen gas was 85.7 ml as 9 Cctober, 2002 138 neasured
at 23 C. An | Rlepstt pas s coBoai-dewant iagh grabpi aPL9cthe §HRB FRfner as
in Exanple 1. The obtained IR spectrum showed that the absorption ascribed
to a Ti-OH gr oupTeRPs CPNEA sfdng Afe ILWPFudidt &° Feé- APELRPLapPeiPER I Gher ei n
t he above-nentign?d absor pti on had been observed in the IR spectrum of Ti 02
prior to>he no #Piicd%n of the Ti02 particles. Wen the obtained sol was
allowed to stand still .10 at .30 C.for 100 day h | u .particle

di ame ter of the nnd#%ﬂe&’f‘ cﬁ%ffﬁé?%éghg§'§ rF|8§§8§ﬁ§$Pg§§Hé§8nnl Usi ng

the obtai ned SOlc%m%ogJ{%@?%Qéjt%taq'p%v%t ! il /0 Raf %ﬁs.@segigg&@gtf ace

of a glass plate’l Ia € sane nmanner as in e 1. The

surface of the frifelst@ﬁlveteeﬁ WP f’&%rﬁﬁé)y( B2 T dheival RarBydrerRbbncihy o

I
hydr ophobicity o surface was changed by UV irradiation. The

surface of the %Hﬂﬂfﬁ%%&ﬂB%hdﬂﬁﬂdﬁﬁfﬂiﬂgtébﬂﬁﬁﬁﬁp%rkoshB@eEQ@HO%@ta'ySt
activ 20 ity. The results are shown in Table 1. Exanple 5 100 g of STS-02
(trade nae of ayhwdHCR 0t LordGhdhdeidn Z &ehea@i rofehanakasent-ypebbnt ani-um
oxi de; volu 25 nme nmean particle dianeter of particles dispersed in the 2
9 Cctober, 2002 sE¥hrsoied Iomdn cdrit?a oiMentamBiind ypswel glelctiver ggeoupr ys
tallite dianeter: 7 nmwhich is a value described in the catal og,
viscosity: 175 cps)dgfivared acn ufetmalrl bl d to thereby obtain an Si-H

group-containing compound having a reactive group, and,

then, the reactive group of the Si-H group-containing
15 compound 1ls reacted with a function-imparting compound
having a reactive group,

the formula (4a) being:

H RO XsS10 (4.5 q-r-s5)/2 (4a)
20
wherein:
each of R, Q and X is as defined for
formula (4) above, and

P, g, r and s satisfy the following re-

25 lationships:



by Ishi hara Sangyo Kai sha, Ltd., Japan) and 50 g of wa 5 ter were charged
into a reactor equipped with a reflux condenser g §ct8B8efP2002 and a
stirrer, and the resultant m xture in the reactdor was heate o 50 C while
stirring. Subsequently, 31 g of the solution of conpound (1) obtained in
Ref erence Exanple 1 was charged.10 into the reactor over approximately 30
mnutes at 50 C while stirring, and the resultant m xture in the reacfor
was stirred for 3 hours at 50 Cto effect a_reaction of STS-02 with
conmpound (1) and nodify the Ti 02 particl es®df STS-02 and, then, cooled to
roomtenpera 15 ture, to thereby obtain a sol containing nodified Tl Oz
particles well dispersed therein,0 whaereint,the volunme nean particle dianeter
of the nodified Ti02 particles was 49 nm During the reaction of STS-02

wi th conpound (1), hydrogen gas Wax generdat ed. The vol une of the 20
generated hydrogen gas was 200 ml as neasured at 24 C. An IR spectrum was
obtained in substantially the sarfe frahrerdas in Exanple 1. The obtained IR
spectrum showed that the absorption ascribed to a Ti-OH group of Ti02
particles in STS-02 di sappeared, ereih 2ha@®bs above- nenti oned absor ption
had been observed in the IR 9 Cctober, 2002 140 spectrumof Ti Oz prior to
the nodi Bication of the Ti02 partiRlIed & ¢ o) Butdyl 38 | osol ve was added
to 44 g of the above-pbtajned sol roomtenperature (23 C) over ap 5
proxi mately 10 ni nut eggﬁhk?lémgi?rff%b,b%\ﬁﬂgihe resul taut mxture was

subj ected to evaporation under reduced pressure using an evaporator so as
to renove the water in the m xture. Subsequently, an appropriate anmount of
butyl cell osolve was added fo thﬁggﬁg& ure so that thel_ solids content of
the resul tant nixture becane(®r: G Welldtr-3-¥6) ther ebg/ btai n an or ganosol
conprising butyl cellosolve (as a dispersion nedium having well dispersed
therein nodified Ti Oz particles, wherein the volune nean particle dianeter
of the pedified Ti 02 paekkghes 15 was 53 nm Wen 10 g of the obtained
organosol was diluted with 10 g of toluene and allowed to stand still at
roomtenperature for 6 nonthsh blierRoaganRsak wasdsfhbdéd@ fZowl fdwemelavas no
occurrence of an aggregation of the nodi 20 fied TiOz particles . On the

ot her hand, using the(dbtabpwd,orgdnosol, a transparent and snooth film was
formed on the surface of a glass plate in substanti al lf t he same manner as
in Exanpl e 1. The surface 8 @heXf ARMh wasaétaftatbe B9 b7 Ex@Am Mty how t he
hydrophilicity or hydrophobicity of 9 Cctober, 202 141 the filmsurface
was changed by UV irr &dP3EPdRS :The surface of the filmwas al so eval uat ed
W th resl%ect to the photocat al ystoagtfvatx. The results are shown in Table
1. !

0 < g« 4,
0 <r«K 4,
- 0 =s < 2, and
(p + g+ + 8) < 4.
20
First, an explanation is made below with respect
to the above-mentioned method (a) for producing an Si-H
group-containing silicon compound having a function-
imparting group.

25 With respect to the carbon-carbon unsaturated



5 Exanple 6 300 g of Tinoc A-6 (which is the sane.as in Example 1) was
charged into a reactor equi pped with a reflux congegswér, 200R2er nonet er and
a stirrer. Subse 10 quently, 8.8 g of the squtTﬁﬁ—ﬁT—Eﬁﬁﬁﬁﬁﬁd (2) obtained
in Reference Exanple 2 was charged into the reactor over approxinmately 30
mnutes at 30 C while stirring, . and the resultant mxture in the reactor
was stirred for 24 hours at 30 Cto effect a reaction of Tinoc A-6 15 with
conmpound (2) and nodify the TI Oz particles Qf Tinoc A-6 to thereby obtain a
sol containing nodified Ti~2 particles mel? di spersed therein, wherein the
" volune nean particle diameter of the nodified TiOz particles was 48 nm
During the readidmh afnthiminA-@meuid widelpeend be2yiselydidg@st§as was
generated. The volume of the generated hydrogen gas was 93 ml as neas ured
at 23 C . An |Rspsotvaumfes lodmadiing iades tdet iSd-Hy RaPs §08 tRaARer as
in Exanple 1. The obtained IR spectrum 25 showed that the absorption
ascribed to a TnOEYrRAHRGiOL TP Eh L 4 20 XA PO MRS % §TPHPTI noc
A- 6 di sappeared, wherein the above-nenti oned absorption hﬁglbeen observed
in the | R spectWiiFdiis DOFTRIARLE HE-HRYi F§ERGSh T°M HEeridF2Bar ti cl es.
Further, the IR spectrumalso confirnmed 5 that the cyclic acid a igide
groups (%eri vedcarshs Bindrebraeiecal gl b aa ivE ide Cae

produc ing conmpound (2)) were cl eaved by ring-opening.reaction. \Wen._the
obt ai ned sol ma%r%W?om%dciﬁkwtSﬂﬁlgﬁgFVXaPrgng ?Bralﬁﬂ4§@ygfy9h r&@ ume
mean particle diame 10 ter of the ified . Ti.02 icl stillyas

smal | as 78 nm"YREFRg T h‘én%lb?%ﬁwé‘&lgggl?r as‘ftr)szag%%@?%éntﬁaﬁg %\?ﬂo?ﬁofﬂm was
formed on the surface of a_glass pl i, st.anti e nner as
in Exanple 1. T%%is%?oﬂg’f%célgiotﬁgkgﬁ?ngaggpe%gl%a?é%xg§ne§gﬁﬁﬁi%g how
the hy drophilighbye8 oBYSHERNERESOAYcRFbONEUASA PuSM dBasos changed by WV
irradiation. The surface of the filmwas also evaluated with respect to the
phot ocat gl yst agbh¥aih¥ngTBémpestdit snaredehovarims Tabheh 2as 20rdxeinple 7 300
g of Tinoc A-6 (which is the same as in Exam ple 1) was charged into a
react or equi pped-wirthna,r ¢-hexzneontienstenea ithebwbsmeer2anetkybtirrer.
Subse 25 quently, 19.7 g of the solution of conpound (2) ob 9 Cctober.

2002 butene, 2-hexene, cyclohexene and 5-norbornene; allyl
esters, such as allyl acetate, allyl propionate, allyl
2-ethylhexanoate and allyl benzoate; aliyl ethefs, such

15 as allyl methyl ether, allyl ethyl ether, allyl n-hexyl
ether,'allyl cyclohexyl ether, allyl 2-ethylhexyl ether
and allyl phenyl ether; (meth)acrylic esters, such as

oo~ | methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl

20 (meth)acrylate and phenyl (meth)acrylate; carboxylic
acid vinyl esters, such as vinyl écetate, vinyl propi-
onate, vinyl lactate, vinyl stearate and vinyl benzo-
ate; vinyl ethers, such as methyl vinyl ether, ethyl

vinyl ether, butyl vinyl ether, isocbutyl vinyl ether

25 and cyclohexyl vinyl ether; styrene;



143 tained in Reference Exanple 2 was charged into the re actor over
approximately 30 minutes at 30 C while stirringg @gtohbdc 202! tant m xture
in the reactor was stirred for 24 hours at 30 CTo effect a reaction of 5
Tinoc A-6 with conpound (2) and nodify the Ti 02 parti cles of Tinoc A-6 to
thereby obtain a sol containing nodified TiQZ particles well dispersed
therein, wherein the volunme nean particle dianmeter of the nodified Ti02
particles was 190 nm During the reaction70f Tinoc A-6 10 wi th conpound
(2), hydrogen gas was generated. The volune of the generated hydrogen gas
was 72 mM as negas _ured at_2 An_ | S i nesdrene
substantially ?ﬁ]aegan% %‘ﬁ%greg‘éelrh %xgnn%ﬂgs:%y%}%@o%%%ed I R%pect rum 15

shoved that {ng.absarphboneashr LREdplRadnTiy GrbolayPael1ddd2 ok tisel es in

Ti noc A-6 di sappear ed, wherein ove- nenti oned ‘absor pti on had been

observed in th 1$Re ' PELEM ERel §LotiPOEbh RSt Dig OIE tdhe Ti 02
particles. Fur?ﬁéEPl%zg ?kggggg%%gﬁgg?sgtggnffir?edn?hat 20 the cyclic acid
anhydri de groups (dg&LhVedolipORNE- ROEalDer BRBE S 3- di phsfphyté cgnminydr i de
used for producing conpound (2)) were cleaved by a ring-opening reaction.
Wien thg obtai ggd 80kawas taklrewed wosalasdist akblidagr8fpCahdrald@ltays, the
vol ume nean particle diame 25 ter of the nodified Ti02 particles was stil
as smal | 9 (shekelbf ,2@0Dol4bxyalk98enm gidsiipganleaobyalhedasst, an-
transparent and snooth filmwas fornmed on the surface of a glass plate in
sub stanti al | y ntyldle-isi@e manner as in Exanple 1. The sur 5 face of the film
was eval uated by exam ning how the hy drophilicity or hgdro hobjcity of the
filmsurface was ch@wgdermedUexampagsaPtofarPRB-SarPate BFaEHEa%??n1mas

al so evaluated with respect to the photocatal yst activity. The results are
shown in Tabl e bEnaGRETERE OURAINES3 DEYAEa tRE OBF'EGESF"E%% ai ni ng
fl ake-shaped Ti 02 particles) 10 of  ST-21 (tr.ade f _titani oxi de
pow derk0 aver adw &qrtigh g t%“&}pa%é’tcé"ru. %@%%Wﬂbﬁ%%ge%a%fgtt\?gﬁggagéscri bed
in the catal og) (mmanufactured. and sol d.hy .l sh har i -
Japan) and 7.2 RPBfOX%e Rarbonitte ‘”(/k\}teircél %@xe E%c?ge?}g%(ra :6%' gﬂ%mk%gr. The
resultant m xture was r to a covered platinum~,;y crucible, and
subj ect ed to<;§%y%ﬁﬁi%é§$§i%e( |%g at 20 800 C for 30 m nutes using an

el ectric furnace, to thereby deconpose the carbonate salt. The resultant
~calcination product was transferred to and ground in a nortar, and, then,
again calcined at 800 C for 40 hqygschgng®e¢mgy%@bkn]n cesium¢iglanate
(CsXTi ~2_x~4~04) 25 (x = 0.68) (orthorhonbic crystalline powder).

15
wherein m represents an integer of from 1 to
1000 and R’ represents a hydrogen atom or a
- straight chain or branched Cj3-C3g alkyl
group;
20 an allyl ether containing a sulfonic acid group or a

galt thereof, which is represented by the following

formula (17):

GH,0CH;CH=CH, |
25 : R OCH,CHO(CH,CH;0)nS0;B  (17)



- Cwhile stirring, a

"9 COctober. 202 145 300 g of a 1 N aqueous hydrochloric acid solution was
added to 9 g of the obtained cesiumtitanate, @@ctBBetc200R2ant m xture was
.stirred at roomtenperature for 3 days. The reSuTtant reaction mxture was
fil5 tered (through a 5C filter paper) to thereby obtain a residue. The

obt ai ned resi due was washed with ion exchanged water, and the washed

resi due was dried at 100 C for 3 hours to thereby obtain 5.1 g of titanic-
acid (HxTI ~2_x/4y~4'nH20) (x =_0.68) (crystalline powder i ich

cesi um ions i fmetd )asgrdomtaiided 8§ GﬁPFP“?Snﬁ?EgﬁBr‘e Izrr%opr?ggcﬂeh%s\gg

hyd ions. It is k that crystals. of titapi ' N

ot ructure. 1. Gy Gre TSP DEaGtasiivastat (BR 8F SFSRF alBLEST anoni um
hydr oxi d dded to 5 g of t b 15 tained titani ' |
esul T ant mxh WS SPGB SRE e b ROE s RaRErY AR e, eby ob
t ai | tajnjng Tl.Qr partic i, th f,tisge flakes), wherein -
the vol ume odtPar (TR &R ARbUE G BT 07 pRrrreres as 110 hin 20 |
Exanpl e 8 500 g of %?ﬁsfésgg@iwdcﬂen eheheReeLEratRka tdraeeat ai ning

parti cl'é

fl ake- s?laped Ti 02 was charged into a reactor equipped with a

refux_condenser, 4. 28, LIS IDNELEodsl i 1dasf peSubsenyt knexh -8 g of

the -~ 9 Cctober ut1on of conpound (1) obtained in Reference

Exanpl e 1 was g0a5 46d;hRbOrhYEs SRASSHa WAt ARAIAKIBHRI BB Mifoutes at 30
dthe resultant m xture in the reactor was stirred for

10 hours at 30, ffegt @ r ireR1R{1t Beoapl awi shrenspoomd (1) and
nodi fy the f|a‘i‘<‘e9-l§h§gé§ %18? %’% ?ingggaof iIt hg so? to thereby obtain a sol
contai ni ng nodihpadting2gpaubi cbrampbes off spects erhither 33K oA eNSat Ut he
volume nean parti cle diameter of the nodified Ti02 particles was 120 nm
10 Duriipg the rezed Gond:cbheasolingi chnpoapsuirciude 3y AHdgeh F&s was
generated. The volune of the generated hydrogen gas was 13.7 nl as neasured
at 23 C. Wen whaydbediheed eol aldylapFbesd 2ovEREheEReF| 24D Cf or 100
days, the volune nean particle diane 15 ter of the rmoqafied Ti 02 I_p_articles
was still as srtaidthaacrydigresterngefie dPEAPRRECRBLY RAY2HspHEnt and

snooth ° filmwas forned on the surface of _.a _glass plate in s tially
the same mannef 139G IETAMITOUP. r?PEeEGP%EG Pgag’éeofo?%%W#lF? mygr/a@}%?/al uat ed

by exam ning how the hy drophilicity or hydrophobicity of the film surface
was changed by Wkirradiation. The surface of the filmwas al so eval uat ed
wth relssoect to the photocatal yst activity. The results are shown in Table
2.

~ wherein g is an integer of from 0 to 29.

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

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



25 9 Cctober, 2002 147 Reference Exanple 4 [Synthesis of an Si-H group
containing silicon conpound (3) whicY~ is selfe etbbéP! 2o0bp Water and has
a | adder shaped skel eton] 1,400 g of di oxane, Zggg—g—uggfrrcglorosiIane and
5 51.6 g of nethyltrichlorosilane were charged into a re actor equi pped
with a reflux condenser, a thernoneter and a stirrer, followed by stirring
at roomtenperature f or approximately 10 mnutes. To the resultant m xture
was dropw se added a m xed solvent of 14.5 q_of water 10 and 58 g of

di oxane over approximately 30 m nutes whi | d stirring and nmai ntaining the
tenperature at 25 to 30 C, followed by further stirring at 25 to 30 C for
approximately 30 m nutes and, then, at 60 C for 3 hours, to thereby effect
a pol ycondensation reaction of the 15 silanes. The resultant reaction

m xture was cooled to 25 to 30 C, followed by addition of 65.5 g of
trinmethylchlo ° rosilane. To the resultant was added a m xed solvent of 5.4
g of water and 22 g BREUPLRaNeTBRERPSEPPF oRT DOLEERRIYL IHFM nbit®2 whil e
stirring and maintaining the tenperature at 25 to 30 C, followed by further

stir ring at 25 to 36°B7fBr LERFOXEMET 6t S T hdh s, ™ 1987 eby perform a
further pol ycondensai.l ckiop, T S t i 1 Xture was taken
out of Zg t%e reacto%kgﬁgﬁgﬁeE%oPégngfﬁgg g#é??[l%§§g$ffégeép 9 Cct ober,

2002 148 proxinatelysggt% Hnﬁ§ﬁré§gﬂcggﬂﬂfeﬁﬁuéf¥%%geﬁgp logtéﬁjning an

Si - H group-containing silicon”conpoun avi ng adder ~shaped skel eton and
a weight average o becuhannWehahlirated 300s(heteLoablCimshoned L0 as a S

"l adder type silicon conpound”). e obtained | adder type silicon conpound

was subjected to | R spactepiBkenteldNbiyh€nbResPESHING Pbrhbi . cOmMpound,
absorptions at 1,130 cm1 and 1,050 cm1, which are ascribed to the |adder

sheped skel eton, were observed. 10 0.4 g of the | adder type silicon
conpound obt ai ned above was .di ssolved in 8 g of butyl cellosolve, and,

then, 810l of a 1 N aqueous sodi um hydmwR°dé’reél uti on was added thereto, so
t hat hydrogen gas was generated, and the volunme of the generated hydrogen
gas was 46.2 15 m as neasured at 24 C. The Si-H group content of the
above-nentioned | adder type silicon cgnpound, aslfalcu fated fromthe

vol ume of the gener aWd@rieydr 6geh @4sR waR 4288 Rivh|inskependsintliye
above-nentioned | adder type silicon conpound. 20 Subsequently, 10 g of the
above- ment i oned IaddEFPF§ﬁ§n§FIPCGHdEBHﬁBUﬁHOQnHrZB §EHRLEBEr ahydr of ur an

were charged into a Qﬁ@ﬁ%pgre%&%ggﬁgdwkéhCagrg?%??eggagﬁnﬁggubg t her nonet er

and a stirrer, and the resultant m Xtur | e marntaining the

30 ¢ h | i 0.2 gof a22-~
L 5@65 a %[gbgﬁ, 005, AL S LA T (HER YRRy BAERFL0-2 0 of a

group:; and
5-norbornene-2, 3-dicarboxylic anhydride.
~ Examples of carbon-carbon unsaturated bond-
;w containing compounds used for introducing a reactive
20 group into the above-mentioned silicon compound con-
taining an Si-H group represented by formula (14) in-
clude olefins, allyl ethers, allyl esters, vinyl ethers,
| vinyl esters, (meth)acrylic esters and styrene deriva-

tives, each of which has at least one reactive group

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




149 wei ght xylene solution of a platinumdivinyltetranethyldisiloxane
conpl ex, and, then, a solution obtained by di ssplgdtephel. 2002f Adeca Rea
Soap SE-10N (trade nane of a conpound represent?cl_b‘y—rﬁé_ml | owi ng
formula (19): CH20CHzCH=CHzZ C9H19 OCH2CHQ( CH2CH20) 10SO03NH4 ( 19 ) , 10
manuf actured and sold by ASAH DENKA KOGYO K. K., Japan) in 13.5 g of
tetrahydrof uran was added to the m xture over approxinmately 2 hours while
stirring and maintaining the tenperature 230 C, followed by further stir
15 ring at 30 C for 3 hours, thereby obtaihing a solution of an Si-H
group-contai ning silicon conpound (3) which is self-emulsifiable in water
and has a | adddmestiayrerylakle| anayp ( ey dididk eahydafider 8400 - snpPy¥Cas
"“compound (3)"). 20 8 g of butyl cellosolve was added to and mi xed with
1.75 of the solaRIWh of LHRBEIN LHUP arfd M&Fing FoyP a3l KS2§¥86us
sodi um hydr oxi de was "added thereto, so that hydrogen gas was _.generated, and

the vol une of tIHEE%eHER R e PThy Ve RN dkEs WD ni? Zdr §GOHP 25 22
C. The Si-H group content of conpound (3), .as cal 9 _Cctaber, 2002 150

cul ated from t R HMRR $FOURe ébe%raajté:o‘?arﬁ}%ﬂ’@&een ISP FE €.n9§f%r%’$ol per g
of the solution of conpound (3) (approximately 4.35 mol per g of conpound
(3)). 5 Eq?-'eeferer‘f‘f,'rem@arrpl e 5 [Synthesis of an Si-H group containing silicon

d (4) which i | f4 j t I shaped
Ckeloton) a15'q of dURERE Sha N e AT [ ChraeR Tane e
charged into a %%ﬁxﬁié’%e&%&@&?@oﬂ‘féﬁfmé el Yokt £ ARARRRE h? dtRfeTONet er

and a stirrer, owed by stirring at Toomtenperature for approxi mately

10 minutes. To }h&er{sssht A8LcHL¥E UgLolaSikl D s Bdded v idyied dvent  of
4.7 g of water and 18.8 g of di oxane over approximately 30 m nutes while

stirring and megnydbayai (heghy Aery eAPE a LI El afmetth tar:3 die f alilanmigd by
further stirring at 25 to 30 C for approximtely 30 m nutes and, then, at
60 C foro3 hoursthésp,t feakbylephthédkete a phyl ofsrisdmylateactvioyl The
resultant reaction mxture was cooled to 25 to 20 30 C, followed by

addi tion of 25.drgtohatiepeehipitbhe gbycdandi (Moth hacryatia amaliia @ was
added a m xed solvent of 1.56 g of water and 6.24 g of di oxane over

approxi mat el y 30v@rhdees SnAPFEOSRERE T AgS aRdCARP PR HF P R¥E Y& metat ure at
25 to 30 C, followed by further 25_stirring at 25 ]t_o 30 C for :,PerXi mat el y
2 hours, to 9h€§?BB§FPn9®O?liB} isocyanate, allyl alcohol, et ene .

glycol monoallyl ether, allylamine, allyl isothiocya-
15 nate, allylsemicarbazide, (meth)acrylonohydrazide, and
4-allyloxymethyl-2-oxo-1,3-dioxolane.
Examples of carbon-carbon unsaturated bond-
~ containing compounds used for introducing a sensitizing
group into the above-mentioned silicon compound con-

20 taining an Si-H group represented by formula (14) in-
clude olefins, allyl ethers, allyl estérs, vinyl ethers,
vinyl esters, (meth)acrylic esters and styrene deriva-
tives, each of which has the above-mentioned sensitiz-
ing group. Such a compound can be easily obtained by

25 reacting a carbon-carbon unsaturated bond-containing



t hereby performa further polycondensation reaction. The resultant reaction
m xture was taken out of the reactor and the solg/gdtopes, 2otga || ed of f at
ap proxi mtely 60 C under reduced pressure, thereby o arning an Si-H
group-contai ning silicon conpound hav ing a | adder shaped skeleton and a
wei ght average nol ecul ar wei ght of 3,100 (hereinafter referred to as a

"l adder type silicon conpound”). The obtained Si-H group-containing silicon
conmpound was subjected to IR 10 spectrometry, In the IR spectrumof this
conpound, ab sorptions at 1,130 cm1 and 1,6%0 cml, which are as cribed to
the | adder shaped skel eton, were observed. 0.44 g of the |adder type

si | i con conpoun8°BBCPARNBEVABSY &NfagabavesBrpédonradargaetinat §roer| YoEdI ve,
15 and, then, 8 mM of a 1 N aqueous sodi um hydroxide solu tion was added

thereto, so thaf A§BFEGEALESs whdgbr 15t E§ackhyet Rethof RedBPVehe

gener at ed hydrogen ga‘s \ﬁ?s - gg 9 mM as neasured at 22 C. The Si-H group
content of the 3BBVEORENt FEAEFHEd§ECP WPy pe silicon conpound, as :~..> 20
calculated fromthe l.u of .t he_generated hydrogen_gas, 3. 75 _nmol per
G0 "the above- ment | BAEISFAIRAF ¢ VB e T PcoR St ohySunE os, pEetReriTs 20 §
of the aove- eghhonadyAddalLiie 3l Leah auRANIngNdotRodngl 161 g¥ane

qui ppe tharetlu a 9

were charged 2571nto a reactor equi Wil condenser,

Cct ober, 2002 182 ttré(ar%t%jea%@ Iohn's8lst 13Rd oENGR: b8t EPRER AL Yre was
el evated to 80 C Wi | e stirring. hgflfdogsggl 0t :aoﬁ o] ta?ir)legybg dlﬁgéOFVi ng 3

g of Uniox MJS-§ i) asildenidi® i@ Yaedp naRefigbepagakxagpbapl) aand 0.1

g of a5 ~ 5 by weight isopropandl sol ution of hydrogen hexachl oro
platinate(lV) hexahydicdivanate?. gdoup ,0fa Gyenanre caasoaddadgioupheatti ¥kure
over approximately one hour at 80 C while stirring, followed by further
stirring at 80 Eefrogrdumpgures kath Yhsaquerd ac doleithg atoyilogin geoudhl a
perature, thereby obtaining a solution of an Si-H group-containing silicon
conpound.q{ 4) whisgnsiig igdinfedpesiify atdesl ivhivgdx dasand Reesd badd&rnshaped
skel eton (hereinafter referred to sinply as "conpound (4)"). 8 g of butyl
cel | osol ve was dd@@dl LoD rAedar sl Winam 1thep ggogP cResdsltdnBoRfofn
compound {4), and, then, 8 ml of a 1 N aqueous sodi um hydroxi de was added
thereto, so thatt"Ryd S Ryas R RSHEr STRPP -afd PYRE OFSHuFECHP -t ReDY -

G oup. cont ent | of e Gl TR [ oo YA DOMBOA LR, ae cal cul ated
f th I ft f th
ol uti on (4) {appr oxiaraly DIOtF HAl pae gl arssad® FFRuebBe fnd) "G

9 Gt ObefB 2002 A G- T&ﬂ@&txﬁf@téd‘m&%ic%&t%%nﬁ%elc%p%% L

Exanpl e was charged 1nto a reactor equipped wth a réflux condenser, a

thernonet er and e ¥ddtd®rfrombege GEMiD Yoorlst £ 19fg 10T a0 lawttiinen galougomaound
(3) obtained 5 in Reference Exanple 4 was chargedg into the reactor over
approxi mat el y 3Qdanbotes @todd, G Wiyd£ostl rdrdith, a hydrazine group and
~ . a (meth)acryloyl group, a sensitizing dye is used which
has at least one functional group selected from the
20 group consisting of an epoxy group, a (cyclic) acid an-
hydride group, an isocyanate group, an isothiocyanate
group, a cyclic carbonate group, an ester group, a keto
group and a (meth)acryloyl group.

