18 March, 2006 1 TITLE OF THE | NVENTI ON Phot ocat al yst conpaQsition
BACKGROUND OF THE INVENTION 5 Field of the Invention The h, tion
relates to a photocatal yst conposition. Morre particularly, the present
invention is concerned with a photocatal yst conposition which conprises
(A) nodified photocatal yst particles, the 10, nodifi ed photocat al yst
particles (A) being prepared by subjecting particles of a photocatalyst to
a nodifica- tion treatment with at |east one nodifier conpound se- |ected

fromthe group consisting of diffeghent. eemaendsgyeReghnof which
I ndependent |y conprises at |east one—&S—stTUtturaE—Unﬁr'selected fromthe
group consisting of a triorganagsi | SIRRROK L or ganosi | ane unit
and a di oxyorganosilane unit; gﬁg&;Bg-gygg%%g% conpd%g%€ conprising a
phenyl group-containing silicone, option- ally containing an al kyl group.
Phot ocat al ysts, such 20 as titanium oxide, are known to cause various sub-
stances to undergo deconpositi Hudwcrd@d @nefgy BRgENtte@ known to
i ncrease the hydrophilicity of =@ surface by Iight energy. Therefore, the
phot ocat alyyst s have1desn P lipddwidhe field of environnental clean-up
25 fields in which 1T IS necessary to prevent dirt from

The present invention relates to a photocatalyst

composition. More particularly, the present invention
is concerned with a photocatalyst composition which
comprises (A) modified photocatalyst particles, the

10 modified photocatalyst particles (A) being prepared by
subjecting particles of a photocatalyst to a modifica-
tion treatment with at least one modifier compound se-
lected from the group consisting of different compounds
each of which independently comprises at least one

15 structural unit selected from the group consisting of a
triorganosilane unit, a monooxydiorganosilane unit and
a dioxyorganosilane unit; and (B) a binder component
comprising a phenyl group-containing silicone, option-
ally containing an alkyl group. Photocatalysts, such

20 as titanium oxide, are known to cause various sub-
stances to undergo decomposition by 1light energy and
also known to increase the hydrophilicity of a surface
by light energy. Therefore, the photocatalysts have
been applied to the field of environmental clean-up,

25 fields in which it is necessary to prevent dirt from



. 18 March, 2006 2 adhering to the surfaces of various substrates, and
fields in which it is necessary to prevent fogging from o T Obhe
surfaces of various substrates. When a filmcontaining a nodified

phot ocatal yst is fornmed on 5 the surface of a substrate by using the

phot ocat al yst conposition of the present |n¥ent|on not only can the
nodi fi ed photocatal yst be strongly inmmobilizéd on the surface of the
substrate without suffering a lowering of the activity of the nodified

phot cat al yst, bujaglsgn Otan¥hgfghgfaéhgnb%oggﬁgopgdﬁahstga@agnagﬁacovered

with the filmis not erirorate actron o

photocatal yst. FupiBegs e ﬁ?Qge%GEEE'HQSQSEéL tgxgkgbéﬁtefS GhfBt £rom

properties with respect to ura stalnl stance ness and

the like. 15 Thergtengrihleoabeye- Qﬁefaegsdofheaesaﬁelgﬁaseeaeeél Andhon
Is extremely useful for, e.g., preventing dirt fromadhering to the

surfaces of VarlQHSf§y£Sé6§E§§n1n§nQ REEQYLDNEE NEnbPILLRE 1T EP ML 8CEHERERT0AN
the surfaces of various substrates. The present invention is also

concerned sith a thé | suFpa8BoHShNGubHEr2POVEY NRELA _n€ ePPREPEBhBAYSE

conposition, a functional conposite conprising the film and a substrate

covered with the ¢ompes ool ShapPesd gfesent invention, not only can the
modified photocatalyst be strongly immobilized on the
surface of the substrate without suffering a lowering
of the activity of the modified photocatalyst, but also

10 any of the £film formed and the substrate covered with
the film is not deteriorated by the action of the modi-
fied photocatalyst. Further, the above-mentioned £ilm
exhibits excellent properties with respect to durabil-
ity, staining resistance, hardness and the like.

15 Therefore, the above-mentioned photocatalyst composi-
tion is extremely useful for, e.g., preventing dirt
from adhering to the surfaces of various substrates,
and preventing fogging from occurring on the surfaces
of various substrates.

20 The present invention is also concerned with a
£ilm formed using the above-mentioned photocatalyst
composition, a functional composite comprising the film
and a substrate covered with the f£ilm, and a shaped ar-

ticle produced by shaping the above-mentioned photo-

25 _ catalyst composition.



ticle produced by shaping the above-nenti oned photo 25 catalgst
conposition. 18 March, 2006 3 Prior Art \Wen specific type 1 S
are irradiated wth |light having energy which is larger than the en 5 ergy

gap (band gap) between the conduction band and the val ence band of these
substances, i.e., irradiated with Ilight (excitation light) having a
wavel ength smaller than a wavel ength corresponding to the band gap of

t hese substances, the light energy causes an excitation 10

(phot oexcitation) of the electrons in the val ence band, so that an

el ectron and a hole are, respectively, gen- erated in the conduction band
and t he val ence b@@%b B rtusing the reducing activity of the electron
generated in the +on band and/or using the oxidizing ac 15 tivity

of the hol e generated Wﬂ—Shgpﬁgk% etgﬁgg,D%ag%ﬁgﬁﬁgF%ge@fgﬂiﬂgggga can

be perforned. That is, en above ntione ances are 1rradiated

wthexcitation |Lgbt 1508% $80.0HIEHE0RsA3n:08 3y Sibo N YEhDrihe (1P

above-nmenti oned substanc are-ca ot ocatal'yst

P o8 by nSEB B (B4R 000 OSBLALAS! hnd LALAR.ON Sorle e
can be nentioned 9xhdakbkVeaflBCOF these substances, i.e., irradiated with
light (excitation light) having a wavelength smaller
than a wavelength corresponding to the band gap of
these substances, the light energy causes an excitation
10 (photoexcitation) of the electrons in the valence band,
so that an electron and a hole are, respectively, gen-
erated in the conduction band and the valence band. By
using the reducing activity of the electron generated
in the conduction band and/or using the oxidizing ac-
15 tivity of the hole generated in the valence band, vari-
ous chemical reactions can be performed.

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

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

As examples of chemical reactions catalyzed by the
photocatalysts, there can be mentioned oxidative decom-

position reactions of various organic substances.

25 Therefore, when the photocatalysts are immcbilized on



position reactions of various organic substances. 25 Therefore, when the
phot ocat al ysts are i mmobilized on 18 March, 2006 4 the surféﬁéﬂéﬁihﬁg¥¥bus
substrates, it is possible to cause various organic substances which have
adhered to the surfaces of the substrates to undergo oxidative de-
conposition by light irradiation. 5 On the other hand, it is known that,
when photo- catalysts are irradiated with |ight, the hydrophilicity of the
surfaces of the photocatalysts is increased. Therefore, when

photocat alysts o o\ EbLLZED 98 LA o A feergloYari o Sbsk Bl ese,

IS possible to in 0 e ‘sur e sub-

strates by |ight irfadl E\F%P:?%ueé 2%%%:?{1& %&%?@%&&S&ﬁfaﬁ%@@%&é@@& tor

real - izing application o e-fentione roperties

phot ocat al ysts tO.e&?éiﬂé&ﬁfﬁLiEeeé A% SHEN @S LR dd oL d &i%fglf%,&naﬂeggﬁg%?%to

cl ean-up, fields in whi I S heCessary to0 prevent froma

the surfaces of Vacfdrr;pé%‘istféip%J‘aitfg%t aﬂ‘%éd%@foﬁ.n which it is necessary
r e r

to prevent fogging om occurring on t surfaces of vari- ous substrates.

For enabling such appliGAtdfinStHele rAhdEti0% d GindwH™HdY ZiwHen photo-

phot ocat al ysts on the surfaces of various substrates has a great

i mportance. Wth respeGisdd dhe ithpdhdd +i0Phiddid Nkre hydrophilicity
of the surfaces of the photocatalysts is increased.
Therefore, when photocatalysts are immobilized on the
surfaces of various substrates, it is possible to in-

10 crease the hydrophilicity of the surfaces of the sub-

strates by light irradiation.

In recent years, studies have been made for real-
izing application of the above-mentioned properties of
photocatalysts to various fields, such as the field of

15 environmental clean-up, fields in which it is necessary
to prevent dirt from adhering to the surfaces of vari-
ous substrates, and fields in which it is necessary to
prevent fogging from occurring on the surfaces of vari-
ous substrates. For enabling such applications, the

20 method for immobilizing photocatalysts on the surfaces
of various substrates has a great importance.

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

25 Japanese Patent Application Laid-Open Specification No.



phot ocat al yst on the surface of a substrate, various proposg|§ hﬁvggagen
made. For exanpl e, Unexam ned 25 Japanese Patent Applicati L

Speci fication No. 18 March, 2006 5 Sho 60-044053 di scl oses a nmethod for

i mobi lizing a photocatal yst on the surface of a substrate, in which a
thin filmof a photocatalyst is fornmed on theg surface of a substrate by
sputtering. 5 O these nethods which have been proposed, one which has
been attracting attention as being especially advantageous is a nethod for

| obi 171 zi ng a phefaC@laodasl @ i@ ssl AR tHod DAL LI ndi£Lh a
conposi - tion containing a photocatalyst is coated on the sur 10 face of a

substrate to ther %@%tfo%%@aQy@Qobﬂc%hQ YR f el faiaNi s sftirafel halre G idH 4 he
above-nentioned nethod for immbilizing a photocatal yst by coating, it is

required: O that 4hgnPRahacatralayphok@caitaQR@ity iisMrdaz s the Gurdiice
surface of the substrate wi thout suffering a l|owering of the activity of

t he photocatalystofa@dSGb%mght@nﬁyog ke efiing.f ormed and the substrate
covered with the filmforned be not geterlorated by the action of the

phot ocat al gst. 20 For pmmehikkkzinBghadphehoeat akyst begnc pebbbgedaldne OUS
met hods have conventionally been proposed.
which has been attracting attention as being especially
advantageous is a method for immobilizing a photocata-
lyst on the surface of a substrate, in which a composi-
tion containing a photocatalyst is coated on the sur-
10 face of a substrate to thereby form a photocatalyst
-containing film therecon.
In the above-mentioned method for immobilizing a
photocatalyst by coating, it is required:
(@ that the photocatalyst be strongly immobilized
15 on the surface of the substrate without suffering a
lowering of the activity of the photocatalyst, and
@ that any of the f£ilm formed and the substrate
covered with the film formed be not deteriorated by the
action of the photocatalyst.
20 For immobilizing a photocatalyst by ccating, vari-
ous methods have conventionally been proposed.
For example, Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. Sho 60-118236 dis-

closes a method in which a sol contalning a photocata-

25 lyst precursor (for example an organotitanate) is



For exanpl e, Unexam ned Japanese Patent Applica- tion Laid-éﬁﬁg 006
Speci fication No. Sho 60-118236 dis- closes a nethod in whi rchy 2

containing a photocata 25 |lyst precursor (for exanple an organotitanate) is
18 March, 2006 6 coated on the surface of a substrate, and the resultant
filmis calcined to effect gelation of the photocata- |yst precursor,

t hereby converting the photocatal yst precursor into a photocatal yst while
i mmobilizing the 5 forned photocatal yst on the surface of the substrate.

However, thi's nethod, jpcludes a s%ggcgfhgfnggpgg?é¥g%hggh_qhgrggghgg%hﬁs

of a photocatal yst on the surface erein this's

e fes cal cinat ot g bLgbiAgibeayces: Thskeloheor! he mRRbGLaR o 1°

di sadvantage in t € sSubs sur area, It is

difficult o perfppaytBeckSrDbLL | tn2abbonc0hybResRBOLA DALY BEatATy Lot OO

whi ch uses a sol containing a photo- ca st nd”whi ch; hence, does not

ol re 8 St ep [ Obrodd- Lok M RlochYshokaBhEOPEE! LELES OhmBRICLERE! BKSL) |

Un exam ned Japanese Patent pl 1 cation en Specifi- cation No. He

6-278241 (gorrespefahdd pRotbSatBaYERt onNeneSs82Pa8d 3brdife! @68st2akBL hod
for immobilizing a photocatalyst on the surface of a substrate, in which a
20 wat er - pept i zeyspbvOFf, Lk A HEERXEdenE$u803t 80s08pt B6r forming crys-
tal microparticles of a photocatalyst on the surface of
the substrate, wherein this step requires calcination
at high temperatures. Therefore, this method has a
10 disadvantage in that, when the substrate has a large
surface area, it is difficult to perform the immobili-
zation of the photocatalyst.
As a method which uses a sol containing a photo-
catalyst (and which, hence, does not require a step for
15 forming crystal microparticles of a photocatalyst), Un-
examined Japanese Patent Application Laid-Open Specifi-
cation No. Hei 6-278241 (corresponding to U.S. Patent
No. 5,595,813) discloses a method for immobilizing a
photocatalyst on the surface of a substrate, in which a
20 water-peptized sol of titanium oxide is coated on the
surface of a substrate. However, since a titanium ox-
ide sol cannot exhibit a film-forming property under
moderate conditions, this method also requires calcina-

tion at high temperatures. Further, the film obtained

25 by this method is brittle and easily broken and comes



surface of a substrate. However, since a titanium ox- ide sol_cannot
exhibit a filmform ng property under noderate conditions, L

al so requires calcina- tion at high tenperatures. Further, the film
obtained 25 by this nmethod is brittle and easily broken and comes 18 March,
2006 7 off fromthe substrate, so that it is_inpossible to al- |ow the

phot ocatal yst to exhibit its effect at the sdr- face of the substrate.

Al so, nethods have been proposed in which a resin 5 coating nmateri al

containing a photocatalyst [s coated .on the, surface_ of .a_substr.at For_
exanmpl e, each of O%%ezgﬁﬁnEHGJﬁﬁ ﬁ§§@tﬁat§ﬁtt | f-catCon P d- ]%h pé@i-
fication Nos. Hei ,7-171408 orrespondi to,U. S, Pat- t SRS IN-Y Y 3)
and Hei 9-100437 &P%’cl%%eghé TSRS Yf% 10 SrhdpTy 6%’& 8%%%’5@? atd che! <if?

i ncorporated into resi.n oat.i.n erial containing, as a filmformng
el enent, a resinfaﬁecﬁfiEhéngﬁbgg§g?%'be deconposed by the ac- tion of a

photocatal yst, such asgfiéluﬂéﬁ¥58§!ﬂagﬁ Beeﬁibkgpggeﬁeihnwhigﬂ Eh%esin

resul tant photocatal ys -contarning coating eriral 1s coated on the

surface ot a SUbEEéEEﬁgrgg%@¥§?1t%gngﬁﬁn&ﬁﬁiB gp@%begt5&§%&iasme%a&§@ﬂ in

these nethods, the disp on o oto- “catalyst Is poor and,
therefore, the coghi pgeMBLPFABESo£PECATBMRLER .t UFDE ox 1867 ealbfl of

obt ai ni ng a good

Unexamined Japanese Patent Application Laid-Open Speci-
fication Nos. Hei 7-171408 (corresponding to U.S5. Pat-
ent No. 5,547,823) and Hei 9-100437 discloses a method

10 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-
tion of a photocatalyst, such as a fluoro resin or a
silicone resin, and the resultant photocatalyst

15 -containing coating material is coated on the surface
of a substrate. However, in the resin cecating materi-
als used in these methods, the dispersion of the photo-
catalyst is poor and, therefore, the coating materials
become white turbid. Further, for obtaining a good

20 film by these methods, it is necessary for the coating
materials to contain a large amount of a resin, and the
use of a large amount of a resin poses a problem in
that the photocatalyst is embedded in the film and,
hence, cannot exhibit a satisfactory activity.

25 Further, Unexamined Japanese Patent Application



20 filmby these nethods, it is necessary for the coating g E é
contain a large anount of a resin, and the use of a |arge SREHIE

resin poses a problemin that the photocatal yst is enbedded in the film
and, hence, cannot exhibit a satisfactory activity. 25 Further, Unexam ned
Japanese Patent Application 18 March, 2006 8E+aid-Cpen Speci fication No.

Hei 9-314052 discloses a nethod which uses a conmbination of a resin
coating ma- terial and photocatal yst particles having an increased

wettanility for thass00pent santained i Wie RS B S 0AMd etfafjér%;% n

this nethod, the resin c¢oat mat er is first coa

a substrate and, ntheRs %&%e usle UGG, 60atd NG Tl id ma -

conpl eted, the above-nentioned photocata yst parti are app onto

the coating mater gl JHOWRKE hinoltdich thd yER! 'E:%‘i—t&%l@é%‘(ﬁ%@%?%dfhéé@é

not only is needed a cunberSone operation, but al so a honbgeneous and
trans- parent fily¢eRpet ik %%&a%&%dsoI@%n%bQ%%t%ﬁm@dﬂﬁﬁjtﬂéﬂf§§uﬂocunﬁnt
al so discloses a nethod intended to sinplify the operation, specifically a
met hod in which 18c8tRhyt Hh@e®fiad .l €8h Nt 503t hAGNAAL ekhal raBdnPbRekesalal yst
particles having an increased mettablllty for the sol- vent contained in
the resin coatingmgbbeibdl ikSreegtedoatd ba Fukf aee-fRfced oSt At rate
However, the photocata-

and, then, before the curing of the coating material is

completed, the above-mentioned photocatalyst particles
are applied onto the coating material. However, this

10 method is disadvantageous in that not only is needed a
cumbersome operation, but alsc a homogeneous and trans-
parent f£ilm cannot be obtained. The above-mentioned
patent document also discloses a method intended to
simplify the operation, specifically a method in which

15 a mixture of a resin coating material and photocatalyst
particles having an increased wettability for the sol-
vent contained in the resin ceoating material is ccated
on the surface of a substrate. However, the photocata-
lyst cannot be prevented from being embedded in the

20 film simply by using photocatalyst particles having an
increased wettability for the solvent, and most of the
photocatalyst particles are completely embedded in the
film and, hence, cannot exhibit a satisfactory activity.

Further, when an organic substrate, such as a

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



| yst cannot be prevented from bei ng enbedded in the 20 fil iwplg Bé “sing
phot ocat al yst particles having an increased wettability f t,
and nost of the photocatalyst particles are conpletely enbedded in the
filmand, hence, cannot exhibit a satisfactory activity. Further, when an
organi ¢ substrate, such as a 25 plastic shaged article, a filmor an
organi c coating, 18 March, 2006 9 is used as”a substrate for imobilizing a
phot ocat al yst by the above-nentioned prior art methods, the obtained

phot ocat al yst - cont ai nj L1mj | ed. . | ow

di sadvant age. Theighg%gga %|@2%@%%ﬁf§?£?ﬁ%§51$¥?%$$6%%@é %ﬁb€ﬁ5°8?5%%¥8t
substrate causes e I ga-_ 11 Lrion anit.sypslipLg by
the ac- tion of t % %t%@% %f&%ngﬁﬁgggaégéb?h%P?n%gf?gég'bggetwgen t%e
organi ¢ substrat e O AL ¥Sing - £L1H A 81 BGcShbab1QabEy th
deteriorated; thg?e d?e?g?ﬁggﬁo p_otocé?%lyst-conta?%%n%g%i€nP?% in%apable
of exhibit- ing high dabididdavintage CARMY iR BUAMANRL It find @I
time. For overcom ng the above-nentioned di sadvantages “of the prior art,

the presend inverdoig f5ANEQUS YeHE Qrdeh ROSHEH S PHOE OEAL by SEn&0FROGAL T ON
whi ch conprises a nodified photocatal yst obtained by nodi fying the sur-

faces of photocat@dystafadpdd 85ioM I a1ed | d QAR bayhBgtrate by the ac-

tion of the photocatalyt and causes the interface be-
tween the organic substrate and the photocatalyst
-containing film to be deteriorated:; therefore, the

10 photocatalyst-containing £ilm is incapable of exhibit-
ing high durability, i.e., cannot be maintained for a
long time.

For overcoming the above-mentioned disadvantages

of the prior art, the present inventors previously pro-

15 posed a photocatalyst composition which comprises a
modified photocatalyst cbtained by modifying the sur-
faces of photocatalyst particles with a silicone having
a small surface energy and also comprises a binder hav-
ing a surface energy larger than that of the modified

20 photocatalyst (see International Patent Application
Publication No. WO 2000/30747 (coxrresponding to EP No.
1136125 Al}). When the photocatalyst composition is
used to form a film on an organic substrate, the modi-
fied photocatalyst particles in the obtained film ex-

25 hibit an anisotropic distribution in the thickness-wise



a small surface energy and al so conprises a binder hav- ing a_surfa

energy larger than that of the nodified 20 photocatal yst ( nal
Pat ent Application Publication No. W 2000/ 30747 (corresponding to EP No.
1136125 Al)). When the photocatal yst conposition is used to forma filmon
an organi c substrate, the nodi- fied photocatgl yst particles in the
obtained filmex 25 hibit an anisotropic di st¥ bution in the thickness-w se
18 March, 2006 10 direction of the film nanely the concentration of the

dified photocatal.yst parti i g d the in- t . het h
{1'Im and ©ho. or adi SEACPS e G TG o 1 a2 T e
the film There 5 fare. this photqcatalyst  t -
| yst - cont ai ming 1 MOREHIECh PR Bor Gl Y 1o e r ey AP P o
s free Tromine QERULENER fleehtnIANREALA Yhid S oA e Aif

I nterface between e organi c substrate an he photocat al yst - cont ai ni ng

10 fi1m However , ;Ls QL AGALALYS! SOTRAY LAEAAS dhend H B Nemere-

techni cal probl em Everr when a siTlcon acrylic resin Ich is relatively

i nsusceptille to t ogat.al yt.i q@g@ ' | <Si | Jevi 9
| ar ge surflgce enerfg?l‘,g"i tq:?llag %Er#gggg,:%%%e to ?c@n%déae#;%ﬁgf%%g%e\%%the

deterioration of §he+DiBdeRihAAY 2AGH Whi%n WANR YRGS MiepH sodaspft {®©
the action of the photo-
activity and which is free from the occurrence of the
photocatalytic deterioration at the interface between
the organic substrate and the photocatalyst-containing
10 film. However, this photocatalyst composition has the
following technical problem. Even when a silicone
acrylic resin which is relatively insusceptible to
photocatalytic decomposition is used as a binder having
large surface energy, it is impossible to completely
15 prevent the deterioration of the binder from occurring
when the binder is exposed to the action of the photo-
catalyst particles for a long time. As a result, it is
difficult to obtain an immobilized photocatalystil
-carrying substrate having high durability, i.e., hav-
20 ing the capability of being maintained for a long time.
Unexamined Japanese Patent Application Laid-Open
Specification No, Hei 9-227831 discloses a photocata-
lyst coating composition which comprises a surface
-treated photocatalyst and a siloxane as a film-forming

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



catal yst particles for a long tine. As a result, it is diffjcult_t tain
an i mobilized photocatal yst -carrying substrate having rw%#ﬁﬁﬁﬁ&sﬁpﬁgy,
i.e., hav 20 ing the capability of being maintained for a long tine.

Unexam ned Japanese Patent Application Laid-Open Specification No. He

9- 227831 di scl oses a photocata- |yst coatingﬁgonposition whi ch conpri ses a

surface -treated photocatal yst and a sil oxa as a filmformng 25 el enent
(i.e., a binder), wherein the surface-treated 18 March, 2006 11

D o LYo o ouBRbELREal% <203k 48 RIRLACRLALYRLLRY ppbhblal Al Bar-

hydr ol ysabl e group-containi trve or

gr oup- contai ni ng_g§Lexan ltﬂlggggﬁgplgga 1 8PLag RO NG a&ghﬁgt 615 aRQ B O

the sur 5 faces o e photocat |cI range

(thereby increasi pg,LRg¢ supfagey a@&gi%abig EBE eant ALk ge%§ebkantk

di spersion stability to the pho ocatalyst p rt| Ies and thus enable the
phot ocat a- |yst péﬂbﬁ#né:? tP,b8iR EESEV‘E Sié@é!ef:@hé beﬁﬂtt bFethd khrlhe

sil oxane used as a filmf orn1ng el enent ) a binder). However, in a

filmformed fr0”1f@ée@bQYGthe”BHBtQEanEgg%Oﬁéiékﬁiésc96&hBEsCQHBO§b&aQ&
the photocatal yst particles do not exhibit self-stratifying or

sel f-gradating pr@@ﬁ%é)’(fheﬁeb “ﬂﬁcﬁ@hbiﬁy £Re€¥uriachi Bhkrgdh, apbsot ropic
di stribution) and erefore
thereby impart excellent dispersion stability to the
photocatalyst particles and thus enable the photocata-
lyst particles to be preserved stably for a long time

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

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

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

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



phot ocat al yst coating conposition also has the above -nent|gi§d 3 gg %m
that it is difficult to obtain an immbilized photocataly

substrate having high durability. 20 Further, Unexam ned Japanese Pat ent
Application Laid-Open Specification No. 2001-64583 discl oses a

phot ocat al yst-contai ning coating conposition_for form ing a stratifying or
gradating film the conposition conprising photocatal yst particles, a
silicone acrylic 25 resin containing no phenyl group, and an aqueous sol 18

Var ch, 2006 12 VeQ,3s .65 8eaLalaG0TRARSALS M ehe0or e Thb! BtibtiRg Ll

gradatlng filmhas a structure wherein-an acrylic Tresin conponent

s a hydrophobi ¢ eampongal b cfie Sl G0R% A WBESIdn AN £

orientation 5 such at the acryl resin conponent is positioned be- tween

t he hydrophilic p?@%@ﬁabéh¥§heﬂ%rth%ﬁ%% &Qaglﬂgdﬂdﬁﬂy%faﬂaaﬁﬁﬁﬂgﬁﬂgb@ and

a substrate. Therefore, acrylic resin (which i's deconposabl e by the
phot ocata- |yst) tﬁeaﬂlﬁié%ﬂb'ﬂb EEOQ%@HnOfe&ﬂ&bﬁ%&mdﬂﬂﬁrﬂéﬁﬂﬁtloﬂﬂ t he
durability of the filmis extrene 'ow. Thus, no method has yet been known

which is fgr inmelchi 2hAe @heh% t 2e¥th @BmbbAcH (RS Po¥fitadidn 1w at e
by coating and which satisfies both of the above-nentioned requirenents @
and O wi thout a negdeff the hydrophilic photocatalyst particles (having
large surface energy) and a substrate. Therefore, the
acrylic resin (which is decomposable by the photocata-
lyst) is an essential component of the film and, hence,
10 the durability of the film is extremely low.

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

15 a cumberscme operation.

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

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

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




15 a cunbersone operation. An object of the present invent] | s t rovi de
a technique for immbilizing a photocatal yst, the tech- ﬁ¥§3§9§§+§8§?ing
both of the above-nentioned require- nments 0 and OO w thout a need of a
cunber sone operation. 20 Specifically, the object of the present invention
Is to provide a photocatal yst conposition f Y producing a functional

conposite without a need of a cunbersone op-"“eration, wherein the
functional conposite is free from deterloratlon occurring at an interface

b b 25 d a de 18
Nr o 2006 13t SPEGPRBBR 0P 2L 1 oo I SRUBABAE 1 A 1 D RN

| yst - cont ai ni ng f"”‘c%ﬁ@%?hﬁs a%lgépﬁlg%g%1Q§I%Bc%X% rébqﬁdQ%a%

flexibility (|npa3F reésistance excel ['ent ity such that

the surface of the dggﬁﬁtahgp%agxﬁﬂﬂﬁgﬁ SZiﬁﬁQhQ'&%s @%éﬂd@“ ' d&ﬂﬂég'on

an in- creased wet , 1ncre hydrop Ircity and

hydr ophobi city) 89dan oheaRRaEIGaRY KlrAthbYl ke LAReRJONG [ £l her

obj ect of the present I'nven- tionis to prOV| a phot ocat al yst conposition

for pro 14 duc'nglanﬁﬁaBSHBgﬁﬁtgl%iﬂl%HQ%t %gSQQ%thl%r%@HQQ&%QUEan in-

operation, wherein the sha article exhib light irradiation, an
i ncreased “ettabbkbﬁﬁeﬁ'w@ttab&ll%&eQEGe'n Eﬁ@&@ﬂ%b'&ﬁ'ﬁydﬁaih111c1ty

hydr ophobi city) and/or the
and hydrophobicity) and/or the photocatalyst activity
for a long time. Another object of the present inven-
tion is to provide a photocatalyst composition for pro-
10 ducing a shaped article without a need of a cumbersome
operation, wherein the shaped article exhibits, by
light irradiation, an increased wettability (i.e., in-

crease in hydrophilicity and hydrophobicity) and/or the

photocatalyst activity for a long time.

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

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

25 treatment with at least one modifier compound selected



phot ocat al yst activity for a long tinme. 15 SUMWARY OF THE I NVENTION_In this
situation, the present inventors have nmade extensive and i di es
with a viewtoward solving the above-nentioned problens. As a result, it
20 has unexpectedly been found that this object can be at- tained by a

phot ocat al yst conposition which conprises (A) nodified photocatal yst
particles, the nodified photocatalyst partiéfes (A) being prepared by
subject- ing particles of a photocatalyst to a nodification 25 treatnent

with at | east one nDdlfker conpound sel ected 18 March, 2006 14 fron1tge
group consisting OF°Hi FP&r SRPUROAPBEAGLIRACRE foﬁﬁFﬁﬂtlﬁﬂgagﬂagﬁtF?c

t | t - t | ected f ti
of B 71 or ganosPFoRBioh: LiasoRbRoRbTH GPOBRGSFPanb TRRE CaRbonseac - |0

di il t h I
goupe oo i g S4FPEoHELE oy e POl ot 3@@38% whepy!
Specifically, it Qé 1a£8uQ§1Ehat mhgn t he abovesnggaéou

phot ocat al yst cont %03| I's used FOPRFH %??%? gt han8urfate o? an 10

e U S PR TS B SR
deterioration Oc'prlslng a phenyl group-containing silicone, optionally
containing an alkyl group. Specifically, it has been
found that, when the above-mentioned photocatalyst com-
position is used to form a film on the surface of an
10 organic substrate, there can be obtained, without a
cumbersome operation, a functiconal composite which is
advantageous in that it is free from detericration oc-
curring at the interface between the substrate and the
photocatalyst-containing f£ilm and free from deteriora-
15 tion of the binder component in the photocatalyst
-containing f£ilm, and in that it exhibits an excellent
balance of hardness and flexibility (impact resistance),
and it has excellent durability such that the surface
of the functional composite exhibits, by light irradia-
20 tion, a water contact characteristic (i.e., hydro-
philicity or hydrophobicity) and/or maintains such
photocatalyst activity for a long time. Based on this
finding, the present invention has been completed.
Accordingly, it is a primary object of the present

25 invention to provide a photocatalyst composition which



curring at the interface between the substrate and the

phot ocat al yst-containing filmand free fromdeteriora 15 t iX8March, 2006, 4o
conponent in the photocatalyst -containing film and in that it exhibits
an excellent balance of hardness and flexibility (inpact resistance), and
It has excellent durability such that the surface of the functional
conposite exhibits, by light irradia 20 tion}?a wat er cont act
characteristic (i.e., hydro- philicity or hydrophobicity) and/ or mai ntains
such photocatalyst a%t|V|t Qn this f|nd|n the

o ent ent fon Hand Bl et el Bl e i B0 e ¢ cuMbersone’ oirar

of the present 2 |nvent|on Q R vide a ShQt ogat 0si 1i ch
18 March. 2006 155%(3:‘an ‘bé Eélé’ : ornagr SAUES ng, Wi %t% thi%ﬁbr{gsr Elomae?(o%ﬁ\ee{pa

{ion. 37 uncti onah GOTROSLLE MYCR AL 300 eXesk Lo (abange Ay o-

har dness and fl ex act resis- tanc Xce

durabi 1ty such tbaobheoRasypiasenak L8 AaG g A2aiaTRYS it X tt%:e by

light irradiation, a water contact characteristi - drophilicity

or hydrophgpi ci ty);uEEQéQr o?a;;ﬂteakﬁﬁc%%ﬂalpEBhB%%H%@’%&h@%ELt‘é' Ly gfe 9.'3.9‘?11:' 0”9

time. It is another object of the present invention to provi aftil
a shaped article, 1§9Qd§}awaﬁt | anghte@MboReakte charRLiekAg cile (ki kM, ang - a

substrate covered wt
droph111c1ty or hydrophobicity) and/or maintains such
photocatalyst activity for a long time.
It is another object of the present invention to
10 provide a film, a shaped article, and a functional com-
posite comprising the film and a substrate covered with
the f£ilm, each of which not only can effectively pre-
vent dirt from adhering to the surface thereof and ef-
fectively prevent fogging from occurring on the surface
15 thereof, but also exhibits extremely excellent durabil-
ity.
The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from

the following detailed description taken in connection

20 with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

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

25 particle size distribution of TKS5-251 (commercially



the film each of which not only can effectively pre- vent di fro 6
adhering to the surface thereof and ef- fectively prevent f

occurring on the surface 15 thereof, but also exhibits extrenmely excellent
durabil- ity. The foregoing and other objects, features and ad- vantages of
the present invention will be apparent from _the follow ng detail ed
description taken in connection 20 with the éﬁ%onpanying drawi ngs and the
appended cl ai nrs. BRI EF DESCRI PTION OF THE DRAWNGS In the drawings: Fig. 1

h th | t f .thh t of. fhe 25 ticl ' ' | but
of Tk 251 ( commaraAp Lo (PR oho 006 dfb CRABNAIRY T Lo B gty 8"
') bef bj .ed .t. I ficati . | . &
particole Size o & NS GR o dabn ey pbreff TR mallRR b |

size anal yzer; 5 Ei.q. .he r I rENRAL .
particle size di stdrllgg'dft%'l1'.’?)]%9'\3{?1 %df?%%&%%o%&cg{é%n%%%ﬁganos IPJ'Z Eﬁﬁt%i ch
IS obtained in EX%HB'%i%eb%n%ﬁ.b ecting the above-nentioned TKS-251 to a

nodi fication treatment, wherern tHe_partipIe size distribution is 10
measured by means of apult - HYREORAT bhe! Se3uie s YA meddu@remtft) di5 thel EM

phot ograph of the cross-Section
particle size distribution of modified photocatalyst
organosol (A-1) which is obtained in Example 1 by sub-
jecting the above-mentioned TKS-251 to a modification
treatment, wherein the particle size distribution is
10 measured by means of a wet-type particle size analyzer;
Fig. 3(a) is a TEM photograph of the cross-section
of test plate (D-1) having a photocatalyst-containing
coating which is obtained in Example 1;
Fig. 3(b) is an illustration of Fig. 3(a):
15 Fig. 4{(a) is a TEM photograph of the cross-section
of epoxy resin (D-2) having a photocatalyst-containing
coating which is obtained in Example 2;
Fig. 4(b) is an illustration of Fig. 4(a):
Fig. 5(a) is a photograph obtained by enlarging a
20 portion of the TEM photograph of Fig. 4(a}:
Fig. 5(b) is an illustration of Fig. 5(a):
Fig. 6(a) is a TEM photograph of the cross-section
of epoxy resin (D-3) having a photocatalyst-containing
coating which is obtained in Comparative Example 1; and

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



of test plate (D-1) having a photocatal yst-containing coatjng which. is
obtained in Exanple 1; Fig. 3(b) is an illustration of Fig.1 rch

4(a) is a TEM phot ograph of the cross-section of epoxy resin (D 2) having
a photocatal yst-containing coating which is obtained in Exanple 2; Fig.
4(b) is an illustration of Fig. 4(a); Fig. 5(%) I s a phot ograph obtai ned by
enlarging a 20 portion of the TEM photograpH of Fig. 4(a); Fig. 5(b) is an
illustration of Fig. 5(a); Fig. 6(a) is a TEM photograph of the
cross-section of epoxy resin (D-3) having a photocatal yst-containing

coating which is obtained in Conparative Exanple 1; and 25 Fig. 6(b) is an

il lustration of Fi.g. 6(a). 18 C 2006 ription of Reference
Nuneral s 1: nodif c { B Q A Hon :(\1S ot ocat al yst - cont ai ni ng

filmb5 3: acrylic uret?gne fiI€&§%%§étﬁﬁ%ggkggéggg#aggr@§c ?Egggent 5:

epoxy resin used as a Sdbst rat en no

phot ocat al yst particIS:phasg?&%ﬁ@%?p%ggE?H?Q??giginéhggﬁhn an illus- 10

tration of an enl arged” phot ogra ace | own in Fig. 5(b)
5 3: acrylic urethane film
4: titanium oxide used as a pigment
5: epoxy resin used as a substrate

5{(b): interface between modified photocatalyst
particle phase 1 and binder phase 7, wherein an illus-
10 tration of an enlarged photograph of the interface is
shown in Fig. 5(b)
6: epoxy resin used for embedding
7: binder phase containing no modified photo-
catalyst particles

15 8: alkyl group-containing silicone

DETAILED DESCRIPTION OF THE INVENTION

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

25 ferent compounds each of which independently comprises




6: epoxy resin used for enbedding 7: binder phase containiqg EE Eﬁdkttgd
phot o- catalyst particles 15 8: al kyl group-containing sili L D
DESCRI PTI ON OF THE | NVENTI ON According to the present invention, there is
pro vided a photocatal yst conposition conprising: 20 (A nodified

phot ocat al yst particles, the nodified photocz%alyst particles (A) being
prepared by subjecting particles of a photocatalyst (a) to a nodification
treatment with at |east one nodifier conmpound (b) selected fromthe group

consisting of dif,g5 ;sgsnsngOEQ Hof5,82C0 0k WRLERLBIBRBRORAL Y apr i ses

18 March, 2006 18 at Teast one s ructural "uni't selected fromthe grodp

consisting of a LLbRLoapoRy! gpes U9£§egsag8§;mgﬁg Bx%tfgagygeeﬁkga By

m)nooxydi or ganosi | ane Unl represen ormul a

di oxyor ganosi | aneg 548 Si 1110tk 20
wherein each R |nd§%g% FF; rep§§§§ﬁ¥§X3595HHbéli§£e G2t reb sent
by formula (2), and a dioxyorganosilane unit repre-

5 sented by formula (3):
R3Si- (1)

wherein each R independently represents a

10 straight chain or branched C;-C3; alkyl group,
a C5-Ci cycloalkyl group, a straight chain or
branched C;-C;, fluorocalkyl group, a straight
chain or branched C;-Ciyy alkenyl group, a
phenyl group, a C;-Czs alkoxy group or a hy-

15 droxy group.
-{R2510) - (2)

wherein each R is as defined for formula (1}, and

20

—Si—O0— (3)

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



straight chain or branched C1-C30 al kyl group, a C5-C20 c I I2 up,
a straight chain or branched Cl-C30 fl uoroal kyl group, a I n
or branched C2-C30 al kenyl group, a phenyl group, a Cl-C20 al koxy group or
a hy- droxy group, -(R2SiO- (2) wherein each Ris as defined for formula
(1), and R -Si-O 0 1 (3) 25 wherein Ris as _defined for formula (1), and
18 March, 2006 19 (B) a binder conponent whi ¢R conpri ses a phenyl
group-containing silicone (BP), optionally containing an alkyl group,

represented by fornula, (4): 5 Rl PR 2gXrSi0O(4 p.qg.r) /2 (4) 10 15 wherein:
each Rl represents a pﬁéhy? Eﬁ%%%? ﬁﬁﬁpggﬁﬂ£ ﬁﬁrgﬁdéﬁgﬂﬁiﬁ%Fyargngggnts a
straight chain Oérgﬁﬁﬁggﬁ a§%igéosﬁi§¥5ngr?ﬂﬂo,ao§§15§911y containing

an alkyl group, represented by formula (4}:
5 R',R% X810 (4 p-q-r} /2 (4)

wherein:
each R' represents a phenyl group, and each
R’ independently represents a straight chain
10 or branched C;-Cjy; alkyl group, a Cs-Cio
cycloalkyl grcup or a straight chain or
branched C;-C;¢ alkenyl group:
each X independently represents a hydrogen
atom, a hydroxyl group, a C;-Czy alkoxy group,
15 a C-Cy, acyloxy group, an aminoxy group, a -
C;-Cyp; oxime group or a halogen atom; and
p., g and r satisfy the following relation-
ships:
0 < p <K 4,
20 0=g < 4,
C s < 4,

0 < (p+ g+ 1) < 4, and

0.05 = p /(p + qg) = 1.

25 For easy understanding of the present invention,




cycl oal kyl group or a straight chain or branched C2-C30 allé%ﬁl gr&g&s
each X independently represents a hydrogen atom a hydrox n

Cl- C20 al koxy group, a Cl-C20 acyl oxy group, an am noxy group, a Cl-C21)
oxi me group or a halogen atom and p, q and r satisfy the follow ng
relation- ships: 0 <p <4 200s q<4 <4, O (p+q+r) <4,
and 0.05s p/(p +q) s 1. 25 For easy unde?étandlng of the present

i nvention, 18 March, 2006 20 the essential features and various preferred

erbodi ment s of tbeePLESERl s LIVERLLAR.A! SnANUERE ShETpREKBUCCh. eftponi -

phot ocat al yst conpoSi tion co yst

particles, the no d h C p by
subj ecti ng particﬁéékgf g 9%%t§%§%aﬁ§sgﬁ?%b9k§§ ééﬁogﬁ?ﬁgg?Pgﬁ ?%ggfnent
with at | east one nodifier conmpound (b) selected fromthe group consisting

of dif 10 ferent conpounds each of which independently conprises at |east
one structural unjt seieGled,biPMEDe G6MYPsition comprising:

5 (A) modified photocatalyst particles,
the modified photocatalyst particles (A) being
prepared by subjecting particles of a photocatalyst (a)
to a modification treatment with at least one modifier
compound (b) selected from the group consisting of dif-
10 ferent compounds each of which independently comprises
at least one structural unit selected from the group
consisting of a triorganosilane unit represented by
formula (1), a monooxydiorganosilane unit represented
by formula (2}, and a dioxyorganosilane unit repre-

15 sented by formula (3):
R3Si- (1)

wherein each R independently represents a

20 straight chain or branched C,-Cj, alkyl group,
a Cs-Cyp cycloalkyl group, a straight chain or
branched C,-C;; fluorcalkyl group, a straight
chain or branched C;-Ci;p alkenyl group, a
phenyl group, a C;-C;y alkoxy group or a hy-

25 droxy group,



consisting of a triorganosilane unit represented by forw'fﬂéﬂgfchaZOOG

nonooxydi organosi |l ane unit represented by forrmula (2), an

di oxyorganosil ane unit repre 15 sented by fornmula (3): R3Si 20 25 (1)
wherein each R i ndependently represents a straight chain or branched

Cl1- C30 al kyl group, a C5-C20 cycl oal kyl group, a straight chain or
branched Cl1-C30 fluoroal kyl group, a straight™™ chain or branched C2-C30

al kenyl group, a phenyl group, a Cl-C20 al koxy group or a hy- droxy group,
18 March, 2006 21 -(R2SIiO - (2) 5 wherein each Ris as defined for formula
(1), and R -Si-O (3) O 10 wherein Ris as defined for fornula (1), and
(B) a binder conmponent which conpry a phenyl group-co I ning silicone
(BP), optionally containing HH:319) 23

wherein each R is as defined for formula (1}, and

—Si—0— (3)

10 wherein R is as defined for formula (1), and
(B) a binder component which comprises a phenyl
group-containing silicone {(BP), optionally containing

an alkyl group, represented by formula (4):
15 R'pR%*gXrS10(4-p-q-r) /2 (4)

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

20 straight chain or branched C;-Cj3y alkyl group,
a Cs-Cyy cycloalkyl group or a straight chain
or branched C;-C;p alkenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Cy¢ alkoxy

25 group, a Ci-Cy acyloxy group, an aminoxy



an al ky

| group,
[z (4) wherein:
R2 independently represents a 20 straight chain or branched Cl-C30 al kyl

a C5-C20 cycl oal kyl group or a straight chain or branched C2-C30

group,
al kenyl group;
hydr oxyl group,

represented by forrmula (4): 15 1 pR z R yXzSi 2 )

the or each Rl represents a phenyl group, a 6each

the or each X independently represents a hy drogen atom a

a Cl1-C20 al koxy 25 group, a e2- C20 acyl oxy group, an

am noxy 18 March, 2006 22 5 10 group, a Cl-C20 oxi e group or a halogen

at om

Osr

10

15

20

25

AT Py 2GR bR b BB gy ¢

< 4, 0 '+ q
and

p. g and r satisfy the following relation-
ships:

0 <p < 4,

0 =g« 4,

0 =r < 4,

0 < (p+g+r) <4, and

0.05 = p /{p + gq) = 1.

2. The composition according to item 1 above, wherein
the or each R of each of formulae (1) to (3} independ-
ently represents a straight chain or branched C;-Cip al-
kyl group, a Cs-Cis cycloalkyl group, a straight chain

or branched C,-Cig fluoroalkyl group, a straight chain

0

or branched C;-~Ciy alkenyl group or a C,-Cy alkoxy group.

3. The composition according to item 1 or 2 above,
wherein the phenyl group-containing silicone (BP) is a
phenyl group-containing silicone (BPl), containing no

alkyl group, represented by formula (5}:

R':X:S10(4-5-t)/2 (5)

wherein:



2. The conposition according to item 1l above, wherein the or_each R of
each of fornulae (1) to (3) independ- ently represents a st or
branched C1-C30 al- kyl group, a C5-C20 cycl oal kyl group, a straight chain
15 or branched C1-C30 fluoroal kyl group, a straight chain or branched

C2- C30 al kenyl group or a Cl-C20 al koxy group.. 3. The conposition accordi ng
toiteml1l or 2 above, wherein the phenyl gr&&p-containing silicone (BP) is
a 20 phenyl group-containing silicone (BPlI), containing no alkyl group,

represented by fornula,(5); RLsXtSLO4-s-1)/2 (5 rejpn.. .18 March.
2006 23 5 10 the or ea ﬁe rrsﬁégsgntge%?%%%ﬁ§% réﬁ%&yftﬁtgg “each X

| ndependently represen a_hy- _drogen_ato gr r , Ak C20
al koxy group, a Cl-C2%ﬁ309Fo§§cérguﬁ?8g gé%?ﬁgé géﬁgﬁp?gggcf- 0 oxine

group o a hal ogen at offooaRd foANdal gAY HRBuHO! bOY 16, Shadgrshi ps:
group, a C;-Cy acyloxy group, an aminoxy
5 group, a C;-Czp oxime group or & halogen atom;
and
s and t satisfy the following relationships:
0 < s < 4,
0 s‘t < 4, and

.10 0 < (s + t) < 4.

4. The composition according to item 1 or 2 above,
wherein the binder component (B) further comprises an

alkyl group-containing silicone (BA) represented by

15 formula (6):
R%uXyS10(4-v-v)/2 (6)
wherein:
20 the or each R? independently represents a

straight chain or branched C;-Csp alkyl group,
a Cs~Czp cycloalkyl group or a straight chain
or branched C,-C3p alkenyl group;

the or each X independently represents a hy-

25 drogen atom, a hydroxyl group, a Ci-Cy alkoxy



0 < (s +t) <4. 4. The conposition according to item1 or 2 abov

wherei n the binder conponent (B) further conprises an alkylgl&EE—nggg
group-containing silicone (BA) represented by 15 formula (6):

R2uXvSi OQ(4-u-v)/2 (6) wherein: 20 the or each R2 independently represents
a straight chain or branched Cl1-C30 al kyl grqyp, a C5-C20 cycl oal kyl group
or a straight chain or branched C2-C30 al ke 3I group; the or each X

i ndependently represents a hy- 25 drogen atom a hydroxyl group, a Cl-C20

aroup, a C1.Co0' oxime GEONBOR SURaiogEN aany-Ouha B and SR oty the
The composi ti on accor AP Po Pt sm 1o °3rEs3R8Re™" 20 RRSHE BT nder
gggngﬁP;g(Eé gFEE[isegna phenyl group-containing silicone (BP1),
u and v satisfy the following relationships:
5 0 <u< 4,
0 = v < 4, and

0 < (u + v) < 4.

5. The composition according to item 1, 2 or 4 above,
10 wherein the binder component (B) comprises a phenyl
group-containing silicone (BPl), containing no alkyl

group, represented by formula (5):

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

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

and

s and t satisfy the following relationships:
0 < 58 ¢ 4,

25 0 =t ¢ 4, and



group, represented by formula (5): RISXtSiQ(4_s -t)/2 15 (Z# ggerﬁai%o()the

or each Rl represents a phenyl group; the or each X indep

represents a hy- drogen atom a hydroxyl group, a Cl-C20 al koxy 20 group, a
Cl- C20 acyl oxy group, an am noxy 25 group, a Cl-C20 oxine group or a

hal ogen atom and s and t satisfy the folloywng relationships: 0 < s < 4,
0 < t <4, and 18 March, 2006 25 0 < (s + t)J < 4; and an al kyl
group-containing silicone (BA) represented by forrmula (6): 5 R"X"

Si0(4_"_v)/2 10 15 20 (6) yhergin; +y ¢ 4; ang
an alkyl group-containing silicone (BA) represented by

formula (6):
5 R%Xy810(4-u-vy/2 (6)

wherein:;
the or each R® independently represents a
straight chain or branched C;-Ci;p; alkyl group,
10 a Cs-Cyp cycloalkyl group or a straight chain
or branched C;-C;y alkenyl group:
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a Ci-Cy alkoxy
group, a (C;-C,; acyloxy group, an aminoxy
15 group, a C,-Cyp; oxime group or a halogen atom;
and
u and v satisfy the following relationships:
0 < u< 4,
0 = v < 4, and

20 0 < (u + v) ¢ 4.

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

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




the or each R2 independently represents a straight chain or_branch
Cl-C30 al kyl group, a C5-C20 cycloal kyl group or a strai

branched C2-C30 al kenyl group; the or each X independently represents a hy-
drogen atom a hydroxyl group, a Cl-C20 al koxy group, a Cl-C20 acyl oxy
group, an am noxy group, a Cl-C20 oxine grogp or a hal ogen atom and u

ed
20

and v satisfy the follow ng rel ati onshi ps: 8°< u < 4, 0 s v <4 and 0 <
(u +v) <4. 6. The conposition according to item4 or 5 above, wherein

t he al kyl group-cont ai pi i licone, (BA) com prises a
nDnooxydiorganosifﬁﬂgeanﬁg %Efmpgﬁréé hted by 25 fornula (7) and a

di oxyorganosilane unit (T) repre 18 March, 2006 26 sented by formula (8):
-(R22Si0 )- (7) 5 wherein each R2 independently represents a straight

chain or branched C1 -C30 al kyl greup,~, a C5-C20 cycl oal/kyl group or a
straight chain or branched C2-C38 %ﬁ§gnyl group, and 10(%M

5 wherein each R? independently represents a
straight chain or branched C;-Cj;y alkyl group,
a Cs-Cyp cycloalkyl group or a straight chain

or branched C,;-Ciy alkenyl group, and

10 "2
E]‘>i-O (8)
|
O
|

wherein R? is as defined for formula (7).
15
7. The composition according to item 3 or 5 above,
wherein the phenyl group-containing silicone (BPl) has
a weight average molecular weight of from 500 to 10,000,
as measured by gel permeation chromatography using a

20 calibration curve obtained with respect to standard

polystyrenes.