The reaction of the carbon-carbon unsaturated

25 bond-containing cbmpound having the above-mentioned re-



and the resultant m xture in the reactor was stirred fox 24 hours at 30 C
to effect a reaction of Tinoc A-6 with conpound ¢ Py ZBG2 the Ti 02
particles of Ti 10 not A-6 to thereby obtain a sof contal ning nodi fied Ti02
particles well dispersed therein, wherein the volune nean particle dianeter
of the nodified Ti02 partitles was 53 nm During the reaction of Tinoc A-6
wi th conmpound (3), hydrogen gas was generated. The 15 volune of the
generated hydrogen gas was 40.m as neas uzﬁd at 23 C . Using the obtained
sol) afilmwas forned in the sanme manner as in Exanple 1, and the forned
filmwas .. subjected to spectronetry in substantially the sane 20 manner
as in Exanpl e lactheée| greppcyitim absansblilping hdve pert¢onkt HeaHIMWE t hat

t he absorption ascribed to the Ti-OH group of Ti02 particles_in Tjnoc A-6
di sap peared, whéERi AhehabaBeveeREheneRhebcadsbydt I hats et Mred in
the IR spectrumof Ti02 prior to the nodi 25 fication of the Ti02
particles. 9 @EFOS@P@igBBESlgﬂeVﬁéﬁ the BRRGFHRY EUTPIRENHIS ovietfio st and

till at 30 Cf 100 d , th ticl di t t

oL 1 ad 3105 potphopEectRtes: PrRokLot mpvaRE L] Fre {iffe He Mol
I, at t th fil h frd,dl

RERP G Lial L R R e A S R Tt

the filmwas eV%'f&t@t gqﬂkag) g5z EQrB8¥1"-%QgHBMdﬁgggHsztéd Wbnd-

hydr ophobicity o h msurface was 1 anged by WV irradiation. The

surface of the fcio[rl@a\g_@in?g%gﬁlg,\\ls\ghuagﬁqbl\%ghtg,gg(pg@ttﬁ@ Fhecpheiocat al yst

activ.ity. The results a in Table 2. anple 10 15 500 g of Tinoc

A-6 (which is t @%o%%”@.na%h'és%@nis&t@éiﬂgl Byd) VRS- eher gerkdmitthed viAGt or
equi pped with a reflux condenser, a thernoneter and a stirrer. Subse

quently, 10.8 gpefinithersehet isaavafliegnpeunte{ 4pnehtaredgi ay&ef Bt ence

Exanpl e 5 was charged into the re 20 actor over approximately 30 m nutes at
30 C whilloe stir preferatrd tthetr ahiel treactiiont dseeffiethiedr aacéotemperatirred
for 8 hours at 30 Cto effect a reaction of Tinoc A-6 with conpound (4) and
nmodi fy the Ti 02 tperet icd @9 00f CTiornd eAs6 morehedwpptepeanaly E6PmcHNEAI ni ng
25 nodified Ti02 particles well dispersed therein, wherein 9 Cctober,
2002 155 the volkpte °‘fean particle dianmeter of the nodified Ti02 particles

was 29 nm During the reaction of Tinoc A-6
g In method (a), the hydrosilylation reaction be-

tween the above-mentioned carbon-carbon unsaturated
15 bond-containing compound and the above-mentioned sili-
con compound containing an Si-H group (which compound
has an average structural composition represented by
~ _ formula (14)) can be effected by contacting the carbon-
carbon unsaturated bond-containing compound with the
20 silicon compound containing an Si-H group at a tempera-
ture of from 0 to 200 °C, in the absence or presence of
an organic solvent and preferably in the presence of a
catalyst. |
As catalysts for the hydrosilylation reaction,

25 platinum group metal-containing catalysts, i.e., com-



"W th conpound (4), hydrogen gas was generated. The volunme of the generated
hydrogen gas was 100 ml -as 5 neasured at 2 3 € Qctéberg 20020bt ai ned sol, a
filmwas fornmed in the same manner as in Exanple 1, and the forned filmwas
subj ected to spectrometry in substantially the same manner as in Exanple 1.
The I R spectrum obtai ned by 10 the spect r7c§rretry showed that the absorption
ascribed to.the. Ti-OH group of Ti02 particles in Tinoc A-6 disap peared,
wherein the above-nenti oned absorption had been observed in the | R spectrum
of Ti 02 pri or ppandse afoduthesdumen rbpdina. TPe2lpdivme| e8M14B, et he

obt ai ned sol was allowed to stand still at 30 C for 100 days, the vol une
mean particl eut are nlatigum peensyiltopderi 02f p’éﬁ??-"c{-e%“\’zﬁfs‘y‘gq i99%"as snal |

as 30 nm s""~ Using the obtained sol, a transparent and.s th 20 filmwas
formed on t he pounidscanst paldiasdany compounds Bre: RREESFFG Yt E&O}éaéfféeﬁanner as

in Exanple 1. The surface of the fil mwas eval uated, by examni ow t he
hydr ophi | i ci t PEorSUshH EHERWE SPIRORRS flinlcﬁ\uélfrr i@él@g‘ zg?ixgg!gl%y w
irradiation. The surface of the filmwas .25 .al so l\ua | ect to
the phdt ocat al5ite adtydroser && ni02?5’@2‘"‘31 q%tey?ﬁﬁé &}ggtﬁ%émagﬁghom in

Table 2. Exanple 11 50 g of Tinoc A-6 ' j ag s gdukn 5
Exanpl e 1) vvascrb]r%jg‘g%' iqh‘f‘%[o erneglt:étgtoarc%l\égl}lloggeéﬁvrﬁ%ﬁ% Z%r’\vgf'l ux conldlenser, a
thernoneter and a stirre q I &k 19 AR Vo988 9nkt s ade
name of a 5 ~r}b?/x?/ét|1%% oélf%%%%%va er '(\>/\b/ecft8%t lré“ti o of et ha%ol to water -
1:1) solution f St P Navddeh & &l F1akinG ml@vpeicsidel aidhloro(di-
manuf actured a dvgbléfﬁéﬂlglgh% Kgse* Kogyo Kabushi ki Kai sha, Japan) was
charged into bE&AGH R T(Y | A5 &t Y@ Vil IS calan3) cdOmphieke
stirring, andtcpﬁlg resu%?gﬁ;ﬁ&m xture in the reactor was stirred for 8 hours
at 30 foto caugepagds@hihi-fRoSphiee ptexgMb, SEIH0a o i roe A6 cang lesdi f y
the Ti 02 particles of Ti noc A-6 to thereby obtain a sol containing

modi fi ed Ti 02 gaat melaslnel pldtspensedheheirimetahkieimatiaufead® vol ume
particle dianmeter of the nodified Ti02 particles f "." was 150 nm 20 Wen
t he obtai ned sobedaeighleowedthoust angdasrier of Bo ©¢hra HAFHAFR C%he nmean
volunme particle diame ter of the nodified Ti02 particles was still as snall
as 147 nm Usi ngetthenolt sansdeso| sught pENEHERLRE . aft ErRotH 95'F59% was

formed on the surface of a glass plate in sub .
carbon or theglike.p Examp{gs of palladium compounds

‘15 used as catalysts for the hydrosilylation reaction in-.
clude palladium (II) chloride and palladium (I1I) oxide.

Examples of organic solvents usable for the hydro-

~ silylation reaction include aromatic hydrdcarbons,vsuch
as toluene and xylene; aliphatic hydrocarbons, such as

20 hexane, cyclohexane and heptane; esters, such as ethyl
acetate and n-butyl acetate; ketones, such as acetone,

" methyl ethyl ketone and methyl isobutyl ketone; ethers,

such as tetrahydrofuran and dioxane; amides, such as

dimethylacetamide and dimethylformamide; palogen com-

25 pounds, such as chloroform, methylene chloride and car-



9 COctober, 202 157 stantially the same manner as in Exanple 1. The surface

of the filmwas eval uated by exam ning how t he g)ogf i l3gndy or A

hydr ophobicity of the filmsurf ace was changed’by‘é%ggkréggation. The
surface of the filmwas 5 also evaluated with respect to the photocatal yst
activity. The results are shown.in Table 3. Exanple 12 150 g of the
organosol obtained in Exanple 5 was 10 added to 10C g of Bistrator-L

NSC- 200A (trade nanme of an organic solvent-gased silicone-acrylic coating
agent (solids content: 20 ~ by wei ght) (un& rcoati ng agent for a
conventional coating agent containing a photo catal yst), manufactured and
sol d by N ppon Bumlatedoracibotide; dbmpaithybvawlippidsdiang: SLETPheRZelites at
roomtenperature while stirring, thereby obtaining a nodified photocatal yst
conposi tion. " Thesebselvertsoeks kel wed obrdbyiddaldemedsiln GPmbidaggs
spray-coated on a glass plate in a thickness of 30 20 Eun. The coated gl ass
pl ate was driedtd®2room tenperature for a week, and then, at 50 C for 5

days, thereby formng a transparent and spooth_filmon t, surfac f the
gl ass plate. The surl¥eEk: ofnt#EPIFRMEIRR 9 MR ettf"r%}"& rﬁer?é)eﬁ%w%tohe

hyd hilici h bi c| 2 f the_fil f by W
Py g8 b iy 2 DY PRRCRLEL 427, otk L 0 T AR P00 O

|l uated with to_th h L Vi T I : h
cualuat o0 v L1 S5pecly oo DEBELShALYRS B5LLNIAtop T Jestldmnar e show

formed on the swﬁggﬁectgﬁgtgu haﬁgspgakﬁnklgggg%ﬁ/&ﬁ%&%%ygfagp'sarre man ner as

in Exanple 12, except I'strator- I's the sanme as used

in Exanpl e 12) al onepwagy,ys88dokNSL B8N Ok atbén Mk d thech Rl tiyiad-al yst
conposition obtained In Exanple 12. The surface of the filmwas eval uated

by exam ning howohhgiRYdgoBBbbehtY AEvANEr aphebteitvy @folde whidh sard ace
was changed by Wirradiction. The surface of the filmwas al so eval uated 15

with regpect toukba phomecabal ysY) ,athevet ganThe mesticsedrehshoaue i n Tabl e
3. Conparative Exanple 2 To 250 g of Pol ydurex G633 (trade nanme of an aque
20 ous acryl i c- smpoondsems| sieseribeli dbovententonasctipy wetlyheethnd 8. 8),
manuf actured and sold by Asahi Kasei Kogyo Kabushi ki Kaisha, Japan) was
added, as a fil meflor ningmatkedi fby, bire shydees Crigtian sradidm dre-
2,2,4-trinmethyl -1, 3- pent anedi ol nonoi sobutyrate, manu 25 factured_and sold
by CHI SSO Cor poit#eedn thea gy eotentignedg cagpghsrarbppounsaturated

bond-containing compound containing a reactive group
15 and the above-mentioned silicon compound containing an
Si-H group (which compound has an average structural
composition represented by formula (14)) can be effect-
~ ed under the same conditions as those for the hydrosi-
lylation reaction in method (a).
20 According to method (b), by effecting the above-
mentioned hydrosilylation reaction, there can be ob-
" tained a silicon compound containing an Si-H group and
a reactive group wherein the silicon compound has an
average structural composition represented by the fol-

25 . lowing formula (18):



159 mnutes at roomtenperature while stirring. To the re sultant m xture,
also as a filmformng auxiliary 22.8 ~ of an a@epis | Bl of butyl
cell osolve (50 ~ by weight) was added over 20 mi be Ekjdwterrpera 5
ture while stirring, followed by further stirring at roomtenperature for 3
hours, thereby obtaining an acrylic-silicone enul sion containing
filmformng auxiliary, wherein the solids content of the enul sion was 38.6
~ by weight. 10 A transparent and snmooth fiJl-mwas formed on the surface of
a glass plate in substantially the same man ner as in Exanple 12) except

t hat the above-nentioned enul sion was used instead of the nodified

phot ocat al yst conposition obtained in Exanple 12. The surface of the 15
filmwas eval uated by exam ni ng,how the hydrophilicity or hydrophobicity of
the filmsurface was change’éblha WS agiatiom The surféé8lof the fil mwas
al so evaluat = ed with respect to the photocatal yst activity. The resuits
are shown in Table 3. 20 Exanple 13 75 g of the sol obtained in Exanple 6
was added to 100 g of, the,acrylic-silicone enulsion containing filmformng

auxiliary, which was"3Bf2%&d in_ Conparative 25 Exanple 2, over

approxi mgtely 10 mnutes af . 0Q }t{e%q!]d 2 %tgge& fﬁh@gﬁ ﬁs can be seen
on e sur e f

fromFig. 3, inthe filmforne ace 0 ™ T102
particles were not ppgsgni4et the inside filmsurface (in contact with the
OHP filmas a substrate), and the filmfornmed on the 5 surf ace of the OHP

filmhad a distribution 0fadh 03 Pafadddd & theraidr 428 120RCc Rt i on of
lded Y

Ti 02 particles increases fromthe inside filmsurface (in contact with the

OHP film toward thevauestdgrbupmavihgcet (08ROEI bketLedbeivasi de film
surface in contact with the OHP 10 film . Further, the surface of the film

formed on the surfacgrofipt hel&tiPefli £romashevakoap edondidiegpeet to the
phot ocat al yst activity. The .eval uati on was good 15 Exanple 19 19 g of the
sol obt&Pned i n Exanpheep8xyagraddedan &ortlOyly ofotpme aqueous
acrylic-silicon ermulsion (containing a filmformng auxiliary ) obtained in
Conpara 20 five ExanPPEhacyyéeyipgronpmaael| §cid anhydesdeitgreepn t enper at ure
(23 C) while stirring, thereby obtaining a nodified photocatal yst

conmposi tion. Using t%ekBBPagﬁ@HPm)ai hyEHaphBe 08HPAP y SN ch¥P@BET-ti on, a
snmooth filmwas forned,on the surfage 1%,an OHP, 25 filmin substantially
the same manner as i RoERafipPBP1gal isothiocyanate group, a hy-

droxyl group, an amino group, a cyclic car-
15 | bonate group and an ester group, and
P, ¢, r and s satisfy the following re-
lationships:
~ ' 0 < p <K 4,
0 < g« 4,
20 0 s < 4,
0 < s < 2, and
(p + g+ + s) < 4.
Further, in method (b), with respect to thé func-
tion-imparting group-containing compound to be reacted

25 with the silicon compound containing an Si-H group and



9 COctober, 2002 160 perature while stirring, thereby obtaining a nodified
phot ocat al yst conposition. Using the obtained gogdictobér,,R002cat al yst
-conmposition, a transparent and snooth filmwas Tormed on the 5 surface of a
glass plate in substantially the sanme nman ner as in Exanple 12) The surface
of the filmwas eval uated by exam ning how the hydrophilicity or hydro
phobicity of the filmsurface was changed by UV irradiation. The surface of
the filmwas al so evaluated 10 with respecty to t he photocatal yst activity.
The re suits are shown in Table 3. Conparative Exanple 3 A filmwas forned
on the surface of a glass plate 15 in substantially the sane manner as in
Exanpl e 1, ex aeptathaveagsolipobvhalabdcoypenndtiay aBAEECHFISTEHY {whi ch
is the sane as used in Exanple 5) with 50 8 of water maf gi?dkénsteag of
the nodified phoratatampesition repspseptafnkd FATERMApI 81/ - HoWevEr, since
the formed 20 fil mwas cracked, it was inpossi Ig to eyaluate thgug rface
of the fil m byampasi nWvhghhéWet KeaRFdV8pETPPERI 9? P%%ibﬁﬁ%b‘ﬁ%’f‘?y of the
filmsurface was changed by W irradiati i

on, _and % was glﬁ 'gp9§§ible to
eval uate the s@PRia@dnand RE ﬁﬁrﬁlﬂFPHprégaeétr?Sc heepfs ogaéalyst 25
activity. 9 COctober, 2002 161 To 68 f tapn I added 100 g
of bu tyl cell d86E¢E SFrem §Hﬁr8%PH§tgpgsgatésﬁuggsggtgg8§21?gﬁggfa?ﬁre
while stirring, and _then, .water s di.s ;i f r dycgdnpressure
by neans of an Sngyﬁﬁégé 9Re éb%bbg%gf ?%Sggngg?ggﬁogglggﬁb&ever, t he

particles in the qhtai gan $atonditabloyodips pans @@t ghReupi qui d
medi um and pr&&ﬁ%%@%gﬁgngﬁa%'i ,]ﬁ¥pm5§ i#possgblebfo obt ai n an organoso

having an excel] e}\ggtéjig&wpsigyd id Yimek® )EIMAGRN eroRpanpl €uwhci@og-of ST- OL
(trade nane of an anatase-type ti tanium oxi de powder; average crystallite
di aneter: 7 nmyuhioh iy Gaiigladifsmibe dongdmcatsahusgld felolf des15 tured
‘and sol d by |Ishihara Sangyo. Kai sha, Ltd., Japan) and 120 g of water were
charged d nto a Jeadfdt esne ppacctidinla grefipns lerets dixom thite 9rowdt er and
a stirrer, and the resultant m xture in the reactor was heated to a 50 C
while stirrin Suhseisend &1 ap apino @oup hed STHAPRY L i BIPWE Gmound (1)
obtained in Reference Exanple 1 was charged into the reactor over

appr oxi mat el y 30rogyltesowd, 58 YRRz S tIFPIMALER] RERMAGTEG nix tuts
in the reactor was stirred at 50 C for 3 hours, .and then, cool ed t@ room

tenperature. Thereaeti Qresther ohamdandsyMhah thea HERGT Tk ChPEPudle

precipitated a”ghe silicon compound containing an Si-H group and a re-

15 activé group is selected from the group consisting of
an amino group, a carboxyl group, a hydroxyl group, a
hydrazine group and a (meth)acryloyl group, a function-

~ imparting group-containing compound is used which has
at least one functional group selected from the group

20 consisting of an epoxy group, an acid anhydride group,
an isocyanate group, an isothiocyanate group, a cyclic
carbonate group, an ester group, a keto group and a
(méth)acry—loyl group. The above-mentioned function-
imparting group is the same as function-imparting group

25 O in formula (4) above (representing an average struc-



9 Cctober, 2002 162 separated fromthe |liquid phase, wherein the vol une
nmean particle dianmeter of the particles was 3 ~ . he resultant
m xture was added 200 g of butyl 5 cell osol ve, s efi' 2002 was
distilled off under re duced pressure by neans of an evaporator, thereby
obt ai ni ng an organosol. However, - the particles in the obtained organosol
was not stably dispersed in the liquid nedium and precipitated. That is,

it was inpos 10 sible to obtain an organosqg havi ng an excel | ent

di spersibility. Therefore, it was inpossibl’e@ to forma filmon a glass

pl ate using this organosol. Conparative Exanple 5 15 |00 g of STS-02 (trade
name of a hydr o¢HF8# €CAPP§ifdpnilzed sol of an anatase-type titani um oxide;
vol ume nean particle dianmeter: 18 nm Ti 02 content: 30 ~ by wei ght, average
crystallite dianeter The¢ AReEhiion-ofhthe giliror Gemeryp@dcimtakringitadl og)
(manuf act ur ed 2%,and sold by Ishi hara Sangyo Kaisha, Ltd., Japan) and 100 g
of water were cRarfedTOHPo 3RS Gacertdyai FpeEPwW YR1ghr epmpRuedniensdt, a
thernoneter and_a stirrer. S bseqpentl%,_a,solution obt ained by dissol ving
7.5 g of methyl FP’FFF&gﬁoiEi“FiHEBi n SPm8 615F°H~F8Q5ﬁ§e%§d2§ycﬁé?’@‘éhai nto

t he reactor over roxi.mat el m_nut es 9 Cctoher, 2002 163 at 30 C

whi l e st%rring,(égggt%étggguF¥§%%iﬁP%%WPSrFﬁnghgrngé?B?gaéE%?%r??mﬁ
stirred at 30 S ;t.0.eff a_teactjon . - i .

met hyl tri nmet ho%&?ﬁgﬁgﬂgﬁ r%sdir%fct%%geT%gﬁpgbgi 8%%%@ gﬁr&\f’\%ﬁgdoﬁ ain a
sol 5 contai ni ngrpaitiet] e aek %B%Hﬁ%ﬁgng'hﬁaﬁgﬁhp¥hgeréggffohn@éﬁé%ra— .
referred to as "nodified Ti 02 particles"), erein the volune nean particle
dianeter of thetikQ? pajadtaless piess99Q, NMeakltiBe thevehtakngdesl 1@ film
was fornmed in the 10 sanme manner as in Exanple 1, and the fornmed filmwas
subj ected to speckr apmiropriateulstsankticakdy tBgefalBgNBANCheasypd Exanple 1.
The I R spectrum obt ai ned by the spectronetry showed that the absorption
ascri bed0t o thethe @dagrtdve qirolipOdnpahei elidscon SdbpOdAnbeaadetdd symd | but
did not disappear, wherein the above nentioned absorption had been observed
in the IR spec Cfurhbef fANGXyomiadr grouphdnnbef EvactbanefimphetIng2 par'
ticles. This means that the Ti-OH group still remained in STS-02 in a

consi derabl y | aS§FoURnsantairg ngsicogronadobt Biridee B ol £rem fihen weywdamied on
t he surface of afglt?_iss I t:§1+' n substantjally the same manner as in Exanple
1. However, only*a i r#\ﬁ% s ofhithe SdrBi 8TaHB - hi8 45| BF§EestRdace '
roughness was o i,Lhed. 25 en _t he ohtai ne dified titani um gxide sol
was 9 Cbtober& ;QT% %ﬁchﬁﬁquegéﬁﬁﬁegtgﬁlaaFe§88€§$BF32°ﬁDnths, t he
sol was qgel | ed. el ol j i bl o _eval.uat e.t he face of the
film 51 npar atB;B\?)e g)rrrrglléastbs'%HS%%%%%ggehpéihﬁfgﬂ Ps hggéa ‘as used
in Exanple 1) was chamgegd pr@s2nttanl8hteaH! PREJe¥tiP18s of methods

for obtaining the modified photocatalyst sol containing
~ - photocatalyst particles modified with a modifier cbm-
pound having the above-mentioned function-imparting
20 group, there can be mentioned:
(I) a method in which a photocatalyst sol is subjected
'~ to a modification treatment with the silicon compound
containing an Si-H group and a function-imparting group
(which compound has an average structural composition

25 represented by formula (4a) above) in the above-



reflux condenser, a thernonmeter and a stirrer. Subse quently, a solution
obt ai ned by dlssoIV|ng 3 g of meth 10 yltrimet hgyystdrele 2003 9 of dioxane

was charged into the reactor over apprOX|nately‘Sﬁ‘ﬁTﬁUng_aT 30 C while
stirring, and the resultant mxture in the reac for was stirred for 3 hours

at 30 Cto effect a reac tion of Tinoc A-6 with nethyltrinethoxysilane and
nodi 15 fy the TiOz particles of Tinoc A-6 to thereby obtain a sol
containing nodified Ti02 particles, whereiggthe volune nean particle

di aneter of the nodified Ti02 par ticles wvas 1 ~m ~~..1" Using the

obtained sol, a filmwas fornmed in the 20 sanme nmanner as in Example 1, and
t he forned'hIrW%%@i%%%?é%?%ﬂe¥o @pctronetry in substantlally t he sane

Ex 1. The |R h h d
'hat the absor piTbh dSchBeRtt b CHOLEH ExPYT B EHoF GO pard 1% gﬁ%e” T noc
A-6 b 25 ] but d t d wh t.h Qct ob
2002 165 menti of dL%bé’om%fﬁﬂgﬁaaéﬁiﬁﬁee%{%%3&5%” e PG Hlim of T o
to th dificati f.the T t T the Ti-
G oup remmi ned PHHngRE e e HhIacBone BerEBry 30 ¢ Hmsre € S the
obt ai neds Todi 1 6ot LA00HEL KR0S Ohy ' BPe PhLCVEER G SN sbdd s @hord) C for

one meek the s erefore, 1Tt was | ossi ble to evaluate the

surface of the f} E{;ﬁbséﬁtgen’ew %Hﬁslgxafmbeagowp ga:qi SHS Hs e is the

sanme as used in anpl e Wwas charged into a reactor equipped with are

flux condenser,mad&hgeaemshebraadc@ 8t EhBYecBUSEo quEerddytién v Din
Acci pl ex- SS950TM (whi ch is the sanme as 15 used in Exanple 11) was charged

into the reactothavabogppmexitivhely rdfciont apatt Bg Gmhup ecettatningg and
the resultant mxture in the reactor was stirred at 30 C for 8 hours to
cause adsor pti oaompoAaidplveiEN is" reac85960wbhh STite OReamtivedifgup he Ti 02
particles of STS-02 20 to thereby obtain a sol containing nodified Ti02
parti cles, wherein Themethode (FEanapavei cthedraaeteen off t Hee neped¥fied Ti 02
particles was 3 humor nore. Since the obtained nodified titanium oxide sol
gradual | y preci patapadpredhcti rehotecaialvaposstbhrediblieod ¥htaytedat the
sol . 9 Cctober, 2002
silicon compound containing an Si-H group and a reac-
tive group) with the function-imparting group-
containing compound which is reactive with the reactive
15 group can be effected under the same conditions as tho-
se for the reaction of the silicon compound containing
an Si-H group and a reactive group with a function-
~ imparting group-containing compound which is reactive
" with the reactive group of the silicon compound wherein
20 the reaction is conducted in method (b).
It is preferred that the modification treatment of
the particles of a photocatalyst with a silicon com-
pound containing an Si-H group (which compound has an

average structural composition represented by formula

25 ' (4) above) is conducted at a temperature of from 0 to



166 Table 1 (The hydrophilicity or hydrophobility of the filmsurface
before and after the UV irradiation, and the plopeeabety2002ctivity) 5

-‘Eval uati on it enExanpl eExanpl eExanpl eExanpl eExanpl e12345Cont act angl e
ofwater 3~ 20 4 6 33(before the ir-radiation)Contact angle ofwater 0 95 114
O 3(one day afterthe irradiation)Contact angle ofwater. 0 0 0 0 O(3 days

afterthe irradi ati on)Photocatal ystactivity (The hydrophilicity or f ace bef

ore and of ter 10 tocatalyst activity) Taldge 2 hydrophobility of the W
irradiation, the filmsurand the pho Eval uation

i t emExanpl eExanpl eExanpl eExanpl eExanpl e678910Cont aot _angl e, . _
of 9818341732( béf8r & Ct Keder- codddtiiomscyhes “aﬁgFSmB?ﬁageVBﬁgﬁoﬁ?%%e day

fterthe i di ati Cont act | f wat er 00000( 3

" 1 adi a1 on) PhoROER SRS AREHApenad R GRAR S aR520 oS AT ARl € o Fre”

hyd hilicit d hobi I, t fo.the fil ; th
OV i Pradi at | on SSaf e Rg Aoy o, B bREgPLgf] Spanpaftier The

i t enExanpl eExanpl eCa I a- ra- elll2tivetivel3Exanpl eExanpl el2Cont
act angl e of vva?;g‘res Org()gt eor%e}1 ecaal " B8084958995r adi at i on) Cont act angl e

of r (one day after659696§98 i At RN EORC baRal ReAt WBhBE com(3 days
after 656%4898t he | r?[gld?cg’[%l f)%\{%hoc{%?g%egltdys%?&xx~0acti Vi tye

pound (catalyst compound) which functions as a dehydro-

genation-condensation catalyst for an Si-H group., the
modification treatment of the particles of a photocata-
lyst with a silicon compound containing an Si-H group
10 may be conduéted either by a method in which the cata-
lyst compound is previously immobilized on the surface
of the photocatalyst particles by using photoreduction
mefhod or the like, or by a method in which the modifi-
cation treatment is conducted in the presence of the
15 catalyst compound which is not previously immobiiized
on the surface of the photocatalyst particles. 1In the
latter, during the modification reaction, the catalyst
~ . compound is immobilized on the surface of the photo-
catalyst particles by physical adsorption, photoreduc-
20 tion or the like and, then, the photocatalyst particles
are modified with the silicon compound containing an
Si-H group.
The term "“compound which functions as a dehydrbge—
nation-condensation catalyst for an Si-H group” means a

25 compound which accelerates the dehydrogenation-



9 COctober, 2002 168 Reference Exanple 6 [Synthesis of an Si-H group
containing silicon conpound (5) having a keto gr@'¢dtohd? 2 di oxane and
500 g of KF9901 (which is the 5 sane as used in'REfETEﬂCﬁgéggﬂple 1) were
charged into a reactor equipped with a reflux condenser, a thernone ter and
a.stirrer, and the resultant mxture in the re actor was heated to 60 C
while stirring. 16.3 g of a 0.25 ~ by wei ght di oxane solution of 10

di chl oro(di cycl opent adi enyl )platinum (11) was charged into the reactor, and
then, a solution obtained by dissolving 250 g of Uniox MJS-8 (which is the

sanme as used in Reference Exanple.l) in 250 di oxan s charged into

t he reactor overcoélp%rnﬁfﬁ%h%%lr?aé%i#nn#esana%g érfﬁlpvxﬁgfcgaéﬁ FFFS@’_G The
resul tant m xture, j e cl.or s.stirred at .60 _C for 30 m _nutes.
Subsequent |y, ah?(ﬂl{}’ﬁtel(%’n-C‘{)qgﬁﬁi%&dl\gﬁr&u&&?\fc glfOQrSSSPtS-OHe)?gﬁ- 5%ne * in
100 g of di oxan ( ed,J the r tor.far I, QXl e 0 m nutes
at 60 C while sﬁa\?%sr%]a%%dcbzé&%%ée%eﬁﬁe%%ﬁ .pnr;'o)%to&;%ggllﬁféttﬂg&r (L%g or was
stirred for one s ajr GGl r%@g@ﬁq&ﬁ'éyaﬁ}qﬂ%é@fumev%f n3Brobehl
group-contai ning silicon compound (5) having a keto group (hereinafter

referred g0 si nMohtasini  DnLuddd Mg 19 26 &r rvagyadded to
4 g of the ob 9 Cctober, 20 1s9 tained sol u%)?%n g? (L:Igarrtrgound (5), the

resul tant aqueousroUpXiwHenh Wafe PHHYtHRRITH G MICh iwas ishi ekt whist e tur

bid. On the other hand, 8 g of butyl cellosolve was 5 added to and m xed
with 0.89 g of ttreislolgrtdugn, afn combno Wxoupb)andand catdbey 18 giou@f, awHeN
aqueous sodi um hydroxi de sol uti on was added thereto, so that hydrogen gas
was generat ed, dite tdmmpaingrevigich Harngenerst et [y diebgerogasawdson27. 2 m as
nmeasured at 23 C. The Si-H 10- group content of conpound (5), as cal cul ated
f.rom the vol unme GRS Ferdy AR INalr Fgh aa$i-Wagrpup msolimpebidiskdt he
sol ution of conpound (5) (approximately 4.1 mmol per g of KF9901). 15

Ref er ence® Exanpl ¥ AhssyiiHeGs of e santigdasm Oe‘-gﬁth&l ®hedg osiatiedds teonpound
(6) having a methacryl oyl grou ' 100 of di.oxane and 100 g of KF9901
(which is the ,~tq§ear%°%%fg%“% FefdreRF BERA 1) hRePBotRERSE4YERt 0 20
a reactor equippe e refl ux caondenser,. a therno ter and a stirrer,
and the resul tansteqn‘?v(ui( 1{}?921%’ mthe ¥ e etrof“%sr%teeatcé’&lﬁtglgﬁsc whil e

stirring. 5 g of a O-E%r.acmf"%lg%’s V@f.' Hy p?%u(?fv%;%rﬁ@hu .%%tg%ngigst I(qiéahydro e-

chl oro(di cycl opent adi eny atinu charged into eactor, and
then, a sol uti omDhicH Neshdwn iR Catalysts for an Si-H group include

15 metals belonging to the platinum group (i.e., ruthenium,
rhodium, palladium, osmium, iridium and platinum) and
compounds thereof, and metals and compounds of silver,

-~ iron, copper, cobalt, nickel, tin and the like. Of
these, preferred are metals of the platinum group and

20 compounds thereof, especially metallic platinum and

platinum compounds.



9 COctober, 2002 170 ing 50 g of Uniox MJS-8 (which is the sane as used in
Reference Exanple 1) in 50 g of dioxane was chady grdobelk02002 r eact or over
-approxi mtely one hour at 60 C while stirring. ~SubSequenilTy, a solution
obtained by 5 dissolving 20 g of allyl nethacrylate and 0.01 g of 4

met hoxyhydr oqui none (pol ynerization inhibitor) in 20 g of di oxane was
charged into the reactor for approximately 30 nminutes at 60 C while
stirring, and the resultant mxture int reactor was further stirred for
10 one hour at 60 C, thereby obtaining a solution of an Si-H

- t ai ni il d (6) _havi et h l oyl

?rgglﬁgi ES? ] or 1 g?fihséggggéﬁq'nﬁﬁ;%as %%&ﬁ%hﬂfgn?é?? yldGna t opogPaTe vater vas

added to 0 e o ai_nedso n,of co ul tan

ggﬁg?u?]a%x?gr Eo\gfﬁgeai“a: ggélr gggnllUbE‘Pgﬁl:&ééngl ?gﬁ?ﬁi&?\éﬁ?@%#ﬁfb{ .Ih‘ 1O;5t he

, v : .

of the sol utiol eBFaggﬁﬁzﬁaEBEHE%( 8}, %ﬁd?h{aﬁgggﬁglﬁt of gaa]gll%ﬁl %%Mu%aous °

sodi um hy droxide sglutian was ggded &)ri%rtgkﬁm $9 ihAbnhydreaesn gase Was
b SF5thé g ated hy Om

gener at ed, and®tREPYGI e ene di 0gén gas was 42. as

neasureg at 23 G Ty tgﬁ' t95QUR %&ﬁ%%@%x@%fcQgpﬁﬂegoééhucﬁioﬁaﬁéﬂh@dEd

fromthe 25 voFure of t generate ydrogen gas, was 1.3 mol per 9

Cctober, 202 171 GyG.d¢ t @gﬂiﬁﬂﬂ&m 1 pommound a@ikd( approyhoabel y 4. 6

mrol per g of KF9901). 9 Cctober, 2002 172 Reference Exanple 8

[ Preparation ofsmi1emH F0an 16f aa Srldganemudiobiledopsl gney watghy. alket o

group] 8 g of nethacrylic acid, 3 g of diacetone ac rylam .de, 34 g of

met hyl net hacr Weaings A = saflidg \Work eacr yWfatehe PBagiobmcypolofdsgyl to

nmet hacryl ate, 300 g of water and 20 g of a 20 ~ by wei ght aqueous sol ution

of Latenmul S 18l adeninaneref #iwbnirespsaltt tof tbesnfﬁ%ﬂ%iﬁ?%‘ldi ester

having, in a nolecule thereof, a double bond copol yneri zable with an

ethyl enical |y urisatu 0 ¥satneefasrretkrihabeig &t @fedhen® 18613y SRAB -~ cor p. |

Ja pan) were charged into a reactor equipped with a stirrer, r.ef | ux

condenser and atidrerhdmdBistefl B ARRERK WA e XN SFFh G &%&I Sfi ke

vessel s for dropw se feeding (hereinafter referred to as "drappi .

vessel s"). 15 THee | PRRFIRATIEADErS2hreC of g het %accci}a(g’rgewélsn eﬁegc\%alpgge{lo 78 C
Subsequently, 0..5 f a iU rsulfate i l-gact or,

and the resul t aht®hi &’?u&éﬁ% %c'?]tegg %{r:] ?/\gis %%?I’Stl)’é;e t 78§%§C§Sh§l#gﬁhour,

thereby . obtaifinga.ped, | 8bexs 10enathtal Al Smdish ispitsdiion e 1.8.