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

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



R2 (8) 15 wherein R2 is as defined for fornula (7). 7. The Coggq§iti%86

according to item3 or 5 above, wherein the phenyl group-

silicone (BPI) has a weight average nol ecul ar wei ght of from500 to

10, 000, as neasured by gel perneation chromatography using a 20
calibration curve obtained with respect to s%&gdard pol ystyrenes. 8. The
conposition according to item4 or 5 above, erein the alkyl
group-containing silicone (BA) has a 25 wei ght average nol ecul ar wei ght of

f 00 0, 00Q, 18 , ..2006 .2 | |+
om 200 (0 10,000, HRUBGR 20082 Sh SR S Sl BRI o

chr omat ogr aphy usFﬁgW&aﬁﬁﬁe n curve obtalne ct to standard

pol ystyrenes. 5 9. _Th Si tl . di a frd @ HahdP 8
above, wherein thgaéﬁgf%%gg pﬁ%ﬁ%@h?@ﬁ%ﬁge%gﬁﬁﬁc gfs%%%prQVe a numnber
average particle ghagg%g& f..400 nm or less. 10 10. The conposition

. Aes” :
according to any Oné-o tens "1 to 9 above, wherein the photocatal yst

particles (a) are titanium oxide particles. 11. The conposition according
to any one of itens 1 to

5 9. The composition according to any one of items 1 to
8 above, wherein the modified photocatalyst particles
(2} have a number average particle diameter of 400 nm

or less.

10 10. The composition according to any one of items 1 to
9 above, wherein the photocatalyst particles (a) are

titanium oxide particles.

11. The composition according to any one of items 1 to
15 10 above, wherein the modifier compound (b) is an Si-H
group-containing silicon compound (bl} represented by

formula (9):

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

25 : branched C;-Cip; fluorocalkyl group, a straight



15 10 above, wherein the nodifier conmpound (b) is an Si-H [ AelVlon oqi | ni ng
silicon conpound (bl) represented by fornula (9): H,RySng—z§g§§¥—jﬁ¥§20
25 (9) wherein: the or each R independently represents a straight chain
or branched Cl1-C30 al kyl group, - a C5-C20 cycl oal kyl group, a straight
chain or branched Cl-C30 fl uoroal kyl group,, A straight 18 March, 2006 28 5
chain or branched C2-C30 al kenyl group, a ﬁhenyl group, a Cl-C20 al koxy
group or a hy- droxy group, and x and y satisfy the foll ow ng

relationships: 0 < X .4, %féb‘faﬁcﬁeda{aﬁécé}f_ﬂk’g@r“ ‘bro% The conposition

according to item 11 above, wherein up-contai ni ng silicon
conpound (bl) — compri ggs3h | &A%L 0% OBROWIk S GTloRE Tdr0M iR group
consi sting of:
droxy group, and
x and y satisfy the following relatilonships:
5 0 ¢ x € 4,
0 <y < 4, and

(x + yv) = 4.

12. The composition according to item 11 above,

10 wherein the Si-H group-containing silicon compound (bil)
comprises at least one compound selected from the group
consisting of:

a mono Si-H group-containing silicon compound rep-
resented by formula (10):
15 R3
(10},

wherein each R’ independently represents a

20 straight chain or branched C;-C3y alkyl group,
a straight chain or branched C;-Ci3p alkenyl
group, a Cs-Cyp cycloalkyl group, a straight
chain or branched C;-Ci; fluoroalkyl group, a
phenyl group or a siloxy group represented by

25 formula (13):



a nono Si-H group-containing silicon conpound rep- resented oxlfo 6
(10): 15 R3 i 3 (10), HS$i- RR3 20 25 wherein each R3 inaeper

represents a straight chain or branched Cl- C30 al kyl

group, a straight

chain or branched C2-C30 al kenyl group, a C5-C20 cycl oal kyl group, a

straight chain or branched Cl-C39 quoroaIk 5
siloxy group represented by fornula (13): Mar ch,

group, a phenyl group or

2006 29 5 10

-0-(R42SiOm Si R43 (13) wherein each R4 independently repre- sents a

strai ght chain or branched Ci- , a Cb-
a straight chain or branched QfF%%S bxﬁoroaPkyl group,

C20 c aIkyI group,
gﬁ%alght chain

or branched C2- C30 alkeny&h&LQER each R* independently repre-

sents a straight chain or branched C,-

Cap alkyl group., a Cs-Cys CYyC

loalkyl

5 group, a straight chain or branched

C1-C30 fluoroalkyl group, a straight

chain or branched C,-C;p alkenyl group

or a phenyl group; and m is

which satisfies the formula:

10 1000,

an integer

0 =m=<

a silicon compound, having Si-H groups at both

terminals thereof, represented by formula (11):

H- (R%;$10),-SiR%-H (11)
15
wherein R?® is as defined for formula (10):; and
n is an integer which satisfies the formula: 0 = n
= 1000, and
an H silicone represented by formula (12):
20

(R*HSi0)a({R?*510)p(R*:810,

wherein:

lz)c (12)

R’ is as defined for formula (10): and

25 a is an integer of 1 or more,

b is an integer of O



or a phenyl group; and mis an integer which satisfies the forggla: g s m
s 1000, a silicon conmpound, having Si-H groups at both t eof ,
represented by formula (11): H(R32SiO"-Si R32-H (11) 15 wherein R3 is as

defined for forrmula (10); and n is an integer which satisfies the fornul a:
0 sn s 1000, and an H silicone representeqﬂpy formula (12): 20

(R3HSI O a(R32Si O b(R33Si O112)c (12) wherein:”" R3 is as defined for fornula
(10); and 25 a is an integer of 1 or nore, b is an integer of 0 18 March,

2006 30 or nore, and a sat.i.sf faql l,Qw rel a-_ . tionship: (a + b)
s 10000, and c is O or%rz??'gglr%d %&hir%ia%%e%a(tgﬂf}g)tqesafé)nlllo(r%ﬂ é%'erreojfa 2 or

nore and ¢ = 0, the H.silicaone of faormul ) is.a cy 5 clic.silicone,
and when ¢ = 2, the Hﬁéﬁffééﬁé éF +f%9nﬁl§°%%§? F?dacs_sapgﬁf Craich
silicone. 13. The compagibhanAEGOTDI 09140 13Mun018 t¥igeld B 2! P more
and ¢ = 0, the H silicone of formula (12) is a cy-
5 clic silicone, and when ¢ = 2, the H silicone of

formula (12) is a straight chain silicone.

13. The composition according to any one of items 1 to
12 above, which further comprises a resin.

10
14, The composition according to any one of items 1 to

13 above, which is a film.

15. The composition according to item 14 above, which

15 is anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-
centration of the modified photocatalyst particles (A)
increases from one surface of the film toward the other
surface of the film.

20

16. The composition according to any one of items 1 to

13 above, which is a shaped article.

17. The composition according to item 16 above, which

25 is anisotropic with respect to the distribution of the



12 above, which further conprises a resin. 10 14. The conp g' el % r di ng
to any one of itens 1 to 13 above, which is a film 15. Thg—ééﬂﬁgaaiig%
according to item 14 above, which 15 is anisotropic with respect to the

di stribution of the nodified photocatal yst particles (A, wherein the con-
centration of the nodified photocatal yst par§ic|es (A) increases fromone

surface of the filmtoward the other surface of the film 20 16. The
conposition according to any one of itenms 1 to 13 above, which is a shaped

article. 17. The £oiOsld | Mﬁf@it HEM LS AOPYEmMU LD €0 | Son-
ani sotropic with respect t%ﬁ?he di stri J%?on 0 thgﬁgB Nh%@%, 206% é%n

nodi fied phot ocatadsta ttadd | S ghd @odﬂﬁ@iﬁhé%%}#’@%éﬁﬁi@ﬂeQT (Ahe

nodi fi ed photocatal yst particles (A) increases fromthhe i'nner portion of

the shaped arti climcrdenddl At stHd acmhe Jdvee sdipnsed aid iﬂi&‘%e% dSkidie
C

conposition according to item4 above, which is a film whi as a
m crophase separ aidweirc tHHeC v acld tdF resPeapgen tdrer ey

group-containing silicone (BP) and the al kyl group-containing silicone
(BA) . 5
18." The composition according to item 4 above, which
is a film which has a microphase separation structure
with respect to the phenyl group-containing silicone
(BP) and the alkyl group-containing silicone (BA).
10
19. The composition according to item 18 above, which
is anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-
centration of the modified photocatalyst particles (A)

15 increases from one surface of the film toward the other

surface of the f£ilm.

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

(Ba).

21. The composition according to item 20 above, which

25 is anisotropic with respect to the distribution of the



10 19. The conposition according to item 18 above, which is anispotropic
Wth respect to the distribution of the nodified photocatéﬂ@gﬁﬂﬁgFgﬁéées
(A), wherein the con- centration of the nodified photocatal yst particles
(A) 15 increases fromone surface of the filmtoward the other surface of
the film 20. The conposition according to i53n14 above, which is a shaped
article which has a m crophase separation 207 Structure with respect to the
phenyl group-containing silicone (BP) and the al kyl group-contai ning

Silicone (BA).. ZhoalbcHORRAYLLR0RI98R00MIRI RS (A, 20na00NR, ot 6on?S s

ani sotropi c wth respect t I St I on o t he March, 2006 3

modi 1164 phot ocal gL#EaREh! EleetnbAhoatieLel BrbiBcatarysenpastieneal (e

nodi fi ed photocatalyst particles I ncreases fromt i nner portion of

the shaped articl ,-tgWaEd ERemS¥HEAGENEE bB%t%.Bﬁp%Q %hta' ehaped d2tible
functional conposite conprising a substrate and a | mformed on the

substrate, the fitpg,geAPELaI BArkhee BQWEHE'EhQBeﬁfa%QXcQBe of items 1 to 13
above. 10 23. The functional conposite according to item 22 above, wherein
the filmig anisotropic with respect to

22. A functional composite comprising a substrate and

a f£ilm formed on the substrate, the film comprising the

composition of any one of items 1 to 13 above.

10 23. The functional composite according to item 22
above, wherein the film is anisotropic with respect to
the distribution of the modified photocatalyst parti-
cles (A), wherein the concentration of the modified
photocatalyst particles {(A) increases from a surface of

15 the film which contacts the substrate toward the other,

exposed surface of the film.

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

-containing silicone (BA}.

25 25. The functional composite according to item 24



the distribution of the nodified photocatal yst parti- cles_(A |.n the
concentration of the nodified photocatalyst particles (A)1 om a
surface of 15 the fil mwhich contacts the substrate toward the ot her,
exposed surface of the film 24. A functional conposite conprising a
substrate and a filmformed on the substrate, the filmconprising the 20
conposition of item 4 above and having a m Crophase separation structure
with respect to the phenyl group -containing silicone (BP) and the al kyl

group -containing silic 2 hgnfiuBet-boral wseRPesshecacear di ng
to item24 18 Nh?gﬁ zoﬁgggéggﬁ%E% §m%§re%n§?h§ fil %1|s anlsotrgplc wth

respect 10 the digt b BuLan:obyt e PRI hhadepbal pastakushipak! paratos (A).

wherein the concen 0N 0 e nodified photocatal yst particles (A

increases froma iggfgsg OfnSrbhE thbm:yhLcH:aRiaRl oet hacsnodirara fovard
t he ot her, expose 4cé of the | m Hereinbelow, the present invention

i's described in ﬂSE@bEtal@sIhﬁaﬂEgbiéQd(Hmoiﬁ@@babhstfﬁ&mtBCbﬁff@AP osed
in the present Phventton are prepared by subjecting parti- cles of a

phot ocat akyst (a}pkLOos@:1f0ghEERakbABabEsatABNEUbIAtal theasd the witief.er
conpound nenti oned bel ow.

exposed surface of the film.

Hereinbelow, the present invention is described in
detail.

10 The modified photocatalyst particles (A) used in
the present invention are prepared by subjecting parti-
cles of a photocatalyst (a) to a modification treatment
with at least one modifier compound mentioned below.

In the present invention, the term "modification

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

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

25 vantageously becomes strong, so that the modifier com-




In the present invention, the term"nodification 15 (of L cl es a

phot ocat al yst)" neans "imobiliza- tion of the bel ow nenti 2 t one
nodi fier com pound (b) on the surface of particles of a photocata- |yst
(a)". It is considered that the above-nentioned imuobilization of the

nodi fier conmpound (b) on the sur 20 face of garticles of a phot ocat al yst
(a) is achieved by van der Waals force (ph§ i cal adsorption), Coul onb
force or chem cal bonding. Especially when the nodifi- cation is achieved

by chem cal bonding, .the interacti difL.e u Rd the
phot ocat al yst adpﬂghgaﬁ?ﬁgggug?§°B§ggnggkgﬁggﬁéeas§9tEg% %nggggig?e? %om

18 March, 2006 34.5.0updi6e0 RS, 51kenaly daERbELIZed ond horesisce of the

phot ocat al yst pa erefore, it is preferred at t'he nodification

i's achi eved by c 1L.C b ' . @S Bogat ah¥ateatlSednadSng.
phot ocat al yst (g g%n@%ﬁeﬁgggggﬁ?gﬁﬁgg%giggﬁﬁﬁg?ude§T102, zﬁcz S?Tigg,

CdS, &GP, InP, GaAs, | Bafi \ K2NbEB 1, AbgRbtoEaz@Bysta205,
K3Ta3Si 2CG3, W3, Sn02§?%#§¥%? g?&éﬁ?tﬁF%}é %EZ Si C, RbS , Ing, RﬁSZ, CeX2

and Ta3N5s Fur- wfriﬁ'xeﬂalﬁﬁegéneh@hegambus&ﬁcmabumoLanmq)ar_smwg,s 10
containing at | east one elenhent selected fromthe group consisting of Ti,
No, Ta and V (segasfOfapXafRbe, chREX-BaTiO;, BaTiO, BaTis0s, KoNbOs,
Nb,0s, Fe,0;, Ta,0s, KiTaSi0;, WO;, SnO;, Bi;0;, BivO,,
Ni0O, Cu,0, SiC, MoS;, InPb, RuO;, CeO; and TasNs. Fur-
ther examples of photocatalysts include lamellar oxides
10 containing at least one element selected from the group
consisting of Ti, Nb, Ta and V (see, for example, Unex-
amined Japanese Patent Application Laid-Open Specifica-
tion Nos. Sho 62-74452, Hei 2-172535, Hei 7-24329, Heil
8-89799, Hei 8-89800, Hei 8-89804, Hei 8-198061, Hei 9-
15 248465, Hei 10-99694 and Hei 10-244165): nitrogen-doped
titanium oxide (see, for example, Unexamined Japanese
Patent Application Laid-Open Specification Nos. 2001-
278625 {corresponding to US 2002-0012628 Al and EP
1138634 Al), 2001-278627, 2001-335321 (corresponding to
20 US 2001-0056037 Al and EP 1160202 Al), 2002-029750 and
2001-207082); and visible-light active titanium oxide
photocatalysts, such as an oxygen-deficient titanium
oxide (see, for example, Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. 2001-212457 (cor-

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



am ned Japanese Patent Application Laid-Qpen Specifica- SEI gg E’Si! %%6

62- 74452, Hei 2-172535, Hei 7-24329, Hei 8-89799, He! ,
8-89804, Hei 8-198061, Hei 9 15 248465, Hei 10-99694 and Hei 10-244165);
ni trogen-doped titanium oxide (see, for exanple, Unexam ned Japanese

Pat ent Application Laid-Open Specification . 2001- 278625 (correspondi ng

to US 2002-0012628 Al and EP 1138634 Al), 1-278627, 2001-335321

(corresponding to 20 US 2001- 0056037 Al and EP 1160202 Al), 2002-029750 and

2001- 207082); and_yvi sSi blde%l i&ﬂ%n agd i d%n%i t]?é'i'-#t?)g‘rNQXic%‘ﬁbOQNQt padhaNyshga such

as an oxygen-defi%?%?uql ‘anlt um oxi see, exanpl e, Unexam ned

Japanese Pat ent %%ﬁg%&%oﬁﬁ%& PR WGPonGRl, | Yh M0 2L U240 7 (cor

25 responding to ition, oxynitride 18 March, 2006 35
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oxysul fi de conpoun can be advant ageously used as

hot ocat al yst (a Jifse SoMpoLnas; Ly ' 0& oOgat 2 ytv Ccb
: ) ( )tt%%lcég%&c% I rradi ati on%ﬁﬁrﬂiﬁoéﬁﬂiﬂﬁh §oyy

activity by 5 vis further exanpl es of

photocatalysts ingdds gﬂ(%ﬂ_caﬁp&gﬁ&%gi ned by a method in which at
| east one nenber selected Tromthe group consisting of netals of Pt, Rh,

Ru, Nb, Cu, Sn, N andiheiandhibtidesetdang oo prorsdachlysts imobbid i zed
on t he above-exenplified
photocatalysts obtained by a method in which at least
one member selected from the group consisting of metals
of Pt, Rh, Ru, Nb, Cu, Sn, Ni and Fe and oxides thereof
10 is added to or immobilized on the above-exemplified
photocatalysts; and photocatalysts obtained by coating
the above-exemplified photocatalysts with porous cal-
cium phosphate or the like (see Unexamined Japanese
Patent Application Laid-Open Specification No. Hel 10-
15 244166 {corresponding to U.S. Patent No. 6,180,648 Bl1)).
Of these catalysts, TiO; (titanium oxide) is pre-
ferred because it has no toxicity and has excellent
chemical stability. There are known 3 types of tita-
nium oxide crystals, i.e., anatase-type, rutile-type
20 and brookite-type. In the present invention, any of
these 3 types of titanium oxide crystals can be used.
It is preferred that the crystal particle diameter
(primary particle diameter) of the photocatalyst is
from 1 to 400 nm, more advantageously from 1 to 50 nm.

25 In the present invention, the form in which the




phot ocat al ysts; and photocatal ysts obtai ned by coating the o 5
above-exenplified photocatal ysts with porous cal - ciunlphos%gég%—§F3Q%r

| i ke (see Unexam ned Japanese Patent Application Laid-OQpen Specification
No. Hei 10 15 244166 (corresponding to U. S. Patent No. 6,180,648 Bl)). O
these catalysts, TiQ2 (titaniumoxide) is pre- ferred because it has no
toxicity and has excellent chemcal stability. There are known 3 types of
tita- niumoxide crystals, i.e., anatase-type, rutile-type 20 and

brooki t e-t ype. lnﬁh@%o@%ﬁ%ﬁ@%ﬁi%ﬁﬁ%g‘yﬁb %q]tét¥ﬁgaﬁ$éﬂﬁ¥ﬁhﬂﬂoﬂitaniUm

oxi de crystal s cah be used. I's preferre at the crystal particle

di amet er " (pr i Mery (6L heh® diAgRlRihedl she RIRRRANMLLAR, dddherk Lo 400

nm nore advantageously from1to 50 nm 25 In the present invention, the

formin which thepld;¥aeehphd?eea38 173t Qaat aloy eixHi® te gl nilsgfbaisti dhe

nodi fication treatnment is provided is a factor inportant for the nodified
phot ocat al yst (A) skanexhichi,t ggeed rAnsReshahg Prapddties @@ Jddimdor m ng
properties and various 5 funCtions. Fromthe viewooint of effectively
utilizing sthe surhaeeibheperri6s ohetheewpdifitedrpbotecatiabyyt utiltiziag
preferred to use a photocatalyst in which a mx- ture of primary particles
andl Zggon?ﬁry par thel eerifasea propeben eavoradhep aoididie diphoticera tefl yd30 nm
> | it is preferred to use a photocatalyst in which a mix-
ture of primary particles and secondary particles has a
number average particle diameter of 400 nm or less. 1In

10 the present invention, from the viewpoint of preoducing
a transparent f£ilm from the photocatalyst composition
comprising a modified photocatalyst (A) and a binder
component (B) {described below), it is especially pre-
ferred that the photocatalyst particles prior to the

i5 modification treatment have a number average particle
diameter of 100 nm or less. It is more preferred that
the photocatalyst particles prior to the modification
treatment have a number average particle diameter of 3
to 80 nm, more advantageously 3 to 50 nm.

20 In the present invention, for the below-mentioned
reason, it is preferred that the photocatalyst to be
subjected to the modification treatment is not 1in the
form of a powder but in the form of a sol. In general,

in the case of a photocatalyst powder comprised of mi-

25 croparticles, single crystal particles (primary parti-




10 the present invention, fromthe viewoint of producing E érﬁﬁfEﬂﬁﬁPt

filmfromthe photocatal yst conposition conprising a nod
phot ocat al yst (A) and a binder conponent (B) (described below), it is
especially pre- ferred that the photocatal yst particles prior to the 15
nodi fication treatnent have a nunber averags particle diameter of 100 nm
or less. It is nore preferred that the pho gcatalyst particles prior to
the nodification treatnment have a nunber average particle dianmeter of 3
to 80 nm nore advantageously 3 to 50 nm__20.01n t r Loveatiqn, for
t he beIOMFnentioﬁéﬁs)r 5?bﬁF¥PP9§§ ngFgg?ggdtﬁgtggﬁg %%%?ggé |§§f%?o be
subjected to the dification treatnent i i Nt o er but
in the form of acggﬁf FﬁuaeﬁgFgﬁ?g ?ng%ﬁéﬁcggéso fanﬁoggggngygf owder
conprised of m ropacticl My al ryl (R EPRLY1PaAELT 18
Mar ch, 2006 37 I%gg% g?etéﬁrngp?égggégégééggfo ?gr%$§%co d@%i parti- cles,
thus causing a gpe€ r 1chk8Spbakkt BE B bFBIL%
particles. It isﬁgg%gbggéF?%u%ggt%gééﬁggggrggg?éc%hg Ee%ongary EartigFés
back It 0spri MAr ya2eRRILLC! Oy BnGUL Sty o D8:£35¢ SipRopbobossiatyst
sol, photocatal yst particles -are not dissolved but pre- sent in a form
close to the prigpiy Babtbeheaisi psPrithat the aukfacespiopar buespek-t he
primary particles '

sent in a form close to the primary particle form, so

that the surface properties of the primary particles
can be effectively utilized. Therefore, a modified

10 photocatalyst sol obtained from a photocatalyst sol ex-
hibits not only good dispersion stability and good
film-forming properties but alsoc various functions.

The photocatalyst sol used in the present invention is
a dispersion of photocatalyst particles in water and/or

15 an organic solvent, wherein the photocatalyst particles
are present in the form of primary particles and/or
secondary particles in the dispersion medium, and the
solids content of the dispersion is 0.01 to 70 % by
weight, preferably 0.1 to 50 % by weight.

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

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




can be effectively utilized. Therefore, a nodified 10 photocatal yst_sol

obt ai ned from a photocatal yst sol ex- hibits not only good 6
stability and good filmformng properties but also various functions. The
phot ocat al yst sol used in the present invention is a dispersion of

phot ocat al yst particles in water and/or 15 an organic solvent, wherein the
phot ocat al yst particles are present in the 3 m of primary particles and/or
secondary particles in the dispersion nedium and the solids content of
the dispersionis 0.01 to 70 % by weight, preferably 0.1 to 50 % by

wei ght. 20 In t h&e &L PEREIRNT- the "solids content” in terns of % by

wei ght is the percentage of the wei ght .of Qnval atl.6 ,comman :
remai ning after heati fFARaeSdPEp& iaé’f‘}corsosl}’seﬁlenssiuosna%llﬁa ar ;té}él%oﬂ%n%m C

for 2 hours or nore to thereby dry the .dispersi 5 shPlendased
on the weight of & Wg‘odﬁo?ﬁgl‘as]iyc% (?r&isﬁélﬁ"elg“%g ﬁ‘#"?ﬂf%’o%a ggr%lgoer'\ bagf%rrle
heati ng. Exanpl es .of aqrgani.c.sql vwents abl e par. Hhet ocgt al yst
sol include al coﬁ&yéz,o(ls'u té’sl é:te%i%oesr?el%eg'l yncﬁr?g%ﬂc%' cle orso ve,

E-propano%, iSOp[%%&%gdl neihb%%ha@%q ﬂﬁ{ﬁﬂﬁ&l?”H&dﬁ%ﬁﬁ%“ﬂydfﬁéﬁﬁﬁéﬁs,
ydrocar bons, such as tdluene and Xyl ene; aliphatic hydrocarbons, such as
hexane, cycl ohexgne,and ReRtANG: HH & rentiCthiiphatic hydrocarbons,

such as hexane, cyclchexane and heptane; esters, such

as ethyl acetate and n-butyl acetate; ketones, such as

acetone, methyl ethyl ketone and methyl isobutyl ke-

10 tone; ethers, such as tetrahydrofuran and dioxane; am-
ides, such as dimethylacetamide and dimethylformamide;
halogen compounds, such as chloroform, methylene chlo-
ride and carbon tetrachloride; dimethylsulfoxide: and
nitrobenzene. These organic solvents may be used indi-

15 vidually or in combination.