To the obtained’'s atex'int react or was
15 photocatalyst sol.

The above-described platinum solution means a so-
lution comprising a platinum compound and a solvent.
- Examples of platinum compounds include platinum (II)
chloride, hydrogen tetrachloroplatinate (II), platinum
20 (IV) chloride, hydrogen hexachloroplatinate (IV), ammo-
nium hexachloroplatinate (IV), potassium hexachloro-
platinate (IV), platinum (II) hydroxide, platinum (IV)
dioxide, dichloro(dicyclopentadienyl) platinum (I1), a
platinum-vinylsiloxane complex, a platinum-phosphine

25 complex, and a platinum-olefin complex. Examples of



added a solution containing 3 g of nethacrylic acid, 12 g of diacetone
acrylam de, 165 g of nethyl nethacrylate, 160 g @§ft Ylo@gsy! ate, 60 g of
-cycl ohexyl nethacryl 25 ate, 330 g of water, 2 ~ by wei ght
aqueous 9 Cctober, 2002 173 solution of Latermul S-180A and 1.0 g of
amoni um per sul fate, and another solution containing 2.5 g of

“Ynet hacryl oxypr opyl t ri net hoxysi | ane, 25 g of dinmethyldi nethoxysil ane and
25 g of methyltrinmethoxysilane, 5 whereii4the two sol utions were separately
charged into the reactor through respective dropping vessels at 80 C over 3
hours while stirring. After the dropw se addition of the two solutions, the
i nternal tenpefatRRtHIIRHEIGR HRHT net T at &F PGP 85 CPTRF Prie

Cemperature, (G OREIGoyt A TALO TR | OGRRE . THE B s SPEg ofot he o
ti 1 Xt inth d d f 1. 15 A 25 ~

L;a\(/:ve: gﬂt ma)c(]ug e%lcg%%%’ére%ﬁ%gi% S%nega%sﬁéfﬁéug“nicrﬂm%ﬁqﬂ]eé ﬁiergc%ar so as to

adj ust the pH Vg%%'fnﬁ&];\ é%f%{iegr?t'%sgé ﬁ%%?enfexg% e end N d&aftipn m X

ture was filter roug WTeée size) to renove aggregates

fromthger eactjcjggnn'létfljg 6!]868%%280 gﬁgt%%%@p emul sion. The amount of

the aggregates was as snall as . in terns of the weight

percentage of the ggi.gd aggr f9atese Hased Lhscd 4 peightapd the
nononer s used. Theqo%t ai-ned emul si gn had 20;2%' i d% coﬁ%sent of %5 44.0 ~ by

wei ght, and thﬁl&@kﬂﬁﬁ 882t Peht LS| erfhdiBied with Ftohgit ROPIH of the
particles in the emul sion was 128 pm Reference Exanple 9 (Preparation of

an aqueous sol whienenfth seshcanbhazafeeldetiomtanved)a 5h@BO grof reopropanol
and 20 g of hydrazi ne nonohy drate were charged into a reactor equi pped
with a re fl uxspendensty, gehbeanedeierthadcendt¢tienr and comdtd@mper at ure.
A solution of 42 g of Duranate 24A (trade nane of 10 a biuret type

pol yi sboyanat eval€dceohtrdt o£28hg phoyogetghyyt ( manidact tkeeiasdd dd d by
Asahi Kasei Kogyo Kabushi ki Kaisha, Japan) in 168 g of tetrahydrofuran was
charged into t k& RB6ferwedt tbatdtheatightovertabp? oiberattiyavhelebur at 40

Cwhile stirring, and_the resul 15 Cant m xture in the reacltor was s_,ctirred
at 40 C for 3 R8HFs, TRIPRESS ot athghy WS il (fip ultraviole

lamp, a BLB lamp, a xenon lamp, a mercury lamp and a
filuorescent lamp.

15 There is no particular limitation with respect to
the method for the light irradiation. However, even
when the above-mentioned mixture is placed in a trans-

~ parent container, the light is caused to be absorbed in
the walls of the container. Therefore, it is preferred

20 to irradiate the light through an opening of the con-
tainer.

It is preferred that the distance between the
light source and the container is in the range of from
several to several tens of centimeters. When the dis-

25 tance is too small, there is a danger that the surface



Tetrahydr of uran, hydrazine, water and the like ' were renoved fromthe

obt ai ned reaction m xture by dis tillation underg’&q'dpgg Egp%sure, and an
appropriate 20 anount of water was added to the TXture, to

t hereby obtain an aqueous solution of a sem carbazi de derivative (solids
content of the solution: 30 ~ by weight). 25 Exanple 14 9 Cctober, 2002
175 300 g of Tinoc A-6 (which is the sane as used in Exanple 1) was charged
into a reactor equipped with a reflux condthser, a thernometer and a
stirrer. Subse quently, 15.3 g of the solution of conpound (5) ob 5 taned
in Ref erence EX%HELE 6. was ﬁhargg into the re actor over approximately 30
mnutes at 30 COwhirP& &PPYE{§SCIndefhBixENapt 4t IFiREUPE FhRetheat eact or
was stirred at 30 far .5 hours tq effect a reactign of Tingc A-6 with
conmpound (5) an m%%é?ﬁyfFﬁ@ ¥%§236§$Fi5f5r89es ?uﬁ?@ﬁ?Jﬁ?ﬁ%héﬁEﬁy
obtain a sol co I QL i fie i articles | | _dispersed therein
wherein the volgﬁg ﬁéggagggtﬁglg°§ig§§ er 5 etﬁéwﬁ%ﬁp?lé nT%Bge%%} Ycles

was 18 nm Duri BGobigs! 6ACkiAnAEaas M By L COMBaUNC (Bl fiygl ogen gas
(0] t ra

was generated. The 15 volune o e gen ped hydr ogen gas Wwas n! as
neasuredsat 23 vGriBR ﬁgg%ﬂgﬁhbu%hWQﬁeoQ&@hﬂ@gakﬂoﬁupﬁ£éﬂ i@&l%ft e Sane
e a

manner as in Exanple 1. The obtained IR spectrum showed that™t sorption
ascribed to a TiigHtgkeupcef. 28eddP21 PRl tykbesthd iHHRRE: A fli sappear ed,
wherein the above-nenti oned absorption had been observed in the I'R spectrum
of Ti 02 prior tdotrhedmddif iseateiran ekcbhasTid2spactht! e6ns VWENMiheL&H! ai ned

sol was allowed to stand still 25 at 30 C for 100 days, the vol une nean
particle diame platdotuobes, f2002yl16mbedlaketihennmodef brdtdt@Rapasti cl es was
still as small as 23 nm On the other hand, 11.3 g of the aqueous sol ution

of a sem carbazP@stdediegati ve (obtained in Reference 5 Exanple 9) was added
to 200 of the enulsion of -a silicon-nodified polynmer having a keto group
(obtainga In the modified photocatalyst sol of the present
invention, the modified photocatalyst is dispersed in
water and/or an organic solvent, with high stability.
In the modified photocatalyst sol of the present
invention, the modified photocatalyst particles have a
15 volume mean particle diameter of 800 nm or less. The
volume mean particle diameter herein is not measured
with respect to the modified photocatalyst particles
~ isolated from the modified photocatalyst sol, but is
measured with respect to the modified photocatalyst
20 particles dispersed in the modified photocatalyst sol.
When the modified photocatalyst particles have a
volume mean particle diameter of more than 800 nm, the
dispersion stability of the modified photocatalyst sol

becomes poor. In addition, not only the modified pho-

25 tocatalyst sol per se but also even a modified photo-



in Reference Exanple 8) over approximtely 20 m nutes at room tenperature
while stirring, thereby obtaining a mxture. 19 detbbhér.cpoorned m xture was
-added 230 g of the above-nentioned sol over app_rmé’l_y_S'O' m nut es at
roomtenperature while stirring, and the resultant mx ture was stirred at
roomtenperature for 3 hours, thereby obtaining a nodified photocatal yst
conposition. 15 Using the obtained nodified photocatal yst conposi Lion, a
transparent and snooth filmwas fornmed of% he surface of a glass plate in
substantially the sane man" ner as in Exanple 12. The surface of the film

was evaluated wth respect to the photocatal yst. activity..2Q The | uation
was good (0). %EaiEFEnFPEHOFéFFSno‘FOTHEf%’i‘ h’fh%fm?#ett%q rﬁ%a Oecfaetlé/%’rrersi on

in acetone was_97 ~, which shows that th il mhad an e t vent
resi stance. 251¥REnpPé ng aQr&?fLBbS?fm%gOée1"}56(?07)5‘9‘3 o%gglg-%zcir\%ﬁch i's
the sane as usedtin Ex anmple 5) and 50 g of water were charged into a first
react or equi ppgd %Ph a ref |ux condenser, a thernoneter and a stirrer.

Subsequent |y, 26 gx%ft%%?gﬁ%%%&%?Qn%%n%i%BUPQBQda&ﬁleebﬁaiQeéukﬁhé@ference

Exanpl e 7 was char géd int I FSt reactor over approximately 30 m nutes

at 30 Cowhile g‘nk%?)i\z%gﬁn%nant heeor gggggée&om é_t&Hi@ii:% sheché rsbaieasd or was

stirred™at 30 ours to ef a reaction of STS-02 with conpound

(6) 10 and mdb&%tﬁ'&%_tgl%tp%btli &hn@s aaf cSFSc@ntt axtheLehyonbyatnoas sol
containing noditied TiO2 particles well dis persed therein, wherein the

vol une mean parkiingtQ odisameuddy a@f thilee rAngi-FoeaifgOaopattycl es was 38 nm
During the reaction of STS-02 with conpound (6), hydrogen gas 15 was

gener at ed. The mé@iFiedfcdta yganerat,ed thydr pgefiegasdwasaf40hed magdineasur ed
at 24 C. An IR spectrum was obtained in substanti aII% the ' sane manner as
in Exanpl e 1. Fhedltha troech el ysyie glanivhcs leswd@ vehat ve ém9b§@PBtPéﬁtéscribed
to a Ti-OH group of 20 Ti 02 particles in STS-02 di sappeared, wherein the
above- rEnt i onedl@bsbiame tar M 4 MibisTeleSd i Molke AARABHBEEPHMIST 47002
prior to the nodification of the Ti02 particles. 100 % of ttge -
above- ment i oned WL 15 g il Wamare Rdyed trd§oss LKIELAMREa t80 4 O SBM1 025N
(trade nanme of a 9 Cctober, 2002 17s
, and especially advantageously from 5 to 80 nm.
As described above, in the present invention, the
volume mean particle diameter is measured with respect
15 to the modified photocatalyst particles (which may con-
tain the secondary particles) dispersed in the modified
photocatalyst sol. On the other hand, conventionally,
- in many cases, the value referred to simply as a “par-
ticle diameter” with respect to titanium dioxide and
20 '~ the like is not a particle dilameter measured with re-
spect to the secondary particles formed by coagulation
of the primary particles, but is a particle diameter
measured only with respect to the primary particles.

The modified photocatalyst sol of the present in-

25 vention is a sol comprising the above-described modi-



25 ~ aqueous solution of a surfactant; manufactured and sold by ASAH DENKA
KOGYO K. K., Japan) were charged into a second reg§¢y&fo i wth a
stirrer, a reflux condenser, a dropping vessel a er. The 5
internal tenperature of the second reactor was el evated to 80 C
Subsequently, a solution containing 6 g of nethacrylic acid, 61 g of butyl
acrylate, 70 g of nethyl nethacrylate, 1.2 of acrylam de, 80 g of water)
2.7 g of Adeca Rea soap SE-1025N, 1.4 g ofsgodiun1p 10 styrenesul fonate and
0.5 g of ammoni um persul fate was dropw se added through the dropping vessel
to the secand r%actor at 80 C.over 2 haours while stirring. After the

addi tion of therd&RuPPOFCEfalyssuPREtEClios GlePerseReiBeBohddnddcher was
stirred at 80 Cﬁﬁor 15.2 ggurs %ng éheg, coolef to roomtenperature. A 25
~ aqueous ammonta %6l utfo #al8°th ?@ d®P HFBCFEQ ¥2E ot r¥actiyt RSt o
esul tant m xt UG SRAL PP (e T Bg? h Mo BCRREH oA BBSHRR RS so as
to 20 renove aggr fr Xt . ahhere bt ai ni.o ified
phot ocat al yst c%ﬁggg%?%gnl%gb%% F??gﬁggﬁbpgbgfhpésg-ggr&%?%??bﬁ%%ﬁ?te
emul si onk. The pRdiFehe@iRhel acalalysly §IMRASI 'to.”bQ@Qdaogokhgswgﬁ?gﬂﬁm of
23.4 ~ by weight, and thé volune nean particle dianeter 25 of particles in

the compositi onowasn5 maal £1cd GHoMUVataa9e3 569 .Usi ng the obt ai ned
nodi fi ed photocatal yst conposi tion, a transparent and snmooth fil m was

forned on the surfaceltdf redass 1 ali i1ypd/st aMd alilgnilthaesam, man ner as
in Exanple 12. The surface of the filmwas 5 evaluated with respect to the
phot ocat al yst achieviet Y.s Dae tevalluat inon 1Mas tgaddnRebadgenaeebxanpl 6x16n

[ Synthesis of silicon compound (7) containing an Si-H group, which is

sel f - emul si fi able&diemit0 sgdvert 5Ryy bef wdiegikanBxamplsd gf obrdib:S0de1-00GM
(which is the sane as used in Reference Exanple 2) were charged into a
react or 1&qui pped &RitEh i@ Hedeue dysaeomddrlic ateentonseérveand aushiaser, and
the resultant mxture 15 in the reactor was heated to 80 C while stirring.

On the other hafdP*38€y e WHRNFEINISTRN WS thy leretamrdeasagesanen

Ref erence Exanpl e and.0..5 of a ~ by wei_ght _i sopropanol sol ution of
hydr ogen hexa cﬁfg%§31§ihﬁgt§fﬁgfehe? FQldi§§5V5€81?HSB%VS'20 g
of di oxane. The i | t,a QN .was arged into.the reac.for containing
t he above-nentiSﬁ%%Hﬁ¥X?%?gggﬁéggﬁﬁ”pfgﬁ?ﬁhtg%foghgbﬁguPrgﬁnéﬁ EP;H?P '
stirring, and theded titudlet Yl drfd G HRAGLQT was stirred at 80 C 25

for 2 hours and, then, cooled to roomtenperature, 9 Cctober, 2002 Iso
t her eby 10bt ai ni ng a $@let i:0HHF oTaltiad Y +C ORIV 1( Prnaent 8 Nhngoan; $i - H
group (hereinafter referred to sinply as "conpound (7)"). Wen 100 g of

water was addedwhdoch ghef pifveclaiedyst particles are peptized in a
dispersion medium consisting essentially of water
- (herein the term "dispersion medium consisting essen-
;; tially of water” means a dispersion medium containing
20 about 80 % or more of water)) is used for obtaining the
modified photocataiyst, an agueous sol of the modified
- photocatalyst can be obtained. From the thus obtained
aqueous sol of the modified photocatalyst, it is pos-
sible to obtain a modified photocatalyst organosol

25 (that is, a sol in which the modified photocatalyst



5 obtained solution of conpound (7), the resultant aque ous m xture was in

the formof a dispersion which is slightly whig@?buaﬂéﬁ-zébzthe ot her hand,
: g o

8 g of butyl cellosolve was added to and m xed t he sol ution
of com 10 pound (7), and, then, 8 ml of a 1 N aqueous sodi um hy droxi de
sol ution was added thereto, so that hydrogen gas was generated. The vol une
of the generated hydrogen gas was 45.2 nl as neasured at 21 C. The Si-H
group content of compound (7)) as calcul #t%d fromthe 15 vol une of the
gener ated hydrogen gas, was 0.825 nmmol per g of the solution of conpound
(7) (approximately 3.1 mmol per of HNB—SOl-lOOGW% Ref er enc s le 11
(Synthesis of @erSilciegregs SGaboit SLEPRGSER LBoft CORBBERUCT ichis
self emulsiff able in water and has a fluoroal kyl grou 5 yl
ethyl ketone as®mwrigest egmsrddeligoel éﬁhPEﬁaPict889¥§§E gggﬁggﬁnﬁ%?

Reference Exanple 2) were charged into a reactor equi Lt Rhea reflux 25
condenser, a tH&mbnetiEPesidon ﬂﬁQ%qﬁ'Fogﬁdsgﬁggrgggfgggglgktgge?ﬁ 2002 181

taut m xture in the reactor heat ed t Wi LT L . , 1.6 g
of a 0.25 ~ by SEIYHC Cﬁo&)y%\’)éa':g}emsor? & s%%rgl\gﬁ €aghh' EbRYaid088

di chl orgdi cycl%g)oelg %ﬂd t nyl) platd r])@(cﬁﬂe)zg%%gﬁl&ars_g,qqemt 9 bheshpaetor to

obt ai n m xt ur e ot her han Uni ox MJS-8 (which is the

sae as used i1\ Ref gt efpe BAMLA N Mas i 30l dlgtedhsy sol. yrthybnet hyl

ket one. The resulta n was charged into the reac for containing the
above- nent i oned, oi Xt L e OMpEn@p 10 proxi mately 30 mnutes at 60 C while
stirring, and the resultant mxture in the reactor was stirred at 60 C for

30 minutes to obtai NERapXEsreE Mdirpdfitqrerddnsaricntijingt hpleedd sprdsion g of
a 0.25 ~ by weight dioxane solution of dichloro(dicyclo 15

pent adi enyl ) pl ahéauah! 6F vRE cagiissod vesll i of Hthey nofdinfstady Iphattippa tikdrge, and
the resultant solution was added to the above-obtai ned m xture over
approxi pat el y ongthoan atg&0i€ swivenstirelyd@g: and the resultant mixture in
the reactor was stirred at 60 C for 8 hours 20 and, then, coal ed _t.o_room
tenperature, thereby(bbtainethedalsofifBrARIORIRAISC BY I don ST hg

silicon compound (8) having a fluoroal kyl group.(hereinafter.yeferred to
sinply as "conp@@nghFSPqF?OV%eﬁoio@fgtB? W%&%$l§%§&§ﬁﬁﬁﬁ%%}xf%)%ﬁH%he

above then, water is removed by heating under reduced or at-
mospheric pressure,

15 (1ii) a method in which water in the aqueous sol of

the modified photocatalyst is removed by heating under

reduced or atmospheric pressure, followed by addition

~ ) of an organic solvent, and

(iii) a method in which the modified photocatalyst

20 particles in the aqueous sol of the modified photocata-
lyst sol are extracted with an organic solvent.

Examples of organic solvents used for substituting

water contained in the agueous sol include aromatic hy-

drodarbons, such as toluene and xXylene; alcohols, such

25 as ethanol and n-butanol; polyhydric alcohols, such as



25 obt ai ned sol ution of compound (8), the resultant aque 9 Cctober, 202

182 ous mxture was in the formof a dispersio ?W@&Eﬁbéf;%pbﬂht|y white
S a

turbid. On the other hand, 8 g of butyl celloso ed to and m xed
with 1.094 g of the solution of comb5 pound (8), and, then, 8 mM of a 1 N
aqueous sodi um hy droxi de sol uti.on was added thereto, so that hydrogen gas
was generated. The volunme of the generated hydrogen gas was 25.5 nml as
nmeasured at 17 C. The Si-H group content @b conpound (8), as cal cul ated
fromthe 10 volunme of the generated hydrogen gas, was 0.962 muvol per g of
the solution of conpound (8) (approximately 3.31 mmol per g of

HVS- 301- 100GV . e Ref beea cgl fxahpard 12r ¢ debsnue epeytolof dlhwslurdeacieraener gy 15
of a filmprepared froman organic solvent type acrylic coating agent)

Pl a-ace (trade niawes pf sach ongabitysot Vbosolive, sothvwlbelcioddlveodtutivd -agent ;
solids content: 50 ~ by weight) (manufactured and sold by MJSASH PAI NT
CO, 20 LTD., Jepbhysodvecasetahea prepglenatelyeeh nanekHess &fhexd um The
gl ass plate having cast thereon Pla-ace was dried at roomtenperature for 2
days, followed #9dheEePH§RAGIAYCEY TORRPTBPYWhRYRIDGFierabiPRat I My dFo-
transparent and snooth filmon the surface of the glass 25 plate. 9

Cct ober, 52002 I@@rﬁﬂﬁscoﬁFﬁﬁtaﬁnﬁ?ﬁaBF'M%Y%}O%ﬁﬁ?mgta? FRF I TF the

filmwas 84 as neasured at 20 C he surface ener the filmwas 35.5
dyn/cm at 20 C[t%ESca?Hﬁpa?SeﬁthygnFFﬁga£%n?%€tnéﬁ%ﬁéﬂLﬁﬁ?ﬁﬁﬁ%b15%1I and
Neunann's 5 enpirical forpula. Reference ampl r t he
su?face energ;p ?hgﬁ'aaﬂggﬂgsa8?§%989éiT?E% gp?g%%% %%%?@%d%?gﬂé?éﬁ %he

aqueous acr 1| o s bLEGREERULS! OBsliean, 10ubAl ALNGo ity Lot ASST Stant)

prepared in Conpara e a fransparent and snoot Il mwas

formed on the syibacgeof afi@basS sAbA §s! RiRHPAY8ALEBAL YA NEn s 2B EnSBAINET  as
in Reference Exanple 12. The contact angle of water against the surface of

15 the fpl m wasy89oamatBasyr afiaks20subh dBeasvutatemenc esagy ofiéfigafilm
was 31.5 dyn/cmat 20 C, as calculat ed fromthe contact angle using the

Sel | and NeumanfoSami@gpi hatakekqr sukh. agd0chtampferdh/ #ObOhglefhe Tembe- A- 6
(which is the sane as used in
ride and carbon tetrachloride; dimethyl sulphoxide; ni-
trobenzene; acids; bases; and a mixture of at least two
of the above-described organic solvents. Among these,
15 when method (i) above is used for the solvent substitu-
tion, preferred are hydrophilic organic solvents, such
as butylcellosolve, propylene glycol monoethyl ether,
~ dioxane, tetrahydrofuran, dimethylacetamide, methyl
‘ethyl ketone, ethylene glycol and ethanol, and when
20 method (iii) above is employed for the solvent substi-
tution, preferred are hydrophobic organic solvents,
. such as toluene, xylene, hexane and ethyl acetate.
The modified photocatalyst sol of the present in-

vention as such may be used as a modified photocata-

25 lyst-containing coating composition. Alternatively, it



Exanple 1) and 10.3 g of the solution of conmpound (7) obtained in Reference

Exanpl e 10 were charged into a reactor equi pped%\fg' #oﬁe?;ebw condenser, a

thernoneter 25 and a stirrer over approxinmately room 9

COct ober, 2002 la4 tenperature (30 C) while stirring, and the resultant

m xture in the reactor was stirred at 30 C for 3 hours to effect a reaction
of Tinoc A-6 with conpound (7) and nodify the Ti02 particles of Tinoc A-6
to thereby ob 5 taro a sol containing nodi®fi ed Ti 02 particles well dis
persed therein, wherein the volunme nmean particle dianme ter of the nodified
Ti 02 particles was 17 nm ring the reaction of Tinoc A-6 wth conpound
(7), hydrogen g‘ﬁ?yvég Bﬁﬁg%PeageTﬂﬁl\%T AECTIPE AP IRIF R Ty FVED gen

m d ' ' [
dobstantial ly | Rb aRoCRIRALP 188 Fhenamb 50 PATRSBE SN ot b ttm

showed that the rpt.i.o Al Ti -OH group of Ti02 particles in
Ti noc A-6 di sap%ggrggd%\?mg}lg?%agﬁgg1%8% E?/%g?rbnti oned absorpti on had been

observed in the IR spec j Lpr ?Pc i f4 i e Ti02

particles. 100 g of Egt ;flgggﬁ{jggs%%%?%\gg %{’fg%é tofgf‘goé%(;%ié I%Fe%ebr{é;i ned sol
over appgoxi mat ehyehQ1BhNULES 18t pEEPEY20a! EARET B4 Laf 23 &8 WM | sge ri ng
and, then, water was renoved fromthe resultant m xture under reduced

pressure by nmeang)obramhevapeiataescBUBEegIHEAl fYed aPhaPPERPE1 R syunt  of
butyl cellosolve was added to the m xture so that the solids content of the

m xture be 25 capethe8weiblitwgDghbf ther etycobbradi Hgbatantgaesch of 9

Cct ober, 2002 185 containing particles well dispersed therein, wherein the
vol une mean par thel gedigast € C)oantih¢Dpalsi thesewas @6 tie Whighbtaf ned
organosol was spray-coated on a glass 5 plate in a thickness of 2 um The
coat ed gl ass pl aréivies .dii.ed .at{C30@ (C)f weight wetko.t her ébythierrmge of
transparent and snooth filmon the surface of the glass plate. The contact
angl e oftOwat er &FMn St CORE &or 16 BPTeOafMaNEAfAPWASY OSTEM Q- fhstR ed at
20 C. The surfaﬁe energy of the filmwas 26.5 dyn/cmat 20 C, as cal cul ated
fromthe contac Oangl e using the Sell and Neu mann's enpirical fornula.

Hereinbelow, an explanation 1s made with respect
to the photocatalyst composition comprising the modi-
fied photocatalyst sol and the functional substénce,

15 taking as an example the use of a resin as the func-
tional substance.

With respect to the resin used as the functional

- substance in the photocatalyst composition of the pre-
sent invention, any synthetic resin and any natural
20 resin may be used. There is no particular limitation
with respect to the form bf the resin, and the resin
may be in the form of pellets or in the form of a solu-
tion or dispersion thereof in a solvent. It is most
preferred that the resin is in the form of a coating

25 resin composition.



20 g of the organosol was added to Pl a-ace (which 15 is the sane as used in
Ref erence Exanple 12) over approximately 10 m guhgtokér,/ZO0RL enper at ure
‘while stirring, thereby obtaining a nodified photocatalyst conposition. The
nodi fi ed photocatal yst conposition was casted 20 on an OHP filmin a

t-hi ckness of 20 pm The casted -OHP filmwas dried at roomtenperature for 2
‘days, followed by heat drying at 50 C for_3 days, thereby form ng a snooth
filmon the surface of the OHP film The?distribution of titaniumatons in
a cross 25 section of the filmforned on the surface of the GHP 9

Oct ober, 2002 186 filmwas neasured by neans of e ;i spersive X ray
spectromet er. The Wkl FeBPeEhet retler G Y s % owﬁgﬁ# ﬁfg% 2." As can be

seen fromFig. 2, in the fil or ned £ sur f R fail m

Ti 02 particl estR@r® %%tn‘br}é%g%‘u{c f‘%f h]gﬂ?ﬁts%%%or?'l I%ﬁ@ﬁ‘ﬁygcce&{(%%r?qggnt act with
the OHP filmas a substrate), and the fi f o8 Halit he OHP
filmhad a di s$97bHEY oh®D nﬁwp%salrﬁ%l{‘ erég%mgé g?%ec?hr]%é (r:l%}]%g]\{ ration of TiO02
particles in 10 creases fr e Jnsd il 13C & did G loa@t iw-t h t he
OHP film toma?‘ab?ﬁ%n%ﬁfsi%gg“ﬁﬂerﬁ Srz,sgmg&gocgeel Op;‘lo{s{l?ﬁ top'?)he inside film
surface_in con Lih_the fi t hgrgolhensut espitideld i | m
formed Bn the égﬁéer%gcgagfp%EE%CH%n}??%§§£s eval uat ed wg?ﬁ respect to the
phot ocat al yst gﬁggﬁibgin{hqc@ﬁ@gyﬁghgnamg§ngnediéCbésiﬁxaﬂ@¢n 48 20 300 ¢
of Tinoc A-6 (which I's the sane as used in Exanple 1) and 15.5'g of the

sol ution of cogpeyndc(@ksaht annedpbryReésiancenEnaaphangireeie. charged into
a reactor equipped with a reflux condenser, a thernoneter and a stirrer

over approxi maFelyra0 resiut,es atllicome2Boryiper Z86i8 (80 THKEWAI FeSERirring,
and the resultant 9 Cctober, 2002 Is~ mixture in the reactor was stirred
at 30 C for 5 haummihoadkivectresineaet vonysf resade AN6URFERUEBRPBuUNnd (8) and
modi fy the TiOz particles of Tinoc A-6 to thereby ob tain_a sot containing
modi fi ad Ti Oz paillyesites weidindiands apehdeFingdes FUbRREl e At AEYGB Ene mean
particle diane ter of the nodified Ti02 eﬁrticles s ;30 %n]eDEEEHg t he
reaction of Tisy@tRedig tredehpRind (8PCth@dr §Fet™Yas Whs "JBReFateéd. The

vol unme of the generated hydrogen ,gas_was _ 140 S as.ur- t C. 10 An
| R spect r um wa$6bt3dt R W%g"&?&hﬁiyﬁel Vs netms’a%en%n%g%%%g%i ngz xanpl e 1.

The obtained IR spectrum showed f. t rPNu S Haliked ,tana Ti-COH
group of Ti 02 ﬁ%ﬁﬁhﬁ%&?i?ﬁﬁ%%g%£ggé( |s§€g§gf£ , mherg%ﬁ'tﬁe

above- nent i oned, i raed-iidh it higndR el ngpgetinem of Ti Oz
oA Pt B P e L B

prior to the no 02 particles. 100 g of butyl cellosolve
was addﬁg to 100 g Q&nong these coating resin compositions, preferred

are compositions containing a silicone resin, a fluoro
resin énd a combination thereof, each of which is un-

- likely to be decomposed by the action of the photocata-
lyst.