An explanation is made below by taking a titanium
oxide sol as an example of a photocatalyst sol. As an
example of a titanium oxide sol, there can be mentioned
a titanium oxide hydrosol, in which titanium oxide par-

20 ticles are peptized in a dispersion medium consisting
essentially of water (herein the term "dispersion me-
dium consisting essentially of water” means a disper-
sion medium containing about 80 % or more of water).

The preparation of such a hydrosol is known, and such a

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



as ethyl acetate and n-butyl acetate; ketones, such as acgégﬂﬁbhﬁabgg

et hyl ketone and nethyl isobutyl ke 10 tone; ethers, such

t etrahydrof uran and di oxane; am ides, such as dinmethyl acetam de and

di et hyl f ormam de; hal ogen conpounds, such as chloroform nethyl ene chlo-
ride and carbon tetrachl oride; dinethylsulfgxide; and nitrobenzene. These
organi ¢ solvents may be used indi- 15 viduaPPy or in conbination. An

expl anation is made bel ow by taking a titanium oxide sol as an exanpl e of

h I .. .As I f ' ' . OXi .50l h b
mentioned o it SAFTFSS QEPRYRPBSGR LT R ARPERCERCAR (ot o RE paP oS0 Tl es

are peptized in %ﬁgk%%ekggonSg%d%§qh993§ishgggH_%ﬁgeggbyﬁ%%ﬁ%%ﬂggfgﬁl

(herein the term™dirspersion—ie- di dm Consi’s g éSsenti al

means a di sper - ikﬁggqﬁﬁhrggggnhggangsggggt(gggﬁégbgggﬁﬁgsﬁdW%qgn)PatIhe

preparation of su I I'S"known, ~“and osol can be

easi |y produced enf0 , 1 h 6 ) ese
Pat ent Applicati%ﬁ%LgPd- gﬁaggggﬂfgﬂdchgggﬁNggagghééggﬁ%% f%?gﬁé?Q$P819

(correspordi ng t EP 6RB1) ' 6521 Cobr di pg o UpSr Pat -
ent No. 5?840,11§§Sénggaéﬁ%1§?43§2§g?é2}%eggoﬁgéngbtggggg.S. gtent No.

6,340, 711 Bl andoER826633,,Bihheohiel soguRiBheoraRi RAHEAWS s$Qlritie0BrOft 1 -
titaniumsulfate or Ti-
tanium tetrachloride is subjected to hydrolysis under
heating to thereby form metatitanic acid. The obtained
metatitanic acid is neutralized with agueous ammonia to
10 thereby deposit titanium oxide hydrate, and the ob-
tained titanium oxide hydrate is subjected to filtra-
tion, washing and dehydration to thereby obtain an ag-
gregate of titanium oxide particles. The obtained ag-
gregate is peptized by the action of nitric acid, hy-
15 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
method in which titanium oxide particles are peptized
20 in water by the action of an acid or an alkali, and
those hydrosols obtained by a method in which titanium
oxide particles are dispersed in water under a strong
shearing force and in which any of an acid and an al-

kali is not used and, if desired, a dispersant, such as

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



taniumtetrachloride is subjected to hydrolysis under heai I E& t& :nggl;aeby
formnetatitanic acid. The obtained netatitanic acid is th
aqueous ammonia to 10 thereby deposit titani um oxide hydrate, and the ob-
tained titaniumoxide hydrate is subjected to filtra- tion, washing and
dehydration to thereby obtain an ag- gregate of titanium oxide particles.
The obtai ned ag- gregate is peptized by the &tion of nitric acid, hy 15
drochloric acid or ammoni a and, then, subjected to a hydrothernal

treatment or the like to thereby obfajn a titanium oxide Of,aidurther
exanpl es of titamaFRd Hh &{élerﬁﬂi'{’&ecﬂt ?qpr%%fc?e r%']}c)%net m@%@%ﬁt ained by a
met hod in which titani oxide particles af¢ | zgd ' &L, by 14 he
action of an aci do(?rena%rgaﬂ :‘ic,amce':f‘r?’cfl %{Qn'oslgf ﬁsy—’((il"‘ralgés'ol 5 o%%)a(%gnhe y % et hod
i n which titani um_. oxi de, parti.cl are dispersed i lotHHleri @ wit{omg
shearing force ar‘f’&’ﬁaﬁr\ﬁ?ﬂ &h STy 0? i aacsled&?ﬁc? gznl%- Eal? i's not used and,

if desired, a di ga%%%hr}}t,. uch %625ch§q_lql'n%ﬁoéaléaqﬁa/ Alfagiwiused pdbsRe by

the nethod pro 1 poseée nexam ned Japanese Patent

Appl Fcat i gn Lai 0 e Qot SpRGiival | b N ork) s ddieTex 4011 Doy e96bhy

obtained & sol o ase-type titaniumoxide in which the particles have

their surface nmodifigd agllute%tﬁ REJING on HARMR A KR dn@xtakteality.
di spersion stability ev
The above-described titanium oxide hydrosols are
commercially available as titania sols. (Examples of
commercially available titania sols include "8STS5-027,
i0 manufactured and sold by Ishihara Sangyo Kaisha, Ltd.,
Japan, and “"TO0-240", manufactured and sold by TANAKA
TENSHA CO., LTD., Japan.}
Each of the above-described titanium oxide hydro-
sols has a solids content of 50 % by weight or less,

15 preferably 30 % by weight or less, more preferab;y 0.1
to 30 % by weight. Such a hydrosol has a relatively
low viscosity (as measured at 20 °C). In the present
invention, the hydrosol may have a viscosity in the
range of from 0.5 to 2000 g'cm*'secdu It is preferred

20 that the hydrosol has a viscosity in the range of from

1l to 1,000 g'cmd'seCJ, more advantageously from 1 to

500 g-cm - sec™t.
In addition to the methods for producing titanium

oxide sols, also known are methods for producing vari-

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




in an aqueous solution having a pH around neutrality. The gggﬁp-dgﬁ%g bed

titani um oxi de hydrosols are commercially available as tit

(Exanmpl es of conmercially available titania sols include "STS-02", 10
manuf actured and sold by Ishihara Sangyo Kai sha, Ltd., Japan, and "TO 240",
manuf actured and sold by TANAKA TENSHA CO., .LTD., Japan.) Each of the
above-described titani um oxi de hydro- sols ﬁés a SO|IdS content of 50 % by
wei ght or less, 15 preferably 30 % by weight or less, nore preferably 0.1

to 30 % by wei ght, U681 g gggnt(sQgggﬁFgghgagﬁehéyahQQEVba%gﬁ&txgﬁaa-

measured at 20 Cferﬁﬁm rosol

viscosity in thecatdngerglalbaunOsBebee2a00 garhdechel. ol bobasht shar bed 20

that the hydrosol "has a visco range of from 1 000 gcm

1sec-1, nore advgg&aggogshxmgiggkl QdESPgng§F§ egtlleggtaggbtbggmggtthe

nethods for producing titanium oxide sols nomn are net hods for

produci ng var - 28186%c8! Bebn! YRESALBNALACALALYS! BOS, g1 exasRbey & 18

March, 2006 41 ceri um OXi see exan1ne Japanese Pat ent Appli -
cation Lasd- @e“(§eéc'%b£aék&ﬂpb'8 bﬁ‘éx§m§83§5ha?9fle§e 59teft Apbaweklar

oxi de containing at [east one el enment selected fromthe group consisting
of Ti, No , Ta apfo) Laid-Open Specification Nos. Hei 9-25123, Hei 9-
67124 (corresponding to U.S. Patent No. 5,863,514), Hei
9-227122, Hei 9-227123 and Hei 10-259023).
Further, a photocatalyst organosol, in which
10 photocatalyst particles are dispersed in a dispersion
medium consisting essentially of an organic solvent,
may be used in the present invention. Examples of
methods for producing a photocatalyst organosol include
a method in which a photocatalyst hydrosol as mentioned
15 above is subjected to a treatment with a compound hav-
ing the phase transfer activity (i.e., a compound which,
when added to a mixture comprised of two different
phases (1st phase and 2nd phase), forms a 3rd phase at
the interface between the 1lst and 2nd phases and causes
20 the lst phase, the 2nd phase and the 3rd phase to dis-
solve and/or solubilize each other} and, then, the re-
sultant is diluted with an organic solvent (see Unexam-
ined Japanese Patent Application Laid-Open Specifica-

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

25 a photocatalyst hydrosol and an anionic¢ surfactant



5 (see, for exanple, Unexam ned Japanese Patent Applica- tion Laid-Open

Specification Nos. Hei 9-25123, Hei 9- 67124 (correspondiﬁﬂiﬂﬁﬂﬁhsggﬁétent
No. 5, 863,514), Hei 9-227122, Hei 9-227123 and Hei 10-259023). Further, a
phot ocat al yst organosol, in which 10 photocatal yst particles are dispersed
in a dispersion mediumconsisting essentially of an organic solvent, my

be used in the present invention. Exanples nethods for produci ng a
phot ocat al yst organosol include a nmethod in which a photocatal yst hydrosol

The phase i ranst CPod 101 9L 800 e Rt Ee S Eha L Ghchs dUbR A kD |
2 3rd phase al EREATH O SCLTBLT L TG SET GG DI RRALcERA S ab8s 20
Sol ubi | oo eath BRREIERGTt e 1rkst o8 BF it LSar 8, 18 81 8ls-
Spaci i oo 11 on HBESRbi L0 LU MO SRR IRHE | S SR o, 200y S5 U o 37 5

phot ocat g%yst hy&'gtoasfrlxi ngar&frhe(}aﬁ%cg&rﬁhxi%q\n A sdB Q@%&hwn%%%ﬁiégd(su?h as

sodi um dodecyl benzeriesu a wat I NSO e organic

sol vent, ther eby; ausing S iGen PIBOLALRAL IS BAAIGHES 49 berisansbarigd 1o

and dis-
Sho 58-29863); and a method in which an alcohol (such

as butyl cellosolve) which has a boiling point higher
than that of water is added to a photocatalyst hydrosol

10 and, then, water is removed from the resultant mixture
by distillation, reduced pressure distillation or the
like. Also, there are commercially available titanium
oxide organosols in which titanium oxide particles are
dispersed in a dispersion medium consisting essentially

15 of an organic solvent (e.g., "TPKS-251", manufactured
and sold by Tayca Corporation, Japan). Herein, the
term “"dispersion medium consisting essentially of an
organic solvent” means a dispersion medium containing
about 80 % or more of an organic solvent.

20 In the present invention, the at least one modi -~
fier compound (b) is selected from the group consisting
of different compounds each of which independently com-
prises at least one structural unit selected from the
group consisting of a triorganosilane unit represented

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



persed in the water-insoluble organic solvent, thereby 5 obtainin

phot ocat al yst organosol (see Unexam ned Japanese Patent Ap%ﬁﬂ!%&éhﬁéggﬁ
Lai d- Open Specification No. Sho 58-29863); and a nmethod in which an

al cohol (such as butyl cellosolve) which has a boiling point higher than
that of water is added to a photocatal yst hydrosol 10 and, then, water is

renmoved fromthe resultant m xture by distiﬁpation, reduced pressure
distillation or the Ilike. Also, there are conmercially available titanium

st r the like. Also, there are coms | .
@ sper i on madi um BBECS g GREHR LAy 8 61 AR yPrGarDRETe R O

"TKS- 251", manufactured n old b a Corporation, Japan). Herein, the
term "di spersion ﬁEEF&ﬁFE%ﬁ%i?Fﬁ%&rﬁﬁggﬁggérly of an organic solvent™
means a di spersion medi um containing about 80 % or nore of an organic
solvent. 20 In the present invention, the at |east one nodi- fier conpound
(b) is selected fromthe group congigting of different ggypounds each of
whi ch independently com prises at 1east one structural unit selected from
the groupgconsisting of a triorganosilane unit represented 25 by fornula
(1), a nonooxydi organosilane unit repre 18 March, 2006 43 sented by formnul a

(2), and a dioxyor ganoghl2¢ntRhbn’ RPLAaRPERACRY 150 BYIRsERks a
straight chain or branched C;~Cs alkyl group,
a Cs-Cz¢ cycloalkyl group, a straight chain or
branched C;-C;o fluorcalkyl group, a straight
10 chain or branched C,-Ci, alkenyl group, a
phenyl group, a C;-Czy alkoxy group or a hy-

droxy group,

-(R;S5i0) - (2}
15
wherein each R is as defined for formula (1),
and
T
20 —Si—0— (3)
6

wherein R is as defined for formula (1).

25 The modified photocatalyst particles (A) which are



R3Si- (1) 5 10 wherein each R independently represents a férﬁigsti%ﬂg

branched Cl1-C30 al kyl group, a C5-C20 cycl oal kyl group, ' I n
or branched Cl-C30 fluoroal kyl group, a straight chain or branched C2-C30
a phenyl group, a Cl-C2o0 al koxy group or a hy- droxy group,

al kenyl group,

-(R2Sio)- (2) 15 20 wherein each Ris as defined for formula (1), and (3)
wherein Ris as defined for fornula (1). 25 4fhe nodified phot ocat al yst
particles (A) which are 18 March, 2006 44 prepared by subjecting

phot ocat al yst particles to_a di fication.tre | [

corrFlound ]g b) hav Pq&@@i@?fe%ﬁ\?é’ﬂ ingné’ OSJEIO[C!.?cttaul Pft:ﬁ::%n%}ﬁt\(’{s%ﬂ tﬂ a\df d Hatec\;/ e? y

smal | surface energy.. .5 I.n &Ipr§§e% L) %nﬂaa}f. W SdreAt (PN ddpat -
TS i (D)

nment of photocat &l 1CRE ARG

10

15

20

25

r conpoun
ing the above-mentioned structural unit{s), have a very

small surface energy.

In the present invention, the modification treat-
ment of photocatalyst (a) with modifier compound (b)
may be performed, in the presence or absence of water
and/or an organic solvent, by mixing together the
photocatalyst (a) and the modifier compound (b) so that
the weight ratio of photocatalyst (a) to modifier com-
pound (b) (i.e., (a)/(b) weight ratio) is in the range
of from 1/99 to 99.9/0.1, preferably from 10/90 to 99/1,
and subjecting the resultant mixture to heating at a
temperature of from 0 to 200 °c, preferably from 10 to
80 °C, to thereby change the composition of the solvent
contained in the mixture. Alternatively, instead of
heating the mixture of photocatalyst (a) and modifier
compound (b), the mixture may be subjected to distilla-
tion, reduced pressure distillation or the like.

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

glycol, butyl cellosolve, isopropanol, n-butancl, etha-

n or



may be perfornmed, in the presence or absence of water and/or an gr%%rbisc

sol vent, by m xing together the photocatalyst (a) and the

conmpound (b) so that 10 the weight ratio of photocatalyst (a) to nodifier
com pound (b) (i.e., (a)/(b) weight ratio) is in the range of from 1/99
to 99.9/0.1, preferably from10/90 to 99/1, and subjecting the resultant
mxture to heatlng at a tenperature of from*?to 200 C, preferably from 10
to 15 80 C, to thereby change the conposition of the solvent contained in
the m xture. Alternatively, instead_of heatin t he mxture of

phot ocat al yst (a) "&rd RSdME SRR Lo nEEhd (%) ,° AR AGTE  Fary S ected
of or gani ¢ sol venEEPda e, e TR "aéq o PR e g o
Such as hoxane. Bc sﬁg%ﬁgrg%a«tr%@‘;%% e Sl o e, PO
ol 1 0sol vo, | Sopr BRRI CRIBIRdRo b TR e i e (oA, epm-

met hanol ; etonesBPHu%h a%u%%e%%n% cﬂ%ﬁmbe%@%hﬁ%ﬁﬂ%“%ﬁﬂyiﬂﬁgfﬁﬂd car-

| sobutyl ké&tone; ers,” suc etrahy f uran "and di oxane; am des, such

as di - nethyl acet d%e@ %hﬂogﬁé%%lf Qm@gﬂyi,Sgygdyﬁﬁb(XHH&Sﬂgggﬁgbngéw@

as chloroform ne ene e and car -
These solvents can be used individually or in combina-

tion.
Examples of modifier compounds (b) used for pre-

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

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

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

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

25 ciently modifying the surface of particles of a photo-



bon tetrachl oride; dinethyl sulfoxide; and nitrobenzene. These sol vents
can be used individually or in conbina- tion. Exanples of rgh, 2006
conmpounds (b) used for pre- 10 paring the nodified photocatal yst (A) used
in the pre sent invention include a silicon conpound having a functional
group which is reactive to particles of a photocatalyst (a), such as an
Si -H group, a hydroly- sable silyl group (e.@ﬁ, an al koxysilyl group, a hy
15 droxysilyl group, a halogenated silyl group, an acetox- ysilyl group or
an am noxysi | yl group}, an epoxy group, an acetoacetyl group, a thiol
group or an acid &Aakg¢dY8Firde group; and a silicon conpound having a
structure (such as a pol yoxyal kyl ene group) which interggss with 20
particles of photocatal yst (a) RydP dervVial s force, ul onb force or
the like. In the present invention, as nodifier conpound (b), an Si-H
group-contai ning silicon conpound (bl) repre- sented by fornmula (9) bel ow
I s advant ageous for effj 25 ciently nodifying the surface of particles of a
photo 18 March, 2006 4BP@EE4P{st. HxRySi O 4-x-y)i2 (9) wherein: 5 the or

each R Ind%pendently r%ﬁéeggnggcﬁ R independently represents a

straight chain or branched C;-Cso alkyl group,
a Cs-Cyp cycloalkyl group, a straight chain or
branched C;-Ci; fluorcalkyl group, a straight
chain or branched C,-C;p alkenyl group, a
10 phenyl group, a Ci-Cz alkoxy group or a hy-
droxy group, and
x and y satisfy the following relationships:
0 < x < 4,
0 <y < 4, and

15 {(x + v) = 4.

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

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

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



straight chain or branched Cl-C3o al kyl group, a C5-C20 cy I<¥I éﬁdﬁnx
a straight chain or branched Cl-C30 fluoroal kyl group, a s ’ n
or branched C2-C30 al kenyl group, a 10 phenyl group, a Cl-C20 al koxy group
or a hy- droxy group, and x and y satisfy the following relationships: 0 <
X <4 0<y <4 and 15 (x +y) s 4. In the present invention, the

nodi fication treat- nent of photocatal yst (a)4 ith the Si-H group-

contai ning silicon conpound (bi) represented by formula (9) above is

f db ' th haqt talyst 20 d Si ! qi
711 con compound (81 XA - it %ﬁcﬂ%e‘a%?%sae%@ B 5o Ay el SR A
organi c sol - vent and at aat 3l eurntlale Ltéo‘_mé) to 390%%@33%&31@?

wei ght ratio of pﬁﬁio@ﬁ% 'er-com " poun
/ (bl ht t.h 1/ 0;
E)?)ef far ai)l \;/ve:c ?om 1% I O) e[hcr?sefé't%t }fq(teof{fgg rngfl he%lzb%lgo%tgaalgén]h% the
m xture. Hydrogen ngﬁﬁ)elxs eg{)%(tﬂ fhd rgygae?%&yrgf ande, éa al Sn%nber

phot ocat al yst sol TS Us &t Incredse Int

average pa&i'C|e %é??yﬂi éﬁi§'5%4£¥ﬁéﬁﬁﬁ&¥iﬁﬁ the modification treatment.

Further, when titanium oxide is used as photocatalyst

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

25 exhibits excellent properties with respect not only to



5 particles is observed during the nodification treatnent. FurtEeE; ghen
titanium oxide is used as photocatal yst (a), a decrease i c of
the Ti-OH group is caused by the nodification treatnent, and this decrease
is detected as.a decrease in the absorbance at 3630 to 10 3640 cm-1 in an
| R spectrum As seen fromthe above, it is esuned that, when Si-H

group-containing silicon conpound (bl) représented by formula (9) is used
as nodi fier conpound (b), the nodified photocatalyst (A) (obtained from

90w, 15 €081 ghaLps, 1L FRTBRIBC A0 loaecy ot sesiobysin( gL 1o

not a sinple m xtur conponen b roduct

obtained as a re gﬁ&cogoigé EaCBuEiQf oiPXO&X£QQif'9 em cal reaction
Fﬁ g p g S|€| ﬁ ?

between the Si- roup-contai nin con conpoun bl) and the photo 20

catalyst (a). Therofofg chd bidery BOLSEIG, |l SfoaShrbhBLONPERORE Al Nl NG

silicon conpound (bl) represente or mu as nodi conpound

In fact, the ”Drﬁéﬁkeg'f%?&@&%ﬁi%t((“%) ngiailn@-ﬁr?g?ﬂ}%bbﬂwﬂﬂing

-containing silicon conpound and phot ocat al yst exhibits

excel | ent 5 properd | oy LdbhSSREE (510) Péﬁ%é&ﬂéa“@#%ﬁ@ﬂé (@? dh§geEsi on

stability and chemcal stability 1n an or- ganic solvent, but also to

durability. In they eSSt rd SN P s ide ALY ERSGONat oAt -
-condensation catalyst (which catalyzes a dehydrogena-
tion-condensation reaction of an Si-H group) and at a
temperature of from 0 to 150 °C.

10 In the case of the use of the above-mentioned de-
hydrogenation-condensation catalyst for an Si-H group,
the modification treatment of the particles of a photo-
catalyst (a) with an Si-H group-containing silicon com-
pound (bl) may be conducted either by a methed in which

15 the dehydrogenation-condensation catalyst is previously
immobilized on the surface of the photocatalyst parti-
cles by using, for example, a photoreduction method, or
by a method in which the modification treatment is con-
ducted in the presence of the dehydrogenation

20 ~condensation catalyst.

The term "dehydrogenation-condensation catalyst
for an Si-H group” means a compound which accelerates
the dehydrogenation-condensation reaction of an Si-H
group with an active hydrogen-containing group present

25 on the surface of the particles of the photocatalyst or



ment of photocatalyst (a) with Si-H group-containing 5 sil |1§0E cirrpé)élgg

(bl') represented by forrmula (9) above may be perforned by

dehydrogenati on -condensation catalyst (which catalyzes a dehydrogena-
tion-condensation reaction of an Si-H group) and at a tenperature of from
O to 150 C. 10 In the case of the use of the above-nentioned de-

hydr ogenat i on- condensati on catal yst for an SEAY group, the nodification
treatment of the particles of a photo- catalyst (a) with an Si-H

group-contai ning sjlicon com pqund (bl) be co Et Y _
met hod in which l%ltimé’%ﬁ/d?%g%ﬁ?]r%gtoﬂg%%es%i%n%%?y‘g% fgg&brevﬁ%usl y
I mmobi | i zed on the surface of the phot ocatale/ I]E]dé)aétljl' £ 1b%r8§£>”§a for
exanpl e, a photor%ﬁﬁq"&?mwg of -1’7 alnma]ts 5 G Y SR The hodi £ 1 cati on
treatment is con-_ducted in the presence y. 2L 190 2Pide),
-condensat i on cat%ﬂﬁ{ IR twg}erﬁ"tgé%y@?%gé%%{?lﬁ%o%g%%t on cat al ?/)st

for an Si-H group” | a..conpa ' gg@;l tesyat 1 oup. B
dehydr ogenat i on- bk elnosatqrooﬁl%r’eaag{]id%r}r{l\ﬂé)(fr%n -%{&g%o%% l\?\n&?% a%rac]'?i ve Y

hydr ogen- gont ai ni% %E,Oeu%fpfég-gae%ﬁpﬁgéﬁ&f&ﬁi@&%éﬁsé@%ﬂ%éﬁi%tQf t he
phot ocat al’yst or rch, 6 th"water or the I1ke, wherein exanples
of active hy- drogen; ol HJE GNP IRsdiEle ehdVslisrybe 06 2UPhéaparti-
cles of the photocatalyst under moderate conditions.
The dehydrogenation-condensation catalyst is used in an
amount of 0.1 to 2.0 parts by weight, preferably 1 to 5

10 parts by weight, relative to 100 parts by weight of the
photocatalyst.