20 Examples of silicone resins include alkoxysilanes,
organoalkoxysilanes, hydrolysis reaction products
thereof (polysiloxanes), and mixtures thereof with col-
loidal silica; resins, such as an acrylic-silicone
resin, an epoxy-silicone resin or a urethane-silicone

25 resin, wherein the resin contains 1 to 80 % by weight



t he obtained sol over approximately 10 m nutes at roomtenperature (23 O
while stirring and, then, the water 20 was renpvgétd l.t%égsul t ant

m xture under reduced pressure by neans of an evaporator, tnereby obtai ning
a m xture. Subsequently, an appropriate anount of butyl cellosolve was
added to the obtained mixture so that the solids content of the resultant

m xture becane 25 7.1 ~ by weight, thereby obtaining an organosol com 9
Oct ober, 2002 |ss prising butyl cellosolveqas a di spersion medium
containing particles well dispersed therein. Using the obtained organosol,
a transparent a gggﬁh filmwas formed on the surface of a glass plate 5

in substantiallggt% SHBCiainer TSP NCRRRAPIELILTS TPRPELRIRGt L akQl e of
t inst t the fil 106.0 dat 20 C Th
St Tace ener gy 80 oY FEHEhEs OFomh AYRPERFALEDE: ol et YA CRrAPRE T om t he
t act | I t | ! i r4cal .. 20 f
Che organosol vaisaaad"Pe-pdgRdsorept i dBePraafeh FasPhet St darfeed 7
reference Exambafe}2hnySl: ARANGHAIR 8hY (4R MhAY! gﬁ%ﬁ%?i&? tepperatyre (23

C) while stirring, 'thereby obtaining a nodified 1 ocarf al yst

conposi t son. Thennednki-ednRRokocahakyst ¢RERASI trfrfw AR, d %%érgﬁc%cfm oHP

filmin a thickness of 20 um The tasted OHP - filmwas dried at room
tenperature for s2idayne freldigwedahy peeah Qﬁ?iBGrﬁto§QaCé$Pﬁt§oHa¥§¢réh?reby
formng a 20 snmooth filmon the surface of the OHP film The distribution
of titanium at onE i & GOAY2nIGCl @A spbrkhenf thexberned anséieest! fase of
the OHP fil mwas neasured by neans of an energy-di spersive Xray

spect ronet er. The poasigint thfercoE .neBsotieaentthes 261 sdvmn res Frigg.maz 9

Oct ober, 2002 190 The distribution of titaniumatons in a crosssection of
the filmfornedcontaie yarfigus edditdvesk st aasanenssesetlibyingans of an
ener gy-di spersive Xray spectroneter. The result of the neasurenent showed 5
that théOfilm fBAREF 0ofF CR¢adysttac@dothehdi®rP fil m had a di'stribution of

Ti 02 particles wherein the concentra tion of Ti02 particles increases from
the inside film surf&XE™PiHScHht FEEORYERLERES CRPAf PTEFROBIBO WY $ HEARRS si de

filmsurface (op 05it& 12 t he .insi de filn1surfgce 10 in contact with the

OHP film. FurtRer4%e I ALE Y SEHEREF nPREPBE bRTT RS ERPFRELIPe ¢ he
OHP filmwas eval i T ec t he_ph | yst activity. The

eval uati on was gggg%%&h%%ﬁgﬁﬁgﬁgatﬁﬁég —gﬁB 88§9%§?§%X%ra-ace (m%ich is the
sane as used i n+Referen d@gyy@- h.fi : d on the surl
face of an COHP F?ﬁﬁ?ﬁﬁ'gﬁ%stantﬁ%ﬁ%%)Fﬁg Zgﬁggngnhg?bggéﬁ%g§%?Exanple 18.

However 15n0 photeaaiaopsis iacined ! subAS a@bset¥ed talmbPRogYE L 8eRe O the
formed film i.e., the evaluation

methyltriethoxysilane, ethyltrimethoxysilane,

ethyltriethoxysilane, n-propyltrimethoxysilane,
n-propyltriethoxysilane, i-propyltrimethoxysilane,
o l-propyltriethoxysilane, n—butyitrimethoxysilane,
20 n-butyltriethoxysilane, n-pentyltrimethoxysilane,
n—hexyltrimethoxysilane, n-heptyltrimethoxysilane,

n-octyltrimethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclohexyltriethoxysilane, phenyltrimethoxysilane,

25 phenyltriethoxysilane, 3-chloropropyltrimethoxysilane,



was "X. 25 Conparative Exanple 9 9 COctober, 202 191 KS-247 (trade nane
of an organosol of anatase-type titani um oxi deg @ekypEr,/BO0O20ArtICle

‘di anet er of particles dispersed in the organosﬁTT—B“ﬁﬁfWﬁTEﬁ is a value
described in the catalog, mcell dianeter: 30 to 60 nm5 which is a val ue
described in the catalog, solids con tent: 15 ~ by weight) (manufactured
and sold by TAYCA CORP., Japan) was spray-coated on a glass plate in a

t hi ckness of 0.5 um The coated gl ass pléée was dried at 50 C for one week,
thereby formng a filmon the 10 surface of the glass plate. The contact

angl e of water against the surface of ige filmwas 69.8 as neasured at 20
C. The surface3efBtByCBFOPRELFLPRPQAAES 4838 dyn/cm at 20 C, as cal cul ated

oy e cal JTouryla of oell; VYRR, g2 g of (he above: ment oned
o ence BT ¢ 121 01S0 SRR TR ebindR I e oL oom temerature (2

onposition. Using the obtained
conposition, a3§ﬁggkgﬁégﬁgakg&wg§h39§gggﬁgﬁéthe surface of an OHP filmin

sub stantially S nNer as I'n 18. The distribution of

titani um atons,i i hgpki | mforned on the surface of the
3 gmin%&%%ﬁxé%%&%%?o&&s& .

OHP fil mwas neasure ans of an energy-di spersive X 25 ray

spectroneter. Ehgy(i%tklytg%h%fltt;.:riglerm@g(%gmﬁta, 9 Cctober, 2002 192 showed
that the titaniumatons exhibited a randomdis tribution and that the Ti 02

particles, di d pahyetiyietng 1dirSidthbutyisanane , whi ch the concentration of the
Ti 02 particles increases fromthe inside filmsurface toward 5 the outside

filmsurface (nRergidedxypnopyd teHRefihloxysifaneher, the surface of the forned
filmwas evalu ated with respect to the photocatal yst activity. The

eval uati on was 2ptydroxypropyltmrethdxysidanel0 Conparative Exanple 10 30 ¢
of ST-OL (which is the sane as used in Com parative Exanple 4) and 120 g of
t'ol uendoner e clRahgeitaxvnr @ widamethegvisigédeni th a refl ux condenser, a
thermometer and a stirrer, and the resultant mxture in 15 the reactor was
heated to 50 C3whyd&siRGIRIGLtHAFRFS1Ii80 e he 1i qui d nedi um of the

m xture, the parti cles were th digﬂgrsed but precipitated, so that no
3-mercaptopropyltrimethoxysilane,

3-mercaptopropyltriethoxysilane,
3-isocyanatopropyltrimethoxysilane,

15 3-isocyanatopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3—glycidoxypropyltriethoxysilanef

- 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
2—(3,4—époxycyclohexyl)ethyltriethoxysilane,

20 3-(meth)acryloxypropyltrimethoxysilane,
3-(meth)acryloxypropyltriethoxysilqne,
3-ureidopropyltrimethoxysilane and
3-ureidopropyltriethoxysilane; dialkoxysilanes, such as
dimethyldimethoxysilane, dimethyldiethoxysilane,

25 diethyldimethoxysilane, diethyldiethoxysilane,



sol was forned. Subsequently, 12.9 g of the solution of conpound 20 (7)
obtained in Reference Exanple 10 was charged in I a over
approximately 30 mnutes at 50 C while stirring?ggﬁﬁg 2200, tant m xture
in the reac for was stirred at 50 C for 3 hours to effect a reac tion of
ST-OL wth compound (7) and nodify the Ti02 25 particles of ST-OL to

t hereby obtain a nodified photo 9 Cctober, 2002 193 catal yst dispersion.
During the reaction of ST-OL with compound®$7), hydrogen gas was gener at ed.
The vol une of the generated hydrogen gas was 70 ml as neasured at 19 C. The
obt ai ned nodi fi g ghotoca aL%%E di spersion 5 was an unstabl e di spersion
wherein the dis§ r S & O thogy spddinei- e L pRoPEERY AR Y8 ENPEY $1 £8RR]. was
unabl e to be maijntai ned _and.the particles precipitated with the | apse of
time. The nndingag“ﬁ5P88§% PSOFYS eond&é%”BFaﬁgﬁd%?tE@XﬁﬁH%?g?educed

t 50 G.t ; . | i_qui, di f the. npdi fied
Phot ocat al yst didpar oios L8kt as ¥l ahe g Lans Bl CAFEACREREHRRE: ¢ ¢ ani um
ide. Th bt aizned _ j i titani ide. t db
el et 21 ng mehne Porigaginstuiauisiel 1 paRsREy Fa1 P RpbirElite ™ °
absorptign spech&og&h&&yrﬁﬁﬁgggg q %ﬁﬂqe%%wﬂ§h8§??5§%§$9x§§9féng pressure
pe a nodifre

of 750 kg/cne, thereby 0obtalning et o ani um oxi de.

Th t act ke -ef- e j f i t
e contact angle -ef- neaten saarithehng a5u ﬁﬁei}og?b?gl@?!zﬁﬁ%sPféé%,_ M

93.0 as neasured at 20 20 C. The surface energ e pellet” was
dyn/em at 20 C, dasncalotyllateed thioestinenenpiaii-aabetolamitBoRls Sehhe Neumann.
1.2 g of the above-obtai ned powder of a nodified titani um oxi de was added
to 100 g of Pl addewyc{whieclyliddm2d hiolkey sidnmeds disgdlbhekiel €1 etE6xFx oM e, 12)
at roomtem 9 COctober, 2002 194 perature (23 C) while stirring, thereby
obt ai ni ng a congdphenyd.divsiting xtylsd 1alnteaiandd ddphpogildiethoryéil anansaidr ned
on the surf ace of an OHP filmin substantially the sane 5 manner as in
Exanpl e 1£7. TheM@negdkexwisdd apest.i saghumsatodmethyimetbssysétanenand t he
filmformed on the surface of the OHP fil mwas nmeasured by neans of an
ener gy- di sper si V&1ReHPYIpdborgmdtane ;TRadr s5al Ldkef tAmonmatheassnent 10
showed that the_titanium atons exhibited a randomdis tribution and that a

consi derabl e anBuTt 6 °fi 62 SpdrlidFOXYReraTes - c 6HERCRS W RhY her Ste tlace of
the OHP fil F et N f f .t f d fil . | ted with
ospect 1o the Srofacars s ReRRS i iRe R Tionry athdiat Rl {1 6

"X or "D'). lanes, such as dimethyldimethoxysilane and dimethyldi-
15 ethoxysilane. The above-mentioned alkoxysilanes and
organoalkoxysilanes may be used individually or in com-
bination.
~ When the hydrolysis reaction product
(polysiloxane) of the alkoxysilane and/or organoalk-
20 oxysilane is used as the coating resin compositions,

the weight average molecular weight (Mw) of the partial
polycondensation product obtained by the hydrolysis re-
action is preferably in the range of from 400 to |
100,000, more preferably from 800 to 50,000.

25 Examples of the above-mentioned fluoro resins in-



Ref-erence Exanple 14 [Synthesis of Si-H group - containing silicon conpound
(9) having ‘a cyclic acid anhydride group] 20 16@ g% bg' 05802 and 100 g of
KF9901 (which is the sane as used in Reference %%anp&e—§7—mere charged into
a reactor equi pped with a reflux condense a thernoneter and a stirrer,
and the resultant mxture in the reactor was heated to 80 C while stirring.
25 50 g of Uniox MJS-8 (which is the sanme as used in 9 Cctober, 2002 195
Ref erence Exa , g - RAakbarnensy- L.gar LC drite, and
Tﬂibl%d@ .pmﬁf%,i gg;lf(ﬁn%ﬁita%]n% Eﬁu%rﬁﬁhg drggg%hb, anbydrd

1.1 gof ab y wei ght propan solution o

hexachl oropl at | Jatellpfs Ly RUET ArllepRANed ool 8s9n Of afls0xane. 5

The resul tant solution was charged 1 nto the above nentioned reactor over

approxi mat el y QG e A1 B MUIE, Sidrdind tnandelsha EakhiAgti Mxture in
the reac for was stirred at 80 C for 2 hours and, then, cooled to room

t enperat ure, 'tfmeéoyoyﬁMérdgﬂmg:@ S gty Hophd yrlerd @EOHP£EABESL NI NG
siljcon conpound (9) having a cy clic acid anhydride group (hereinafter

referredsto si.snddin atnd cormpaBh{(rhon &ingatfuratied compbbasal veuwrs added
to and mxed with 1.4 g of the solution of conmpound (9), and, then, 15 8 m
of a 1 N aqueouss sdringlhyetitoxt dea salnyl easteas, atded lyhlecemppusd, t ad

hydr ogen gas was generated, and the volune of the generated hydrogen gas
was 35.8 ml as a (esishiyadeEtatdd «GerThe &id Higr dufkeconTkat abdéveonpound .(9),
as calculated fromthe volune of the generated hy 20 drogen gas, was 1.02
-mol per g of thentbdned ol wire orepouhdng)be dppraowi el pf4assmipt per ¢
of KF9901). Reference Exanple 15 [Synthesis of Si-H group containing
silicon conpountlenoyheEsehgin & et ngt 25 spegigdion theoepdbér, 22002 196
30 g of _the solutjon of conpound_ (9) obtained_in Reference Exanple 14 was
chargedPnto a ?%%%?%ﬁ?éﬂﬂﬁgﬁ&?@ﬁ?r?%??%ﬂﬁexF86ﬁﬁéﬁseF?eaf%ﬁ%¥ er and

ti . 50.23 f 2, 4-djnit h | hy. i di |ved in 22.7
o “Let r anydr of uf % MRS EEHE AR A Tty e focrras- O
above- nenti oned £§@£ﬁglr?§ér/§{ ap gg@ﬁ% Ar}/d ?Acql%mﬂqgees at 20 C while

e
stirring, and t‘rl1e res mXxture he Teactor Was stirred at 20 C 10

for 3 hours, therebyybt ail %@i%&tﬂmﬁagrﬁ@rp%%-i%q_gtsag@i fgesilicon

conmpound (10) having a sensitizing group (hereinafter referred to sinply as

"compound (10) "hoddbs ExapRb€odk & RF S0 | OFe Ofngs dTadifdrehaRaobeeat al yst
sol by the use of Si-H group-contalning conmpound (9) having a cyclic acid
anhydri ge groupprepared by subjecting particles of a photocatalyst to
a modification treatment with a modifier.compound which
has at least one reactive group selected from the group
~ consisting of an epoxy dgroup, an écryloyl group, a
methacryloyl group, an acid anhydride group, a keto
20 group, a carboxyl group, a hydrazine group, an isocya—
nate group, an isothiocyanate group, a hydroxyl group,
an amino group, a cyclic carbonate group and an ester
group, it is preferred to mix the modified photocata-

lyst sol with a compound or resin which has a function-

25 al group capable of reacting with the reabtive group of



200 g of STS-02 (which is the sane as used in Ex anple 5) and 100 g of
water were charged into a reactor 20 equi pped V¢ igbtdbes! @gondenser, a
thermoneter and a stirrer, and the resultant mXxture | eact or was
heated to 30 C while stirring. Subsequently, 30 g of the solution of
conpound (9) obtained in Reference Exanple 14 was charged into the reactor
over approxi 25 nutely 30 mnutes at 30 Cwhile stirring, and the re 9
Oct ober, 2002 197 sultant mxture in the PBactor was stirred at 30 C for 3
hours to effect a reaction of STS-02 with conpound (9) and nodify the Ti 02

particles of STS-02 to there obtain a sol containing.nodified Ti _
particles wel | B%iRubrka ¢ “é??ﬁt%%iﬁf]t'her%%&rﬁfr%b%gﬁrgarat f“(?ﬁé

di t f th i fied T102, ticl 29 i he, r i f
STer 02 wi th conEtesos s botbrCHE e, GaMEN ™ Tarhy Sk aBsat o, o
ted hy ,, = 11 , ' R
doectrum s oit SPhoe o eRat By (il e fE IR L btk f} ERALR,
obtained | R spegiyunyshgpede Lhal 446 A0Sl QL AEIdieddio 13 BodkH or oup

of Ti02 particlés i dir Ssappear ed, erel n the above-nenti oned

absorptign had Qf%a@%ery&ﬁtw Fhgct & 151 eoetd Ut (U2 Ridop g the
modi fication of the Ti02 particles. Exanple 21 100 g of STS-02 (which is

the sane as useghiNab¥valnaAPiens) 8AfpSHE OF ¥edBl VENe mhatgedtont-o a
reactor equipped with a reflux condenser, a thernoneter and a stirrer, and
the resultant miytuse tRethextenst ot wascdieat adw &o30 sChohirse sher FaRQ.
Subsequently, 26 g of the solution of conpound (10) obtained in Reference
Ex 25 anple 15 was ochathedreatovibheof eté oreaveivapproxy with Qdteober, 202
198 mately 30 minutes at 30 C while stirring, and the re sultant mxture in
the react or wasfenckiedait g8oug figr 58 hoorslessff daweyereadticon of STS-02
wi th conpound (10) and nodify the Ti02 particles of STS-02 to thereby 5
obtai n a0sol coarapkipRgPBringé, thedmpddiefophpheesd bR EES et IMRA Sifer¥kd
therein, wherein the volume nean parti cle dianeter of the nodified _Ti Oz
particles was 38SnRFePAFPAg2PA¥Sr ESBELBA oF S¥8- P (A &b e %), hy

drogen gas was ner a . [he volu f the generated 10 hydrogen was
110 nl as neasu?gﬁ &nggleg Rﬁogﬁcnggg?F%nFﬁgsaB%t%P%e%b?%ggw%s:5h ially
t he sane manner i The obtained IR spectrum showed that the
absorption ascrF%§8°9852%$ngﬁ&8foup of Ti02 particles in STS-02

di sappear ed, wherei nahie 13nabayevERRALhe8H.aDR0aRE108 bretdesranhserved in
the IR spectrumof Ti02 prior to the nodification of the TiQz

15 compositions, a modified photocatalyst sol which has at

least one reactive group selected from the group con-
sisting of a hydrazine group and a keto group and a
~ modified photocatalyst composition which has at least
one functional substance selected from the group con-
20 sisting of a polyhydrazine compound and a polycarbonyl
compound, are preferred. The reason for this preferen-
ce is because such modified photocatalyst compositions
not only exhibit both good low-temperature curability
and good storage stability, but are also susceptive to

25 a hydrazone cross-linking reaction or a semicarbazone



particles. Using the obtained sol, a transparent (orange) and snmooth film
was fornmed on the surface of a glass plate 20 groéetdlséa2002! y t he sane
-manner as in Exanple 1. The surface of the filmwas eval uated by exam ni ng
how t he hydrophilicity or hydrophobicity of the filmsurface was changed by
sunlight irradiation. The results are shown in Table 4. 25 9 Cctober,
2002 199 Exanple 22 100 g of the sol obtained in Exanple 20 was charged
into a reactor equipped with a reflux cofdenser, a thermoneter and a
stirrer. 5 0.07 g of 2,4-dinitrophenyl hydrazine was dissolved in 7 g of
tetrahydrofuran. The resultant solution was charged. . the. . s

above- ment i one@rPeact BRK RS TePHPE bR T L}#ntﬂ lersgogi fllefmén\%nial e
stirring, and the re sultant njxture in the, MBS, ir 20 C for
10 3 hours, th%%%‘byh%‘ﬁjt%?n?ﬁﬁg]af%%{‘ ROPRET +%§a‘g£r§%ge, rfels)édtli f%‘gg]a?ﬁeOZ

particles well dispersed therein, wh i V, Hd clixgli anet er
of the nDdifieHe?Fgﬁaﬁa?tiﬁgagnﬁgg §§£§%£a ?hggé e dﬁfg?gggfsol, a

transparent (orange%ﬁaﬁs%%?ygfﬁgﬁg Lilvawasnf osned %gﬁxw) S facaeaf- a

gl ass plate in subs € Sane manner as in e 1. The surface

of the filmwag_evalu hol hawst hgoydenpbatbarideorand
hydrophébicitypSngﬁegb?ﬁﬁ?éu?éggggaggzgﬁgﬁgeg £¥ sunlight irradiation. The
results are 20,530M04ka,Tabke of. cBRbBheBcRckaNparalive Example 1 Using the
sol obtained iR }'ﬁp e 20, a transparent and snooth filmwas forned on the
surface of a 25 gl ags Rhake EBl%ﬂb&trathal tympbendaneprefieeredsaid Ex 9
Cct ober, 2002 200 anple 1. The surface of the filmwas eval uated by
exan ni ng how thg gaydheaiidzicet,y amd hpedr ppigsenicpropzife APFAY3biTAce was
changed by sunlight irradiation. The results are shown in Table 4. 5 Table
4 How the hydr gphigdseid .o nhedmeptiobiadi Bptentt Rerlicatiart AEBLWER ~changed
by sunlight irradiation Item Exanple 21 Exanpl e 22Reference Conparative
Exanpl eeolCont adticen@iee. WOXMt&r2idai nst fil m surface(prior to sunlight

ir-76"777 7r adi i on n ngl f r i.n fil [ 2
| ° 090, 7radi atEI.anrzpc;:Loe; %C:xé[ tellleg aeoo%e —\?nlaetnet i% aeld %to lylca%%HY&aggm‘ 6 9

pounds include a copolymer having carbonyl groups, a

carbonyl group-containing polyurethane obtained by us-

ing as a raw material a monohydric or polyhydrié alco-
15 hol having a carbonyl group, such as hydroxyacetone

(see Unexamined Japanese Patent Application Laid-Open

Specification No. 2-238015), a poly(vinyl alcohol) ace-

~ toacetate and a hydroxyalkyl cellulose acetoacetate.

These compounds can be used individually or in combina-
20 tion.

Of these polycarbonyl compounds, preferred is a
carbonyl group-containing copolymer which is obtained
by copolymerizing (a) a carbonyl group-containing eth-
vlenically unsaturated monomer and (b) an ethylenically

25 unsaturated monomer copolymerizable with monomer (a).



39 . 176 . 2( after 3 hours of sun-light irradiation) 10 Reference Exanple

16 [ Synthesis of Si-H groupcontaining silicon CMW ng a
sensitizing .group ] 10 g of 4-am nofl uorescein ; di oxane 15
were charged into a reactor equipped with a reflux condenser, a thernoneter

and a stirrer. 2.4 g of allyl isocyanate was dissolved in 22.6 g of

di oxane. The resultant solution was charged into the above-nentioned
reactor over approximtely 30 9 October, 28002 201 ninutes at 30 C while
stirring, and the resultant mx ture in the reactor was stirred at 30 C for

5 hours. 500 g KF990 \Ahidcgl}ﬁids t he sane as used in Reference Exanple 1)
was charged int anr?eq’%e#ce(rrd:re, & FeRdTMeTs WAl APxPREE1PRd: R¥ Feact or
was heated to 8 il.e.stirring. 370 of Uniox MJS-8 (which is.the
same as used i n%ﬁg{fy\ﬁ]eernlczem&aanﬂl gcol)jgoar%dbg' §ede 8f~m85'/‘0W%FgﬁF)i yath
propanol sol uti chl.orqpl ati nate 10 hexahydrate were
di ssol ved in 1, %%Q{g J(}%ldféf%igbﬁg%tr é)%gl"{oélr?{“esrol((llﬁ’;{i) GRP %’m@ﬁérzagﬁiei nt o

the above-nmenti qneq, I QUBr, approxi mately one hour at 80 C while
stirring, and the resultant m xture in the reactor was stirred at 80 C for

2 hours a&nd, then, coplfpildd rd@@a%oh%ﬁp%&%hkbr—%onttggﬁﬁﬁé ebhghBhRd. 8.
d (11) having a

solution of Si-H group-containing silicon conpoun sensi

tizing group (haneivmafderraei®mabrldrssi (Ml Mg udeomiRedrenel i) . Wien 100
g of water was added to 4 g of the above 20 obtained solution of conpound

(11), the resul tyltanaigite, Qlisadstdny enardadigiRgaERQUacaBd elinansiakent and
had fl uorescence. On the other hand, 8 g of butyl cellosolve was added to
and m xed with egthgfl theegod Utd et aafcedmyyetng 12 methirryaade ,t hesto8 nm  of
a 1 N aqueous sodi um hydr oxi de 9 Cctober, 202 202 sol ution was added
thereto, so thatadffdriptihyasaslafenana dbrmyis tyireneo! ufikesé ¢ dre-
generated hydrogen gas was 33 ml as neasured at 23 C. The Si-H group

cont ent 1 conpdMEdsi9an e agediindy iduehlivhery dhugembiinphdob . gener at ed

hydr ogen gas, was O. | per_g .of the sqlution of conpound (11)
(approximately 3.1 n%?a%e%% YydeDcaplanpreasyrated povopest thhoc

A anch, 5 I B S5 RS LA B AL U5° AR L, o et o
ter, a methacrylic'ester, an ethylenically unsaturated
- monomer having a carboxyl group, an ethylenically un-

15 saturated monomer having an epoxy group, a monomeric
acrylamide derivative, a monomeric methacrylamide de-
rivative and a vinyl cyanide derivative.

~ Examples of (meth)acrylic esters include an alkyl
(meth)acrylate having a C,-C;g alkyl group, a hy-

20 droxyalkyl (meth)acrylate having a Cy-Cqg hydroxyalkyl
group, a (poly)oxyethylene (meth)acrylate having a
(poly)oxyethylene group comprising 1 to 100 ethylene
oxide unit(s), a (poly)oxypropylene (meth)acrylate hav-
ing a (poly)oxypropylene group comprising 1 to 100 pro-

25 pylene oxide unit(s), and a (poly)oxyethylene



quently, 12.5 g of the solution of conpound (11) obtamed in Reference
Exanpl e 16 was charged into the re 15 actor ovegroagphéxi2e02l y 30 m nutes
at 30 Cwhile stirring, and the resultant nm xtGre in the reactor was
stirred at 30 C for 3 hours to effect a reaction of Tinoc A-6 with conpound
(11) and nodify the TiOz particles of Tinoc A-6 to thereby obtain a sol
containing 20 fluorescent, nodified Ti Oz particles well dispersed therein,
wherein the volune mean particle diameteP2f the nodified Ti02 particles
was 23 nm During the reaction of Tinoc A-6 with conpound (11)) hydrogen
gas was generated. The volunme of the generated hydrogen 25 gas 120 m
She R i

as nmeasured atdl@meth)agrpkabpehavingpe 20R i WasTobt al ned in
substantially the same_ nanner as | 1. The, optained IR spectrum

i n_Exanpl
showed that therapiBgpti bR é@@rPBB&l?Begg’ff@wrg’r%Wbbf Ti 02 particles in

Tinoc A-6 di sappeared, wherein the 5 aboye- ti d i : been

oLserved inlthgpIR §B%E?féﬁ1%FaWPSQSp??orm?ggfﬁégﬁgﬁf?%%%%?%hﬁg?h?ﬁ% Ti. O

articles. Using the obtained sol, a tra ar ent el | n) and

I[s)rmot h film ma§gFmrﬁw Qﬂﬁ‘ﬁf]heg’iﬂ)’rl?)aclé‘céfu%ffpfﬁ%&y&ggmﬁfcgl\ls\lgglg?{g‘sgﬁgs'% antially

the samg manner.go.i 0 BXaTBLe acIhensHtate Rbchhgciyiatunsy eval uat ed by
ydr ophi

exaniniﬁg how £A8 I'Tcrty or hydrophobicity of the film surface was
changed by the o310 1 Rf hia@ht, 1GeRt ainairRg18L8Dshe@lUl travi ol et |ight.
The results 15%?’?21?% iQn Ta)laeI}g Reference Conparative Exanple 2 ° Wth

respect to the (iR QN dnle avdiclgae (akta)gbagsapbate which film was
obtained in Exanple 1, the 20 surface of the fil mwas eval uated by

exam ni ng how t he hygheepifild eixanplle shydr pdebxkgalkydf (naeh) acnysaréace was
changed by the irradiation of |ight containing alnost no ultraviolet |ight.
The results arersdiowe inHiatexyetif (r@tB)torelat2002 -Rodrosipararive

Exanple 11 Tinoc A-6 (which - is the sanme as used in Exanple 1) was
spray- caat ed on(nee gl essrylattee dndl R tHyddoresy cdiohexg lufinethd 2683t 848gl ass
plate was dried at roomtenperas ture for one week, thereby formng a
transparent and snodivedifiig cranples Fad® Y JOFYeIPILE0H ate. The surface
of the filmwas eval uated by exam ning how the h droghkli%§5%€%rlat
hydr ophobi ci ty Gfe¥mRerYIR f%ﬁﬁ#%ﬁﬁ;?ﬁﬂ%ﬁﬁﬂft@éﬁﬁ? i‘FEA 85 SR of 11 ght
containing al 10 npost no ultrayviplet |ight. The resyl arg showy,i.pnlabl e
5. Table 5 How $HE H5RP o?)lrﬁ"!"? i{)’?eibl_?iih‘gﬁ‘fjba;%eog?ocﬂ%%%%‘&% ﬁagthfi I'm 15 surface
was changed by g T5APL84T Pleel LLgpLaten dfl iRl Tagoqw ul traviol et
15 (meth)acrylate monomethyl ether, tetraethylene glycol
(meth)acrylate and methoxytetraethylene glycol

(meth)acrylate.

~ Specific examples of (poly)oxypropylene
(meth)acrylates include propylene glycol (meth)acrylate,

20 propylene glycol (meth)acrylate monomethyl ether, di-

propylene glycol (meth)acryléte, dipropylene glycol
(meth)acrylate monomethyl ether, tetrapropylene glycol
(meth)acrylate and tetrapropylene glycol (meth)acrylate
monomethyl ether.

25 Specific examples of (poly)oxyethylene



Exanpl e 23Ref erence Conparative Exanpl e 2Conparati ve Exanpl e 11Cont act

angl e of wateragainst filmsurface25 , 737 . 01 O&QB@'&O%@ | i ght
irra-diation)Contact angle of wateragainst film — 9 38 . 3 16 .
2( after 24 hours oflight irradiation) 9 Cctober, 2002 205 | NDUSTRI AL
APPLI CABI LI TY Wien a filmcontaining a nodified photocatal yst is fornmed on
the surface of a substrate by using the nodi fied photocatal yst sol of the
present invention or the 5 nodified photod&Pal yst conposition of the

present in vention conprising the nodified photocatal yst sol and a

functional substgnce, not only can the nodified photocatal yst be strongly
i mobi | i zed on FﬁQ“‘?&F‘B&&EY YFe O Tea e Ny igar ﬁﬁ)éﬁ@? te conditions

o thout SuT 118 Al ST G, o e aetiy gt W IR et cre. o o
wth the filmar 8 Yst %{eﬁgyareq}eedq%%qgtlh%&a{ﬁe:t%agﬁﬁ_yggger_mdl fied

phot ocat al yst . =3 her, ove- one m’ex I'’s “excel | ent

properties wth reSP%‘btecééitco er}{a%@i%%[]%'}c gp&‘i’é?%k%%%buﬁééicgﬂge

resi stance, hard ness and the T ere e-nentionéed nodified

phot ocat a yst s@{or@yafd AR M‘@ﬁ%}@lﬂ%t:oﬁgnﬁﬁ%hﬁh@naé]E?lgét 5?%', y

useful for, e.g., preventing dirt fromadhering to the surfaces of various

sub 20 strates, mthdyreMan gt d 0a8i B HIIOMAC Ukhinagdi8Natha , SHEfiages of
various substrates. Further, each of the functional conposite and the

shaped articl e cfcildhe pnesented ivreds eaiiablees dt, hanaodirbiced iphategat al yst
contained therein to exert a 25 satisfactory effect at a surface of each of
t he func 9 Cct ober ,SpEAX i20@xangrials canmasiomerdnd (hbehsbhapgdamitiecl e,
thereby effectively preventing dirt from adhering,to the surface thereof
and effectivel y dumiventives floggiude f(mehhoesuyliand den tNhaesbyflade t her eof .