Examples of dehydrogenation-condensation catalysts
include metals belonging to the platinum group {i.e.,
ruthenium, rhodium, palladium, osmium, iridium and

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

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

platinate(IV), platinum(II) hydroxide, platinum{IV) di-

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



Ti - OH group when the photocatal yst is titaniumoxide), a thiol Loggo an
am no group and a carboxyl group. By 5 the use of the 18 March, 6
dehydr ogenati on- condensati on catal yst, it becones possible to nodify the
surface of the parti- cles of the photocatal yst under noderate conditions.
The dehydrogenati on-condensation catalyst is used in an anount of 0.1 to
2.0 parts by weight, preferably 1 to 5 10 paPPs by weight, relative to 100
parts by weight of the photocatalyst. Exanples of

dehydr ogenati on- condensati on catalysts include netﬁ#s gelon Lng ho t he

pl ati num group (iPéatinpprKeRydfilPKRBREURPBAPFadful26SR BRPRPPRGH T  and
15 platinum and conpounds thereof, and netals and com pounds of silver,
iron, copper, cobS8PFPLlR¥cRBA atPhakipumsALefiReCOBPLeRese, preferred are
netals of the plati- n and conpounds_t her eof

Lol | .

pl ati num and platinumtlg1 %%ﬁgéiﬂzﬁr%& npPR ab?l%%cﬁiﬁfégﬁﬁéﬁP éﬁ%@hihgbc

I ncl ud lati - I h I de, d t | '

ol'atinun 1) chl obF ¢Eo=RURoLEN ABAENTBIGRI SPFnEporiuph EogabBkal naes

h hi | at i nat e( | ' h h] - | pat . ti [

nexachl or opl at | nat ¢(1 V4, 4ol gL UL BEXCIAOERe BEaLLRE £hl¥he 1Bhal bRuT(l 1)

diChloro(dicyclop§fgﬁ-g£gg :lglgt%H#g¥i$&alaﬂ%§uﬁ©ﬁﬁgch2996nége5sary for
a plari e

pl ati num vi nyl si | 0©xane®co eX, p hunt phosphi n
modifying the photocatalyst with high selectivity under

moderate conditions. On the other hand, a hydrolyzable
group also can be utilized to modify the photocatalyst,
10 but tends to cause side reactions, thus lowe;ing the
stability of the resultant modified photocatalyst.
Therefore, it is preferred that the amount of a hydro-
lyzable group is as small as possible.
As an example of an Si-H group-containing silicon
15 compound (bl) represented by formula (9) above which
can be advantageously used as a modifier compound in
the present invention, there can be mentioned at least
one Si-H group-containing silicon compound having no
hydrolysable silyl groups, which is selected from the
20 group consisting of:
a mono Si-H group-containing silicon compound rep-

resented by formula (10):

25 H—Si—R® (10),



conplex and a platinumolefin conplex. In the Si-H group-c inLn i.licon
conpound (bl) of fornmula (9) above which can be advantageggéi§5%%g%ik% as
a nodifier conmpound in the present invention, the Si-H group is a
functional group which is necessary for nodifying the photocatalyst with
hi gh selectivity under noderate conditions. On the other hand, a
hydr ol yzable group also can be utilized to ﬁ%dify t he photocatal yst, 10
but tends to cause side reactions, thus lowering the stability of the
resultant nodified photocatal yst. Therefore, it is preferred that the
anount of a hydro- |yzable group is as small as possible. As an exanpl e of
an Si-H group-containing silicon 15 conpound (bi) represented by formul a
(9) above which can be advantageously used as a nodifier conpound in the

8; gﬁg?;oh?\éieﬂit Ingn’si It rgwgﬁe%%%g%an%}e Bi/i E@%ﬁ’?‘?t“_dlr?%ﬁi‘ﬁ fs%gslege-slﬁsyla gr oups,
which 15 2elect e, 17 OB dligscisd AP OB A i, WR S ghbug,
HSi-R3 (%9)1 R3 18 M%W§¥r3¥gﬁ%!%hain or branched C,-Cy, alkenyl
group, a Cs-Cs cycloalkyl group, a straight
chain or branched C;-Ci;p fluorcalkyl group., a
phenyl group or a siloxy group represented by
formula (13):
10 -0-{R*;810),-8iR"; (13)
wherein each R® independently repre-
sents a straight chain or branched C,-
Cio alkyl group, a Cs-Czp cycleoalkyl
group, a straight chain or branched
15 C;-Cisp fluoroalkyl group, a straight
chain or branched C,-Csy alkenyl group
or a phenyl group; and m is an integer
which satisfies the formula: 0 = m =<
1,000,
20 a silicon compound, having Si-H groups at both

terminals thereof, represented by formula (11):

H- (R%,810),-SiR*;-H (11)

25 wherein R? is as defined for formula (10);




5 10 15 20 wherein each R3 independently represents a striéggégégg#%ggr
branched Cl1-C30 al kyl group, a straight chain or branched yl
group, a C5-C20 cycl oal kyl group, a straight chain or branched Cl-C30
fluoroal kyl group, a phenyl group or a siloxy group represented by
formula (13): -0-(R 4 2SiO,n- SiR43 (13) erein each R4 independently
repre- sents a straight chain or branched CI-" C30 al kyl group, a C5-C20
cycl oal kyl group, a straight chain or branched Cl1-C30 fluoroal kyl group,
a straight chain or Q{%pched C2- C30 al kenyl group or a phenyl group; and
mis an integer which satisfies the formula: 0 s ms 1,000, a silicon

conpound, having Si o 23l dHelethe FRRARIN ed by
formula (11): H—(RSZSlc»gy%&Rg t% %ir%%g wherefn |s€hs defined for

formula (10); 18 March, 2Q06 1 400 . and

an H silicone represented by formula {12}:
(R’HS10).(R%;810),(R%*3S101/2)¢ (12)

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

10 a is an integer of 1 or more, b is an integer
of 0 or more, and a and b satisfy the follow-
ing relationship: (a + b) = 10,000, and c is
0 or 2, and
wherein when (a + b) is an integer of 2 or

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

chain silicone.

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

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



52 and n is an integer which satisfies the formula: 0 s n s 1,000, and an
H silicone represented by formula (12): 5 (RSHSlC»a(R328|d¥b¥E585LEﬂQ§)C
(12) wherein: R3 is as defined for forrmula (10); and 10 a is an integer of
1 or nore, bis an integer of O or nore, and a and b satisfy the follow
ing relationship: (a + b) s 10,000, and c |% 0 or 2, and wherein when (a +
b) is an integer of 2 or 15 nore and c = 3the H silicone of fornula

(12) is a cyclic silicone, and when ¢ = 2, the H silicone of fornula (12)

bfoﬁpségﬁ{gralngh%é F&é&ﬁ ggﬁﬁ&§ﬁ§¥ %&%}8 g Oqugq%fi 2Bove in-

bi St i met hyl o1 | Gy PR ERRIParLARES” Bret ity ‘S'—“' e e,

DLs(ri et gg{m2ggi's'(%siethy&tsx&%ma%hﬁ'sa&taw rrett@ilswram@lyuexyl si | ane,
siloxy)silane, tris(triethylsiloxy)silane, pentamethyl-

5 disiloxane, 1,1,1,3,3,5.5~-heptamethyltrisiloxane,.

1,1,1,3,3,5,5,6,6-nonamethyltetrasiloxane, trimethyl-
silane, ethyldimethylsilane, methyldiethylsilane,
triethylsilane, phenyldimethylsilane, diphenylmethyl-
silane, cyclohexyldimethylsilane, t-butyldimethylsilane,

10 di-t-butylmethylsilane, n-octadecyldimethylsilane, tri
-n-propylsilane, tri-i-propylsilane, tri-i-butylsilane,
tri-n-hexylsilane, triphenylsilane, allyldimethylsilane,
1-allyl-1,1,3,3-tetramethyldisiloxane, chloromethyldi-
methylsilane and 7-octenyldimethylsilane.

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

20 viewpoint of obtaining small surface energy. preferred
are bis(trimethylsiloxy)methylsilane,
tris(trimethylsiloxy)silane, pentamethyldisiloxane and

the like. which are compounds having a siloxy group but

no phenyl groups and which are represented by the fol-

- 25 lowing formula (14):



Si | oxy) cycl ohexyl sil ane, bis(trinethyl- siloxygigﬁnEhsbbﬁge,
siloxy)nethyl silane, bis(triethylsiloxy)ethyl »
thyl siloxy)silane, tris(triethylsiloxy)silane, pentanmethyl- 5
ane, 1,1,1,3,3,5,5-heptanethyltrisiloxane,
,3,3,5,5,6, 6-nonanet hyl tetrasi |l oxane, trimethyl- silane,
yl di met hyl si | ane, nethyldiethylsilane, tPfethylsilane,
henyl di net hyl si | ane, di phenyl net hyl - silane, cycl ohexyl di net hyl si | ane,
t-butyl di methyl silane, 10 di-t-butyl nethyl sil ane,
n- oct adecyl di net hyl silane. tri -n-propylsilane, tri-i-propylsilane,
tri-i-butylsilane, tri-n-hexylsilane, tg?phenylsilane,
al I yl di met hyl si | ane, 1-a|IyI-1,1,3,3-teﬁranethy|disionane,
chl oronet hyl di - net hyl si |l ane and 7-octen§ldin§thylsiqugg 15 Anong t he

above- menti oned mono Si-H group -cdmtarBingisilicon conpounds, fromthe
vi ewpoi nt of obtaining hlgh reactivity of the Si-H group during the
modi fication treatment (i.e., the dehydrgdenation -condensation reaction)
of a photocatal yst and fromthe 20 vi ewpoi nt of obtaining small surface
energy, preferred are bis(trinethylsiloxy)nethylsilane,
tris(trinmethylsiloxy)silane, pentanetﬁyl be ddxedtiked which are
compounds havi ng a si | oshengiouEarh I%k%%§1 groups and whi ch are a

oup .,
represented by the ol B aignt "¢ £ o1 MUl 3 (1435068 NarGha 1 E906GEOUD

, a
straight chain or branched Cz-Cso alkenyl group

i in Oor
Cs~Cao cycloalkyl group, 2 straight chain

ilox
10 pranched Ci1-Cao fluorocalkyl group or a si "4

ith
group represented by formuila (13b) below, Wl
5 N N e
the proviso that at least one R® is a siloxy
group represented by formula (13b):
-0-(R4'ZSiO)m—SiR4'3 (13b)

! epre-
wherein each R’ jpndependently rep

5

1 sents a straight chain or pranched Ci-
Cio alkyl group. a Cs-Cao cycloalkyl
group or a straight chain or branched
C1-Cso fluoroalkyl group; and m is an

20 integer which gsatisfies the formula:

0 =m= 1,000.

i Si-
Sspecific examples of gilicon compounds, having

by for-
H groups at both terminals thereof, represented Y

i i es
mula (11) include H-terminated polydlmethy151loxan

r



54 (14) 5 wherein each R5 independently represents a str?'ggi cgabﬁg r

branched Cl1-C30 al kyl group, a straight chain or branche = ny
group, a G65-C20
| uor oal kyl group

w th

formula (13b): 4

repre-

cYcl oal kyl  grou
group; and mis

Speci fic exanpl es; of i ican W’tﬂ%\ﬁ Qcaﬁ' ajﬂdgrloqlp% A, Petly 7

termnal s thereof, represente y f 11) i ncl ude Fktern1nated

pol ydi et hy| sggggmn%%ﬂ}%e&&%ﬂwmﬁr ;AR YR 1Rl R Y1 Yty 16fi -50, 000
rc

or

10

15

20

25

cycl oal kyl group, a straight chain or 10 branched Cl-C30
or a siloxy group represented by fornmula (13b) bel ow,

the proviso that at least one R5 is a %lloxy group represented by
é wherei n each R4' i ndependently

15 sents a straight chain or branched Cl- C30 al kyl group, a C5-C20

(13b) -O(R2SIOmMmSiR4 "

i ght; oh | kyl
ple%rzsda.s?}&?'a@v&nci 3 %-@et?'aﬁt%% 4 gil%rfé SO;O?n syl 000.

i nteger ich ‘satisfies t or mul a:

loxanes having a number average molecular weight of
50,000 or less, such as 1,1,3,3-tetraethyldisiloxane,
1,1,3,3.5,5-hexaethyltrisiloxane and 1,1,3,3,5,5.7,7
-octaethyltetrasiloxane; H-terminated polydiphenylsi-
loxanes having a number average molecular weight of
50,000 or less, such as 1,1,3,3-tetraphenyldisiloxane,
1,1,3,3,5,5-hexaphenyltrisiloxane and 1,1.3,3,5,5,7.,7
-octaphenyltetrasiloxane: H-terminated polyphenyl-
methylsiloxanes having a number average molecular
weight of 50,000 or less, such as 1,3-diphenyl-1,3
-dimethyl-disiloxane, 1,3,5-trimethyl-1,3,5-triphenyl
~-trisiloxane, 1,3,5,7-tetramethyl-1,3,5,7-tetraphenyl
-tetrasiloxane; dimethylsilane; ethylmethylsilane; di-
ethylsilane; phenylmethylsilane; diphenylsilane; cyclo-
hexylmethylsilane; t-butylmethylsilane; di-t
-butylsilane; n-octadecylmethylsilane and allylmethyl-
silane.

Among the above-mentioned silicon compounds having
Si-H groups at both terminals thereof, from the view-
point of obtaining high reactivity of the Si-H groups
during the modification treatment (i.e., the dehydroge-

nation-condensation reaction) of a photocatalyst and




55 less, such as 1,1, 3, 3-tetranet hyl di sil oxane,
1,1,3,3,5 5-hexanet hyl trisiloxane and 1,1, 3,3,5,5,7,7
-octanet hyl tetrasil oxane; H-term nated pol ydi ethyl si- | oxanes having a
nunber average nol ecul ar weight of 5 50,000 or |ess, such as
1,1,3,3-tetraethyl disil oxane, 1,1,3,3,5,5- aethyltrisil oxane and
1,1,3,3,5,/5,7,7 -octaethyltetrasil oxane; HTterm nated pol ydi phenyl si -

| oxanes havi ng a nunber average nol ecul ar wei ght of 50,000 or |ess, such

t h | i | h i a3 i SO e e_
et hyl i1 oxanes av'f%rraeﬁ?ﬁ?%erﬂ?yﬁgn?ﬁﬁﬁlw l&fﬂﬂ@il&&aé@ PP pF

| ess, such as 1,39Eﬁ _ xane,

1,3,5-trinethyl- %%{gé%r@;‘ﬁydul@ (ltﬂ Sgéfg@ﬁ%mfing a number average

1,3,5, 7-tetranet hy et rapheny -tetrasi| oxane; dinethyl sil ane;
et hyl net hyl si | ane,_di - d : Ld angpe £ Pheny| S €¢
cycl>/o- heiyl met h%%%ca%%#&%&ﬁﬁ%ﬁ ﬁ{/tfg?/ (gﬁ;e]hy%?é% - u?%si I ane?'d)@@ or
n- oct adecy] et hy | idane,And AldadiRiY I G Wit afges Atong the
above-nentioned silicon conpounds having Si-H groups at both term nals
thereof, fromthe view point of pohRaidydg -Riig, rieactivity of e Si-H
groups during the nodification treatnment (i.e., the dehydroge 25
nation-condensation readrdh fcrd RINOhaepgkalikat 13Ndepresents a

18 March, 2006

straight chain or branched C;-Cj alkyl group

or a straight chain or branched C,-Cjz, fluoro-
10 alkyl group; and d is an integer of 0 or more.

In the present invention, from the viewpoint of
obtaining high dispersion stability (i.e., prevention
of the aggregation of photocatalyst particles) during
the modification treatment of a photocatalyst, it is

15 preferred that the H silicone represented by formula
(12) above has a number average molecular weight of
5,000 or less, more advantageously 2,000 or less, still
more advantageously 1,000 or less.

The modified photocatalyst particles (A) are pre-

20 pared by subjecting particles of photocatalyst {a) to a
modification treatment with modifier compound (b) com-
prising at least one of the above-mentioned structural
units. In the present invention, for the modified
photocatalyst particles (A) to have self-stratifying or

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




18 March, 2006 56 fromthe viewpoint of obtaining small surface ener
preferred are Hterninated pol ydi al kyl sil oxanes (repre- seﬂﬁéﬂﬂﬂ¥hﬂﬂiﬁala
(15) bel ow) having a nunber average nolecul ar weight of 10,000 or |ess,
preferably 2,000 or 5 |l ess, nore preferably 1,000 or less. H (R

62Si O d- Si R62-H (15) wherein each R6 independently represents a straight
chain or branched C1-C30 al kyl group or a stfaight chain or branched
Cl-C30 fluoro 10 al kyl group; and d is an integer of O or nore. 1In the

present invention, fromthe viewoint of _ obtaini ? hi gh djs ersk

stability (i.e., PrEVelR@bnthem %%f%@%rgﬁﬁﬁ??ﬁﬁ%£ %5d%%5%i%f?§t %grP?g?es)
during the nodification treatnent of a photocatalyst, ift, | '1? rgferred
that the H siIicd%es?ﬁﬁ?%§eﬁ?%ﬁg%ywqiﬁ%uf%.STQ €ab hel? %unﬁ%r aver age

ol erl e O o e e FIAE SERNRISTHEL f PORRTE -
particles (A, & e (50 PHEd Y alllecl gl dlas PP aaint
oot e 91 1 SRR G St VYoo o T SE R
Self-Stratifyingﬁﬁbtocatalyst composition of the present invention and
has a large surface energy. For obtaining modified
photocatalyst particles (A) having self-stratifying or
self -gradating property, it is preferred that modifier
10 compound (b) used for obtaining a modified photocata-
lyst (A) has no phenyl group and no hydroxyl group,
since a phenyl group and a hydroxyl group have large
surface energy. Therefore, in each of the formulae (1)
to (3) above representing a structural unit of modifier
15 compound (b), it is preferred that the or each R inde-
pendently represents a straight chain or branched C;-Cso
alkyl group, a Cs-Czo cycloalkyl group, a straight chain
or branched C;-Ci;p fluoroalkyl group, a straight chain
or branched C,-Ciy alkenyl group or a C;-C;, alkoxy group.
20 In the present invention, it is preferred that
modified photocatalyst (A) is in the form of a sol hav-
ing a number average particle diameter of 400 nm or
less, more advantageously 1 to 100 nm, most advanta-

geously 5 to 80 nm, wherein the number average particle

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



25 sel f-gradating property explained below, it is neces 18 ggr&h, 20, ’6657
sary that the nodified photocatal yst particles (A have a rEHergy

which is smaller than that of the phenyl group-containing silicone (BP) of
bi nder conpo- nent (B). Phenyl group-containing silicone (BP) is an 5
essential conponent of binder conponent (B) of the photocatalyst
conposition of the present invention and has® | arge surface energy. For
obtaining nodified photocatalyst particles (A having self-stratifying or
sel f-gradating property, it is ef erred that nodif.jer . +ysed
for obtaining a nmitH¥Y &PpHif %YI%‘ftl(cg?e%aospn%ﬂ%h%c%\%j?g%a%lqgﬁggﬁo
hydr oxyl group, since a phenyl group and a hydroxyl group have | arge
surface energy. Theéf®fore, in each of the fornulae (1) to (3) above

representing a structural unit of difier C {rq%ﬂqi MarddtiSoprehecred
that the or each R i ndeﬂs%tfe]ﬁyf Wq?eenpraegréonﬁflaé)stral g(% cahall;n or branched
Cl-C30 al kyl group, a C5-C20 cycloal ky, 0 . gt CH@) NumOb T
branched Cl-C30 fItft? O%IW%Z oalu‘f)e,r%é“l‘s(t %%Jhé#)%h(g}%ﬁéor branched C2- C30

al kenyl group or Cl- Q20 al k r : de s es€at al Py enkb@posiit i s
preferred that 35 edf plhsoef%é%qlglﬁ?aj(@#gﬂ?ne% he formof a sol  hav- i ng

a nunber average particl ' & +85Sob R feddpyRotageatss! y
1 to 100 nm nost p%%nqig_ﬂieaﬁgéeﬂ £00e 01 o

lyst composition is advantageous for forming a film
which is anisotropic with respect to the distribution
of the modified photocatalyst particles in the thick-
10 ness-wise direction of the film, wherein the concentra-
tion of the modified photocatalyst particles is low
around the interface between the f£ilm and the organic
substrate and is high around the exposed surface of the
film. Therefore, use of a modified photocatalyst sol
15 having a number average particle diameter of 100 nm or
less is preferred for forming a photocatalyst
-containing film which not only has high photocatalytic
activity, but is also free from the occurrence of
photocatalytic deterioration at the interface between
20 the organic substrate and the photocatalyst—containing
f£ilm. Such modified photocatalyst sol can be obtained
by subjecting the photocatalyst sols exemplified above
to a modificatibn treatment with modifier compound (b).
With respect to titanium oxide and the like, it

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



geously 5 to 80 nm wherein the nunber average particle 25 g: Erreher io%
neasured with respect to a mxture of pri 18 March, 2006

secondary particles of the nodified photocata |yst. Especially when a
nodi fi ed photocatal yst sol hav- ing a nunber average particle dianeter of
100 nmor 5 less is used for obtaining the %got ocat al yst conposi- tion of
the present invention, the obtained photocata- |yst conposition is

advant ageous for formng a film which is anisotropic with respect to the
distribution of the nodified photogatal.ys articlies ddhddia ildy e
ness-wi se direct iidh SR 1'H J\ﬂ?gcreéflnl F\té%cc?tr?ctgnltra- tion of the
nodi fi ed photocatal yst particles is | r L8 dihtsffRc auetimren the
filmand the orgaﬁﬁ% c%trjﬁréaaaﬁqu‘sh\%ﬁsgﬁ%;&gun t he exposed surface of

the film Therefare, .use of a | fd AR QGalfd dext 0 prlidigy ipaEy-tal -
nunber aver age p&ﬁﬁecllf'dijé‘nﬂaél:?%aél 0 nmor less is prpeferred for

form ng a phot ocaétael%ls(t. é_g’oig&iﬂ g&j#gg]d@gsc)h 41, atus hasmdigilemeter
Vi ut”i's al's

phot ocatal ytic & tly‘, ree fromthe occurrence of

phot ocat al yti c deterjorati 1dd &rif ace eI &) fidienenl ganiag-
subst rate%nd thé pﬁcﬁcé’glaciagﬁ%ﬁ %ﬁc}g:t al niqnlg fi I@r%nI Such nodified

phot ocat al yst sol_ can Jie obiained,,Ry guhiestddy ihaphatarmalebtinol s
exenplified abové
such “particle diameter” value mentioned in the art.
As mentioned above, the photocatalyst composition
of the present invention comprises the modified photo-
10 catalyst (A) and a binder component (B) which comprises

a phenyl group-containing gilicone (BP) represented by

the following formula (4):

R'pR*qX:S10(4-p-q-r)/2 (4)
15
wherein:
the or each R’ represents a phenyl group, and
the or each R? independently represents a
straight chain or branched C;-Csp alkyl group, &
20 Cs-Cy0 cycloalkyl group or a straight chain or

branched C,-C;p alkenyl group;

the or each X independently represents a
hydrogen atom, a hydroxyl group, a Ci-Czo alkoxy
group, a C;-Cao acyloxy group, an aminoxy group.

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



to a nodification treatnment with nodifier conpound (b). Wth_respect
titanium oxide and the like, it 25 should be noted that the—ﬁéﬁﬂﬁﬁbé¥%ﬁ%le
di aneter” which 18 March, 2006 59 is generally indicated in the art in
connection with the conventional products of titaniumoxide and the 1Iike
I's, in many cases, the dianeter of primary parti- cles (i.e., crystal
particles) and, thus, the dianmeter 5 of seco ry particles (i.e.,
particles formed by ag- gregation of primary particles) is not reflected in

such "particle diameter” val ue, nmenti.qn it r L ned, ve,
the photocatal yst conpdi t3 GHe &t Etahtelsgdestg"n r}le'onjia;lec;r'i‘filﬂc%i 3:(r:l%%pﬂrli ses ttEé

nodi fi ed photo- 10 catq}x§t Qﬁh and a bi nder conponent (B) which conprises
a phenyl group-contai nihg H 15 cone (BP) represented by the follow ng
formula (4): RIpRZQXrS i Q(4-p q—r)/Z 15 (4) wherein: the or each Rl
represents a phenyl grtﬂuf %nd *‘the or each R2 independently represents a
strai ght chain or branched Cl-gSO al kyl group, a 20 C5-C20 cycl oal kyl group
or a straight chain or Y 5t &ndhéd - 3o al kenyl group;

5 0 < (p+q+ xr) < 4, and

0.05 <p /{(p + gq) = 1.

In the photocatalyst composition of the present
invention, the weight ratio of modified photocatalyst
10 {A) to binder component (B) (i.e., (A)/(B) weight ra-
tio) is in the range of from 0.1/99.3% to 99/1. prefera-
bly from 1/99 to 90/10.
As examples of phenyl group-containing silicones
(BP) represented by formula (4) above, there can be
15 mentioned silicones comprising at least one siloxane
linkage structure selected from the group consisting of
the structures respectively represented by the follow-
ing formulae (16), (17), (18) and (19):

R’ R’
20

0 0 (16).