9 October, 2002 20~ CLAIMS 1. A nodified photocatal yst sol conprising a

li qui d medi um havieid: i speiaseidle RardeiNT paraxveleddvds (aeibdiericgdanide .

phot ocat al yst, said particles of a nodified photocatal yst being prepared by
subj ecting particl es B ibtsERS/K Ik yiRviodveRddei 8RTLVEALNERAt 1hit h at

| east one nDdlf"crude (meth)acrylonitrile.

Specific examples of ethylenically unsaturated
monomers having an epoxy group include glycidyl
15 (meth)acrylate, 2,3-epoxycyclohexyl (meth)acrylate and
allyl glycidyl ether.
Further examples of monomers (b) include olefins,
~ such as ethylene, propylene and isobutylene; dienes,
such as butadiene; haloolefins, such as vinyl chloride
20 and vinylidene chloride:; vinyl esters of a carboxylic
acid, such as vinyl acetate, vinyl propionate, vinyl n-
butyrate, vinyl benzoate, vinyl p—t-butylbenzoafe, vi-
nyl pivalate, wvinyl 2-ethylhexanoate, vinyl esters of
Versatic Acids and vinyl laurate; isopropenyl esters of

25 a carboxylic acid, such as isopropenyl acetate and iso-



., conpound selected fromthe group consisting of differ 10 ent conpounds

each of which independently conprises at |east @%&Byﬁt ?%2 unit sel ected

fromthe group con sisting of a nobnooxydi organo resent ed by
formula (1), a dioxyorganosilane unit represented by fornula (2), and a
di.f | uoronet hyl ene unit represented 15 by formula (3): -(RR2Si0)- (1)
wherein each of Rl and R2 i ndependently rep 20 resents a hydrogen atom a
strai ght chain or branched Cl1-C30 al kyl gr¥up, a C5-C20 cycl oal kyl group or
a C6-C20 aryl group which is unsubstituted or substituted with at |east one
substituent -sel ected fromthe group con25 sisting of a O-C20 al kyl group,
a Cl1-C20 9 CctRIHREeN b 9sorg k@x W HivuE BRr s Haldyas &téml RiSy10 105
(2) wherein Rl is as defined for formula (1), and -(CF2) 10 (3), said

nodi fi ed phot ocEI§%st IRARY Y bsViRid mtherw anthevrlanaxylt vdnyldesheter of
800 nmor less. 2. The nodjfied photocatal yst sol according to claim15 1,

wherei n sai d phdtTU &S SHHE t FUTRUNAF orSUN 3 FHFETS &G JA¥heat nent
h | ticl j t f 200 | . .3.. Th i.fied
phat ocat al yot Sor HERE b b LR AT o0 4TbraD e e Wik ROAPLEEY
phot ocat ta}F]ySt PaTLA £1£5 ;hra%lfl l‘@hﬂ{% mealPald 'acﬂle%l&{]d:e(a:thwle.ret :;ggggflgm or

less to e exclusion o 1es 0 he” particl€s noie

accor ding 1o any b GTEREr PORED! 563 e ar- TR ERe Rt IRRAAT" o7 Ve,
al lowed to standsfiadd, Qigﬁeg@paéi?/g?{mlmgj NS 8 AWk TR particl e

di anmeter of said nodified photocat particles at 800 nmor less. 5 5.

The nodi fied phojDsatadsd, SOl (REERT &bPELdPLARY- ONE, Df6 & - Pt aheltByi -

wherein said nodifier conpound has a sensitizing group. 10 6. The nodified

phot ocat al yst sopipecbithieag perfhyotsite iy T| @idmh Yad®y 1%t ayhereairn usaiod
nodi fi er conmpound has at | east one reactive group selected fromthe group

consi stihy of arpepoxy (metip)aanybaty) oydrfroumpmopEnteatipl oyl group, an
acid anhydride group, a keto 15 group, a carboxyl group, a hydrazine group,
an i socyanate groWpthlacrebrte ocyamatrygroupione hytdrimedhygrodmroraneani no
group, a cyclic carbonate group and an ester group. 20 7. The nodified
phot ocat al yst sofThEROH] HFY L2 ES ai 3G, alkek el #e bl armiddits -er TR®APound has
at | east one reactive oup selected_fromth roup consisting of a
hydrazi ne group %%p%m%i og?f? otip. used S?nq'%‘él‘ﬁ%%rjﬁ &F &Hbﬁ?é‘%’t]g‘la;t%f’nsol
according to any ° f??ﬂ??ﬁreé%??éél%kat the polycarbonyl compound is
15 produced by suspension polymerization, emulsion polym-
erization or solution polymerization. It is more
preferred that the polycarbonyl compound is in the form
of a latex obtained by emulsion polymerization. In
this case, it is preferred that an emulsifier having a
20 reactivity (polymerizability) is used in the emulsion
polymerization to produce a latex, because the modified
photocatalyst composition of the present invention
which contains the thus produced latex has excellent

water resistance.

25 The production of the above-mentioned polycarbonyl



one of clainms 1 to 7, wherein said nodifier conpound is self-emulsifiable
or soluble in water. 9. The nodified photocat & rritober, 2002 ding to any 5
one of clainms 1 to 8, wherein said nodifier conpound contains at | east one
silicon atom havi ng bonded thereto at | east one hydrogen atom 10. The

nodi fied photocatal yst sol according to claim 10 9, wherein said

nodi fication treatnent is conducted in the presence of a

dehydr ogenat i on- condensati on catal yst whi®% has

dehydr ogenati on-condensation activity with respect to said hydrogen atom
bonded to the silicon atomof the nodifier co ound.(HE’LS 11.di‘|'hel nodi fi ed
phot ocat al yst sohpesedr & ngeFHoEnad mnothenRF&F PSR YF @ radtea

dehydr ogenati on- condensati on catal yst - conprises at | east. one.netal of the
pl ati num gr oupPeLYBEESAPOLAT Fﬂéﬁ&ﬁ??'Zdﬂﬁ.abﬂyg'r‘%cﬁcfrﬁ%&dpﬁ%t%&cgggal yst sol
according to any_one of clains 9 to 11, wherein said npdifi Ind is a
silicon corrpouﬁe1M9Fﬁ§a£ﬁ°8vﬁﬁﬁaéy§15raétﬁr‘ﬁFJC%BHp%gi?}%néég%?%eg nted by
the following fornula (4): 25 9 Cctober 2002 p 6k O~ el T _S) ~2
wherei n: each RuilﬁééﬁenB@ﬁPWdFepFEQhﬁfscggg?‘rlrélgg%? (%%agin or’ branched

C1- C30 al kyl group,.a_5-C2 | oal gLQURLOE 8 83201 apyl gEubhyhich is
unsubst it uted of gagﬁFngd%%f%ﬁ%gf)g%ggs%Bogggsu stituent s%l ected Tronthe

group consisting %% 3 CLaR0:8l kilend0UB, 232161068002k kaxyayr aupt anch 2
I ent | é

hal ogen at om each ndepen represents a grouphaving at |east one
function-inpar ?iori [QuRSleCted s enhendcaupyCcanshstirageal ndjomter | east
one hydr ophobi ¢ group se-15lected fromthe group consisting of astraight
chain or branche@nipheE3Q falladi@=aupo 13neriCat ioyckaabkyktgr dbnpladd aCs- C20
aryl group which is unsubstitutedor substituted with at | east one

sub- 20sti t uent sRlRGRM PerBdilfatgy, o wpdiam pestsuigade , aaBnoG20mabRyE group,
a Cl1-020 al koxy group and a hal ogen atom anda Cl1-C30 fl uoroal kyl group; 2)
at | easto one hygiricgtd i hygrmmgers @<daiciead H-torbyllh&ygrongresadest Fng of a
9 COctober. 202 212 carboxyl group and a salt thereof, a phosphate group
‘and a salt thereofyl pewfdmnzeatia ¢l a@adisisgbutydendsriland a

pol yoxyal kyl ene group; 5 3) at |east one reactive qgroup selected _fromthe
group consi sti riy df- AP RPOKE~ YrAM OREPRATS! JWdrgﬂcg’l}ﬁIplél agr’% oyl
group, an acid anhydrijde group, ket o_group,.-a\hyd i gr , .

i socyanate 10 fPUWLS %"}éﬁqlé)g@g]a%eer ?%L%llae)h'ydpgé??%f oﬁ%,g Eﬁ&ém no

group, a oyl | ¢ carhonate: of olb. A0d AR Cf QO s, h Anclnl gast. one

sensi tizi ng grot, depen represents a hydrol5 |yzabl e group
sel ecteq from Lpe.group £onsi 810, 0lqRe Clodela Ak Wtle Gidliht dshioxy|

gr oup, hydr oxyT m no gr oup, an epoxy group, an am no group, an am do
group, a Cl- C20g gy} @Y 81 PYPun 88t &k POX Yméii Gikpr Andsaahalyogen 26 atom and
p, q, r and s satisfy the following relationships: 0 < p <4, 0<q<4, 25
0sr <4, 9 Petebered20rBt2tBeOpslgmerlzatbom {p complucted wider 4. 13.
The nodi fied photocatal yst sol according to claim5 12, wherein said
silicon conpoundtinespRpresepredshyet he 66/ towp g’ € or HewevEes),: depend-
(RIHSI O a(R12Si 0) b(RI QSi O c(R13Si 01/2)d (5) 10 wherein: Rl is as defined
for formula (1) iagdo® itbeaprdekfithed feuchopfubhe (U3Pon PEPTESENAL an
integer of 1 or nore, each of b and c independentlghéerﬁcr)esents ta}glei nt el5

ger of Q@Oor noré&he polymerization temperature) of nomer,
polymerization may be conducted under high pressure.
When it is desired to increase the polymeriZation rate
or it is desired to conduct the polymerization at a low

temperature, i.e., 70 °C or less, it is preferred that

25 a reducing agent, such as sodium bisulfite, ferrous



dis 0 or 2, wherein a, b and c satisfy the following relation ship: (a + b
+ ¢) s 10,000, and 20 wherein when (a + b + ) 3 @cibflef 28502 - t he conpound
of formula (5) is a cyclic silicone conmpound, a . the conpound
of fornmula (5) is a straight chain silicone conpound. 25 14. A nodified
phot ocat al yst conposition conprising 9 CQctober. 202 214 the nodified
phot ocat al yst sol of any one of clains 1 to 13 and at | east one functi onal
substance. 15. The nodified photocatal yst 188nposition according 5 to claim
14, wherein sand functional substance is a resin. 16. The nodified

phot ocat al yst conposition according to claim15, wherein said resin is at

| east one resi nCPgoFddEct R PSGATRRE egPEuBoRERdIEt AHgusedalsi FPEBARET esi n

and a fluoro resi,n. 17. . T nodi fi e hqt ocat al yst conposition accqrding to
cl ai m 15, wherei r’r°§‘aiw&tt1?03:|§‘ﬁ &d Egog’gtléﬂ‘ﬁ%tlz %Iiops-cngatlﬁétrmcﬁ‘%]?%r'

phot ocat al yst sql. of Glaim 6, and _said resin is capable of reacti W th
said reactive gﬁguge ﬁgﬁﬁﬂjﬁng e rBH&%&EﬁF&F&&r §8Fﬁ ?g.d?ﬁacﬁﬂﬂ?Fred
phot ocat al yst ¢ it accor di 0 to claim. 14, erein said nodified
phot ocat al yst s%%gﬁgnfhggﬁﬁgr?f%ﬁggﬁﬁ oS %Ff% 1§glt§? QPgFﬁF 8%and said

functiong| subsh@q@%ii%fa% e@g@ﬁggﬁﬁgggﬁgpggggﬁghgpted fromthe group

consi sting of a polycarbony yhydr azi ne conpound. 25 9
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claim 14, wherein said funCtional substance Is™a coating resi nposi ti on.

5 20. The nodi f ized iphotreratpHatHr IGYMOY R e2aedtdbnadt Botyahdbhddy1 wherein
said functional substance is a conpound having a surface energy |arger than

t hat of each nodiohipethn@hotieeatpalysiafdaniyilClcempbiindl isThearediefi fdth

phot ocat al yst conposition according to clas. m 14, wherein said functional
substance is a d¢bat iabypveomEodiildned atneasitngna kespouhdvisaleatsdr face
energy |l arger than that of each nodified photocatal yst particle. 15 22. A
modi fi edOphot oc&hgl yEstouro Mfeoss itstdm ac ofp ains iadgoxydiiflaed , phot orghabydk-
particles having a vol une neancfartiqle di aneter of 800 nmor |ess and at
| east one funct PFVAL1ANTt dh W dnHsdis coaide npedilone rpHoEesc4palesit yst
particles are o tain%§ by removing the liquid nmediumfromthe nodified
phot ocat al yst sdi°%5" ny%énﬁ?(ﬁlﬁﬂﬁﬁﬁﬁiéPq(?Uﬂ§9r2§F9?ﬁ8a&ﬁBFVﬁéaane

phot ocat al yst ¢ Siti accardi.ng 25 t claingéf, wher ei ai d functional

substance is a %ngékf%iérﬁléﬁizf %o frd"h en§°QP§BP5a%8reﬂ85§y

arger than thatesofa@agh JPAd G RALAAA Yaly il §kCuseftpTaE Modi 1 ed
phot ocat al yst conposition accordin to clraimzZ, ﬁherelp Sard flnctional
substangeg is a GRRiIMY &ﬁ’ﬂi@ﬂéﬂ@%do&‘)% SEAGL of.qSkR BRVENgya,sygfiace

1 fi I .

energy larger than that of each nodified photocatal yst part L&

: of the polycarbonyl compound. The use of the thus ob-
tained modified'carbonyl compound in the modified pho-
tocatalyst composition of the present invention is ad-
vantageous in that a f£ilm having excellent weatherabil-

20 ity can be obtained from the modified photocatalyst
composition.

The modified phdtocatalyst composition of the pre-
sent invention can be obtained by, for example:

a method in which the modified photocatalyst sol

25 of the present invention With the above-described func-



10 25. A nodified photocatal yst/resin conposite conposition which is
produced by polynerizing at | east one conpound%qghﬁﬁ*gp 2602 t he group
‘consi sting of a vinyl conpound and a hydrol yzable siTane conpound in the
presence of the nodified photocatal yst sol of any one 15 of clains 1 to 13.
26. A functional conposite conprising a substrate and a filmformed on said
substrate, said filmconprising the nodified photocatal yst sol of any one
of clainmse 1 20 to 13. 27. A shaped articl@4produced by shaping the nodified
phot ocat al yst conposition of any one of clainms 14 to 18. 25 28. A
functional conposite conprising a substrate and 9 Cctober,-2002 217 a
filmformed ontdahdlsgbbstance $aid-fi LhecoRpyeshegtioredobpsiry. and

phot ocat al yst conposition of any one of clainms 14 to 19. 5 29. A shaped
article produced byasmgshbrg tReWhbahftBe BAGEERAtROIFICELAPBEPR i Oh claim
20, which is anisotropic with respect to the distribution of the npdified
photocatalyst.GIGY3@P¥&aﬂ&HCPP6ﬁ§PrEGﬁﬂo@PP@mEBnﬁ?i§ingt%5535§¥f%?%"and a
filmforned on said substrate, said 'singhthe nodi fied

fil
phot ocat al yst GS%&@SPFF@&“GPt@FaPHP?@gﬁghg%gg% SHefRYVEnfE ot P oprE ™0 S h
respect to the distribu_tion af _the di.fi.ed t I 1. A sh d
artPcIeSproducg Iﬂfnéﬂ%ﬁﬁh&st efﬁEdPgESEDBHStgggtgﬁ@é?'éé%%ﬁéﬁ?ﬁo%OBfSc?g?m

22 32, A [UnCLL SRl CURESIY S SO, NG BupOSkgLe a0 0ogphubin for oo

on said substr sai conpri si hot ocat al yst

conposi tion of t&'d’ﬁi 'Bo%%me?ﬂza%i%%a%%daahsr!d%@g%&ggcgmaﬁesfoapbng the

nodi fi ed phot ocat al yst “conposition of claim?2 ch is aniso 25 tropic

Wi th respect tQgdie -Hedddipdd it akalshe ofedichingduna9setkeles. £2062tR48
phot ocat al yst. 34. A functional conposite conprising a substrate and a film

formed on sai d g It i Saind fof EnC @Mkoxsisng anet, hannodighned 1Rbayetat al yst
conposition of claim23 or 24 and being anisotropic with respect to the
distrihbw tion afartdhe amdlid itgdiphgisdcatcaingensa33 onApshdped arft rol elproduced
by shaping the nodified 10 photocatal yst/resin conposite conposition of
claim25. 36. Adfwysictarenand/onpaesi e geomalikeoxys id avehs tsaperidrgdmgdf inm
formed on said substrate, said filn1coqgégsing the nodified

phot ocat al yst / ridxs Pxigies tof difpasidiifged phortoGadedyss. SolaPE R&fE . AE

A A E . A AAYY .
present invention.

With respect to the modified photocatalyst sol
15 - used for obtaining the modified photocatalyst composi-
tion of the present invention, it is preferred that the
modified photocatalyst sol contains a group (such as a
~ (meth)acryloyl group) having a reactivity with an eth-
vlenically unsaturated monomer and/or a group (such as
20 a hydroxysilyl group) having a reactivity with a hydro-
lyzable silane compound. By the use of such a modified
photocatalyst sol, it becomes possible to obtain the
modified photocatalyst composition in the form of a
modified photocatalyst/resin composite composition in

25 which the modified photocatalyst and the resin are
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bonded to each other through a chemical bonding.
In the present invention, it is preferred that a
compouﬁd having a surface energy larger than that of
i each modified photocatalyst particle in the modified
5 photocatalyst sol is used as the above-mentioned func-
tional substance. The modified photocatalyst composi-
tion containing such a large surface energy compound
exhibits a self-stratifying or self-gradating property
with respect to the distribution of the modified photo-
10 . catalyst (i.é., the ability to distribute anisotropi-
cally the photocatalyst). Hereinafter, such a modified
photocatalyst composition is frequently referred to as
a "self-stratifying or self-gradating type photocata-
lyst composition”. By virtue of this self-stratifying
15 or self-gradating property, the self-stratifying or
self-gradating type photocatalyst composition can be
used for forming on a substrate a film or producing a
shaped article (such as a structural part), which is
anisotropic with respect to the distribution of the
20 modified photocatalyst. More specifically, during the
formation of the above-mentioned film or shaped article,
a gradient is automatically formed in the self-
stratifying or self-gradating type bhotocatalyst compo-
sition with fespect to the concentration of the modi-

25 fied photocatalyst particles, wherein the concentration
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U cral caleal cal galodloql 2l Ao Bko kg LAghed) SASBL0 the *ihnde(por-

tion” means the central portion thereof) toward the ex-
posed surface thereof. The property to cause such a
phenomenon is hereinafter, frequently referred to as
"self-stratifying or self-gradating property”. With
10 respect to tﬁe film or shaped article obtained from the
self-stratifying or self-gradating type modified photo-
catalyst composition, the amount of the modified photo-
catalyst particles at the exposed surface thereof is
from 5 to 100 % by weight, preferably from 50 tb 100 %
15 by weight, based on the total weight of the modified
photocatalyst particles, and the amount of the modified
photocatalyst particles in thg inner portion thereof
is 0 to 50 % by welight, preferably 0 to 10 % by weight,
based on the total weight of the modified photocatalyst
20 particles. Further, the concentration ratio of the
modified photocatalyst particles at the exposed surface
to the modified photocatalyst particles at the inner
portion is 1.5 or more.
For achieving the above-mentioned self-stratifying

25 or self-gradating property, it is important that the
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pe modified photocatalyst composition may be either in

¥ a pellet form or in the form of a solution therecf or a
dispersion thereof in a solvent. It is most preferred
20 that the seif—stratifying or self-gradating type modi-
fied photocatalyst composition is in the form of a
coating composition containing a resin.
It is preferred that, in the self-stratifying or
self-gradating type modified photocatalyst composition

25 of the present invention, the ratio of the weight (in
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T article which exhibits desired properties when irradi-
ated with light, wherein the desired properties include
20 hydrophilicity or hydrophobicity, photocatalyst activ-
ity and a photoelectric conversion function.
When the film or shaped article obtained from the
| ﬁodified photocatalyst sol or the modified photocata-
lyst composition of the present invention (including

25 the self-stratifying or self-gradating type thereof) is
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%TlO@G&f() $|"10@6&&%)t§e present invention, as examples of light
having energy which is larger than the band gap energy
of the photocatalyst and light which can be absorbed by
a sensitizing dye, there can be mentioned light ob-

tained in the general residential environment (such as

10 sunlight and room light), black light, and light emit-
ted from a xenon lamp Or a mercury: lamp or the
like.

Further, if desired, additives generally added to
conventional coating compositions and the like hay be

15 chosen according to various purposes and added to the
modified photocatalyst sol or the modified photocata-
lyst composition of the present invention (including
the self-stratifying or self-gradating type modified
photocatalyst composition). Examples of these addi-

20 tives include a pigment, a filler, a dispersant , a light
stabllizer, a wetting agent, a thickener, a rheology-
controlling agent, an antianmihg agent, a plasticizer,
a film-forming auxiliary , a rust preventive agent, a
dve, a preservative and the like. Such additives can

25 be used individually or in combination.
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stratifying or self-gradating type modified photocata-
5 lyst composition), and a functional composite obtained
by forming a f£ilm on a substrate wherein the film com-
prises the modified photocatalyst sol or the modified
photocatalyst composition (including the self-
stratifying or self-gradating type'thereof), can ex-
10 hibit desired properties, such as hydrophilicity or hy-
drophobicity, photocatalyst activity and a photoelec-
tric conversion function. Therefore, in another aspect
of the present invention, there are provided a shaped
article formed from the modified photocatalyst sol or
15 the modified photocatalyst composition (including the
self-stratifying or self-gradating type modified photo-
catalyst composition), and a functional composite ob-
tained by forming a f£ilm on a substrate wherein the
film comprises the modified photocatalyst sol or the
20 modified photocatalyst composition (including the self-
stratifying or self-gradating type modified photocata-
lyst composition). |
When the above-mentioned shaped article or func-

tional composite provided in the present invention ex-

25 hibits a photocatalyst activity, such as the activity
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to decompose organic substances, such a shaped article
or fuhctional composite exhibits various functions,
such as an antibacterial function, a staining resis-
tance function, a smell preventive function and an NOx-
5 decomposing function. Therefore, such a shaped article
~or functional composite dan be used in various fields,
such as environmental clean-up, for example, clean-up
of the atmosphere, water or the like.
When the above-mentioned shaped article or func-
10 tional compoéite provided in the preseht invention has
a characteristic that, when its surface is irradiated
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
15 a shaped article or functional composite (a hydrophilic
shaped article or hydrophilic f£ilm, and a substrate
covered with a hydrophilic f£ilm) can be utilized in,
for example, the techniques for preventing fogging from
occurring on a mirror or a glass, the techniques for
20 preventing dirt from adhering to a building exterior,
the antistatic techniques or the like. Therefore, the
shaped article or functional composite can be advanta-
geously used in various application fields, such as a

window glass, a mirror, a lens, a goggle,.a cover, an

25 insulator, a building material, an building exterior,
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an buiiding interior, a structurél member, an exterior
and a coating for vehicles, an exterior for machines
and other articles, various display apparatuses, light-
ing equipment, residential equipment, tableware, kitch-
5 enware, household electric appliances, magneto-optical
memory media, optical memory media, and the like.
When the above-mentioned shaped article or func-
tional composite provided in the present invention has
a characteristic that, when its surface is irradiated
10 with light, Qater 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
15 covered with a hydrophobic f£ilm) can be utilized in,
for example, the techniques for imparting water-
repellent propertiés, the techniques for preventing ad-
~ hesion of aqueous dirt, the techniques for preventing
dirt adhesion by washing with a flow of water, and the
20 techniques for preventing adhesion of ice and snow.
Therefore, 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 ma-

25 terial, a bullding exterior, a building interior, a
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structural member, an exterior and a coating for vehi-
cles, an exterior for machines and other articles,
various display apparatuses, lighting equipment, resi-
dential equipment, tableware, kitchenware, household

5 electric appliances, a roofing material, an antenna, an
electricity transmission cable, equipment for sliding
on ice and snow, and the like.

When the above-mentioned shaped article or func-
tional composite provided in the present invention ex-

10 hibits a phofoelectric conversion function, such a
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

15 semiconductor electrode used for a wet-type solar cell
or the like.

Further, with respect to a member provided in the
present invention which member has a characteristic
that its wettability with respect to water can be

20 changed by light irradiation (change from hydrophobic
to hydrophilic or change from hydrophilic to hydropho-
bic), such a member can be very advantageously used in,

for example, an offset printing plate.

25
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BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in more
detaii>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 asvfollows.
(1) Measurement of the volume mean particle diameter:
An appropriate amount of a solvent was added to a
sample sol or composition containing particles so that
the sample was diluted to have a solids content of from
15 1 to 20 % by weight. With respect to the resultant di-
luted sample, the volume mean particle diameter of the
particles contained therein was measured by means of a
wet-type particle size analyzer (Microtrac UPA-9230,
ﬂQ manufactured and sold by Nikkiso Co., Ltd., Japan).
20
(2) Measurement of the wéight average molecuiar
weight:
The weight average molecular weight was measured
by gel permeation chromatography (GPC), utilizing a

25 calibration curve obtained with respect to standard di-
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he GPC was conducted under the following condi-

tions.
Apparatus: chromatograph model HLC-8020 LC-3A
5 (manufactured and sold by Tosoh Corporation, Japan) ;
Columns: TSKgel GlOOOHmﬂ TSKgel G2000Hy, and
TSKgel G4000H,, (each of which is manufactured and sold
by Tosoh Corporation, Japan), connected in series;
Data processor: data processor model CR-4A (manu-
10 factured and.sold by Shimadzu Corporation, Japan);
Eluent: chloroform;
Flow rate: 1.0 ml/min;
Method for preparing a sample for GPC:
A sample compound to be analyzed by GPC was dis-
15 solved in an appropriate amount of chloroform so that
the concentration of the sample compound in the resul-
tant solution fell within the range of from 0.5 to 2 %
~ by weight, thereby obtaining a sample solution. The
obtained sémple solution was subjected to GPC.
20
(3) Infrared absorption (IR) spectrum:
IR spectrum was obtained by means of infrared
spectrometer model FT/IR-5300 (manufactured and.sold by
Japan Spectroscopic Co., Ltd., Japan).
25
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wherein the revolution speed of the rotor was 60 rpm

5 and the temperature was 20 °C.

(5) Measurement of the surface energy of a film or
shaped article:
The contact angle (6) of water against the surface
10 of a film 6r.shaped article was measured by the method
described in item (7) below. From the obtained contact
angle, the surface energy of the film or shaped article
was calculated, using the following Sell and Neumann's

empirical formula:

15
(0.015 ys - 2)%x 4/ys x y1 +y1
cos B =
Y1 x(0.015x 4/ys x y1L ~ 1)
- : ’ wherein ys represents the surface energy
(dyne/cm) of the film or shaped article, and
20 vyl represents the surface energy of water,

i.e., 72.8 dyne/cm (20 °C).

(6) Measurement of the distribution of a modified pho-
tocatalyst in a coating:

25 A modified photocatalyst composition was cast on a
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as "OHP film") so as to have a coating thickness of 20
um. The OHP f£ilm having formed thereon a coating was
dried at room temperature for 2 days and, then, sub-

5 jected to heat-drying at 50 °C for 3 days, to thereby
obtain a smooth coating on the surface of the OHP film.

The OHP film (carrying the coating) was embedded

in an epoxy resin by using Quetol 812 set (manufactured
and sold by NISSHIN EM CO., LTD, Japan). The OHP film

10 embedded in ﬁhe epoxy resin was cut together with the
coating (and epoxy resin), and the resultant cross-
sections of the OHP film and coéting were analyzed by
means of an energy-dispersive X-ray spectrometer (X-ray
spectrometer model DX-4, manufactured and sold by Nihon

15 Philips Corporation, Japan). The distribution of the
modified photocatalyst in the coating was evaluated
based on the concentrations (measured by the X-ray
spectrometer) of thé modified photocatalyst at various
portions of the cross-section of the coating.

20
(7) Measurement of the contact angle of water against
the surface of a film or shaped article:

A drop of deionized water was placed on the sur-

face of a film or shaped article and allowed to stand

25 at 20 °C for 1 minute. Then, the contact angle of the
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model CA-X150, manufactured and sold by KYOWA INTERFACE
SCIENCE CO., LTD, Japan.
5 The smaller the contact angle of water against the
surface of the film or shaped article, the more hydro-

philic the surface of the film or shaped article.

(8) How the hydrophilicity or hydrophobicity of the
10 surface of a.film or shaped article is changed by ul-
traviolet light irradiation:

The surface of a film or shaped article was irra-
diated with ultraviolet light (hereinafter referred to
as "UV") emitted from FL20S BLB black light (manufac-

15 tured and sold by TOSHIBA LIGHTING AND TECHNOLOGY CO.,
LTD., Japan) for 1 day or 3 days, and the contact angle
of water against the surface of the film or shaped ar-
ticle was measured by the method described in item (7)
above. The obtained contact angle was compared to that

20 obtained prior to the UV irradiation.

With respect to .the UV irradiation, the intensity
of UV was adjusted to 1 mW/cmz, as measured by means of
uv Radiometer Model UVR-2 (manufactured and sold by

| TOPCON CO., LTD., Japan), which was used in combination

25 with Detector Model UD-36 (manufactured and sold by
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5 (9) How the hydrophilicity or hydrophobicity of the
surface of a £ilm or shaped article is changed by sun-
light irradiation:

The surface of a £ilm or shaped article was irra-
diated with sunlight for 3 hours, and the contact angle
10 of water against the surface of the f£ilm or shaped ar-
ticle was measured by the method described in item (7)
above. The obtained contact angle was compared to that
obtained prior to the irradiation.
The sunlight irradiation was conducted using sun-
15 light transmitted through a glass plate so that the in-
tensities of UV and visible light contained in the sun-
light were adjusted to 0.3 mW/cm? and 3 mW/cm?, respec-
~ tively, wherein the intensity of UV was measured by
i;‘ ‘ means of the above-mentioned UV Radiometer Model UVR-2
20 used in combination with the above-mentioned photode-
tector Model UD-36, and the intensity of visible light
-~ was measured by means of the above-mentioned UV Radi-
ometer Model UVR-2 used in combination with Detector
Model UD-40 (manufactured and sold by TOPCON CO., LTD.,

25 Japan), which is a photodetector for detecting light
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(10) How the hydrophilicity or hydrophobicity of the

surface of a film or shaped article is changed by irra-
5 diation with light containing almost no UV:

The surface of a film or shaped article was irra-
diatéd with light containing almost no UV, which was
emitted from an FL20S*N-SDL NU fluorescence lamp (manu-
factured and sold by TOSHIBA LIGHTING AND TECHNOLOGY

10 CO., LTD., Jépan), for 24 hours. (The spectral energy
distribution of this light is shown in Fig. 1. Fig. 1
shows that this light contains visible light having a
wavelength of from 380 to 390 nm but contains almost no
UV (i.e., light having a wavelength of less than 380

15 nm).) Subsequently, the contact angle of water against
the surface of the film or shaped article was measured
by the method described in item (7) above. The ob-

~ tained contact angle was compared to that obtained pri-
or to the irradiation.

20 With respect to the irradiation with light con-
taining almost no UV, the intensity of visible light
contained in the light was adjusted to 0.3 mW/cm’, as
measured by means of the above-mentioned UV Radiometer
Model UVR-2 used in combination with the above-

25 mentioned Detector Model UD-40).
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o O’Kil) Evaluation of the photocatalyst activity exhibited

at the~surface of a film or shaped article:
A 5 % by weight ethanol solution of methylene blue
5 was coated on the surface of a film or shaped article,
and the resultant coating was irradiated with UV emit-
ted from the above-mentioned FL20S BLB black light for
5 days.
With respect to the UV irradiation, the intensity
10 of UV was adjusted to 1 mW/cm?®, as measured by means of
the above-mentioned UV Radiometer Model UVR~-2 used in
combination with the above-mentioned Detector Model UD-
36.
The surface of the film or shaped article after
15 the UV irradiation was visually observed with respect
to the degree of fading of the blue color of methylene
blue (in other words, the degree of decomposition of
~ methylene blue by the action of the photocatalyst).
The photocatalyst activity exhibited at the sur-
20 ‘face of the film or shaped article was evaluated, based
on the degree of decomposition of methylene blue, by
the following 3 criteria:
@) : methylene blue is completely decomposed:
A @ blue color of methylene blue slightly remains;

25 and
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X : almost no decomposition of methylene blue is ob-

served.

(12) Solvent resistance of a f£ilm:

5 A modified photocatalyst composition was spray-
coated on a glass plate in a thickness of 30 um. The
coated glass plate was dried at room temperature for 1
week, thereby forming a transparent and smooth film on
the surface of the glass plate.

10 The filﬁ was peeled off from the glass plate, and
put into a wire mesh bag (wherein the wire mesh was of
200-mesh size), and the wire mesh bag containing the
£film was immersed in acetone at room temperature for 24
hours.

15 The retention ratio of the weight of the film was

calculated by the following formula:

Weight of the film

- after immersion in
, ' Retention ratio acetone
. of the weight = 100 «x
of the film Weight of the film
20 prior to immersion

in acetone

The higher the retention ratio of the weight of

the f£ilm, the higher the solvent resistance of the film.

25
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Reference‘Example 1 [Synthesis of water-soluble silicon
compound (1) containing an Si-H group]
560 g of dioxane and 500 g of KF9901 (trade name
of a methylhydrogensiloxane-dimethylsiloxane copolymer;
5 Si-H group content: 7.14 mmol/g which is a value de-
scribed in the catalog, weight average molecular
weilght: 3,900) (manufactured and sold by Shin-Etsu
Chemical Co., Ltd., Japan) were charged into a reactor
equipped with a reflux condenser, a thermometer and a
10 stirrer, andvthe resultant mixture in the reactor was
heated to 80 °C while stirring.

1,370 g of Uniox MUS-8 (trade name of a poiy—
oxyethylene allyl methyl ether; weight average molecu-
lar weight: 800 which is a value described in the cata-

15 log) (manufactured and sold by Nippon Oil & Fats Co.,
Ltd., Japan) and 5 g of a 5 % by weight isopropanol. so-
lution of hydrogen hexachloroplatinate(IV) hexahydrate

- were dissolved in 2,310 g of dioxane. The resultant
solution was charged into the above-mentioned reactor

20 over approximately one hour at 80 °C while stirring,
and the resultant mixture in the reactor was stirred at
80 °C for 2 hours and, then, cooled to room temperature,
thereby obtaining a solution of silicon compound (1)
containing an Si-H group (hereinafter referred to sim-

25 ply as “"compound (1)").
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9%40% & ()-&$ "10% &When 100 g of water was added to 4 g of the above-
obtained solution of compound (1), the resultant aque-
ous mixture was homogeneous and transparent.
On the other hand, 8 g of butyl cellosolve was
5 added to and mixed with 4 g of the solution of compound
(1), and, then, 8 ml of a 1 N aqueous sodium hydroxide
solution was added thereto, so that hydrogen gas was
generated, and the volume of the generated hydrogen gas
was 37 ml as measured at 23 °C. The Si-H group content
10 of compound (l), as calculated from the volume of the

generated hydrogen gas, was 0.36 mmol per g of the so-

lution of compound (1) (approximately 3.5 mmol per g of

KF9901).

15 Reference Example 2 [Synthesis of silicon compound (2)

containing an Si-H group, which is self—emulsifiable in
water]

~ 170 g of dioxane and 100 g of HMS-301-100GM (trade

“;‘ name of a methylhydrogensiloxane—dimethylsiloxane co-
20 polymer; Si-H group content: 4.523 mmol/g, weilght aver-
age molecular weight: 5,400) (manufacfured and sold by
CHISSO Corporation, Japan) were charged into a reactor

equipped with a reflux condenser, a thermometer and a

stirrer, and the resultant mixture in the reactor was

25 heated to 80 °C while stirring.
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erence Example 1 above), 25 g of 5-norbornene-2, 3-
dicarboxylic anhydride and 1.07 g of a 5 % by weight
isopropanol solution of hydrogen hexachloroplatinate
5 (IV) hexahydrate were dissolved in 170 g of dioxane.
The resultant solution was- charged into the above-
mentioned reactor over approximately one hour at 80 °C
while stirring, and the resultant mixture in the reacQ
tor was stirred at 80 °C for 3 hours and, then, cooled
10 to room temperature, thereby obtaining'a solution of
silicon compound (2) containing an Si-H group (herein-
after referred to simply as "compound (2)").
When 100 g of water was added to 4 g of the above-
obtained solution of compound (2), the resultant aque-
15 ous mixture was a dispersion which was slightly white
turbid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 2.119 g of the solution of com-
;; pound (2), and, then, 8 ml of a 1 N aqueous sodium hy-
20 droxide solution was added thereto, so that hydrogen
gas was generated, and the volume of the generated hy-
drogen gas was 31.0 ml as measured at 22 °C. The Si-H
group content of compound (2), as calculated from the

volume of the geﬁerated hydrogen gas, was 0.588 mmol

25 per g of the solution of compound (2) (approximately
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Examplé 1
200 g of Tinoc A-6 (trade name of an ammonia-

5 peptized sol of anatase-type titanium oxide; volume
mean particle diameter of particles dispersed in the
sol: 13 nm, TiO, content: 6 ¥ by weight, average crys-
tallite diameter: 10 nm which is a value described in
the catalog) (manufactured and sold by TAKI CHEMICAL

10 CcO0., LTD., Jépan) was charged into a reactor equipped
with a reflux condenser, a thermometer and a stirrer.
Subsequently, 12.5 g of the solution of compound (1)
obtained in Reference Example 1 was charged into the
reactor over approximately 30 minutes at 30 °C while

15 stirring, and the resultant mixture in the reactor was
stirred for'3 hours at 30l°C to effect a reaction of
Tinoc A-6 with compound (1) and modify the TiO, parti-

~ cles of Tinoc A-6 to thereby obtain a sol containing
| particles of modified titanium oxide (hereinafter

20 referred to as “modified TiO, particles”) well disper-
sed therein, wherein the volume mean particle diameter
of the modified Ti0O, particles was 20 nm. During the
reaction of Tinoc A-6 with compound (1), hydrogen gas
was generated. The volume of the generated hydrogen

25 gas was 125 ml as measured at 23 °C.
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dried at 50 °C for 2 hours. The resultant dry film was

taken as a sample, and subjected to IR spectrometry.
5 The IR spectrum obtained by the spectrometry showed
that the absorption at 3,630 to 3,640 cm™* ascribed to
a hydroxyl group directly bonded to a Ti atom (herein-
after referred to as "Ti-OH group") of TiO, particles |
in Tinoc A-6 disappeared, wherein the above-mentioned
10 absorption héd been observed in the IR spectrum of TiO,
prior to the modification of the TiO, particles.
When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-

ter of the modified TiO, particles was still as small

15 as 23 nm.
The obtained sol was spray-coated on a glass plate
in a thickness of 2 um. The coated glass plate was
~ dried at room temperature for one week, thereby forming
a transparent and smooth f£ilm on the sﬁrface of the
20 glass plate. The surface of the film was evaluated by
examining how the hydrophilicity or hydrophobicity of
the film surface was changed by UV irradiation (spe-
cifically, the evaluation was made with respect to the
change in the contact angle of water against the film

25 surface). The surface of the film was also evaluated
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Example 2

200 g of Nanotitania NTB-1 (trade name of a hydro-
chloric acid-peptized sol of brookite-type titanium ox-
ide; wvolume mean particle diameter of particles disper-
sed in the sol: 8 nm, TiO, content: 15 % by weight)
{manufactured and sold by Showa Denko K.K., Japan) was
charged intova reactor equipped with a reflux condenser,
a thermometer and a stirrer. Subseqﬁently, 70.2 g of
the solution of compound (1) obtained in Reference Ex-
ample 1 was charged into the réactor over approximately
30 minutes at 30 °C while stirring, and the resultant
mixture in the reactor was stirred for 10 hours at
30 °C to effect a reaction of Nanotitania NTB-1 with
compound (1) and modify the TiO, particles of Nanoti-
tania NTB-1 to thereby obtain a sol containing modified
Ti0, particles well dispersed therein, wherein the
volume mean particle diameter of the modified Ti0, par-
ticles was 15 nm. During the reaction of Nanotitania
NTB-1 with compound (1), hydrogen gas was denerated.
The volume of the generated hydrogen gas was 274 ml as
measured at 23 °C.

An IR spectrum was obtained in substantially the

<mi\/
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showed that the absorption ascribed to a Ti-OH group of

Ti0, partlcles in Nanotitania NTB-1 disappeared, where-
in the above-mentioned absorption had been observed in

5 the IR spectrum of TiO, prior to the modification of
the TiO, particles.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-
ter of the modified TiO, particles was still as small

10 as 21 nm. ‘

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-

15 drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-

~ ity. The results are shown in Table 1.

20 Example 3
420 g of TO-240 (trade name of a sol of anatase-
type titanium oxide (wherein the surface of each TiO,
particle dispersed in the sol is modified with peroxo
groups); volume mean particle diameter of particles

25 dispersed in the sol: 15 nm, TiO, content: 2.4 % by
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LTD., Japan) was'charged into a reactor equipped with a

reflux~condenser, a thermometer and a stirrer. Subse-
gquently, 23.4 g of the solution of compound (1) ob-

5 tained in Reference Example 1 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred for 10 hours at 30 °C to effect a reaction of
TO-240 with compound (1) and modify the Ti0, particles

10 of TO~-240 tonthereby obtain a sol containing modified
Ti0, particles well dispersed therein, wherein the
volume mean particle diameter of the modified TiO, par-
ticles was 17 nm. During the reaction of TO-240 with
compound (1), hydrogen gas was generated. The volume

15 of the generated hydrogen gas was 67.5 ml as measured
at 23 °C.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-
ter of the modified TiO, particles was still as small

20 as 17 nm.

Using the obtained sol, a trénsparent and smooth
£film was formed on the surface of a glass plate in sub-
stantially the same manner as in Exaﬁple 1. The sur-
face of the film was evaluated by eXamining how the hy—.

25 drophilicity or hydrophobicity of the film surface was
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also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 1.

5 Example 4
316 g of Jupiter F6-APS (trade name of a sol of
anatase—type titanium oxide (wherein the surface of
each Ti0, particle dispersed in the sol is modified
with an apatite); volume mean particle diameter of par-
10 ticles dispefsedvin the sol: 36 nm, TiO, content:
23.7 % by weight) (manufactured and sold by Showa Denko
K.X., Japan) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, 78 g of the solution of compound (1) obtained
15 in Reference Example 1 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 10 hours at 30 °C to effect a reaction of Jupiter
F6-APS with compound (1) and modify the Ti0, particles
20 of Jupiter F6-APS to thereby obtain a sol contailning
modified Ti0O, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 61 nm. During the reaction of Jupiter
F6-APS with compound (1), hydrogen gas was generated.

25 The volume of the generated hydrogen gas was 85.7 ml as
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measured at 23 °C.

An IR spectrum was obtained in substantially the
same ménner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of

5 TiO, particles in Jupiter F6-APS disappeared, wherein
the above-mentioned absorption had been observed in the
IR spectrum of TiO, prior to the modification of the
Ti0, particles.
When the obtained sol was allowed to stand still
10 at 30 °C for.loo days, the volume mean particle diame-
ter of the modified TiO, particles wés still as small
as 80 nm.

Using the obtained sol, a transparent and smooth
f1lm was formed on the surface of a glass plate in sub-

15 stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examiﬁing how the. hy-
drophilicity or hydrophobicity of the film surface was
- changed by UV irradiation. The surface of the film was

also evaluated with respect to the photocatalyst activ-

20 ity. The results are shown in Table 1.

Example 5

100 g of STS-02 (trade name of a hydrochloric
acid-peptized sol of anatase-type titanium oxide; volu-

25 me mean particle diameter of particles dispersed in the
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sol: 18 nm, TiO, content: 30 % by weight, average crys-
tallite diameter: 7 nm which is a value described in
the catalog, viscosity: 175 cps) (manufactured and sold
by Ishihara Sangyo Kaisha, Ltd., Japan) and 50 g of wa-
5 ter were charged into a reactor equipped with a reflux
condenser, a thermometer and a stirrer, and the resul-
tant mixture in the reactor was heated to 50 °C while
stirring. Subsequently, 31 g of the solution of com-
pound (1) obtained in Reference Example 1 was charged
10 into the reaétor over approximately 30 minutes at 50 °C
while stirring, and the resultant mixture in the reac-
tor was stirred for 3 hours at 50 °C to effect a reac-
tion of STS-02 with compound (1) and modify the TiO,
particles of STS-02 and, then, cooled to room témpera—
15 ture, to thereby obtain a sol containing modified TiO,
particles well dispersed therein, wherein the volume
mean particle diameter of the modified TiO, particles
- was 49 nm. During the reaction of STS-02 with compound
(1), hydrogen gas was generated. The volume of the
20 generated hydrogen gas was 200 ml as measured at 24 °C.
An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of

TiO, particles in STS-02 disappeared, wherein the

25 above-mentioned absorption had been observed in the IR
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spectrum of Tio2 prior to the modification of the TiO,
particles.
45 g of butyl cellosolve was added to 44 g of the
above-obtained sol at room temperature (23 °C) over ap-
5 proximately 10 minutes while stirring, and the resul-
tant mixture was subjected to evaporation under reduced
pressure using an evaporator so as to remové the water
in the mixture. Subsequently, an appropriate amount of
butyl cellosolve was added to the mixture so that the
10 solids conteﬁt of the resultant mixture became 6 % by
weight, to thereby obtain an organosol comprising butyl
cellosolve (as a dispersion medium) having well disper-
sed therein modified TiO, particles, wherein the volume
mean particle diameter of the modified TiO, particles
15 was 53 nm.
When 10 g of the obtained organésol was diluted
with 10 g of toluene and allowed to stand still at room

temperature for 6 months, the organosol was stable and

e there was no occurrence of an aggregation of the modi-

20 fied T10, particles.

On the other hand, using the obtained organosol, a
transparent and smooth film was formed on the surface
of a glass plate in substantially the same manner as in
Example 1. The surface of the film was evaluated'by

25 examining how the hydrophilicity or hydrophobicity of
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the film surface was changed by UV irradiation. The

surface of the film was also evaluated with respect to

the photocatalyst activity. The results are shown in

Table 1.

Example 6

300 g of Tinoc A-6 (which is the same as in Exam-
ple 1) was charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer. Subse-

10 guently, 8.8‘g of the solution of compound (2) obtained
in Reference Example 2 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 24 hours at 30 °C to effect a reaction of Tinoc A-6

15 with compound (2) and modify the T10, particles of Ti-

| noc A-6 to thereby obtain a sol containing modified
TiO, particles well dispersed therein, wherein the
volume mean particle diameter of the modified T10, par-

Qj‘ ticles was 48 nm. During the reaction of Tinoc A-6

20 with compound (2), hydrogen gas was generated. The
volume of the generated hydrogen gas was 93 ml as meas-
ured at 23 °C.

An IR spectrum was obtained in substantially the
same mannef as in Example 1. The obtained IR spectrum

25 showed that the absorption ascribed to a Ti-OH group of



10B S&LOY%& ()-s$sL10%& ()-3 109 ()-S&M 109 ()-3 F109% ()-3 y109%& ()-N~?:/
10BY 1Z109%&' ()-1 /109%& ()--!10%& ()-!1, +%0% (9 Odtohb’8002 Y

3(s10%& () --ef ghx{bC 10B10% ()-Yy1l0% ()- 10°TU TOY/9t LU ()- |

f510%&' ()-1 s310%&' ()-{]aBbC 10B3 s&L0%&' ()- 10%&' ()-!L "10%&' ()-

L1098 ()-  109%&' ()-  910%& ()-/j Ef=bC 10B #10%&' ()- )!l#10%, & ()-

| h#10% (& ()- P 109 ()-#10% ()-3 @10% ()-?aBoC 10B @10% () -

L3MLOY& ()-11109& ()- /mLO%& ()-- 109& ()14%&109%& ()- ?OPQRbeb@ 10B !

L109%& ()- gl0% & ()-10% & ()-Yf10% & ()- 10 10 10&37f10% ()-! 0 d dBb@

Ti0, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrﬁm of Ti0, prior to the modification of the TiO,
particles. Further, the IR spectrum also confirmed

5 that the cyclic acid anhydride groups (derived from 5-
norbornene-2,3-dicarboxylic anhydride used for produc-
ing compound (2)) were cleaved by ring-opening reaction.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-

10 ter of.the médified Ti0, particles was still as small
as 78 nm.

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-

15 face of the film was evaluafed by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-

%ﬁz ity. The results are shown in Table 2.

20
Example 7

300 g of Tinoc A-6 (which is the same as in Exam-
ple 1) was charged into a reactor equipped with a re-
flux condénser, a thermometer and a stirrer. Subse-

25 quently, 19.7 g of the solution of compound (2) ob-
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tained in Reference Example 2 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirrihg, and the resultant mixture in the reactor was
stirred for 24 hours at 30 °C to effect a reaction of
5 Tinoc A-6 with compound (2) and modify the TiO, parti-
cles of Tinoc A-6 to thereby obtain a sol containing
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified Tio,
particles was 190 nm. During the reaction of Tinoc A-6
10 with compound (2), hydrogen gas was generated. The
volume of the generated hydrogen gas was 72 ml as meas-
ured at 23 °C.
An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
15 showed that the absorption ascribed fo a Ti-OH group of
Ti0, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the Tio,
Qj‘ particles. Further, the IR spectrum also confirmed that
20 the cyclic acid anhydride groups (derived from 5-nor-
bornene-2, 3-dicarboxylic anhydride used for producing
compound (2)) were cleaved by a ring-opening reaction.
When the obtained sol was allowed to stand still
~at 30 °C for 100 days, the volume mean particle diame-

25 ter of the modified TiO, particles was still as small



/10% U& ()--"110% U& ()- +10% U& ()-!f)M 10%UsU& ()-& ';'r'' ' dEVK@ L10

10910% h&' ()- 10% h& ()-f10% h& ()-s10% h& () 9\GaE3béws 200210%

h& ()-' (MV((((dEVK@ L10 10! 10% h& () - 10%hmT—1§o!§}‘m-- A )-Z10% h&' () -

10% h& ()- 10% h& ()-(,)A)]) )))dEVK@ L10 10 "10%h&'()-‘%10%h&'()-# 10%

h&'()-'le%h&'() 910% h& ()- 110% h& ()-))) *T*b*|*a?VK@ L10!04 10%
& ()-F 0 10% h& ()-F /Z10% h& ()-& s!10% h& ()- |+ 10%

h& ()-!, @ 10%.hLh& ()-|*******++uV7 &Z108&4()- 810%&' ()- 109%& ()- F10%& () -

10hh 10hh 10hh! 4 109%h& ()-++,S,,, h-aBuv7 & 109%& ()-s 10%& () -

@O%& ()-s10%&' ()-!19%0%& ()- 10%&' ()-h-m}---.> aBuV7 & /109%& ()-F

'1(1)00/;/% ()- +10:/&a€)198 PRO%E ()-$10%& ()- "109& ()->.u....... ‘uVv7
' 10% & 3y10% & 10 I I 109K ' o
090aBu§% O % ing tgé obta%geéosgis 10{§gégparen(mg%é)smg$%%///

film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-

5 face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-
ity. The results are shown in Table 2.

10 ‘

Reference Example 3 [preparation of a sol containing

flake-shaped Ti0, particles]
10 g of 8T-21 (trade name of titanium oxide pow-
der; average crystallite diameter: 20 nm which is a
15 value described in the catalog) (manufactured and sold
by Ishihara Sangyo Kaishd Ltd., Japan) and 7.2 g of. ce-
sium carbonate were mixed together in a mortar. The
~ resultant mixture was transferred to a covered platinum
§35 ' crucible, and subjected to calcination by heating at
20 800 °C. for 30 minutes using an electric furnace, to
thereby decompose the carbonate salt. The resultant
calcination product was transferred to and ground in a
mortar, and, then, again calcined at 800 °C for 40
hours to thereby obtain cesium titanate'(CsxTi(}xM)O4)

25 (x = 0,68) (orthorhombic crystalline powder).
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the resultant mixture was stirred at room temperature
for 3 days. The resultant reaction mixture was fil-

5 tered (through a 5C filter paper) to thereby obtain a
residue. The obtained residue was washed with ion-
exchanged water, and the washed residue was dried at
100 °C for 3 hours to thereby obtain 5.1 g of titanic
acid (HxTi(%xh“O4'nH20) (x = 0.68) (crystalline powder),

10 in which cesium lons in the above-obtained cesium ti-

tanate were replaced by hydrogen ions. It is known

that crystals of titanic acid have a lamellar structure.

1,000 g of a 0.1 mol/l aqueous solution of tetra-
butylammonium hydroxide was added to 5 g of the ob-

15 tained titanic acid, and the resultant mixture was
shaken at 150 rpm by means of a shaker, to thereby ob—
tain a sol containing Ti0, particles (in the form of
fine flakes), wherein the volume mean particle diameter

(o | ” of the TiO, particles was 110 nm.

20
Example 8
500 g of the sol obtained in Reference Example 3
(containing flake-shaped TioO, particles) was charged |
into a reactor equipped with a reflux condenser, a

25 thermometer and a stirrer. Subsequently, 5.8 g of the

_@
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O minutes at 30 °C while stirring, and the resultant mix-
ture in the reactor was stirred for 10 hours at 30 °C
5 to effect a reaction of the sol with compound (1) and
modify the flake-shaped Ti0, partidleS'of the sol to
thereby obtain a sol containing modified TiO, particles
well dispersed thereih, wherein the volume mean parti-
cle diameter of the modified TiO, particles was 120 nm.
10 buring the reaction of the sol with compound (1), hy-
drogen gas was dgenerated. The volume of the generated
hydrogen gas was 13.7 ml as measured at 23 °C.
When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-
15 ter of the modified TiO, particles was still as small
as 143 nm.
Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
i@ stantially the same manner as in Example 1. The sur-
20 face of the film was evaluated by examining how the hy-
drophilicity oxr hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 2.

25

()
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Reference Example 4 [Synthesis of an Si-H group-

containing silicon compound (3) which is self-
emulsifiable in water and has a ladder shaped skeleton]
1,400 g of dioxane, 25.9 g of trichlorosilane and
5 51.6 g of methyltrichlorosilane were charged into a re-
actor equipped with a reflux condenser, a thermometer
and a stirrer, followed by stirring at room temperature
for approximately 10 minutes. To the resultant mixture
was dropwise added a mixed solvent of 14.5 g of water
10 and 58 g of aioxane over approximately 30 minutes while
stirring and maintaining the temperature at 25 to 30 °C,
followed by further stirring at 25 to 30 °C for ap~
proximately 30 minutes and, then, at 60 °C for 3 hours,

to thereby effect a polycondensation reaction of the

15 silanes.

The resultant reaction mixture was cooled to 25 to
30 °C, followed by addition of 65.5 g of trimethylchlo-
rosilane. To the resultant was added a mixed solvent
of 5.4 g‘of water and 22 g of dioxane over approxi-

20 mately 30 minutes while stirring and maintaining the
temperature at 25 to 30 °C, followed by further stir-
ring at 25 to 30 °C for approximately 2 hours, to
‘thereby perform a further polycondensation reaction.

The resultant reaction mixture was taken out of

25 the reactor and the solvent was distilled off at ap-
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prox1mately 60 °C under reduced pressure, thereby ob-
taining an Si-H group-containing silicon compound hav-
ing a ladder shaped skeleton and a weight average mo-
lecular weight of 3,900 (hereinafter referred to as a
5 ~ "ladder type silicon compound"). The obtained ladder
type silicon compound was subjected to IR spectrometry.
In the IR spectrum of this compound, absorptions at
1,130 cm-1 and 1,050 cm~!, which are ascribed to the
ladder sheped skeleton, were observed. |
10 0.4 g of the ladder type silicon compound obtained
above was dissolved in 8 g of butyl cellosolve, and,
then, 8 ml of a 1 N agueous sodium hydroxide solution
was added thereto, so that hydrogen gas was generated,
and the volume of the generated hydrogen gas was 46.2
15 ml as measured at 24 °C. The Si-H group content of the
above-mentioned ladder type silicon compound, as calcu-
lated from the volume of the generated hydrogen gas,
was 4.52 mmol per g of the above-mentioned ladder type
éj silicon compound.
20 Subsequently, 10 g of the above-mentioned ladder
type silicon compound and 20 g of tetrahydrofuran were
charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer, and the :esultant mixture

was stirred while maintaining the temperature at 30 °C.

25 To the resultant mixture was added 0.2 g of a 2.2 % by
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weight xylene solution of a platinum-

divinyltetramethyldisiloxane complex, and, then, a so-

lutlon obtained by dissolving 1.5 g of Adeca Rea Soap

SE-10N (trade name of a compound represented by the

5 following formula (19):

CHzOCHQCH=CH2
CoHro OCH,CHO(CH,CH,0)10SOsNH,  (19),

10

manufactured and sold by ASAHI DENKA KOGYO K.K., Japan)
in 13.5 g of tetrahydrofuran was added to the mixture
over approximately 2 hours while stirring and maintain-
ing the temperature at 30 °C, followed by further stir-

15 ring at 30 °C for 3 hours, thereby obtaining a solution
of an Si-H group-containing silicon compound (3) which
is self-emulsifiable in water and has a ladder shaped
skeleton (hereinafter referréd to simply as "compound

& 3. | |

20 8 g of butyl cellosolve was added to and mixed
with 1.75 of the solution of compound (3), and, then, 8
ml of a 1 N aqueous sodium hydroxide was added thereto,
so that hydrogen gas was generated, and the volume of
the generated hydrogen dgas was 43.4 ml as measured at

25 22 °C. The Si-H group content of compound (3), as cal-
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culated from the volume of the generated hydrogen gas,

was 0.961 mmol per g of the solution of compound (3)

(approximately 4.35 mmol per g of compound (3)).

5 Reference Example 5 [Synthesis of an Si-H group-

containing silicon compound (4) which is self-
emulsifiable in water and has a ladder shaped skeleton]
445 g of dioxane-and 25.9 g of methyltrichlorosi-
lane were charged into a reactor equipped with a reflux
10 condenser, a‘thermometer and a stirrer,vfollowed by
stirring at room temperature for approximately 10 min-
utes. To the resultant mixture was dropwise added a
mixed solvent of 4.7 g of water and 18.8 g of dioxane
over approximately 30 minutes while stirring and main-
15 taining the temperature at 25 to 30 °C, followed by
further stirring at 25 to 30 °C for approximately 30
minutes and, then, at 60 °C for 3 hours, to thereby ef-

fect a polycondensation reaction.

o

The resultant reaction mixture was cooled to 25 to
20 30 °C, followed by addition of 25.1 g of dimethylchlo-
rosilane. To the resultant mixture was added a mixed
solvent of 1.56 g of water and 6.24 g of dioxane over
approximately 30 minutes while stirring and maintaining
the temperature at 25 to 30 °C, followed by further

25 stirring at 25 to 30 °C for approximatély 2 hburs, to
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thereby perform a further polycondensation reaction.
The resultant reaction mixture was taken out of

the rééctor and the solvent was distilled off at ap-

proximately 60 °C under reduced pressure, thereby ob-

5 taining an Si-H group-containing silicon compound hav-
ing a ladder shaped skeletoh and a welght average mo-
lecular weight of 3,100 (hereinafter referred to as a
"ladder type silicon compound"). The obtained Si-H
group-containing silicon compound was subjected to IR

10 spectrometry: In the IR spectrum of this compound, ab-
sorptions at 1,130 cm-1l and 1,050 em~1l, which are as-
cribed to the ladder shaped skeleton, were observed.

0.44 g of the ladder type silicon compound ob-
tained above was dissolved in 8 g of butyl celiosolve,

15 and, then, 8 ml of a 1 N aqueous sodium hydroxide solu-
tion was added thereto, so that hydrogen gas was gener-
ated, and the volume of the generated hydrogen gas was

~ 40.9 ml as measured at 22 °C. The Si-H group content

&
WM
N

of the above-mentioned ladder type silicon compound, as
20 calculated from the volume of the generated hydrogen

gas, was 3.75 mmol per g of the above-mentioned ladder

type silicon compound.

| Subsequently, 10 g of the above-mentioned ladder

type silicon compound and 15 g of dioxane were charged

25 into a reactor equipped with a reflux condenser, a
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thermometer and a stirrer, and then, the temperature

1 10% U& () -|

was elevated to 80 °C while stirring. Then, a solution
obtaiﬁed by dissolving 3 g of Uniox MUS-8 (which is the
same as used in Reference Example 1) and 0.1 g of a 5 %
5 by weight isopropanol solution of hydrogen hexachloro-
platinate(IV) hexahydrate in 2.25 g of dioxane was
added to the mixture over approximately one hour at
80 °C while stirring, followed by further stirring at
80 °C for 2 hours and subsequent cooling to room tem-
10 perature, théreby obtaining a solution of an Si-H
group-containing silicon compound (4) which is self-
emulsifiable in water and has a ladder shaped skeleton
(hereinafter referred to simply as "compound (4)"}).
8 g of butyl cellosolve was added to and mixed
15 with 1.42 g of the solution of compound (4), and, then,
8 ml of a 1 N aqueous sodium hydroxide was added
thereto, so that hydrogen gas was generated,_énd the
volume of the generated hydrogen gas was 28.0 ml as
LW _ measured at 22 °C. The Si-H group content of the solu-
20 tion containing compound (4), as calculated from the
volume of the generated hydrogen gas, was 0.795 mmol

per g of the solution (4) (approximately 2.98 mmol per

g of compound (4)).

25 Example 9
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Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
gquently, 15 g of the solution of compound (3) obtained
5 in Reference Example 4 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 24 hours at 30 °C to effect a reaction of Tinoc A-6
with compound (3) and modify the TiO, particles of Ti-
10 noc A-6 to thereby obtain a sol containing modified
Ti0, particles well dispersed therein, wherein the
volume mean particle diameter of the modified TiO, par-
ficles was 53 nm. During the reaction of Tinoc A-6
with compound (3), hydrogen gas was dgenerated. The
15 volume of the generated hydrogen gas was 40 ml as meas-
ured at 23 °C.
Using the obtained sol, a film was formed in the
same manner as in Example 1, and the formed film was
;g subjected to spectrometry in substantially the same
20 manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to
the'Ti~OH group of TiO, particles in Tinoc A-6 disap-
peared, wherein the above-mentioned absorption had been

observed in the IR spectrum of TiO, prior to the modi-

25 fication of the TiO, particles.
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ter of the modified TiO, particles was still as small
as 63 nm.