25




the or each X i ndependently represents a hydrogen atom a hidrox¥l %roup,

a Cl-C20 al koxy group, a Cl-C20 acyloxy group, an am noxy

Cl1- C20 oxime group or a hal ogen atom and 18 March, 2006 60 5 p, q and r
satisfy the following relationships: 0 <p <4 059g<4 O0sr <4 0c<
(p+t+q+r) <4 and 0.05s p/(p +qg) s 1 #n t he phot ocat al yst
conposition of the present invention, the mg'ght rati o of nodified
photocatal yst 10 (A) to binder conponent (B) (i.e., (A)/(B) wei ght ra- tio)
is in the range of from 0. 1/99. nggll, pr ef er a- fyom 1/ 99 to 90/ 10.
As exanpl es of phenyl group-contafil'ng silicones (BP) rgpresented by
formula (4) above, there can be 15 nentioned silicones conprising at |east
one siloxane linkage structure selected fromthe group consisting of the
structures respectively represented b%7the follow ing fornulae (16), (17),
(18) and (19): 20 R7 R7 l

: (18},
R—Si—0
5 |
R’
wherein each R’ independently represents a
phenyl group, a straight chain or branched
C;-Cip alkyl group or a Cs~C,y cycloalkyl
10 group; and
Si O
(19)
15 O
The silicones comprising at least one of the
above-mentioned structures can be prepared, for example,
20 as follows. A silane derivative selected from the

group consisting of a trifunctional silane derivative
represented by the following formula:

R7SiX, ,
a bifunctional silane derivative represented by the

25 following formula:




-Si-0Si-000 -Si-O0Si-017 17 (16). 25 18 March, 2006 61 -(R72SiQ.-(17),
R7 (18), 51 7 10 15 wherein each R7 independently represehﬁ%ﬂgﬂggh@abg

group, a straight chain or branched C1-C30 al kyl group or a C5-C20

cycl oal kyl

group; and The silicones conprising at |east one of the

above-nenti oned structures can be prepared,6£or exanple, 20 as follows. A
silane derivative selected fromthe group consisting of a trifunctional
silane derivative represented by the following fornmula: R7SIi X3 , a

bi functional silane derivative representegzhysihe ang

10

15

20

25

a tetrafunctional silane derivative represented by the
following formula:
SiX,

wherein in each of the above-mentioned formu-

lae, the or each R’ independently represents

a phenyl group, a straight chain or branched

C;-C3p alkyl group or a Cs-Cao cycloalkyl

group; and each X independently represents a

reactive group selected from the group con-

sisting of hydrogen atom, a hydroxyl group, a

C:-Cyo alkoxy group, a C;-Cy acyloxy group, an

aminoxy group, a C;-Cz oxime group or a halo-

gen atom,
is subjected to partial hydrolysis-condensation,
thereby obtaining a reaction mixture containing a par-
tial condensate of a silane derivative monomer. If de-
sired, a monofunctional silane derivative represented
by the formula R’;SiX (wherein each of R’ and X is as
defined for the formulae above) and/or an alcohol, as a
polymerization terminator, may be added to the reaction
mixture. The thus obtained partial condensate of a si-
lane derivative monomer has a weight average molecular
weight of 100 to 100,000, preferably 400 to 50,000, as

measured using a calibration curve obtained with re-



25 following fornula: 18 March, 2006 62 R72S1X2 , and a tetrgfﬁncéigﬂﬁh
silane derivative represented by the followng fornmula: Si 3 I n
each of the above-nentioned formu | ae, the or each R7 independently
represents a phenyl group, a straight chain or branched C1-C30 al kyl
group or a C5-C20 cycl oal kyl group; and each X independently represents a
10 reactive group selected fromthe group co®3 sisting of hydrogen atom a
hydr oxyl group, a Cl-C20 al koxy group, a Cl-C2o acyl oxy group, an amni noxy
group, a Cl-C20 oxine group or a halo- gen atom 15 is subjected to partial
hydr ol ysi s- conden$&€i%n to tsﬁé'ﬁ‘éawdo % YFelSSeact i on m xture cont a| ning a

par- tial condensate of a sil ane derivative

monof uncti onal sil ane && AvEETPES 58Fe§€ﬁldé1&gont%/ & ﬁeuf‘.'t?rorﬂﬂ assllst}g'g £

(wherein each of for t he f.ormul a abovet)h d/ or

0 fi
an al cohol, as a BBWFEF H‘Eto?%r’? é% A% Wst?éltad]ﬂlec? 5- e F6action

Tt Tl O AL SRS S

5 *Zoru-geru hou no kagaku (Science of sol-gel process)”
(author: Sumic Sakka, published by Agne Shofu Publish-
ing Inc., Japan, in 1988).
Among the phenyl group-containing silicones (BP)
represented by formula (4) above, preferred is a sili-
10 cone which contains a ladder structure represented by
formula (16) above in an amount of 10 mol % or more,
preferably 40 mol % or more. The use of such silicone
for producing the photocatalyst composition is advanta-
geous in that a film prepared from the photocatalyst
15 composition has excellent properties with respect to
hardness, heat resistance, weatherability, staining re-
sistance, chemical resistance and the like. Among the
ladder structures represented by formula (16) above, a
phenyl ladder structure (i.e., a ladder structure rep-
20 resented by formula (16) in which each R’ represents a
phenyl group) is especially preferred for improving the
above-mentioned properties of a film produced from the
photocatalyst composition. Such a ladder structure can
be confirmed, for example, by the presence of two ab-

25 sorption peaks ascribed to siloxane linkages in an IR



wei ght of 100 to 100, 000, preferably 400 to 50,000, as 25 neasured using a
calibration curve obtained with re 18 March, 2006 63 spect 18Marcih 2006

pol ystyrenes. As a nethod for producing a silicone usable as binder
conponent (B) in the present invention, there can be nentioned, for
exanpl e, a nethod described in 5 "Zoru-geru hou no kagaku (Sci ence of

sol -gel process)" (author: Sum o Sakka,;mﬂﬁﬁshed by Agne Shofu Publi sh-
ing Inc., Japan, in 1988). Anong the phenyl group-containing silicones (BP)

represented by fornula (4) above, preferred_is a,sili- 10 cane |
contains a | adderSRAGHFAE FeSidSEiEe B@’%%I%‘? ﬂ?)a]ka oag%' io\rﬁgaér:\%aerr%unt

of 10 nol % or nore, preferably 490 nol % nore. The . use o h sidicone
for producing t h& R eilic\?’sﬂt c@bnp%’%‘#t]r%ﬁai%mad an ag'ggdugrﬁﬁgt hat ‘a

fil d f it
il mprepared fromthe ’p?lgt %ﬁg ?ﬁ’)ésts J%EDGCO”RPOSJ!.t LN fﬁ%fg@ﬁjedr@g)it_l Tty

properties with Fesfect gdt’ resistance,” we

staining re- sistance,_ _chemn cal regsi and t.he JJ g%ﬁ?ﬁ%tﬂﬁht lagder
structures represent e&an"%teoPﬁlsgn 1%‘ a%gt\}gjth'a ﬂgﬁednlgﬂ%ci adder” structure
(i.e., a ladder structure rep 20.r t ed, By, 1 1 L)oaldk Mt s wach R7
represents a phé) flny&r gﬂjrp uglpfoglécﬁgzlﬁ%qe%%rieéoce}{%ﬁ)or iprrprovi ng tlﬁg
above-ment i oned RroRENt] 6% )0hrd vkl IBRA%Ge P I ififage (wherein Ph

represents a phenyl group).
As explained above, in the photocatalyst composi-

tion of the present invention, modified photocatalyst

10 (A), which is obtained by a modification treatment with
modifier compound (b) comprising a structural unit hav-
ing a very small surface energy (i.e., a structural
unit represented by any of formulae (1) to (3)), is
used in combination with binder component (B) which

15 comprises a phenyl group-containing silicone (BP) hav-
ing a surface energy larger than that of modified
photocatalyst (A). By virtue of the use of such a
binder component, the photocatalyst composition of the
present invention exhibits a self-stratifying or self

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

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



phot ocat al yst conposition. Such a | adder structure can be confirpmed, for
exanpl e, by the presence of two ab 25 sorption peaks ascrlﬁéhE¥5£¥+¥QQ3ne
|l i nkages in an IR 18 March, 2006 64 spectrumof a silicone, wherein the
peaks are observed at around 1040 cm 1 and 1160 cm 1 (see J. F. Brown. Jr.

et al., J. Am Chem Soc., Vol. 82, 6194 (19?& In the present invention,
it Is necessary that the 5 phenyl group-con |n|ng silicone (BP)
represented by formula (4) above contain a Ph-Si |inkage (wherein Ph

Composi - 11 on of Tt prebbae FHeEn o momat T racPBrbrERErEr S b A Thgpe
which is obtained%$ﬁ %T dlfl%%élégﬁé'ggtq5§£ #Plng Léegu%8HBHH?glgb)
r

conprising a stru ver surface ener gy

Combi nat  on with & ?n*d@r S, 5 AR e gttt
gr oup- cont ai ni ng 01111@ é%A%hg@)g C\l/it & %‘1{16{%851:&5] ?ypggiggieghan t hat

of nodified phot yst ue e use’of sSuch a binder

component, g the pnﬂl&fﬁé'yﬁgo gt Shdd @ Ll 1 06t PEESEBLL BV EAL hBBoeXNI DI LS

a self- stratlfylng or sel atlng property wth respect to the

distribution of Jmfid ﬁgkﬁ”¥ﬁéxﬁgéﬂé§%1éé»{eéﬁeéh&lpfeﬁ?&%obﬁi@ﬂbh@? or
hydrophobicity) of a surface contacting the film or the
shaped article. Such ability of the photocatalyst com-
position to form a concentration gradient of the modi. -

10 fied photocatalyst particles (A} is called the "self
-stratifying or self-gradating property” of the photo-
catalyst composition.

The above-mentioned self-stratifying or self
-gradating property is imparted by the use of a phenyl

15 group-containing silicone (BP) having a large surface
energy. Specifically, the self-stratifying or self
-gradating property of the photocatalyst composition
can be exhibited by the use of a phenyl group
-containing silicone {BP) represented by formula (4)

20 above which contains a phenyl group (R') in an amount
of at least 5 mol%, based on the total molar amount of
phenyl group(s) (Rl) and other substituent group(s)

(R?) (hereinafter, this total molar amount is referred
to as "R' + R? value”), wherein the or each R’ independ-

25 ently represents a straight chain or branched C;-Cie al-



the term"self-stratifying or self-gradating property” i slgiii ngdg@§
foll ows. When the photocatal yst conposi- tion of the pres S
formed into a filmor 25 a shaped article, during the shaping of the

phot ocata 18 March, 2006 65 |yst conposition, the nodified photocatal yst
particles (A) in the photocatalyst compositjion are autonompusly
distributed to forma structure having a concentration gradient of the
nodi fi ed photocatal yst particles, 5 wherein the autononous distribution

occurs in accor- dapce_wfh op ' KEBPEEL@ | or Y ds Op GhEi EMadh
hydr ophobi city) o Yg gﬁ%éteéggﬁ{%%tﬁ%iﬁjé fi I?nfol?’!)t hf'—: shaped article.

Such ability of t (St COR | &4 to forma concentration
gradi ent of the n%%igggﬁ?lﬁ%ga%%ota%cata I%Jt? %a(?\ta?cl es (A is called the

"self -stratifying orpsel {reLadals NehdPPEGENID Ofor el Piwg OsiThtahg st

conposi tion. The above-nentioned self-stratifying or self -gradating

property is inparfgslyby,t bepiise Bhe asPleryiradde gingpotose bi Agngdatingone
(BP) having a | arge sur?ace energy. Specifically, the self-stratifying or

sel f -graglating property o6 the photosatalyst compositiom isainbeeased
exhi bited by the use of a phenyl group -containing silicone (BP)

represented by fofuldcéidarfe apote ahi Chcceasai is theheoyar gawepntROE) in
an anount

phenyl group(s) (R'), relative to the R' + R? value.
Therefore, it is preferred that the phenyl group
-containing silicone (BP) used as binder component (B)

10 contains phenyl group(s) (R') in an amount of at least
10 mol %, more advantageously at least 20 mol %, still
more advantageously at least 50 mol %, based on the R'
+ R? value.

The phenyl group-containing silicone (BP} exhibits

15 excellent adhesion to organic substrates (such as or-
ganic resins), and the siloxane linkage (-0-Si-) which
constitutes the skeleton of the phenyl group-containing
silicone {BP) is insusceptible to the oxidative decom-
position by the photocatalytic activity. Therefore, a

20 functional composite obtained by coating on a substrate
the photocatalyst composition of the present invention,
and a shaped article obtained from the photocatalyst
composition of the present invention have excellent
weathering resistance.

25 For the photocatalyst composition of the present



of at least 5 nolt, based on the total nolar anount of ph?gy' grngsig
(R) and other substituent group(s) (R2) (hereinafter, thi r
anount is referred to as "R + R2 value"), wherein the or each R2 i ndepend
25 ently represents a straight chain or branched Cl1-C30 al 18 March, 2006
66 kyl group, a C5-C20 cycl oal kyl group or a_straight chain or branched
C2- C30 al kenyl group. The effect of phenyl gPBup-containing silicone (BP)
to inpart the self-stratifying or self-gradating 5 property to the

Photocetalyat compasLLLen,' 5| HELE2SPRLDIEE RRERE HhBphto LS S L1
O e i S EELELLE ARk ey IR O OUPe o 0PLgl LSO, g oD
o2 L2t 10,k oBt, BMENLAGoBNSh Yy el ggstonly hnih oSiibnor
g P contal 10 e <988 (VLD Lo d e CER) 1L 8°BRNGD bogpen

whi ch  consti tut es.dhe, SKEhStoM Plofde POSEYIn Sk %Cgfiﬁlin'%esuﬁihhgeﬂe
(BP) is insusceptible to the oxidative decom poSition by the
photocatal ytic acid Viddsigrdd@&£f& ©BRL " and represented by the following

formula (5):

R'X:Si0(4-5-t)/2 (5)
10
wherein:
the or each R’ represents a phenyl group:;
the or each X independently represents a hy-
dreogen atom, a hydroxyl group, a C;-Czy alkoxy
15 group, a (C;-Cyy acyloxy group, an aminoxy
group, a C;-C;y oxime group or arhalogen atom;
and
s and t satisfy the following relationships:
0 < s < 4,
20 0=t < 4, and

0 < (s + t) < 4.

It is preferred that binder component (B} further
comprises an alkyl group-containing silicone (BA) rep-

25 resented by the below-mentioned formula (6), since, in



20 functional conposite obtained by coating on a substrate
phot ocat al yst conposition of the present invention, and —§H¥%§§Lé¥¥¥%le

obtained fromthe photocatal yst conposition of t he present invention have
excel l ent weathering resistance.

25 For the photocatal yst conposition of

t he present 18 March, 2006 67 invention to re effectively exhibit the
self -stratifying or self-gradating property, it is nore ad- vantageous
gr oup- containing silicone (BP) used as bi nder conponent

t hat the phenyl
(B) is a phenyl

which is design
(5): MSMSNX4st

phenyl group;

t Fe %o

e Hf et %l%ai‘le%“ﬁeof iR 'ﬂﬁ%%?\%ﬁ%‘é?&w A
210 1 0. (5
ition e 1.20 {)e che A;: qﬂ&d{og EPESENLS a

en atom a

each |nde en

hydroxyl group, &, Cil Re20N nﬁnl%_giﬁlréop%ﬁq%g rﬁar_cc\Qne%?sa QFQ/AtO)Syesgf%c@” am noxy

group, a Cl-C20 oxi e group

10

15

20

25

en atom

staining resistance, chemical resistance and the like.

RZ.XS10(4-u-v}/2 (6)

wherein:
the or each R? independently represents a
straight chain or branched C;-Ci;s alkyl group,
a Cs-Cyo cycloalkyl group or a straight chain
or branched C,-Cj3; alkenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Czo alkoxy
group, a C;-Czy acyloxy group, an aminoxy
group, a C;-C;¢ oxime group or a halogen atom;
and
u and v satisfy the following relationships:
0 < u« 4,
0 = v < 4, and
0 < (u + v) < 4.

When binder component (B) is a mixture of the

phenyl group-containing silicone (BPl) containing no

alkyl group (which is represented by formula (5) above)

and the alkyl group-containing silicone {BA) (which is



i sf he foll ow | ati hi ps: <s <4 < 4
and s and t satisfy the follow ng rel ati onshi ps 0 S 1 Q s.t 5008

0 < (s +1t) <4,

It is preferred that binder conponent (B)

conprises an al kyl group-containing silicone (BA) rep 25 resented by the
bel ow nentioned fornmula (6), since, in 18 March, 2006 68 such case, the
filmformed fromthe photocatal yst com position exhibits excellent

properties with
resi st ance, stai

respect to filmfoam ng prdgerty, hardness, heat

and

ni ng resi stance, chem cal resistance and the like. 5 R2UX"

Si (4-u-Vv)7T2 (6)
straight chain o
or a straight ch
i ndependently re
al koxy 15 group
group or a hal og

10

i5

20

25

P . ”:b dtc%%c%@fﬁﬁ% F%fé%%%ﬁ%ﬁ"%%f% Hetxihen e,
. o | ;

I, oheo ¥t R U souTAarane. ST (i, oy,
gﬁaggﬁﬁﬁz%r%%%'%ﬁﬁ Ph2UR1IRA APUPOE o H W1 Ry GlinGalh

(BA) are used in amounts such that the (BP1)/(BA)

p

e

weight ratio is 5/95 to 95/5, preferably 30/70 to 90/10.

When a film is formed from a photocatalyst composition
of the present invention which contains such a binder
component (B), the f£ilm has a structure in which the
modified photocatalyst particles (A) are dispersed in a
binder comprised of a microphase separation form of a
mixture of the phenyl group-containing silicone (BP1)
containing no 'alkyl group and the alkyl group-contain-
ing silicone (BA), and such a film exhibits excellent
weathering resistance for a long periecd of time.

It is preferred that each of the phenyl group
-containing silicone (BPl) containing no alkyl group
and the alkyl group-containing silicone (BA) which are
used as binder component (B) has a weight average mo-
lecular weight in the range of from 100 to 10,000, more
advantageously from 500 to 6,000, still more advanta-
geously from 700 to 4,000, as measured by GPC using a
calibration curve obtained with respect to standard
polystyrenes. When each of the above-mentioned sili-
cones used as binder component (B) has a molecular

weight in the above-mentioned range, the microphase



and u and v satisfy the following relationships: 0 < u < 4 8 0 S ) < 4,
and 0 < (u + v) < 4. Wen binder conponent (B) is a mxtur%—&ﬂ%—i}@%nyl
group-containing silicone (BPl) containing no alkyl group (which is
represented by formula (5) above) 25 and the al kyl group-containing
silicone (BA) (which is 18 March, 2006 69 represented by formula (6)
above), it is preferred that the phenyl groufcontaining silicone (BP1)
containing no alkyl group and the al kyl group-containing silicone (BA)
are used in anmounts such that the (BP1)/(BA) 5 weight ratio is 5/95 to
95/ 5, preferably IHPAFatolgD/SIguciigen af fiheninder mangenait (B) be-
phot ocat al yst conposition of the present invention which contains such a
bi nder conponent QUB)eS M inaRaFARA et ructure in which the nodified
phot ocat al yst particles (A) are_dispersed in a_ 10 binder conprjsed of a

mi cr ophase” separati on HSHRS dPeniberl e WenaRhgRfe MAPARAIHRC oMtSihi g
silicone (BP1) containing no_alkyl group and the al kyl graoup-contain-.ing
silicone (BA), andeSRaFt 19 [theeBhasts 1“'&91’(“%916‘?%%9%‘5@%&%

for a lon eriod of tinme. 15 It .is preferred that each .Qf .t he phenyl grou
gSp containing no alkyﬂjgroup and to the af%yl gréﬁp yig P

-containing silicone (BA) means that the above
-mentioned silicones exhibit a phase separation state
in which each silicone is present in the form of do-
mains each having a size in the range of from 1 nm’ to
10 1 pm?, preferably from 10 nm® to 0.1 um®>, more prefera-

bly from 10 nm® to 0.001 pm’.

It is more preferred that the alkyl group
-containing silicone (BA)} (to be mixed with the phenyl
group-containing silicone (BPl) containing no alkyl
15 group) comprises a monooxydiorganosilane unit (D) rep-
resented by formula (7) and a dioxyorganosilane unit

(T) represented by formula (8):

- (R*;S10) - (7)
20
wherein each R? independently represents a
straight chain or branched C;-Cz alkyl group,
a Cs-Cip cycloalkyl group or a straight chain
or branched C;-C3; alkenyl group, and

25



-containing silicone (BP1) containing no al kyl group and t al kyl
group-containing silicone (BA) which are wused as binder céE§§a5éiL¥Q3§has
a wei ght average no- |ecular weight in the range of from 100 to 10, 000,
nore 20 advantageously from 500 to 6,000, still nore advanta- geously from
700 to 4,000, as neasured by GPC using a ca%ibration curve obtained with
respect to standard polystyrenes. When each of the above-nentioned sili-
cones used as binder conponent (B) has a nol ecular 25 weight in the
above-nenti oned range, the m cropha 18 March, 2006 70 separation
structure of the binder conponent ( be- cones nore renarkabl e. Herein,
the term"m crophase separation” usegd with respect to thg)phenyl
group-containing silicone (BP1l) 5 cghtaining no al kyl group and to the

al kyl group -containing silicone (BA) neans that the above -nentioned
silicones exhibit a phase separatioq state in which each silicone is
present in the formof do- mains each having a size in the range of froml
nmM to 10 1 Fun3, preferably from10 nnB to 0.1 EnB, nore prefera- bly from

10 nnB to Q. 001 pun-3. AL ds, ¥ § PIAf eldithddiatod Eommbiad Qrpup
-containing silicone (%Mé %to be m xed with the phenyl group-containing
silicone (BPl) copfaifiRdth® @bk¥bxydiorganosilane unit (D) and the di-
oxyorganosilane unit (T) may be used in molar amounts
such that the molar ratio of the monooxydioxrganosilane
unit (D) to the dioxyorgancosilane unit (T) (i.e..
10 (D}/(T) molar ratio} is in the range of from 100/0 to
5/95, preferably from 90/10 to 10/90. This more pre-
ferred form of the photocatalyst composition is advan-
tageous in that there can be obtained an increase in
the stress relaxation effect of the microphase separa-
15 tion state of the phenyl group-containing silicone
(BP1) containing no alkyl group and the alkyl group
-containing silicone (BA), thereby improving the crack-
ing resistance of the f£ilm formed from the photocata-
lyst composition of the present invention. As a result,
20 the f£ilm exhibits excellent weathering resistance.
Binder component (B} used in the photocatalyst
composition of the present invention may be in any of a
solution form in a solvent, a dispersion form in a sol-
vent and a liquid or solid form without a solvent.

25 In the photocatalyst composition of the present



15 group) conprises a nonooxydi organosilane unit (D) rep- resented bz
formula (7) and a di oxyorganosilane unit (T) represented )
-(R22S1O - (7) 20 wherein each R2 independently represents a straight
chain or branched Cl1-C30 al kyl group, a C5-C20 cycl oal kyl group or a
straight chain or branched C2-C30 al kenyl grgup, and 25 18 March, 2006 71
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the stress relaxation effect of the m crophase separa 15 tion state of the
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al kyl group -containing silicone (BA), thereby inproving the crack-

5 c¢le having excellent properties with respect to hard-
ness, heat resistance, chemical resistance, durability
and the like, it is preferred that the phenyl group
-containing silicone (BP) has a reactive group X (that
is, it is preferred that in formula (4), r satiscfies

10 the relationship 0 < r). Further, for the same reason
as mentioned above, it is preferred that in formula (5),
t satisfies the relationship 0 < t, and that in formula
(6), v satisfies the relationship 0 < v.
In the photocatalyst composition of the present
15 invention, when the reactive group (i.e., "X" in for-
mula (4)) of the phenyl group-containing silicone (BP}
is a hydroxyl group and/or a hydrolyzable group, a con-
ventional hydrolysis catalyst or curing catalyst may
added to the phenyl group-containing silicone (BP) in
20 an amount of from 0.01 to 20 % by weight, preferably
from 0.1 to 5 % by weight, based on the weight of the
phenyl group-containing silicone {BP).
As a conventional hydrolysis catalyst, preferred
are acidic compounds (such as hydrogen halides, carbox-

25 vlic acids and sulfonic acids); acidic or weakly acidic
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hydroxide, sodium methylate, sodium acetate, tetra-
methylammonium chleoride and tetramethylammonium hydrox-
ide; amine compounds, such as tributyl amine, diazabi-
cycloundecene, ethylene diamine, diethylene triamine,
an ethanol amine, y-aminopropyltrimethoxysilane and
y-(2-aminoethyl) -aminopropyltrimethoxysilane; titanium
compounds, such as tetraisopropyl titanate and tetra-
butyl titanate; aluminum compounds, such as aluminum
triisopropoxide, aluminum acetylacetonate, aluminum
perchlorate and aluminum chloride; tin compounds, such
as tin acetylacetonate, dibutyltin octylate and dibu-
tyltin dilavrate; metal-containing compounds, such as
cobalt octylate, cobalt acetylacetonate and iron
acetylacetonate; and acidic compounds, such as phospho-
ric acid, nitric acid, phthalic acid, p-toluenesulfonic
acid and trichloroacetic acid.

In the photocatalyst composition of the present
invention, when the phenyl group-containing silicone

(BP) represented by formula (4) above contains an Si-H
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respect to the multifunctional alkenyl compound, there
is no particular limitation as long as the alkenyl
group of the multifunctional alkenyl compound reacts
with the Si-H group of the silicone to thereby promote
the curing of the binder component. In general, an al-
kenyl group-containing silicone having a C;-C3; monova-
lent unsaturated hydrocarbon group (such as a vinyl
group, an allyl group or a hexenyl group) is used as a
multifunctional alkenyl compound.