Using the obtained sol, a transparent and smooth
£ilm was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film waé
also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 2.

Example 10

500 g of Tinoc A-6 (which is the same as used in
Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, 10.8 g of the solution of compound (4) ob-
tained in Reference Example 5 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was

stirred for 8 hours at 30 °C to effect a reaction of

" Tinoc A-6 with compound (4) and modify the T10, parti-

cles of Tinoc A-6 to thereby obtain a sol containing

modified TiO, particles well dispersed therein, wherein
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the volume mean particle diameter of the modified TiO,
particles was 29 nm. During the reaction of Tinoc A-6
with compound (4), hydrogen gas was generated. The
volume of the generated hydrogen gas was 100 ml as
5 measured at 23 °C.
Using the obtained sol, a film was formed in the
same manner as in Example 1, and the formed f£ilm was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained. by
10 the spectrometry showed that the absorption ascribed to
the Ti-OH group of Ti0, particles in Tinoc A-6 disap-
peared, wherein the above-mentioned absorption had been
observed in the IR spectrum of TiO, prior to the modi-
fication of the TiO, particles.
15 When the obtained sol was allowed to stand still

at 30 °C for 100 days, the volume mean particle diame-

ter of the modified TiO, particles was still as small

~ as 30 nm.
&J v Using the obtained sol, a transparent and smooth
20 film was formed on the surface of a glass plate in sub-

stantially the same ﬁanner as in Example 1. The sur-

face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was

25 also evaluated with respect to the photocatalyst activ-
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50 g of Tinoc A-6 (which 1s the same as used in

5 Example 1) was charged into a reactor equipped with a

reflux condenser, a thermometer and a stirrer. Subse-

10

15
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25

quently, 6 g of AciplexTM-SS950 (trade name of a 5 % by

weight ethanol/water (weight ratio of ethanol to water
= 1:1) solution of a fluoro resin having a sulfonic
acid group, ﬁanufactured and sold by Asahi Kasei Kogyo
Kabushiki Kaisha, Japan) was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reaétor was stirred
for 8 hours at 30 °C to cause adsorption of AciplexTM-

SS950 on Tinoc A-6 and modify the TiO, particles of Ti-

noc A-6 to thereby obtain a sol containing modified
Ti0, particles well dispersed therein, wherein the mean

volume particle diameter of the modified TiO, particles

was 150 nm.
When the obtained sol was allowed to stand still
at 30 °C for 100 days, the mean volume particle diame-

ter of the modified TiO, particles was still as small

as 147 nm.
Using the obtained sol, a transparent and smooth

film was formed on the surface of a glass plate in sub-
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face of the film was evaluated by examining how the hy-
drophiiicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
5 also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 3.

Example 12

150 g of the organosol obtained in Example 5 was

10 added to 100‘9 of Biétrator-L NSC-200A (trade name of
an organic solvent-based silicone-acrylic coating agent
(solids content: 20 % by weight) (undercoating agent
for a conventional coating agent containing a photo-
catalyst), manufactured and sold by Nippon Soda Co.,

15 Ltd., Japan) over approximately 10 minutes at room tem-
perature while stirring, thereby obtaining a modified
photocatalyst composition.

The obtained modified photocatalyst composition

iﬁ' was spray-coated on a glass plate in a thickness of 30

20 um. The coated glass plate was dried at room tempera-
ture for a week, and then, at 50 °C for 5 days, thereby
forming a transparent and smooth film on the surface of
the glass plate. The surface of the film was evaluated
by examining how the hydrophilicity or hydrophobicity

25 of the film surface was changed by UV irradiation. The
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surface of the film was also evaluated.with respect to

the photocatalyst activity. The results are shown in

Table 3.

5 Comparative Example 1

A transparent and smooth film was formed on the
surface of a glass plate in substantiaily the same man-
ner as in Example 12; except that Bistrator-L NSC-200A
(whiCh is the same as used in Example 12) alone was

10 used instead of the modified photocatalyst composition
obfained in Example 12. The surface of the film was
evaluated by examining how the hydrophilicity or hydro-
phobicity of the film surface was changed by UV irra-
diation. Thé surface of the film was also evaluated

15 with respect to the photocatalyst activity. The re-

sults are shown in Table 3.

Comparative Example 2

To 250 g of Polydurex G633 (trade name of an agque-
20 ous acrylic-silicone emulsion (solids content: 46 % by
weight, pH: 8.8), manufactured and sold by Asahi Kasei
Kogyo Kabushikil Kaisha, Japan) was added, as a film-
forming auxiliary, 22.8 g of CS-12 (trade name of
2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, manu-

25 factured and sold by CHISSO Corporation, Japan) over 20
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minutes at room temperature while stirring. To the re-
sultant mixture, also as a film-forming auxiliary

22;8 % of an aqueous‘solution of butyl cellosolve (50 %
by weight) was added over 20 minutes at room tempera-

5 ture while stirring, followed by further stirring at
room temperature for 3 hours, thereby obtaining an
acrylic-silicone emulsion containing film-forming
auxiliary, wherein the solids content of the emulsion
was 38.6 % by weight.

10 A transéarent and smooth f£film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 12, except that the above-mentioned
emulsion was used instead of the modified photocatalyst
composition obtained in Example 12. The surface of the

15 film was evaluated by examining how'the hydrophilicity
or hydrophobicity of the film surface was changed by UV
irradiation. The surface of the film was also evaluat-
ed with respect to the photocatalyst activity. The re-

sults are shown in Table 3.

20

Example 13

75 g of the sol obtained in Example 6 was added to
100 g of the acrylic-silicone emulsion containing film-
forming auxiliary, which was obtained in Comparative

25 Example 2, over approximately 10 minutes at room tem-



8g10% ()-F F10% ()- 31 { dEVK@s10 10F ' &10% ()- YA0% ()-$" 109%& ()-|
3"@O%& ()-F f 100 ()-1 gl0%&: ()-{ 6789aVK@ s1® btbBet08pi00%&: () -

@ 10%& ()-&s-110%& ()- +10%& ()-1p,)4" 10%DD& ()mwég%vk%rsro 10" 1 109& () -
109& ()- s109& ()-1 109 ()-3109%& ()-Fy1l09% ()- 3c4dEVK@s10 10 Y"109%& () -

S109& ()- 109& ()- 109%& ()-&LO%& ()- 109%R'89) - 4n AzaBVK@s10 L-!109%& ()-

+109& ()-!y@! 10909& ()- ' 109& ()- &LOY& ()- 99$Z" 109%& () -z, bcdeuyNoC s10

a0 & () 031 10 & [ £y b BBp cfimordd )25 1n YO ik OKRERK 10 ¥

| 110% & () -t y! :l'.?loéd ‘gu(r)f'a'é%d%:f/ the OHP film, Ti0, particles were not

present at the inside f£ilm surface (in contact with the

OHP film as a substrate), and the film formed on the

5 surface of the OHP film had a distribution of TiO, par-
ticles wherein the concentration of TiO, partibles in-
creases from the inside f£ilm surface (in contact with
the OHP film) toward the outside film surface (opposite
to the inside film surface in contact with the OHP

10 £ilm). ’
Further, the surface of the film formed on the

surface of the OHP film was evaluated with respect to

the photocatalyst activity. The evaluation was good

(©).
15
Example 19
19 g of the sol obtained in Example 18 was added
~ to 100 g of the aqueous acrylic-silicon emulsion (con-
taining a film-forming auxiliary ) obtained in Compara-
20 tive Example 2 over approximately 10 minutes at room

temperature (23 °C) while stirring, thereby obtaining a
modified photocatalyst composition.

Using the obtained modified photocatalyst composi-
tion, a smooth film was formed on the surface of an OHP

25 film in substantially the same manner as in Example 18.
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perature while stirring, thereby obtaining a modified
photocgtalyst composition.
Using the obtained modified photocatalyst composi-

tion, a transparent and smooth film was formed on the

5 surface of a glass plate in substantially the same man-
ner as in Example 12. The surface of the film was
evaluated by examining how the hydrophilicity or hydro-
phobicity of the film surface was changed by UV irra-
diation. The surface of the film was also evaluated

10 with respectﬂto the photocatalyst activity. The re-

sults are shown in Table 3.

Comparative Example 3

A film was formed on the surface of a glass plate

15 in substantially the same manner as in Example 1, ex-
cept that a sol obtained by diluting 100 g of STS-02

(which is the same as used in Example 5) with 50 g of

‘water was used instead of the modified photocatalyst

s

S sol obtained in Exmaplé 1. However, since the formed

20 film was cracked, it was impossible to evaluate the
surface of the film by examining how the hydrophilicity
or hydrophobicity of the film surface was changed by UV
irradiation, and it was also impossible to evaluate the

surface of the film with respect to the photocatalyst

25 activity.



Yy 109B& ()-Y 109B& ()-Y 109B& ()-"109B& ()-F

Y1008& ()-s f!109B& ()-MaBYNC 10/1 +109%B& ()-&)bédei@Bséo2! ' 10988 ()-|
f(l)g%?g‘é%-sgﬁ%ze%()-s Y 1098& () --9:; <LPhC Toéhmw—oé:—rmé 5 gquzylo% u&'(§2

» '()- f/s109B& ()--#109B& () - PU. gaBbC 10/110% U& () - 0
U& ()-sLy!10% U& ()-3 10% U& ()-!3 y10% U u&'()?j RATDC. 107
+Y10% U& () - 1) i 1098JU& () -1 ' 10% U& () - |
U& ()- KYbC 10/ 1098B& ()-Fyl09B& ()- 161

10

15

20

25

To 68 g of the obtained sol was added 100 g of bu-
tyl cellosolve over approximately 10 nimutes at room
temperature while stirring, and then, water was dis-
tilled off under reduced pressure by means of an evapo-
rator, thereby obtaining an organosol. However, the
particles in the obtained organosol was not stably dis-
persed in the liquid medium, and precipitated. That is,
it was impossible to obtain an organosol having an ex-

cellent dispersibility.

Comparative Example 4

30 g of ST-01 (trade name of an anatase-type ti-
tanium oxide powder; average crystallite diameter: 7 nm
which is a value described in the catalog) (manufac-
tured and sold by Ishihara Sangyo Kaisha, Ltd., Japan)
and 120 g of water were charged into a reactor equipped
with a reflux condenser, a thermometer and a étirrer,
and the resultant mixture in the reactor was heated to
50 °C while stirring. Subsequently, 31 g of the solu-
tion of compound (1) obtained in Reference Example 1
was charged into the reactor over approximately 30
minutes at 50 °C while stirring, and the resultant mix-
ture in the reactor was stirred at 50 °C for 3 hours,
and then, cooled to room temperature. The particles in

the resultant reaction mixture were precipitated and

10B
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separated from the liquid phase, wherein the wvolume
mean particle diameter of the particles was 3 um or
more.
To the resultant mixture was added 200 g of butyl
5 cellosolve, and then, water was distilled off under re-
duced pressure by means of an evaporator, thereby ob-
taining an organosol. However, the particles in the
obtained organosol was not stably dispersed in the lig-
uid medium, and precipitated. That is, it was impos-
10 sible to obtain an organosol having an excellent dis-

persibility. Therefore, it was impossible to form a

film on a glassvplate using this organosol.

Comparative Example 5

15 100 g of 8TS-02 (trade name of a hydrochloric
acld-peptized sol of an anatase-type titanium oxide;
volume mean particle diameter: 18 nm, TiO5 content:

30 % by weight, average crystallite diameter: 7 nm whi-
hod' ch is a value described in the catalog) (manufactured

20 and sold by Ishihara Sangyo Kaisha, Ltd., Japan) and
100 g of water were charged into a reactor equipped
with a reflux condenser, a thermometer and a stirrer.
Subsequently, a solution obtained by dissolving 7.5 g
of methyltrimethoxysilane in 7.5 g of dioxane was

25 charged into the reactor over approximately 30 minutes
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at 30 °C while stirring, and the resultant mixture in

the reactor was further stirred at 30 °C for 3 hours to

effect“a reaction of STS-02 with methyltrimethoxysilane

and modify the TiO, particles to thereby obtain a sol

5 coﬂtaining particles of modified titanium oxide (here-
inafter referred to as “modified TiO, particles”),
wherein the volume mean particle diameter of the TiO,
particles was 900 nm.

Using the obtained sol, a film was formed in the

10 same manner és in Example 1, and the formed film was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to
the Ti-OH group of TiO, particles in STS-02 became

15 small but did not disappear, wherein the above-
mentioned absorption had been observed in the IR spec-
trum of TiO, prior to the modification of the TiO, par-
ticles. This means that the Ti-OH group étill remained

ot in STS-02 in a considerably large amount,

20 Using the obtained sol, a film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 1. However, only a film which is
white‘turbid and has a large surface roughness was ob-

tained.

25 When the obtained modified titanium oxide sol was



10/ - #10% U’ ()-F +10% U&' ()-!1\* 10% Ui U& ()-F 3(10% U& ()-F S&L0%

U& ()-$"10% U& ()-|VWbC 10/F F 109 ()- Y109%& U 10 U 10
UY7"10% U& ()-Y /10% U& ()-s8m-aBbC 10/ tlocy@ow%ef 2002

10%&'()IZ"10%&'() Y 10%& ()-!Y &L0%& ()-Cz!dEDC 10/ F(10%& () -
f&le%& ()-9$& 10%&' ()- "109%& ()-F nl0%& ()- F10%& ()-!Y$U}~?bC 10/
3109 ()- 1109k ()- /109 ()-& Z"10%&k ()-! X@&10%&' ()-!~*$10%>& ()-UbC
10/ 910%&' ()-F109%& ()-Yyl0o%&' ()- 10 164

allowed to stand still at 30 °C for 2 months, the sol

was gelled. Therefore, 1t was impossible to evaluate

the surface of the £ilm.

5 Comparative Example 6

200 g of Tinoc A-6 (which is the same as used in
Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, a solution obtained by dissolving 3 g of meth-
10 vltrimethoxysilane in 3 g of dioxane was charged into
the reactor over approximately 30 minutes at 30 °C
while stirring, and the resultant mixture in the reac-
tor was stirred for 3 hours at 30 °C to effect a reac-
tion of Tinoc A-6 with methyltrimethoxysilane and modi-
15 fy the TiO, particles of Tinoc A-6 to thereby obtain a
sol containing modified TiO, particles, wherein the:
volume mean particle diameter of the modified TiO, par-
ticles was 1 um.
Wd | Using the obtained sol, a film was formed in the
20 same manner as in Example 1, and the formed film was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to
the Ti-OH group the TiO, particles of Tinoc A-6 became

25 small but did not disappear, whereiln the above-
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mentioned absorption had been observed in the IR spec-
trum of TiO, prior to the modification of the TiO, par-
ticles. This means that the Ti-OH group remained in
Tinoc A-6 in a considerably large amount.
5 When the obtained modified titanium oxide sol was
allowed to stand still at 30 °C for one week, the sol

was gelled. Therefore, it was impossible to evaluate

the surface of the film.

10 Comparative Example 7

100 g of STS-02 (which is the same as used in Ex-
ample 5) was charged into a reactor equipped with a re-
Iflux condenser, a thermometer and a stirrer. Subse-
quently, 6 g of Acciplex-$S950TM (which is the same as
15 used in Example 11) was charged into the reactor over
approximately 30 minutes at 30 °C while stirring, and

the resultant mixture in the reactor was stirred at

30 °C for 8 hours to cause adsorption of AciplexT™-

e

$8950 on STS-02 and modify the TiO, particles of STS-02
20 to thereby obtain a sol containing modified T10, parti-
cles, wherein the volume mean particle diameter of the
modified TiO, particles was 3 um Or more.
Since the obtained modified titanium oxide sol
gradually precipitated with time, it was impossible to

25 spray-coat the sol.
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(The hydrophilicity or hydrophobility of the film sur-
face before and after the UV irradiation, and the pho-
tocatalyst activity)

5 .
Evaluation item | Example Example Example Example Example
' 1 2 3 4 5
Contact angle of
water ° s o ° °
(before the ir- 37 20 4 6 33
radiation)
Contact angle of
Water ° ° ° o o
(one day after 0 95 114 0 3
the irradiation)
Contact angle of
water ° o © o o
(3 days after 0 0 0 0 0
the irradiation)
Photocatalyst
activity o © © © ©
Table 2
(The hydrophilicity or hydrophobility of the film sur-
face before and after the UV irradiation, and the pho-
10 tocatalyst activity)
Evaluation item | Example Example Example Example | Example
6 7 8 9 10
Contact angle of
- water ° ° ° o °
(before the ir- 8 18 34 17 32
radiation)
Contact angle of
water ° ° 0 ° o
(one day after 0 43 4 0 0
the irradiation)
Contact angle of
water ° ° ° ° °
(3 days after O 0 0 0 0
the irradiation)
Photocatalyst
activity © © © © ©
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Reference Example 6 [Synthesis of an Si-H group-

containing silicon compound (5) having a keto groupl
500 g of dioxane and 500 g of KF9901 (which is the
5 same as used in Reference Example 1) were charged into
é reactor equipped with a reflux condenser, a thermome-
ter and a stirrer, and the resultant_mixture in the re-
actor was heated to 60 °C while stirring.
16.3 g of a 0.25 % by weight dioxane solution of
10 dichloro(dic&clopentadienyl)platinum (I1) was charged
into the reactor, and then, a solution obtained by dis-
solving 250 g of Uniox MUS-8 (which is the same as used
in Reference Example 1) in 250 g of dioxane was charged
into the reactor over approximately 30 minutes at 60 °C
15 while stirring. The resultant mixture in the reactor
was stirred at 60 °C for 30 minutes. Subsequently, a
solution obtained by dissolving 100 g of 5-hexen-2-one
in 100 g of dioxane was charged ihto the reactor for
approximately 30 minutes at 60 °C while stirring, and
20 the resultant mixture in the reactor was stirred for
one hour at 60 °C, thereby obtaining a solution of an
Si-H group-containing silicon compound (5) having a ke-
to group (hereinafter referred to simply as “compound
(5)").

25 When 100 g of water was added to 4 g of the ob-
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mixture was a dispersion which was slightly white tur-
bid.
On the other hand, 8 g of butyl cellosolve was
5 added to and mixed with 0.89 g of the solution of com-
pound (5), and, then, 8 ml of a 1 N aqueous sodium hy-
droxlde solution was added thereto, so that hydrogen
gas was generated, and the volume of the generated hy-
drogen gas was 27.2 ml as measured at 23 °C. The Si-H
10 group content of compound (5), as calculated from the
volume of the generated hydrogen gas, was 1.2 mmol per

g of the solution of compound (5) (approximately 4.1

mmol per g of KF9901).

15 Reference Example 7 [Synthesis of an Si-H group-

containing silicon compound (6) having a methacryloyl
group]

100 g of dioxane and 100 g of KF9901 (which is the
same as used in Reference Example 1) were charged into

20 a reactor equipped with a reflux condenser, a thermome-

ter and a stirrer, and the resultant mixture in the re-
actor was heated to 60‘°C while stirring.

5 g of a 0.25 % by weight dioxane solution of di-
chloro(dicyclopentadienyl)platinum(II) was charged into

25 the reactor, and then, a solution obtained by dissolv-
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ing 50 g of Uniox MUS-8 (which is the same as used in
Reference Example 1) in 50 g of dioxane was charged in-
to the reactor over approximately one hour at 60 °C
while stirring. Subsequently, a solution obtained by
5 dissolving 20 g of allyl methacrylate and 0.01 g of 4-
methoxyhydroquinone (polymerization inhibitor) in 20 g
of dioxane was charged into the reactor for approxi-
mately 30 minutes at 60 °C while stirring, and the re-
sultant mixture in the reactor was further stirred for
10 one hour at 60 °C, thereby obtaining a solution of an
Si-H group-containing silicon compound (6) having a
methacryloyl group (hereinafter referred to simply as
"compound (6)").
When 100 g of water was added to 4 g of the ob-
15 tained solution of compound (6), the resultant aqueous
mixture was a dispersion which was slightly white tur-
bid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 1.25 g of the solution of com-
20 pound (6), and, then, 8 ml of a 1 N aqueous sodium hy- -
droxide solution was added thereto, so that hydrogen
gas was generated, and the volume of the generated hy-
drogen gas was 42.0 ml as measured at 23 °C. The Si-H
group content of compound (6), as caléulated frqm the

25 volume of the generated hydrogen gas, was-l.B mmol per
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g of the solution of compound (1) (approximately 4,6

mmol per g of KF9901).
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silicone-modified polymer having a keto groupl

8 g of methacrylic acid, 3 g of dlacetone ac-
rylamide, 34 g of methyl methacrylate, 40 g of butyl
5 acrylate, 15 g of cyclohexyl methacrylate, 300 g of
water and 20 g of a 20 % by welght aqueous solution of
Latemul S-180A (trade name of ammonium salt of a sulfo-
succinic diester having, in a molecule thereof, a dou-
ble bond copolymerizable with an ethylenically unsatu-
10 rated monomef) (manufactured and sold by Kao Corp., Ja-
pan) were charged into a reactor equipped with a stir-
rer, a reflux condenser and a thermometer and provided
with two dropping funnel-like vessels for dropwise
feeding (hereinafter referred to as "dropping vessels”).
15 The internal temperature of the reactor was elevated to
78 °C. Subsequently, 0.5 g of ammonium persulfate was
charged into the reactor, and the resultant mixture in
the reactor was stirred at 78 °C for one hour, thereby
wf obtaiﬁing a seed latex. The seed latex had a pH value
20 of 1.8.
To the obtained seed latex in the reactor was
added a solution containing 3 g of methécrylic acid, 12
g of diacetone acrylamide, 165 g of methyl methacrylate,
160 g of butyl acrylate, 60 g of cyclohexyl methacryl-

25 ate, 330 g of water, 20 g of a 20 % by weight aqueous
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methacryloxypropyltrimethoxysilane, 25 g of dimethyldi-

methoxysilane and 25 g of methyltrimethoxysilane,

(62

wherein the two solutions were separately charged into
the reactor through respective dropping vessels at
80 °C over 3 hours while stirring.

After the dropwise addition of the two solutions,
the internal temperature of the reactor was elevated to
10 85 °C, and tﬁe contents of the reactor were stirred for

6 hours and, then, cooled to room témperature, to
thereby obtain a reaction mixture. The pH value of the
reaction mixture in the reactor was measured and found
to be 2.1.
15 A 25 % by weight aqueous ammonia solution was
charged into the reactor so as to adjust the pH value
of the reaction mixture to 8. Then, the reaction mix-
ture was filtered through a wire mesh (100-mesh size)
to remove aggregates from thé reaction mixturé, thereby
20 obtaining an emulsion. The amount of the aggregates
was as small as 0.02 % by weilght, in terms of the
weight percentage of the dried aggregates, based on the
total weight of the monomers used.
The obtained emulsion had a solids content of

25 44.0 % by weight, and the volume mean particle diameter
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of a semicarbazide derivative)

5 230 g of isopropanol and 20 g of hydrazine monohy-
drate were charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer at room
temperature. |

A solution of 42 g of Duranate 24A (trade name of
10 a biuret typé polyisocyanate; NCO content: 23.3 % by
weight) (manufactured and sold by Asahi Kasei Kogyo Ka-
bushiki Kaisha, Japan) in 168 g of tetrahydrofuran was
charged into the above-mentioned reactor over approxi-
mately one hour at 40 °C while stirring, and the resul-
15 tant mixture in the reactor was stirred at 40 °C for 3
hours, thereby obtaining a reaction mixture.
Tetrahydrofuran, hydrazine, water and the like
were removed from the obtained reaction mixture by dis-
Q, tillation under reduced pressure, and an appropriate
20 “amount of water was added to the resultant mixture, to
thereby obtain an aqueous solution of a semicarbazide
derivative (solids content of the solution: 30 % by

weight).

25 Example 14
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Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, 15.3 g of the solution of compound (5) ob-

5 tained in Reference Example 6 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred at 30 °C for 5 hours to effect a reaction of
Tinoc A-6 with compound (5) and modify the TiO, parti-

10 cles of Tinoc A-6 to thereby obtain a sol containing
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 18 nm. During the reaction of Tinoc A-6

- with compound (5), hydrogen gas was generated. The

15 volume of the generated hydrogen gas was 122 ml as
measured at 23 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of

20 TiO, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrum of Ti0O, prior to the modification of the TiO,
particles.

‘When the obtained sol was allowed to stand still

25 at 30 °C for 100 days, the volume mean particle diame-
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as 23 nm.

On the other hand, 11.3 g of the agqueous solution
of a semicarbazide derivative (obtained in Reference
Example 9) was added to 200 g of the emulsion of a
silicon-modified polymer haviné a keto group {(obtained
in Reference Example 8) over approximately 20 minutes
at room temperature while stirring, thereby obtaining a
mixture.

To the ébtained mixture was added 230 g of the
above-mentioned sol over approximately 30 minutes at
room temperature while stirring, and the resultant mix-
ture was stirred at room temperature for 3 hours,
thereby obtaining a modified photocatalyst composition.

Using the obtained modified photocatalyst composi-
tion, a transparent and smooth film was formed on the
surface of a glass plate in substantially the same man-

ner as in Example 12, The surface of the film was

~evaluated with respect to the photocatalyst activity.

The evaluation was good (©). The retention ratio of
thé weight of the film after immersion in‘acetone was
97 %, which shows that the f£ilm had an excellent sol-

vent resistance.

Example 15
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lOOAg of S8TS-02 (which is the same as used in Ex-
ample ?) and 50 g of water were charged into a first
reactor equipped with a reflux condenser, a thermometer
and a stirrer. Subsequently, 26 g of the solution of
compound (6) obtained in Reference Example 7 was
charged into the first reactor over approximately 30
minutes at 30 °C while stirring, and the resultant mix-
ture in the first reactor was stirred at 30 °C for 7
hours to effect a reaction of STS-02 with compound (6)
and modify the TiO, particles of STS-02, to thereby ob-
tain a sol containing modified Ti0, particles well dis-
persed therein, wherein the volume mean particle diame-
ter of the modified T1i0, particles was 38 nm. During
the reaction of STS-02 with compound (6), hydrogen gas
was generated. The volume of the generated hydrogen
gas was 240 ml as measured at 24 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
TiO, particles in STS-02 disappeared, wherein the
vabove—mentioned absorption had been observed in the IR
spectrum of Ti0, prior to the modification of the TiO,
particles.

100 g of the above-mentioned sol, 353 g of water

and 2 g of Adeca Rea soap SE-1025N (trade name of a

_ @104 10!!3 y

10%
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25 % aqueous solution of a surfactant; manufactured and
sold by ASAHI DENKA KOGYO K.K., Japan) were charged in-
to a second reactor equipped with a stirrer, a reflux
condenser, a dropping vessel and a thermometer. The

5 internal temperature of the second reactor was elevated
to 80 °C. Subsequently, a solution containing 6 g of
méthacrylic acid, 61 g of butyl acrylate, 70 g of meth-
vl methacrylate, 1.2 g of acrylamide, 80 é of water,
2.7 g of Adeca Rea soap SE-1025N, 1.4 g of sodium p-

10 styrenesulfoﬁate and 0.5 g of ammonium persulfate was
dropwise added through the dropping vessel to the sec-
ond reactor at 80 °C over 2 hours while stirring.

After the addition of the solution, the resultant
mixture in the second reactor was stirred at 80 °C for

15 2 hours and, then, cooled to room temperature. A 25 %
aqueous ammonia solution was charged into the second
reactor so as to adjust the pH value of the mixture in
the second reactor to 8. The resultant mixture was
filtered through a wire mesh (100-mesh size) so as to

20 remove aggregates from the mixture, thereby obtaining a
modified photocatalyst composition (a modified photo-
catalyst-acrylic composite emulsion). The modified
photocatalyst composition had a solids content of
23.4 % by weight, and the volume mean particle diameter

25 of particles in the composition was 95 nm.
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tion, a transparent and smooth f£ilm was formed on the

surface of a glass plate in substantially the same man-
ner as in Example 12. The surface of the film was
5 evaluated with respect to the photocatalyst activity.

The evaluation was good (©).

Reference Example 10 [Synthesis of silicon compound (7)

containing an Si-H group, which is self-emulsifiable in
10 water] ‘

50 g of dioxane and 50 g of HMS-301-100GM (which
is the same as used in Reference Example 2) were
charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer, and the resultant mixture

15 in the reactor was heated to 80 °C while stirring.

On the other hand, 25 g of Uniox MUS-8 (which is
the same as used in Reference Example 1) and 0.53 g of
a 5 % by weight isopropanol solution of hydrogen hexa-
chloroplatinate(IV) hexahydrate were dissolved in 62.5

20 g of dioxane.

The resultant solution was charged into the reac-
tor containing the above-mentioned mixture over ap-
proximately one hour at 80 °C while stirring, and the
resultant mixture in the reactor was stirred at 80 °C

25 for 2 hours and, then, cooled to room temperature,
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A containing an Si-H group (hereinafter referred to sim-

ply as "compound (7)").
When 100 g of water was added to 4 g of the above-
5 obtained solution of compound (7), the resultant aque-
ous mixture was in the form of a dispersion which is
slightly white turbid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 2.23 g of the solution of com-
10 pound (7), aﬁd, then, 8 ml of a 1 N aqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 45.2 ml as measured at 21 °C. The Si-H
group content of compound (7), as calculated from the
15 volume of the generated hydrogen gas, was 0.825 mmol
per g of the solution of compound (7) (approximately

3.1 mmol per g of HMS-301-100GM).

Reference Example 11 (Synthesis of an S§i-H group-

20 contalning silicon compound (8) which is self-
emulsifiable in water and has a fluoroalkyl group)
50 g of methyl ethyl ketone and 50 g of HMS-301-
100GM (which is the same as used in Reference Example
2) were charged into a reactor equipped with a reflux

25 condenser, a thermometer and a stirrer, and the resul-
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tant mixture in the reactor was heated to 60 °C while
stirring. Then, 1.6 g of a 0.25 % by. weight dioxane
solution of dichloro(dicyclopentadienyl)platinum(II)
was charged into the reactor to obtain a mixture.

5 ~ On the other hand, 25 g of Uniox MUS-8 (which is
the same as used in Reference Example 1) was dissolved
in 25 g of methyl ethyl ketone.

The resultant solution was charged into the reac;
tor containing the above-mentioned mixture over ap-

10 proximately 30 minutes at 60 °C while stirring, and the
resultant mixture in the reactor was stirred at 60 °C
for 30 minutes to obtain a mixture.

10 g of perfluoroctylethylene and 1.1 g of a
0.25 % by weight dioxane solution of dichloro(dicyclo-

15 pentadienyl)platinum(II) were dissolved in 10 g of
methyl ethyl ketone, and the resultant solution was
added to the above-obtained mixture over approximately
one hour at 60 °C while stirring, and the resultant

R mixture in the reactor was stirred at 60 °C for 8 hours
20 and, then, cooled to room temperature, thereby obtain-

ing a solution of an Si-H group-containing silicon com-
pound (8) having a fluoroalkyl group'(hereinafter
referred to simply as "compound (8)").

When 100 g of water was added to 4 g of the above-

25 obtained solution of compound (8), the resultant ague-
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ous mixture was in the form of a dispersion which is
slightly white turbid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 1.094 g of the solution of com-
5 pound (8), and, then, 8 ml of a 1 N agqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 25.5 ml as measured at 17 °C. The Si-H
group content of compound (8), as calculated from the
10 volume of thé generated hydrogen gas, was 0.962 mmol

per g of the solution of compound (8) (approximately

3.31 mmol per g of HMS-301-100GM).