In addition, for promoting the reaction between
the Si-H group of the silicone and the multifunctional
alkenyl compound, a catalyst may be used in an amount
of from 1 to 10,000 ppm, preferably from 1 to 1,000 ppm,
based on the total amount ¢of the phenyl group
~containing silicone (BP) and the multifunctional
alkenyl compound. As such catalysts, platinum group
metal-containing catalysts, i.e., compounds of ruthe-
nium, rhodium, palladium, osmium, iridium or platinum

are suitable. Of these, platinum compounds and palla-

ysts i1 nclude basic
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chloro(dicyclopentadienyl)platinum(II), a platinum
-vinylsiloxane complex, a platinum-phosphine complex, a
platinum-olefin complex and metallic platinum, wherein

10 metallic platinum is used either without a carrier or
in such a form as carried on a carrier, such as alumina,
silica, activated carbon or the like. Examples of pal-
ladium compounds used as catalysts for promoting the
reaction between the Si-H group of the silicone and the

15 multifunctional alkenyl compound include palladium(II)
chloride, ammonium chlorotetraaminepalladate (II) and
palladium(II} oxide. The platinum group metal
~containing catalyst is generally used in an amocunt of
from 5 to 1,000 ppm, based on the total amount of the

20 Si-H group-containing silicone and the multifunctional
alkenyl compound; however, the amount of the catalyst
can be appropriately changed depending on the reactiv-
ity, cost and desired curing rate. If desired, a cata-
lyst inhibitor, such as an organic nitrogen compound,

25 an organic phosphorus compound or an acetylene compound,
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pronoting the
photocatalyst (A) to resin (E) (i.e., {(A)/(E) weight

ratio) is in the range of from 0.1/92.9 to 99/1, pref-
erably from 1/99 to 90/10.

10 Any synthetic resin and any natural resin may be
used as resin (E) in the photocatalyst composition of
the present invention. With respect to the form of
resin (E), there is no particular limitation. Resin
(E) may be in the form containing no solvent (such as,

15 a pellet form, a powder form or a ligquid form) or in
the form of a solution or dispersion thereof in a sol-
vent.

Thermoplastic resins and curable resins (such as,
a heat curable resin, a photocurable resin or a mois-

20 ture curable resin) may be used as the above-mentioned
synthetic resins. Specific examples of synthetic res-
ins used as resin (E) include an acrylic resin, a
methacrylic resin, a fluororesin, an alkyd resin, an
aminoalkyd resin, a vinyl resin, a polyester resin, a

25 styrene-butadiene resin, a polyolefin resin, a poly-
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& melamine resin, an epoxy resin, a urethane resin, a

silicone-acrylic resin and a silicone resin.
Specific examples of natural polymers include cel-
10 lulose resins, such as nitrocellulose; isoprene resins,
such as a natural rubber; protein resins, such as ca-
sein: and starch.
As resin {E) used in the present invention, pre-
ferred is a polymer having a silyl group at the termi-
15 nal(s) of a main chain thereof and/or in a side
chain(s) thereof, wherein the silyl group contains a
silicon atom having bonded thereto a hydroxyl group
and/or at least one hydrolyzable group selected from
the group consisting of a C;-C,;p alkoxy group, an enoxy
20 group, a C;-Czy acyloxy group, an aminoxy group, a Ci1-Cig
oxime group and a halogen atom. Such a polymer is pre-
ferred because it is relatively insusceptible to decom-
position by the action of the photocatalyst.
Furthermore, for improving the hardness, abrasion

25 resistance and hydrophilicity of a £ilm produced from
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resins, such aS CfHes are incapable of functioning as a binder like
binder component (B) used in the present invention.
Specifically, like the photocatalyst particles, the mi-
croparticles of metal oxides cause a lowering of the
10 flexibility (i.e., flexing resistance and impact resis-
tance) of a £ilm or shaped article. Therefore, it is
preferred that the metal oxide is used in an amount
such that the total weight of modified photocatalyst
{A) and the metal oxide contained in the film (or
15 shaped article) formed from the photocatalyst composi-
tion is 50 % by weight or less, based on the weight of
the film (or shaped article).
There is no particular limitation with respect to
the form of the photocatalyst composition of the pre-
20 sent invention, and the photocatalyst composition may
be in the form containing no se¢olvent (i.e., a liquid or
a solid) or in the form of a dispersion or suspension
thereof in a solvent.

Examples of solvents used for dispersing or sus-

25 pending the photocatalyst composition of the present




sein; and starch. As resin (E) used in the present inventiagn, ?re- ferred
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t hereof and/or in a side chain(s) thereof, wherein the silyl group contains
a silicon atom having bonded thereto a hydroxyl group and/or at |east one
hydr ol yzabl e group selected from the group consisting of a Cl-C20 al koxy
group, an enoxy 20 group, a Cl-C20 acyl oxy gfdup, an ami noxy group, a
Cl-C20 oxinme group and a hal ogen atom Such a polyner is pre- ferred
because it is relatively insusceptible to decom_ position by the action of
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resi stance and hydrophilicity of a film produced from 18 March, 2006 78 the
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flexing resistan%% %Qﬁfﬂ“%%éfdﬁ%“éﬁa n-butyl acetate; ketones, such as
acetone, methyl ethyl ketone and methyl isobutyl
ketone; ethers, such as tetrahydrofuran and dioxane;
amides, such as dimethylacetamide and dimethylform-

10 amide; halogenated compounds, such as chloroform,
methylene chloride and carbon tetrachloride; dimethyl
sulfoxide; and nitrobenzene, These solvents may be
used individually or in combination.

When the photocatalyst composition of the present

15 invention is used as a coating agent, it is preferred
that the photocatalyst composition of the present in-
vention is in the form of a dispersion or suspension
thereof in a solvent. The ratio of the photocatalyst
composition to the solvent in the dispersion or suspen-

20 sion is generally in the range of from 0.01 to 95 % by
weight, preferably from 0.1 to 70 % by weight, in terms
of the solids content (content of the photocatalyst
composition) of the dispersion or suspension.

As methods for preparing a dispersion or suspen-

25 sion of the photocatalyst composition, there can be
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phot ocatal yst (A) and the netal oxide contained in the film (or 15 shaped
article) fornmed fromthe photocatal yst conposi- tion is 50 % by wei ght or
| ess, based on the weight of the film (or shaped article). There is no
particular limtation with respect to the % m of the phot ocat al yst
conposition of the pre- 20 sent invention, and the photocatal yst
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solid) or in theMatHhged tdies FoldosH s of in a solvent.

Exanpl es of solvents ed for dispersi or - 25.pendin
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such as dinethylaceta&SQg ﬁ%%héﬁ'?ﬂ*uﬂiéﬂr% dispersion or suspension of
- modified photocatalyst (A) in the above-mentioned sol-
vent is mixed with binder component (B) in the form
containing no solvent;

10 ® a method in which a dispersion or suspension of
binder component (B) in the above-mentioned solvent is
mixed with modified photocatalyst (A) in the form con-
taining no solvent; and

@ a method in which a mixture of modified photo-

15 catalyst (A) and binder component (B) is mixed with the

above-mentioned solvent.

among the above-mentioned examples of methods for
preparing a dispersion or suspension of the photocata-
lyst composition, methods ® and @ are preferred be-

20 cause there can be obtained a coating agent which ex-
hibits excellent dispersion of modified photocatalyst
(a).

When the photocatalyst composition of the present

invention is used as a coating agent, the photocatalyst

25 composition comprises modified photocatalyst (A},
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phot ocat al yst conposition of the present 15 invention is used as a coating
agent, it is preferred that the photocatal yst conposition of the present
in- vention is in the formof a dispersion &l suspension thereof in a
solvent. The ratio of the photocatal yst conposition to the solvent in the
di spersion or suspen 20 sion is generally in the range of from0.01 to 95 %
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content (content of the photocatal yst conposition) of the dispersion or
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of nodified photocatal yst (A .in the above-nentiqned sol- vent. is mxed
with a dispersi o8 td@dpd ')oﬁ-%fa’biwt §Lh‘8hp1§}f’e1httitq3)w?]ngrhtheratrg_°
o1 1100 fhot ocatal PERIEARY FRRIRE SRR Herch ot S C AT S Pt T b
bi nder conponent ,(B) 11,4"¢ £3"Me1) weight ratio) is in the range of
from 1/99 to 99/1, preferably from 10/90 to 90/10.
With respect to coating resin composition (El), there
is no particular limitation, and any conventional coat-
10 ing resin composition may be used. Examples of coating
resin compositions include an o0il paint, a lacquer, a
solvent type synthetic resin paint, an agqueous syn-
thetic resin paint (such as an emulsion type paint and
an agqueous resin type paint), a non-solvent type syn-
15 thetic resin paint (such as a powder paint), an inor-
ganic paint and an electrical insulating paint. Modi-
fied photocatalyst (A), binder component (B), option-
ally a solvent and optionally coating resin composition
(E1) may be mixed together by any conventional methods,
20 but it is preferred that the mixing is performed by a
method which does not lower the dispersibility of modi-
fied photocatalyst (A) {(e.g., a method which employs a
modified photocatalyst sol). If desired, the compo-
nents for the photocatalyst composition may be homoge-

25 nously mixed together by using conventional mixers for
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ing to various purposes and added to the photocatalyst

composition of the present invention. Examples of
these additives include a pigment, a filler, a dis-
perser, a light stabilizer, a wetting agent, a thick-

i0 ener, a rheology-controlling agent, an antifoaming
agent, a plasticizer, a film-forming assistant, a rust
preventive agent, a dye, a preservative and the like.
Such additives can be used individually or in combina-
tion.

15 In the photocatalyst composition of the present
invention, modified photocatalyst particles used as
modified photocatalyst (A) are modified with modifier
compound {b) having a very low surface energy. By vir-
tue of the use of such modified photocatalyst (A), the

20 photocatalyst composition of the present invention
which comprises modified photocatalyst (A) and binder
component (B) comprising phenyl group-containing sili-
cone {BP), exhibits a self-stratifying or self
-gradating property with respect to the distribution of

25 the modified photocatalyst particles (A). Herein, as



Wth respect to coating resin conposition (El), there is EE Barticg! gé
limtation, and any conventional coat- 10 ing resin conposr&-8ar

used. Exanpl es of coating resin conpositions include an oil paint, a

| acquer, a solvent type synthetic resin paint, an aqueous syn- thetic
resin paint (such as an emul sion type paint 8egnd an aqueous resin type

pai nt), a non-solvent type syn 15 thetic resin paint (such as a powder
paint), an inor- ganic paint and an eI ectrical insulating paint. Mdi- fied

phot ocat al yst (A) b| nder %ﬁjg%one % ptéeql}—_sajfaftlafm‘g/em 30910

optionally coat| St may be nixed together by any

conventional net hods 0 but__i t 484 dtad he prropergry stipet f or med
by a method whi c¥% s I?rovyelstt dsSSperS| bility of nodi- fied

phot ocat al yst (A) f{%ﬂ‘eg%em?hm‘}"g%% dghstlaon regli fhe dopdd it atmat yst

sol). If desired" r the photocatal yst conposition may be

honoge 25 nously _m >gce.d to%et &Y Ui % GONKE Y1 e ped xer si¢be 18unEREh,
2006 82 preparin coe{]tl ng conmposition, such as a ball mll, a paint

shaker, a sand m II Fhdi&n grg N tﬁﬁ@@;déﬂa{lygmldommk@mad@he rediher,
I f desired, addltlves gé’ner y added to 5 conventional coating

conposi tions may ﬁ%&%&ﬂb@&@fﬁst | i 00 Ve | @IS uur pos eghahdcati@disto t he
phot ocat al yst
composition are autonomously distributed to form a

structure having a concentration gradient of the modi-

fied photocatalyst particles, wherein the autonomous

10 distribution occurs in accordance with the properties
(especially hydrophilicity and hydrophobicity) of a
surface contacting the film or shaped article.

When there is a difference in the properties (es-

pecially hydrophilicity and hydrophobicity) as between

15 the film or shaped article and the surface which is in
contact with the film or shaped article, the concentra-
tion gradient is formed in accordance with the level of

the difference. Specifically, the concentration of the

modified photocatalyst particles (A) forms a gradient

20 from one surface of the £ilm toward the other surface

of the film or a gradient from the inner portion of the

shaped article toward the surface of the shaped article.
For example, when a photocatalyst composition
having the above-mentioned self-stratifying or self

25 -gradating property is coated on a substrate to thereby



conposition of the present invention. Exanples of these additives include
a pigment, a filler, a dis- perser, a light stabilizer, a W3 Marghg2006 3
thick 10 ener, a rheology-controlling agent, an antifoam ng agent, a
plasticizer, a filmform ng assistant, a rust preventive agent, a dye, a
preservative and the like. Such additives cgp be used individually or in
conbina- tion. 15 In the photocatal yst conposition of the present

i nvention, nodified photocatalyst particles used as nodified photocatal yst

(A) are modifi ed \Mbtthle.gD% ¥, GAEPOURL16R) BavinGos ek rheurtied aoe

energy. By vir- t §e use o such nodi fi ed photocatal yst (A), the 20

phot ocat al yst comy %.\Lt Qhr %uQ e§@Nihii BRE RhieOMmodWiicld phrroicesalyst
nodi fi ed photocat %ﬁ) b|n er conponent (B) conprising phenyl

group- contai ni ng eheBB) o e¥hichhtsat il greldianitl yinngher teldk-
-gradating proper?’ah'it‘1 %%%es%ectato the distribution of 25 the nodified

phot ocat al yst par {.cl6s seAh1 rHREGOR 025 the ¥ane!), wBeee 183 ties conseh tasove,
the term"self- stratl ying or self -gradating property" is defined as a

property that, whepnthe RRAQ! peAlakwal phefbesitalys topalttd qless dacrepses
vention is shaped into a filmor shaped article, during 5 the shaping of
t he photocat al yst sc@pP@sistir@acet B¢ #Bdi £ilm which contacts the substrate
toward the other, exposed surface of the film which is
not in contact with the substrate (e.g., toward the
surface of the film which is exposed to the air). 1In
10 the thus obtained film, improvement in the photo-
catalyst Activity and hydrophilicity of the film is ex-~
hibited when the relative modified photocatalyst con-
tent (i.e., relative concentration of the modified
photocatalyst) in the surface portion on the exposed
15 surface side of the film (which is not in contact with
the substrate) is 120 or more, relative to the concen-
tration value 100 of the modified photocatalyst of the
whole film. It is preferred that the relative concen-
tration of the modified photocatalyst particles (A) in
20 the surface portion on the exposed surface side of the
film (which is not in contact with the substrate) is
150 or more, more advantageously 200 or more, relative
to the concentration value 100 of the modified photo-
catalyst of the whole film. On the other hand, when

25 the relative concentration of the modified photocata-



fied photocatal yst particles (A) in the photocatal yst con’ggzi ti ic_in ag&s
autononously distributed to forma structure having a con

gradient of the nodi- fied photocatal yst particles, wherein the autononous
10 distribution occurs in accordance with the properties (especially
hydrophilicity and hydrophobicity) of a surface contacting the filmor
shaped article. Wien there is a difference PR the properties (es- pecially
hydrophilicity and hydrophobicity) as between 15 the film or shaped

ticl dth Lch is, in, t.with th '
Article, The conbeRErBrF1 ok Gr LAY cht RSt BPREQCPrEREChPAnaRe Hitt Aorhe
I | of the diff coopecifi | t ‘ ' i fied
photocatal yst par tFETEES (AFEF BV ReoR05) i BAE SHLF CHIGRE SOPFCE ol the

filmtoward the %%Q§£rgyéi.g 8 fo£hge%ﬁgnggé?@igéagbfgéefEBHE B%r%&ﬂ?ﬁ

portion of the aped arti owar ace o shaped article.

For exanpl e, whep, 2,012 953k NS n6aIPOS' hABlENL gy ECoRbeKE: FRBLONEd

self-stratifying or Se g Ing property I's coated on a substrate to

thereby 18 MarChes 7000 R ODLAA M2 LhhibiLog gﬁ&%@fécﬁi b BRaventingtified

or gradated structure in otocatal yst “particles have

a concentration gLadi £t fohd Nerdfi GEzuPESsY 8€ Shécthtoprate! B tivelm
wherein the concentra
the film and the substrate. It is preferred that the
relative concentration of the modified photocatalyst
particles (A) in the surface portion on the non-exposed
10 surface side of the film (which contacts the substrate)
is 50 or less, more advantageously 10 or less, relative
to the concentration value 100 of the modified photo-
catalyst of the whole f£ilm.
When the self-stratifying or self-gradating prop-
15 erty of the photocatalyst composition of the present
invention is extremely high (in other woxrds, when the
relative concentration of the modified photocatalyst
particles (A) in the surface portion on the exposed
surface side of the film (which is not in contact with
20 the substrate) is preferably 150 or more, moxre prefera-
bly 200 or more, relative to the concentration value
100 of the modified photocatalyst of the. whole film), a
£ilm or shaped article formed from the photocatalyst

composition of the present invention exhibits excellent

25 hydrophilicity (superhydrophilicity: a contact angle of



5 tion of the nodified photocatal yst particles increases frompa su e of

the filmwhich contacts the substrate toward the other, e

c

the filmwhich is not in contact with the substrate (e.g., toward the

surface of the filmwhich is exposed to the air).

film inprovenent in the photo- catalyst ac%ivity and hydrophilicity of
filmis ex- hibited when the relative nodift&d phot ocat al yst con- tent
(i.e., relative concentration of the nodified photocatalyst) in the
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he m On tHe other hand, when 25 t
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he

( ) e surface portion on the non -exposed surface side of
the film (which %ﬁﬂh@%t%ohg%neﬁ%b?hﬁaﬁﬁ)th% 3 oo daeLy ste lcimpess itta drhe

((A)/(B) weight ratio) is in therrange of from 0.1/99.9
to 40/60, more preferably from 0.1/99.9 to 30/70. 1In
such a film or shaped article having very low photo-
catalyst content, the properties of the silicone as
binder component (B} are strongly exhibited and, as a
result, the film or shaped article has excellent prop-
erties with respect to strength, flexibility (flexing
resistance and impact resistance) and the like.

When a shaped article formed from the photocata-
lyst composition of the present invention and a func-
tional composite obtained by forming on a substrate a
film comprising the photocatalyst composition are irra-
diated with light, both the shaped article and the
functional composite are capable of not only exhibiting
excellent hydrophobicity or hydrophilicity and/or
photocatalyst activity, but also performing photoelec-
tric conversion function. Accordingly, in another as-
pect of the present invention, there is provided a

shaped article produced from the above-mentioned photo-



val ue 100 of the nodified photocatal yst of the whole 5 film_there can be
exhi bited the effect of preventing deterioration from occ ch 2
interface between the filmand the substrate. It is preferred that the

rel ati ve concentration of the nodified photocatal yst particles (A) in the
surface portion on the non-exposed 10 surface_side of the film (which
contacts the substrate) 1is 50 or |ess, nDresédvantageously 10 or |ess,
relative to the concentration value 100 of the nodified photo- catalyst of

the whole film Wen the self-stratifying or_.self-qgradatin - 45 erty
of the photocatal9§Fa%8ﬁﬁo§??P8ﬁlB}°?h@n%r%sgﬁ?c£?ﬁ93gtFSWnggggtPénely

high (in other words, when the _relatiye concentratiop, of_th LE I

phot ocat al yst paF??E?@sb¥A§°Fﬂl?ﬁeast?f@c%oﬁgff?ﬁﬂgoﬁhFhghggggggéayggrface
side of the film mhich_hi not_in cogt cttmﬁth 20 the substrate) is
preferably 150 or“WBPRSIHbPR PPefefAZSbIF 200 or nore, relative to the

concentration val ue %@Qgg;%é%éﬁggdgéiﬁﬁ%pp O?Eééﬁéyﬁé?BffBPeobEQQBQnBi'”L’

a filmor shaped arti + rom ocaral ys conposition of the

| T B B A DB b s on

(super hydrophi li ci contac 86 water is 100 or

less as measured at, 20 Q) AN Lhe; £X1a£ € |G aPROROCH S YtaiSid Vi e PY

|l ight irradiation,
can be used any substrates generally used in the appli-

cation fields described herein.
Specific examples of substrates usable for obtain-

10 ing the functional composite of the present invention
include organic substrates, such as synthesized resins
and natural resins; inorganic substrates, such as met-
als, ceramics, glasses, stones, cements and concretes;
and combinations of the above-mentioned substrates.

15 The functional composite of the present invention
exhibits high durability even when it uses an organic
substrate which is decomposed by the action of phote-
catalysts. That is, the photocatalyst composition of
the present invention enables the production of a func-

20 tional composite having high durability, even when us-
ing an organic substrate which was not used in the
prior art due to the problem of poor durability.

An explanation is made below with respect to exam-
ples of methods employed in the present invention for

25 obtaining a functional composite or a shaped article



even when the nodified photocatal yst content of the photocatal yst
conposition is very low, nanely, even 5 when the weight r h ed

phot ocatal yst (A) to binder conponent (B) in the photocatal yst conposition

((A)/(B) weight ratio) is in the range of from0.1/99.9 to 40/60, nore

preferably fromO0.1/99.9 to 30/70. In such a filmor shaped article having

very | ow photo 10 catal yst content, the pr(ﬁﬁerties of the silicone as
bi nder conponent (B) are strongly exhibited and, as a result, the filmor
shaped article has excellent prop-_erties with respec¢t to_str ot Ry en

flexibility (flek¥el thsPReteraEtalest npAROsESt P ancdF SHEEhE11'kE" 15
When a shaped article formed fromthe photocata- |yst. conposity t he
present inventi ochParRPetecH@lys ot mREpLET? &%tﬁ%‘?‘ff‘e‘gﬁ(g];”?o#lﬁﬂfgg%% a

substrate a film.conprisjng the photocatal yst conpositi (S -_4di at ed
with light, botP% h%n‘g%%]ébega"i‘?‘?‘b‘?e aan*‘f:“’f‘%%y‘?balfc u‘*[r?g‘??%én%'?gc’%énp%ﬂ’s‘f%gn%‘?e
capabl e of not aqnly exhibiti excel | ent_ hvdr ophobj cJ dr Llicit
anglor phot ocat?@fil/%ﬁ’p I?Q/ittrlge, BROHE AP oorr?nlbongEi p%%l%(so{e):l[ae%é-(' tﬁ)% Y
conversi on functj on. . Accor di.nal [ ot h -

i nventi or® ther ?‘%e‘?)f%i%%% )2/1;50 sﬁ%%@dﬁ a[kﬁlt:¥ (a:‘?oea%‘rsfg 'ug‘;e%&%lﬁ)néﬁ?éd'
above-ment i oned GROte 18 Mty AOOR e ALE! U5 thEATPOSA LA 8N atne

functional conpo 1T e
like at 20 to 500 °C, preferably 40 to 250 °C, thereby

obtaining a functional composite. Examples of methods
for applying the coating agent onto a substrate include

10 a spray coating method, a flow coating method, a roll
coating method, a brush coating method, a dip coating
method, a spin coating method, a screen printing method,
a casting method, a gravure printing method and a
flexographic printing method.

15 In the above-mentioned method for obtaining a
functional composite, the thickness of the film com-
prising the photocatalyst composition is generally from
0.1 to 200 um, preferably from 0.1 to 50 um, more pref-

erably from ¢.5 to 10 um.