Reference Example 12 (Measurement of the surface energy

15 of a f£ilm prepared from an organic solvent type acrylic
coating agent)

Pla-ace (trade name of an organic solvent-dis-
~ solved acrylic coating agent; solids content: 50 % by
weight) (manufactured and sold by MUSASHI PAINT CO.,

20 LTD., Japan) was cast on a glass plate in a thickness
of 20 pm. The glass plate having cast thereon Pla-ace
was dried at room temperature for 2 days, followed by
heat drying at 50 °C for 3 days, thereby forming a

transparent and smooth film on the surface of the glass

25 plate.
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The contact angle of water against the surface of
the film was 84° as measured at 20 °C. The surface en-
ergy of the film was 35.5 dyn/cm at 20 °C, as calculat-

ed from the contact angle using the Sell and Neumann's

empirical formula.

Reference Example 13 (Measurement of the surface energy

of an agqueous acrylic-silicone resin emulsion)

USing the agueous acrylic-silicone emulsion (con-
taining a fiim—forming assistant) prepared in Compara-
tive Example 2, a trahsparent and smooth £ilm was
formed on the surface of a glass plate in substantially
the same manner as in Reference Example 12.

The contact angle of water against the surface of
the film was 89° as measured at 20 °C. The surface en-
ergy of the film was 31.5 dyn/cm at 20 °C, as calculat-
ed from the contact angle using the Sell and Neumann's

empirical formula.

Example 17

400 g of Tinoc A-6 (which is the same as used in
Example 1) and 10.3 g of the solution of compound (7)
obtained in Refereﬁce Example 10 were charged into a
reactor equipped with a reflux condenser, a thermometer

and a stirrer over approximately 30 minutes at room

9310%

& ()-103 10%hh& ()-3 F10% h& ()-!I
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temperature (30 °C) while stirring, and the resultant
mixture in the reactor was stirred at 30 °C for 3 hours
to effect a reaction of Tinoc A-6 with compound (7) and
modify the TiO, particles of Tinoc A-6 to thereby ob-

5 tain a sol containing modified TiO, particles well dis-
persed therein, wherein the volume mean particle diame-
ter of the modified TiO, particles was 17 nm. During
the reaction of Tinoc A-6 with compound (7), hydrogen
gas was generated. The volume of the generated hydro-

10 gen gas was 80 ml as measured at 16 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
TiOz'particles in Tinoc A-6 disappeared, wherein the

i5 above-mentioned absorption had been observed in the IR

spectrum of T10, prior to the modification of the TiO,

particles.
100 g of butyl cellosolve was added to 100 g of

the obtained sol over approximately 10 minutes at room
20 temperature {23 °C) while stirring and, then, water was

removed from the resultant mixture under reduced pres-

sure by means of an evaporator. Subsequently, an ap—'

propriate amount of butyl cellosolve was added to the

mixture so that the solids content of the mixture be-

25 came 5.8 % by weight, thereby obtaining an organosol
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containing particles well dispersed therein, wherein
the volume mean particle diameter of the particles was
25 nm.h

The obtained organoéol was spray-coated on a glass
plate in a thickness of 2 pm. The coated glass plate
was dried at 50 °C for one week, thereby forming a
transparent and smooth film on the surface of the glass
plate.

The contact angle of water against the surface of
the film was.95.6° as measured at 20 °C. The surface
energy of the film was 26.5 dyn/cm at 20 °C, as calcu-
latéd from the contact angle using the Sell and Neu-
mann'’'s empirical fbrmula.

20 g of the organosol was added to Pla-ace (which
is the same as used in Reference Example 12) over ap-
proximately 10 minutes at room temperature while stir-
ring, thereby obtaining a modified photocatalyst compo-
sition.

The modified photocatalyst composition was casted
on an OHP f£ilm in a thickness of 20 pm. The casted OHP
film was dried at room temperature for 2 days, followed
by heat drying at 50 °C for 3 days, thereby forming a
smooth f£ilm on the surface of the OHP film.

The distribution of titanium atoms in a cross-

sectioh of the film formed on the surface of the OHP
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film was measured by means of an energy-dispersive X-

ray spectrometer. The result of the measurement is
shown in Fig. 2.
As can be seen from Fig. 2, in the film formed on
5 the surface of the OHP £ilm, TiO, paiticles were not
present at the inside film surface (in contact with the
OHP film as a substrate), and the film formed on the
surface of the OHP f£ilm had a distribution of TiO, par-
ticles wherein the concentration of TiO, particles in-
10 creases from‘the inside film surface (in contact with
.the OHP film) toward the outside f£ilm surface (opposite
to the inside film surface in contact with the OHP
£ilm).
Further, the surface of the film formed on the
15 surface of the OHP f£ilm was evaluated with respect to

the photocatalyst activity. The evaluation was good

(0).

Example 18

20 300 g of Tinoc A-6 (which is the same as used in
Example 1) and 15.5 g of the solution of compound (8)
obtained in Reference Example 11 were charged into a
reactor equipped‘with a reflux condenser, a thermometer
and a stirrer over approximately 30 minutes at room

25 temperature (30 °C) while stirring, and the resultant
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to effect a reactidn of Tinoc A-6 with compound (8) and

modify the TiO, particles of Tinoc A-6 to thereby ob-
tain a sol containing modified TiO, particles well dis-

5 persed therein, wherein the volume mean particle diame-
ter of the modified TiO, particles was 30 nm. During
the reaction of Tinoc A-6 with compound (8), hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 140 ml as measured at 16 °C.

10 An IR sﬁectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed‘that the abéo:ption ascribed to a Ti-OH group of
TiO, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR

15 spectrum of TiO, prior to the modification of the TiO,

particles.
100 g of butyl cellosolve was added to 100 g of
- the obtained sol over approximately 10 minutes at room

temperature (23 °C) while stirring and, then, the water

20 was removed from the resultant mixture under reduced
pressure by means of an evaporator, thereby obtaining a
mixture. Subsequently, an appropriate amount of butyl
cellosolve was added to the obtained mixture so that
the solids content of the resultant mixture became

25 7.1 % by weight, thereby obtaining an organosol com-
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prising butyl cellosolve (as a dispersion medium)} con-
taining particles well dispersed therein.

Uéing the obtained organosol, a transparent and
smooth film was formed on the surface of a glass plate
in substantially the same manner as in Example 17.

The contact angle of water against the éurface of
the f£ilm was 106.0° as measured at 20 °C. The surface
energy of the film was 19.2 dyn/cm at 20 °C, as calcu-
lated from the contact angle using the Sell and Neu-
mann’'s empirical formula.

20 g of the organosol was added to 100 g of
Pla-ace (which is ghe same as used in Reference Example
12) over approximately 10 minutes at room temperature
(23 °C) while stirring, thereby obtaining a modified
photocatalyst composition.

The modified photocatalyst composition was casted

on an OHP film in a thickness of 20 pm. The casted OHP

film was dried at room temperature for 2 days, followed

by heat drying at 50 °C for 3 days, thereby forming a
smooth £ilm on the surface of the OHP film.
The distribution of titanium atoms in a cross-

section of the film formed on the surface of the OHP

film was measured by means of an energy-dispersive X-

ray spectrometer. The result of the measurement is

shown in Fig. 3.
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The distribution of titanium atoms in a cross-
section of the film formed on the surface of the OHP
£film wés measured by means of an energy-dispersive X-
ray spectrometer. The result of the measurement showed
that the film formed on the surface of the OHP £ilm had
a distribution of TiO, particles wherein the concentra-
tion of TiO, particles increases from the inside film
surface (in contact with the OHP film) toward the out-
side film surface (opposite to the inside film surface
in contact with the OHP f£ilm).

Further, the surface of the f£ilm formed on the
surface of the OHP film was evaluated with respect to

the photocatalyst activity. The evaluation was good

(©).

Comparative Example 8

Using Pla-ace (which is the same as used in Refer-
ence Example 12), a smooth film was formed on the sur-
face of an OHP film in substantially the same manner as
in Example 18.

However, no photocatalyst activity was observed at
the surface of the formed f£ilm, i.e., the evaluation

was “X".

Comparative Example 9

310%
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KS-247 (trade name of an organosol of anatase-type
titanium oxide; volume mean particle diameter of parti-
cles dispersed in the organosol: 6 nm which is a value
described in the catalog, micell diameter: 30 to 60 nm

5 which is a value described in the catalog, solids con-
tent: 15 % by weight) (manufactured and sold by TAYCA
CORP., Japan) was spray-coated on a glass plate in a
thickness of 0.5 pm. The coated glass plate was dried
at 50 °C for one week, thereby forming a film on the
10 surface of tﬁe glass plate.

The contact angle of water against the surface of
the film was 69.8° as measured at 20 °C. The surface
energy of the film was 48.0 dyn/cm at 20 °C, as calcu-
lated from the empirical formula of Sell-Neumann.

15 8 g of the above-mentioned KS5-247 was added to 100
g of Pla-ace (which is the same as used in Reference
Example 12) over approximately 10 minutes at room tem-

~ perature (23 °C) while stirring, thereby obtaining a

f;} composition. Using the obtained composition, a smooth

20 f£ilm was formed on the surface of an OHP film in sub-
stantially the same manner as in Example 18.
| The distribution of titanium atoms in a CToss-
section of the film formed on the surface of the OHP
film was measured by means of an energy-dispersive X-

25 | ray spectrometer. The results of the measurement
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~showed that the titanium atoms exhibited a random dis-
tribution and that the Ti0, particles did not exhibit é
distriﬁution in which the concentration of the TiO,
particles increases from the inside film surface toward
the outside film surface (remote from the OHP film).
Further, the surface of the formed f£ilm was evalu-
ated with respect to the photocatalyst activity. The

evaluation was poor (i.e., "X" or "A").

Comparative Example 10

30 g of ST-01 (which is the same as used in Com-
parative Example 4) and 120 g of toluene were charged
into a réactor equipped with a reflux condenser, a
thermometer and a stirrer, and the resultant mixture in
the reactor was heated to 50 °C while stirring. How-
ever, in the liquid medium of the mixture, the parti-
cles were not dispersed but precipitated, so that no
sol was formed.

Subsequently, 12.9 g of the solution of compound
(7) obtained in Reference Example 10 was_charged into
the reactor over approximately 30 minutes at 50 °C
while étirring, and the resultant mixture in the reac-
tor was stirred at 50 °C for 3 hours to effect a reac-
tion of ST-01 with compound (7) and modify the TiO,

particles of ST-01 to thereby obtain a modified photo-



110% & ()- 010% U& ()-!{@" 1098JU& ()-!t| ($10%U& () -

| ($10% & ()-)!v" & 109%JU&' ()-: | bClt 10%&' () - MLOY%G' ) 5692Yf 10%: ()- 10 U
10 U 10 U85"10% U& () -1 D-aBbCl MLOY& () -f: ! 1098~ ()~ = 109X& () -
g10%& ()-t10%& ()--cD{a?bCl ! x' #109%& ()- & 10%& () - 9$10%& ()-y" 109 ()-!qy" 10
o0& ()-y1l0%& ()-HaSE7 10 10 10! {L3! 109%& ()-
Y1L109%& ()-y/ 10%& ()-- 10%& () - +10% () - 5dESE7?
10L! 109%& () -y 10%& () - 10%& () - 10%& () -1480%& () - Yyl0%& () - | $aBSE7
101 - 10%<&' () - Z10%<&' () - y10%<&' () - !t $10%<&' () - MLO%&' () - @O%&’ () - $X[ f A 2SE
7 . . . .
10Y+: 1 10%<& () 932 L¥iosdRPe S 19ns) BYELRI( FResiBagt 192 *aBHosk Q3 - hbse () -
?ABCDTXr S4F10%4| &

T0oer {2 T0vees O HB dobice IR e (S REFaReS -y To%T 212 3
TovzE () mao%é'%té %%féq‘z%ﬁ SRS BR9 § o100 1 85 PR UERaE () - F
51 10061 & () -A105 | &5 @Sft%%f’/ﬁﬁ&@%fé%' Fﬁ%%céﬁe}%&m?@%%% e () -
10% W& QQ 10%as an unstable dispersion wherein the dispersion state

of the modified photocatalyst particles was unable to

be maintained and the particles precipitated with the

lapse of time.

The modified photocatalyst dispersion was placed
- 10 under reduced pressure at 50 °C to remove the liquid
medium from the modified photocatalyst dispersion,
thereby obtaining a powder of a modified titanium oxide.
The obtained powder of a modified titanium oxide was
treated by a pelletizing machine for use.in producing a
15 sample for infrared absorption spectrometry, wherein
the powder was compressed under a pressure of 750
kg/cm?, thereby obtaining a pellet of a modified ti-
~ tanium oxide. The contact angle of water against the
_ﬁ? surface of the obtained pellet was 93.0° as measured at
20 20 °°C. The surface energy of the pellet was 28.4
dyn/cm at 20 °C, as calculated from the empirical for-
mula of Sell-Neumann.
1.2 g of the above-obtained powder of a modified

titanium oxide was added to 100 g of Pla-ace (which is

25 the same as used in Reference Example 12) at room tem-
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Uéing the obtained composition, a film was formed
on the surface of an OHP film in substantially the same
5 manner as in Example 17.
The distribution of titanium atoms in a cross-
section of the film formed on the surface of the OHP
f£film was measured by means of an energy-dispersive X-
¢ ray spectrometer. The results of the measurement
| 10 showed that fhe titanium atoms exhibited a random dis-
tribution and that a considerable amount of TiO, parti-
cles were in contact with the surface of the OHP film.
Further, the surface of the formed film was evalu-
ated with respect to the photocatalyst activify.. The

15 evaluation was poor (i.e., "X" or "A").

Reference Example 14 [Synthesis of Si-H group-

~ containing silicon compound (9) having a cyclic acid
@J anhydride group]
20 168 g of dioxane and 100 g of KF9901 (which is the

same as used in Reference Example 1) were charged into
a reactor equipped With a reflux condenser, a thermome-
ter and a stirrer, and the resultant mixture in the re-
actor was heated to 80 °C while stirring.

25 - 50 g of Uniox MUS-8 (which is the same as used in
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nate(IV) hexahydrate were dissolved in 100 g of dioxane.
5 The resultant solution was charged into the above-
mentioned reactor over approximately one hour at 80 °C
while stirring, and the resultant mixture in the reac-
tor was stirred at 80 °C for 2 hours and, then, cooled
to room temperature, thereby obtainihg a solution of
10 Si-H group—céntaining silicon compound (9) having a cy-
clic acid anhydride group (hereinafter referred to sim-
ply as "compound (9)").
8 g of butyl cellosolve was added to and mixed
with 1.4 g of the solution of compound (9), and, then,
15 8 ml of a 1 N aqueous sodium hydroxide solutipn was
| added thereto, so that hydrogen gas was generated, and
the volume of the generated hydrogen gas was 35.8 ml as

- measured at 21 °C. The Si-H group content of compound

(9), as calculated from the volume of the generated hy-
20 drogen gas, was 1.02 mmol per g of the solution of com-

pound (9) (approximately 4.5 mmol per g of KF9901).

Reference Example 15 [Synthesis of Si-H group-

containing silicon compound (10) having a sensitizing

25 group]
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15 Example 20 [Preparation of a modified photocatalyst sol

by the use of Si-H group-containing compound (9) having
a cyclic acid anhydride group] '
~ : 200 g of STS-02 (which is the same as used in Ex-
éﬁ? ample 5) and 100 g of water were charged into a reactor
20 equipped with a reflux condenser, a thermometer and a
stirrer, and the resultant mixture in the reactor was
heated to 30‘°C while stirring. Subsequently, 30 g of
the solution of compound (9) obtained in- Reference Ex-
ample 14 was charged into the reactor over approxi-

25 mately 30 minutes at 30 °C while stirring, and the re-
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obtain a sol containing modified TiO, particles well
5 dispersed therein, wherein the volume mean particle
diameter of the modified TiO, particles was 29 nm.
During the reaction of STS-02 with compound (9), hydro-
gen gas was generated. The volume of the generated hy-
£ drogen gas was 112 ml as measured at 20 °C.

o 10 An IR sbectrum was obtained in substantially the
same manner as in Example 1) The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
TiO, particles in STS-02 disappeared, wherein the
above-mentioned absorption had been observed ih the IR

15 spectrum of Ti0, prior to the modification of the TiO,

particles.

- Example 21
.@’ 100 g of STS-02 (which is the same as used in Ex-
20 ample 5) and 50 g of water were charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and the resultant mixture in the reactor was
heatedvto 30 °C while stirring. Subsequently, 26 g of
the solution bf compound (10) obtained in Reference Ex-

25 ample 15 was charged into the reactor over approxi-
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showed that the absorption ascribed to a Ti-OH group of
TiO, particles in STS-02 disappeared, wherein the
15 above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the TiO,
particles.
~ Using the obtained sol, a transparent'(orangé) and
ﬁl? _ smooth film was formed on the surface of a glass plate
20 in substantially the same manner as in Example 1. The
‘surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity ofvthe film surface
. was changed by sunlight irradiation. The results are
shown in Table 4.

25
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Example 22

100 g of the sol obtained in Example 20 was
charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer.

5 . 0.07 g of 2,4-dinitrophenylhydrazine was dissolved
in 7 g of tetrahydrofuran. The resultant solution was
charged into the above-mentioned reactor over approxi-
mately 30 minutes at 20 °C while stirring, and the re-
sultant mixture in the reactor was stirred at 20 °C for

10 - 3 hours, thefeby obtaining a sol containing orange,
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 33 nm.

Using the obtained sol, a transparent (orange) and

15 } smooth film was formed on the surface of a glass plate
in substantially the same manner as in Example 1. The
surface of the film was evaluated by examining how the

- hydrophilicity or hydrophobicity of the f£ilm surface

was changed by sunlight irradiation. The results are

20 . shown in Table 4.

Reference Comparative Example 1

Using -the sol obtained in Example 20, a transpar-
ent>and smooth film was formed on the surface of'a

25 glass plate in substantially the same manner as in Ex-
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Table 4

How the hydrophilicity or hydrophobicity of the film

surface was changed by sunlight irradiation

: Reference
Item Example 21 | Example 22 | Comparative

' Example 1
Contact angle of water
against film surface 76.7° 77.0° 80.7°
(prior to sunlight ir-
radiation)
Contact angle of water
against f£ilm surface o o o
(after 3 hours of sun- 26.9 39.1 76.2
light irradiation)

10

Reference Ekample 16 [Synthesis of Si-H group-
. containing silicon compound (11) having a sensitizing
group]
.10 g of 4-aminofluorescein and 1,400 g of dioxane
15 were charged into a reactor equipped with a reflux con-

denser, a thermometer and a stirrer.
2.4 g of allyl isocyanate was dissolved in 22.6 g
of dioxane. The resultant solution was charged into

the above-mentioned reactor over approximately 30
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1,370 g of Uniox MUS-8 (which is the same as used
in Reference Example 1) and 5 g of a 5 % by weight iso-
propanol solution of hydrogen hexachloroplatinate(IV)

10 hexahydrate Qere dissolved in 1,370 g of dioxane. The
resultant solution was charged into the above-mentioned
reactor over approximately one hour at 80 °C while
stirring, and the résultant mixture in the reactor was
stirred at 80 °C for 2 hours and, then, cooled to room

15 temperatﬁre, thereby obtaining a solution of Si-H
group-containing silicon compound (11) having a sensi-
tizing group (hereinafter referred to simply as "com-

~ pound (11)").
éﬁ When 100 g of water was added to 4 g of the above-

20 obtained solution of compound (11), the resultant aque-
ous mixture was homogeneous and transparent and had
fluorescence.

On the other hand, 8 g of butyi cellosolve was

added to and mixed with 4 g of the solution of compound

25 | (11), and, then, 8 ml of a 1 N aqueous sodium hydroxide

L
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lution of compound (11) (approximately 3.1 mmol per g

of KF9901).

Example 23
10 200 g of Tinoc A-6 (which is the same as used in
Example 1) was chargdged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
gquently, 12.5 g of the solution of compound (11) ob-
tained in Reference Example 16 was charged into the re-
15 actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred at 30 °C for 3 hours to effect a reaction of
Tinoc A-6 with compound (1i) and modify the TiO, parti-
é) .cles of Tinoc A-6 to thereby obtain a sol containing
20 fluorescent, modified TiO, particles well dispersed
therein, wherein the volume mean particle diameter of
the modified TiO, particles was 23 nm. During the re-
action of Tinoc A-6 with compound (11), hydrogen gas
was generated. The volume of the generated hydrogen

25 gas was 120 ml as measured at 23 °C;
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particles.

Using the obtained sol, a transparent (yellow or
green) and smooth film was formed on the surface of a
10 glass plate in substantially the same manner as in Ex-
ample 1. The surface of}the film waé evaluated by ex-
amining how the hydrophilicity or hydrophobicity of the
film surface was changed by the irradiation of ‘light
containing almost no ultraviolet light. The results

15 are shown in Table 5.

Reference Comparative Example 2

~ With respect to the film formed on the surface of
&3 a glass plate which film was obtained in Example 1, the
20 surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity of the film surface
- was changed by the ifradiation of light containing al-
most no ultraviolet light. The results are shown in
Table 5.

25
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surface of the film was evaluated by examining how the

hydrophilicity or hydrophobicity of the film surface
was changed by the irradiation of light containing al-
10 most no ultraviolet light. The results are shown in

Table 5.

Table 5
How the hydrophilicity or hydrophobicity of the film
15 surface was changed by the irradiation of light con-

taining almost no ultraviolet light

Reference Comparative
Item Example 23 | Comparative | Example 11
- Example 2
N Contact angle of water
3 against film surface o o o
iwﬁ (prior to light irra- 25.7 37.0 15.7
diation)
Contact angle of water
against film surface 0 o o
(after 24 hours of 102.3 38.3 16.2
light irradiation)
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L@10% F& ()-1 @10% & ()-1Pccccc8dnd| [ NA41010 LI F110%(F& () -
+0d 0% & ()- +Ydfgf)onal sSUDYF(ER (Mot [ohly can the modified photo-
catalyst be strongly immobilized on the surface of the
substrate under moderate conditions without suffering a
10 lowering of fhe activity of the modified photocatalyst,
but also any of the film formed and the substrate cov-
ered with the film are not deteriorated by the action
of the modified photocatalyst. Further, the above-men-
tioned film exhibits excellent properties with respect
15 to transparency, durability, staining resistance, hard-
ness and the like. Therefore, the abéve—mentioned
modified photocatalyst sol and modified photocatalyst
~ composition are extremely useful for, e.g., preventing
i;} dirt from adhering to the surfaces of various sub-
20 strates, and preventing fogging from occurring on the
surfaces of various substrates.
Further, each of the functional composite and the
shaped article of the present invention enables the

modified photocatalyst contained therein to exert a

25 satisfactory effect at a surface of each of the func-
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prepared by subjecting particles of a photocatalyst to

a modification treatment with at least one modifier
compound selected from the group consisting of differ-
10 ent compoundé each of which independently comprises at
least one structural unit selected from the group con-
sisting of a moncoxydiorganosilane unit represented by
formula (1), a dioxyorganosilane unit represented by

formula (2), and a difluoromethylene unit represented

15 by formula (3):
- (RIR2510) - (1)
) wherein each of Rl and R? independently rep-
20 resents a hydrogen atom, a straight chain or

branched C1-C3p alkyl group, a Cg-Cpyg cyclo-
alkyl group or a Cg-Cpg aryl group which is
unsubstituted or substituted with at least

one substituent selected from the group con-

25 sisting of a C3-Cpqg alkyl group, a Cj1-Cpp
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LY "10% (1 & ()- L3
wherein Rl is as defined for formula (1), and

- (CF3) - (3),

said modified photocatalyst particles having a volume

mean particle diameter of 800 nm or less.

2.

The modified photocatalyst sol according to claim

1, wherein said photocatalyst particles prior to said

modification treatment have a volume mean particle .

diameter of 200 nm or less.

3.

1

The modified photocatalyst sol according to claim

or 2, wherein said modified photocatalyst particles

have a volume mean particle diameter of 200 nm or less

to the exclusion of moieties of the particles which

moieties are derived from the modifier compound.

4.

The modified photocatalyst sol according to any
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5. The modified photocatalyst sol according to any

one of claims 1 to 4, wherein said modifier compound

has a sensitizing group.

10 6. The modified photocatalyst sol according to any
one of claims 1 to 5, wherein said modifier compound
has at least one reactive group selected from the group
consisting of an epoxy group, an acryloyl group, a
methacryloyl group, an acid anhydride group, a keto

15 group, a carboxyl group, a hydrazine group, an isocya-
nate group, an isothiocyanate group, a hydroxyl group,
an amino group, a cyclic carbonate group and an ester

~ group.

20 o7, The modified photocatalyst sol according to claim
6, wherein said modifier compound has at least cone re-
active group selected from the group consisting of a

hydrazine group and a keto group.

25 8. The modified photocatalyst sol according to any
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9. The modified photocatalyst sol according to any
5 one of claims 1 to 8, wherein said modifier compound
contains at least one silicon atom having bonded there-

to at least one hydrogen atom.

10. The modified photocatalyst sol according to claim
10 9, wherein séid modification treatment is conducted in
the presence of a dehydrogenation-condensation catalyst
which has dehydrogenation-condensation activity with
respect to said hydrogen atom bonded to the silicon

atom of the modifier compound.

15
11. The modified photocatalyst sol according to claim
10, wherein said dehydrogenation-condensation catalyst
~ comprises at least one metal of the platinum group or a
g& compound thereof.
20

12. The modified photocatalyst sol according to any
one of claims 9 to 11, wherein said modifier compound
is a silicon compoﬁnd having an average structural com-
position represented by the following formula (4):

25
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i}gg%;;;&%f%; 99;120W :b () 3 10®6t & ()-Z~fJ*& 10%t' & ()-
6t' & ' ot
Saset 80 6100 ekl ln Sttt xefiigtocs & (0 F
& 10%ts5: & ()- & 10&&fai§ht)ehéﬂﬂlﬂbtbraﬁqbed[ﬂihﬁst%ile&ggpﬂpl
)?3" R 10%t' & ()- & 10%t':& ()- & 10%t':& ()-
a Cg-Coq cycloalkyl group or a Cg-Cpg aryl

group which is unsubstituted or substituted
with at least one substituent selected from
the group consisting of a C;-Cyq alkyl group,
10 a Cl—Czoﬂalkoxy group and a halogen atom,
each Q independently represents a group
having at least one function-imparting group
selected from the group cohsisting of:
1) at least one hydrophobic group se-

15 lected from the group consisting of a

straight chain or branched C;-C3gp alkyl
group, a Cg-Cpg cycloalkyl group and a

Cg-Cyo aryl group which is unsubstituted

or substituted with at least one sub-

20 stituent selected from the group con-
sisting of a C1-Cyqg alkyl group, a Cj-
Cop alkoxy group and a halogen atom, and
a C1-Czqg fluoroalkyl group;
2) at least one hydrophlllc group se-

25 lected from the group con51st1ng of a-
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and a polyoxyalkylene group:
5 3) at least one reactive group selected
from the group consisting of an epoxy
group, an acryloyl group, a methacryloyl
group, an acid anhydride group, a keto
group, a hydrazine group, an isocyanate
10 group, an isothiocyanate group, a hy-~
droxyl group, an amino group, a cyclic
carbonate group and an ester group; and
4) at least one sensitizing group,
each X independently represents a hydro-
15 lyzable group selected from the group con-
sisting of a C1-Cgg alkoxy group, a hydroxyl
group, a hydroxyimino group, an enoxy group,

an amino group, an amido group, a C1-Cpp acy-

loxy group, an aminoxy group and a halogen
20 atom, and
p, 9, r and s satisfy the following re-
lationships:
0 < p < 4,
0 < g<« 4,

25 0 < r < 4,
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following formula (5):

)100/& MM& ()#iQW&uéz}em,é#éLﬂﬁ/&s?&j(acn WAHOIMZENs  Teptre8%AZ&A8DY) the

‘(RIHS10) 4 (R1,810)p(R10S10) o(R138101 /20 (5)

10 wherein:
Rl is as defined for formula (1) and Q is as de-
fined for formula (4),
a represents an integer of 1 or more,
each of b and ¢ independently represents an inte-
15 ger of 0 or more,
d is 0 or 2,
wherein a, b and c satisfy the following relation-
‘ ship:
QJ (a + b +c) < 10,000, and
20 ‘ wherein when (a + b + ¢) = 2 and d is 0, the com-
pound of formula (5) is a cyclic silicone compound, and
| when d is 2, the compound of formula (5) is a straight

chain silicone compound.

25 14. A modified photocatalyst composition comprising
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resin is capable of reacting with said reactive group

of said modified photocatalyst sol.

QB 18. The modified photocatalyst composition according
20 to claim 14, whgrein said modified photocatalyst sol is
the modified photocatalyst sol of claim 7, and said
functional substance is at least one compouﬁd selected
vfrom the group consisting of a polycarbonyl compodnd
and a polyhydrazine compound.

25
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10 21. The modified photocatalyst composition according
to claim 14, wherein said functional substance is a
coating composition comprising a resin having a surface
energy larger than that of each modified photocatalyst
particle. |

15

22. A modified photocatalyst composition comprising
modified ﬁhotocatalyst particles having a volume mean
particle diameter of 800 nm or less and at least one
€) functional substance, wherein said modified photocata-
20 lyst particles are obtained by removing the liquid me-
dium from the modified photocatalyst sol of any one of

claims 1 to 13.

23. The modified photocatalyst composition according

25 to claim 22, wherein said functional substance is a
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10 25. ‘A modified photocatalyst/resin clomposite composi-
tion which is produced by polymerizing at least one
compound selected from the group consisting of a vinyl
compound and a hydrolyzable silane compound in the

presence of the modified photocatalyst sol of any one

15 of claims 1 to 13.

26. A functional composite comprising a substrate and

a film formed on said substrate, said film comprising

the modified photocatalyst sol of any one of claims 1

20 to 13.

27. A shaped article produced by shaping the modifiéd

v photocatalyst composition of any one of claims 14 to 18.

25 28. A functional composite comprising a substrate and.
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a film formed on said substrate, gsaid film comprising
the modified photocatalyst composition of any one of

claims 14 to 19.

29. A shaped article produced by shaping the modified
photocatalyst composition of claim 20, which 1is aniso-
tropic with respect to the distribution of the modified

photocatalyst.

30. A functional composite comprising a substrate and
a film formed on said substrate, said film comprising
the modified photocatalyst composition of claim 20 or
21 and being anisotropic with respect to the distribu-

tion of the modified photocatalyst.

31. A shaped article produced by shaping the modified

photocatalyst composition of claim 22.

32. A functional composite comprising a substrate and
a film formed on said substrate, said f£ilm comprising

the modified photocatalyst composition of claim 22.

33. A shaped article produced by shaping the modified
photocatalyst composition of claim 23, which is aniso-

tropic with respect to the distribution of the modified
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photocatalyst.

34. A‘functional'composite comprising a substrate and
a film formed on said substrate, said film comprising
the modified photocatalyst composition of claim 23 or
24 and being anisotropic with respect to the distribu-

tion of the modified photocatalyst.

35. A shaped article produced by shaping the modified

photocatalyst/resin composite composition of claim 25.

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

the modified photocatalyst/resin composite composition

of claim 25.