20 The method for producing the functional composite
of the present invention is not limited to the above
-mentioned method in which a film comprising the photo-
catalyst composition of the present invention is formed
on a substrate. For example, the functional composite

25 may be produced by a method in which a substrate and a



tained by formng a filmconprising the photocat al yst congosition on a
n

substrate. Wth respect to the substrate used for obtaini n8 Maxghy 2006
functional conposite of the present invention, there is no particular
limtation. For exanple, there can be used any substrates generally used
in the appli- cation fields described herei ﬁ Speci fic exanpl es of
substrates usable for obtain- 10 ing the fu gtional conposite of the
present invention include organic substrates, such as synthesized resins

and natural resins; inorganic tra - 'S, r-a4fd Ccs,
gl assestJ st onegl, figWLﬁngﬁﬁél@%ﬁ%}& é’%‘?’%bé%%?&’%%i %ghpgﬁs}%&&frfg >

above-nentioned substrates. .15 The f i anal ycoppasitief rMdigimEsent

i nvention exhi b %ﬁﬂgﬁlﬂ'ﬁﬁ‘igﬁﬁotufl%g%'%ﬁe’nb't uselg an organic substrate
whi ch is deconpo by the acti t Qs mahalivslest alhitHed fhevhich
phot ocat al yst co%‘ggsﬁ'l& A6 't %gle%{eeg%%t %ienvention enabl es the production
of a func 20 tional It avyj I1§h ogug abi Il.,iatp)é,d avad Wheni s -aridig an
organic substrat & Rﬁ%@ﬁ&%ﬁtglﬁ'g{% \l?soe 0igr:llgtt k?e prisor art due to the problem

of poor duyrability. An aeéﬁlb@?:%lit%” jigS f@gqlgdb%?owowidtimgr_espzﬁctadﬁdte.)oam pl es
of method$ enpl oyed i‘'n t he present invention for 25 obtaining a functional

composite or a shaReed,Akkicha 1l BRI te2R§ 88 produced by a method in

which a substrate and a f£ilm comprising the photocata-
lyst composition are separately prepared by molding,
and the prepared substrate and the film are adhered or
10 fused to each other, to thereby obtain a functional
composite. In the above-mentioned methods, when the
photocatalyst composition is shaped into a film under
conditions wherein the catalyst composition is not in
contact with the substrate for the functional composite
15 (i.e., when the substrate for the functional composite
is not used in the preparation of the film), the raw
material for the substrate is not limited and may be
arbitrarily selected. That is, in this case, the raw
material for the substrate is not limited to a solid
20 form, and it may be in the form of a liquid or gas, sO
long as the effects of the present invention are not
impaired.
If desired, the photocatalyst composition of the
present invention may be subjected to molding by any

25 conventional methods employed for molding a resin, to



fromthe photocatal yst conmposition. For exanple, when the f|a3hot ocai §| st
conposition is provided in the form of a coating agent,

conposite is obtained by applying the coating agent onto a substrate, fol
5 lowed by drying to forma dry coating, and if desired, the dry coating
is subjected to heat treatnment or the |ikeggt 20 to 500 C, preferably 40
to 250 C, thereby obtaining a functional conposite. Exanples of nethods

for applying the coating agent onto a substrate include 10 a spray coating

met hod, a flow cl_g]?;' ,ﬂg%, & Ol 2 p &P A I 1@ T b1 dEuisc B disdl coatp 0~
met hod, a dip coa |¢1%19Y@ od, ?sgé. na%oati ng net hod, a screen printing

method, a castij hﬁ'ﬂe OE QYT EnPérh L0 et hodE Gl of 4 | £Xbyr aphi ¢
printing nethod?ﬂ%%qﬁ% t he "above- nenti oned nethod for obtaining a

functional conpagidd,, thepiddickngssiofs the iy eompripated nghape. Fur-
phot ocat al yst conposition is generally from 0.1 to 200 pm preferably from

0.1 to 50 pin, nO{&.Pref-qaLEably, f0e fhétécatdlpsnt CEmidei kohoay ope
produci ng the functional conposite of the present invention is not limted

to the abpve - nEdUA OfeCodms 108t i6n Wil e #n fopticmapriesin. t9e phwgoas
catal yst conposition of the present invention is formed on a substrate.
For exanple, thefdinctisnaod SOMPRSI pLe2Eneinbenpionuerd byt aimpehbad: n

whi ch a substrate and a 18 March, 2006
When the photocatalyst composition is subjected to
molding or when the photocatalyst composition is mixed
with an optional resin, any of the photocatalyst compo-
10 sition and the optional resin may be used in the form
of a powder or pellets. Such powder or pellets may
contain a liquid component. Further, when the photo-
catalyst composition is used in combination with the
optional resin, the resultant resin mixture containing
15 the photocatalyst composition and the optiomnal resin
may be formed into pellets by any of the below
-mentioned molding methods and, then, subjected to
molding to thereby obtain the shaped article or func-
tional composite of the present invention. The pellets
20 of the above-mentioned resin mixture may be in the form
of the so-called "master batch” in which the photocata-
lyst composition is contained at a high concentration.
In the present invention, molding can be performed
by extrusion molding, injection molding, press molding

25 and the like. Further, depending on the type of the



89 filmconprising the photocatal yst conposition are nDIdeg Eigﬁlég&gously
(i.e., by one-piece nolding). Alternatively, there can b L

met hod in which a photocatal yst conposition is shaped into a filmand, 5
then, a substrate is formed by nolding. In addition, the functional
conposite may be produced by a nmethod in m@&ch a substrate and a film

conprising the photocata- |yst conposition are separately prepared by
nol ding, and the prepared substrate and the filmare adhered or 10 fused

o cach other  tgobheretyeallal fodal UBGE! 8Rahp1 EOTRARN' Enel Bptienal

above- nenti oned en the hot ocat st ‘conposition’is shaped into

a filmunder COPQ&%LOE!@ %?ﬁ@h‘ﬂﬁgﬁlgsE%E%Xéfin?OEHQEhEEQnmbidﬂﬁb tAn be

contact with the substrate for t unctional conposite 15 (i.e., when the

substrate for th&mﬁyﬁgghgn%umgé e Ot c M5 B8k I s Ca PhEPRSAL LAN Of

the film, the ra terial r the substrate is not limted and may be

arbitrarily sel egfedy Ihﬁéihﬁor&ﬂnghhateﬁﬁsl,tBachaa@ BRbahiial fheerkhe
substrate is not limted to a solid 20 form and it may be in the formof a

liquid orsgas, spe. boOndadgatheatf Eests)of ihheghnesenibeRyenkl. @n , agearet)
i npaired. |If desired, the photocatal yst conposition of the present
i nvention may beysubj esbpdct or "B 58 EMesByriBBrepnyeninphahnaeehods th
enpl oyed for nolding a resin, to
the photocatalyst composition or the above-mentioned
resin mixture (i.e., a mixture of the photocatalyst
composition and an optional resin), and the resultant
10 is subjected toc molding.

The shaped article or functional composite of the
present invention may be in the form of fibers. Such
fibers of the shaped article or functional composite
can be produced from the photocatalyst composition of

15 " the present invention by any conventional spinning
methods as long as the effects of the present invention
are not impaired. As such spinning methods, there can
be mentioned a melt spinning method or a solvent spin-
ning method. The photocatalyst composition may be sub-

20 jected to spinning together with the above-mentioned
optional resin to thereby obtain fibers. For example,
conventional resins (a thermoplastic resin is preferred
from the viewpoint of moldability), such as a polyester

and a nylon, may be blended into the photocatalyst com-

25 position of the present invention. Alternatively., the



18 March, 2006 90 thereby obtain the shaped article or functional conpos-
ite of the present invention in the formof a film a sheel,tiuéé%&%
pell ets or any conplicated shape. Fur- ther, if desired, the photocatal yst
conposition may be 5 used in conmbination with an optional resin, so |long as
the effects of the present invention are not inpaired. Wen the
phot ocat al yst conposition is subjected to nol%H ng or when the photocat al yst
conposition is mxed wth an optional resin, any of the photocatal yst
conpo- 10 sition and the optional resin may be ed i.n the faqr.m of owder
1&hEnh & a B>

or pellets. Such phedOcadRlyst coapegit iARAVE TSI e

Furt her, when the photo- catal yst conposition is used.i,n _conbinati wWth
the optional resf"ﬁ,nttlﬁ’é‘arleﬁ?lst%ﬁ‘nf“aryre%en Srﬂ@ilﬁﬁteedéo%q ﬁirﬁor%mﬂ?q%esﬁn
phot ocat al yst conpqQsiti,on and the optional resin may be. f.or [

pel lets by any of tRE K& a-snﬁﬁ‘ﬁa%&?éé:oﬁoq RIS RS Sh ,n%ena{Hd)

subj ected to noldi o thereby obtain the_ shan rtj cl sed4dengl
conposite of the Brlgge_ & 5 n%&ﬁ.mp?ﬁgn&elﬁp&ngﬂg‘%%f %et%fg%\};x@rﬁ%loned
resin mxtyre may_be in.%he fig)rrp of the so-called "master batch” in which
the photocata- |ySP™P8F3ESi *8%%i's contained at a high concentration. In

the present invention, ol ngge‘iﬁlﬁn%oﬂ%“ ¥itRds DE PHe UHaprdT:diRAe
i nj ection nolding, preSs nolding
or functional composite of the present invention may be
a long fiber or a short fiber. Furthexr, the thickness
of the fiber may be uniform or non-uniform in the
10 lengthwise direction of the fiber. Furthermore, the
cross-section of the fiber may be a circle, a polygon
(such as a triangle, an L-shape, a T-shape, a Y-shape,
a W-shape, an octofoil shape or a dog-bone shape), a
multifoil shape, a hollow shape, or an indefinite shape.
15 Further, the fibers of the shaped article or func-
tional composite of the present invention may be used
in the form of a woven fabric or a nonwoven fabric (us-
ing either short fibers or long fibers).
Furthermore, the above-mentioned fibers may be in
20 the form of yarns or a mass of yarns, such as a yarn in
a cheese form, a woven fabric, a knitted material and a
nonwoven fabric. The yarns may be used in combination
with a fibrous, optional resin. The yarns may be in

the form of spun yarns, such as raw material yarns,

25 textured varns (including draw-textured yarns), pret-



25 and the like. Further, depending on the type of the 18 March, 2006 é%l
optional resin used, for exanple, when the optional resin rch, 200
t hernopl astic resin, cal ender nolding can be enployed. Furthernore, there
can be used a nmethod in which a reinforcing material, such as organic
fibers 5 (e.g., a natural fiber), inorganic fibers (e.g., glass) or a
fabric of any of these fibers, is inpregnat@® with the photocatal yst
conposition or the above-nentioned resin mxture (i.e., a mxture of the
phot ocat al yst conposition and an optional resin), and the resultant 10 is
subj ect ed to nol #ifFedrRexmasdd Yarfisel &6t tﬁaﬁ%{rl%éqar%pdglﬂge T he
present invention may be in the formof fibers. Such fibers of ttg% haped
article or functYGF&iS @@ﬁp@@PPeen@aﬁaEESﬁrBﬁﬂﬁﬁd”$F8WWFh§ﬁﬁh8F8§3i :ést
conposition of 15 the present  invention 3§ any conventionpal _spinni.ng
met hods as | ong ¥&Te (dPcdiddngs egfhgap f ?nW%F' gntP&hCQQRgnﬁgpgbgpaired.
As such spinning nethods, there ca be | oned a |t _spinni % d or
a sol vent spin- RERF HEEREJ. qﬁ%ﬂ%ﬂﬁf085?g$§§?u80nﬁ8g??P8§ ﬁﬁ?kgg g& S 0
jected to _spinning together, with the_above-nentiqn hignale s asidy {0
t her eby oBtain fpggrgg Fnge%Bﬁﬁpg,Pr83ﬁ9 nnﬁgﬁgﬁlggéﬁ%% FbQﬁﬁgéhnﬁﬂﬁgtic
resin is preferred, fromtng uieurgiRleQkeTedll,! b ho1Y4al S ARG Yot er
polyacrylic fiber, a polyvinyl fiber, a polypropyilene
fiber and elastic fibers, for example a polyurethane
fiber (wherein these fibers may contain an inhibitor
10 against a chlorine water deterioration, such as metal
oxides (e.g., magnesium oxide and zinc oxide) and metal
hydroxides); natural fibers, such as a cotton fiber, a
hemp fiber, a wool fiber and a silk fiber; cellulose
fibers, such as a cupro fiber, a rayon fiber and a
15 polynosic fiber; and acetate fibers.

The shaped article or functional composite of the
present invention which is in the above-mentioned fiber
form can be used for producing clothes and filters for
filtering liguids or gases, the clothes and filters

20 having various functions, such as antibacterial func-
tion, stain resistance function, a smell prevention
function and a poisonous gas-decomposing function.

When the shaped article and functional composite

produced from the photocatalyst composition of the pre-

25 sent invention are irradiated with light having energy



and a nylon, may be bl ended into the photocatal yst com 25 gg:ltign gioéhe
present invention. Alternatively, the 18 March, 2006 92 ph

conposition and the above-nentioned con- ventional resin rmay be subjected
to bi conmponent spin- ping (such as sheath-core bi conmponent spinning and

si de- by-si de bi conponent spinning), to therepy obtain a 5 conposite fiber.
The above-nentioned fibers of the shaped article or functional conposite
of the present invention nay be a long fiber or a short fiber. Further,

the thi ckness bl fihal Fa% Rhahivhdl Bata Yl WHEINIA L rdls -

| engt hwi se dlrectlon of the Furthernore,” the cross-section of the
fiber may be a CE&%‘aeph%b%QJat&%st( et A tid anngibd—rﬁihﬂpe tlfe

T-shape, a Y-shape, W shape, "an octofoil shape or bone shape), a

mul tifoil shape, gal %ldl QNS RARE and £ AR A NI ddingdapss ébﬁliFdJ.Lrﬁ hefard-he
fibers of the shaped article or func- tional conposite of the present

i nvention may bepusedcilty e nk@idpdii1a chavend@tst ary phatpwmery diabri c
(us- ing either short fibers or long fibers). Furthernore, the

above- mensi oned hichers tyay PertRer20thBeshapedokryacie ahdafumsesiohayjarns,
such as a yarn in a cheese form a woven fabric, a knitted material and a
nonwoven fabri c. coh@ogares pery ol @&&dddlanﬂﬁmduﬁanEr51on function by
light irradiaticon.
In the present invention, as examples of light
having energy which is larger than the band gap energy

10 of the modified photocatalyst, there can be mentioned
light obtained in the general residential environment
{such as sunlight and room light), black light, light
emitted from a xenon lamp or a mercury-vapor lamp and
the like.

15 When the above-mentioned shaped article or func-
tional composite provided in the present invention ex-
hibits the photocatalyst activity, such as the activity
to decompose organic substances, such a shaped article
or functional composite performs various functions,

20 such as an antibacterial function, a staining resis-
tance function, a smell prevention function and an NOy
-decomposing function. Therefore, such a shaped arti-
cle or functional composite can be used in various

fields, such as the fields of environmental clean-up,

25 for example, clean-up of the atmosphere, water or the



with a fibrous, optional resin. The yarns may be in the fqrmof ﬁpgaos
yarns, such as raw material yarns, 25 textured yarns (incl

drawtextured yarns), pret 18 March, 2006 93 wi sted textured yarns, air
textured yarns, ring spun yarns and open end yarns; nultifilanment raw
material yarns (including extra fine yarns)é or conbined fila- nment yarns.
Exanpl es of fibrous, optional resins which 5°Can be used in the present

i nvention include synthetic fibers, such as a polyester fiber, a polyam de
fiber, a polyacrykig fiber, a polyvinyl fiber, a polypropylene fiber and
elastic fibers, for exanple a polyurethane fiber (wherein these fibers may

contain an inhi bi tor 1QhéﬂatﬂétaﬂoGQ'ﬁ%h@foﬂ@&eghgﬁéérh?fﬂ&&@norSEﬁhcaS
netal oxides (e.g., magnesi um oxi de and zinc oxide) and netal

hydr oxi des) ; natUEﬁbnEibEBﬁ oS¥E 9§o@i§8&t9ﬂ thbBepredenbepvihbebn aagool
fiber and a silk fiber; ?u |l ose "fibers, such as a cupro fiber, a rayon

fiber and a 15 poayeﬁﬁkaciéPfgtiénﬂhaﬁetahsnfLbsr§ur§5@esmapedraa&a¢ba or
functional conposite of the present invention which is in the

above-nent soned f{ber 15ght CRRtbe ekRdbipE AredHehBy ehglbBeagandsti lthers
for filtering liquids or gases, the clothes and filters 20 having vari ous

functions, such agushhtbastesdal of UDEsst (phefetablyr 6t sbanteskinati on, a
snel | prevention
20 °C, i.e., the surface exhibits hydrophilicity, such
a shaped article or functional composite (a hydrophilic
shaped article oxr hydrophilic £ilm and a substrate cov-

10 ered with a hydrophilic f£film} can be utilized in, for
example, the techniques for preventing fogging from oc-
curring on a mirror or a glass, the technigques for pre-
venting dirt from adhering to a building exterior, the
antistatic techniques or the like.

15 Examples of application fields in which the shaped
article or functional composite of the present inven-
tion can be utilized for imparting staining resistance
properties, include the fields of a building material,
a building exterior, a building interior, a window

20 frame, a window glass, a structural member and building
facilities for a residence or the like (particularly, a
toilet, a bathtub, a washstand, a lighting equipment, a
light shade, a kitchenware, a tableware, a dish washer,

a dish dryer, a sink, a kitchen range, a kitchen hood

25 and an exhaust fan). Further examples of application



f

function and a poi sonous gas-deconposi ng function. When the shag&d art;cle

and functional conposite produced fromthe photocatal yst

the pre- 25 sent invention are irradiated with Iight having energy 18
March, 2006 94 which is larger than the band gap energy of the nodi- fied
phot ocat al yst contained in the conposition, he shaped article and
functional conposite exhibit hydro- phobiC|?y or hydrophilicity and/or the
photocatal yst 5 activity. Further, the shaped article and functional

conposi te perfor g phat Oﬁhs%aéctﬁenaésgipen oEUBE! bR B ox! gt vebnadial i on.

In the present invention, as exanples o havi ng energy which is

| arger than the 98@9 g2Rg CREE WYenil185, tQﬁd”QH'Eh%@r@ﬁ%tQ%%t%bhgble%here
can be nentioned %t o%talned I'n the general residential environment

(such as SunlIghéuéﬁdaéoank&#gbt%orbaaik htﬂhg ol @htenewikt ed Hiadow xenon
| anp or a mercury-vapor |anp and E When t he above-nenti oned

shaped article og1d48C-athepat QQ&PQSHRQpEE9VbQﬁ€l'mwhEQeEhe%ﬁabelﬁhQ@LIOH
ex- hibits the p otocatalyst activity, such as the activity to deconpose

organi ¢ sgibst ancesor Spght e BHAPCEnBELES| 8reOfebunebional hao@phighe perforns
various functions, 20 such as an antibacterial function, a staining resis-
transparency). In addition, the shaped article or
- functional composite of the present invention can also
be used in the application fields of an exterior for
machines and other articles; a dust-proof cover and a

10 dust-proof coating; a display device and a cover there-
for; a traffic sign:; various display apparatuses; an
exhibition equipment (such as an advertisement tower}:

a sound barrier for a road or railroad:; a bridge; an
exterior and a coating for a guardrail; an interior for

15 a tunnel and a coating for a tunnel; an insulator; ex-
teriors (especially transparent components thereof) for
electronic or electric equipments used outdoors, such
as a cover for a solar cell and a cover for a heat col-
lector of a solar water heater; and exteriors (espe-

20 cially transparent components thereof) for a plastic
greenhouse and a greenhouse. The shaped article or
functional composite can be also utilized in the appli-
cation fields of clinical or gymnastic facilities and

equipments which are used indoors but are likely to be

25 exposed to staining.



tance function, a snell prevention function and an NOx -de osin
function. Therefore, such a shaped arti- cle or functional-iéi%ﬁ?b%gE§5% be
used in various fields, such as the fields of environnmental clean-up, 25
for exanple, clean-up of the atnosphere, water or the 18 March, 2006 95

| i ke. When the above-nentioned shaped articls or func- tional conposite
provided in the present invention has a cha dcteristic that, when its

surface is irradiated 5 with Iight, water exhibits a contact angl e agai nst

R Ry SR 0 T s

surface exhibits hydro I'cl'e or tunctiona

oL (8 BB, ISR ST AR R8PS -

substrate cov 10 eredmtR™ rop can be I ze for

exanpl e, the !echgigHesahop pﬁ%&i&&Eagfaeggkggeh%gggﬁgh CYbkhRGeRRed oF I'TOT

or a glass, the techni ques Tor pre- ventin Irt adhering to a

bui 1 di ng_ext eri of ¢ohencaghihabi £nbeehBl AU Ohbhg:b ke. 15 Bxagmles of

application fields Tl shape article or functional conposite of
the preseng | nvenvﬁh%#@@ﬁ&ﬂ%h' baeAmbBL1ENPAN ki PGost 2bR BIbREAIrBbAM)CE
I e

properties, include the ds of a building material, a building
exterior, a buildingi{-pherEQE adt¥iNEEW & dental mirror and a road mir-
ror), lenses {e.g., a lens for eye glasses, an optical
lens, a lens for a lighting, a lens for a semiconductor,
a lens for a copier and a rear view camera lens of an
10 automobile)}, a prism, a window glass for a building or
observation tower, a window glass for vehicles (such as
an automobile, a railcar, an airplane, a ship, a subma-
rine, a snow vehicle, a gondola of a ropeway, a gondola
used in an amusement park, and a space craft), a wind-
15 shield for wvehicles (such as an automobile, a motorcy-
cle, a railcar, an airplane, a ship, a submarine, a
snow vehicle, a snowmobile, a gondola of a ropeway, a
gondola used in an amusement park, and a space craft),
a protective goggle, a sport goggle, a shield of a pro-
20 tective mask, a shield of a sport mask, a shield of a
helmet, a glass of a display freezer for frozen foods,
a glass of a display case for warmed foods, a cover for

a measuring instrument, a cover for a rear view camera

lens of an automobile, a condenser lens for a dental

25 laser equipment and the like, a cover for laser meas-




20 frame, a w ndow gl ass, a structural nenber and building n&acblébﬁgs for
a residence or the like (particularly, a toilet, a batht nd, a
| ighting equi prent, a |ight shade, a kitchenware, a tableware, a dish
washer, a dish dryer, a sink, a kitchen range, a kitchen hood 25 and an
exhaust fan). Further exanples of applicatb n 18 March, 2006 96 fields

i nclude the fields of an exterior for vehiCles, a coating for vehicles,
and an interior for vehicles, such as a cover for a lighting of a vehicle,

a w ndow g a.SSFrémgﬁtcegeﬁQQrg #58Bha%sP n%hawgr 81 8 thRewe delsdrd [ idr

parts for vehicles are required to have transparency). In a dition,

the shaped artigle.ar oT.—UQﬁtiHEEA ”ggﬁbb% ahat Be £ph @8eNte dr \ee Wik C.an
also be used in tﬁe appl 1 cation s of an exterior for machines and

other articles; a duﬁizar%j?é’é SPVE{)pﬁﬂéaﬁiéﬂ dustaer eaf wheah R@e ahdipyd ay
device and a cover there- fic sign; various display apparatuses;

an exhibi tion EEHiBﬂEn&r(EHﬁEt§§n§m adMpbkiEeMBEt thewpikesena denmth-barrier
for a road or railroad; a bridge; an exterior and a coating for a

guardraik; an i pigpi Ganfe dbidibEANebrapdoriasaLi BYthenat icupreigeran
I nsulator; ex- teriors (especially transparent conponents thereof) for
el ectronic or eleetrifcedadt PPRAt siusag o#t doeashofuchayasubecovemamr a
solar cell and a cover for a heat col -

netic recording media; an optical recording media; a

magneto-optical recording media; an audio tape; a video
tape; an analog record; a housing, part, exterior and
10 coating for household electric appliances: a housing, a
part, an exterior and a coating for office automation
machines; a building material; a building exterior; a
building interior; a window frame: a window glass; a
structural member; an exterior and a coating for vehi-
15 cles; an exterior for machines and various articles; a
dust-proof cover and a dust-proof coating.
When the above-mentioned shaped article or func-
tional composite provided in the present invention has
a characteristic that, when its surface is irradiated
20 with light, water exhibits a contact angle against the
surface of 70° or more (preferably %0° or more} at
20 °C, i.e., the surface exhibits hydrophobicity. such
a shaped article or functional composite (a hydrophobic
shaped article or hydrophobic film and a substrate cov-

25 ered with a hydrophobic film) can be utilized in, for




| ector of a solar water heater; and exteriors (espe 20 cially trans nt
conponents thereof) for a plastic greenhouse and a greenhd@gﬁﬁﬁﬂﬁmﬁﬁégped
article or functional conposite can be also utilized in the appli- cation
fields of clinical or gymmastic facilities and equi pments which are used
I ndoors but are likely to be 25 exposed to ai ning. 18 March, 2006 97
Exanpl es of application fields in which the shaped article or functional
conposite of the present inven- tion can be utilized for preventing the

occurrence of foggi énc{ﬁ{adetég}g}]f#lfgang {40 £nd Gvdterdréf@Lionyi €W

mrror of an autonpbiie,"a mrror 10 athroom a mrror for atoilet, a

dental mrror andfORthdR -t vecPineSs (ol préveidting Cak¥eighasses,
- a or a li

an optical |ens ens ghting, a lens for a sem conductor, a

| ens for a copier @IQOL?S rEaky Vi 0@@{@1&&5@ A A kFl it KGOBL L E) adBe -
Thss tor ' [

prism a wi ndow g a buil'ding or Observation tower, a w ndow gl ass

for vehicles (such; s p RN AHQMPRIIh & £04% GGF .waled] TAN@NEhe at66hP, a
subma- rine, a snow vehicle, a“gondola of a ropeway, a gondola wused in an

anusenent gark, %@eépﬁﬁe Srafdntimy Wk dfoshiel tbd ainyediobes Ysud as
an autonmobile, a nmotorcy- cle, a railcar, an airplane, a ship, a submarine,
a snow vehicle, g, showmbiditipe gadt e Wr EUmPEVEal acomposite can be
advantageously used in various application fields, such
as a window glass, a windshield, a mirror, a lens, a
goggle, a cover, an insulator, a building material., a
10 building exterior, a building interior, a structural
member, an exterior and coating for vehicles, an exte-
rior for machines and other articles, various display
devices, lighting equipment, residential equipment, ta-
bleware, kitchenware, household electric appliances, a
15 roofing material, an antenna, an electricity transmis-
sion cable and equipments for sliding on ice and snow.
When the above-mentioned shaped article or func-
tional composite provided in the present invention per-
forms a photoelectric conversion function, such a
20 shaped article or functional composite can convert, for
example, solar energy into electric power. Therefore,
such a shaped article or functional composite can be
used in various application fields, such as an optical

semiconductor electrode used for a (wet-type) solar

25 cell.



gondol a used in an amusenent park, and a space craft), a Brotective
goggl e, a sport goggle, a shield of a pro 20 tective mas 1 a
sport mask, a shield of a helnet, a glass of a display freezer for frozen
foods, a glass of a display case for warned foods, a cover for a
measuring instrunment, a cover for a rear vig canera |ens of an

aut onobil e, a condenser lens for a dental I8 aser equi pnent and the |ike,
a cover for |aser nmeas 18 March, 2006 98 urenent sensors (such as a vehicle
di stance sensor), a ¢ r. for,. infrared.sensqr ] a i @&
canera. Exanples of gﬁ%?éﬁggfi %ﬁ%gi g?&§%F§ \}%i %hﬂfwgaghgﬁfedyit%ti cle c?r
functional conpQsi f . r.esent i v j can ddd fOr

provi di ng antis@%%%%n%rébggyg ?@éQ%ﬁgﬁb %nﬁﬁ%jgggl s%%aégcai ode ray tube;

a mag- netic re%%%@iq snﬁgkgg.%BnQ%EEC a&%%QQQHQQi%e@dﬁ & changed by

magnet o- opti cal recordi ng nedia; an audi o tape; a video tape; an analog

record; a housi RggnRaGt,a@%5e506a" (RRUnbe 23k Bydrepnapuzehd hyraatric
appliances; a housing, a part, an extérior and a coating for office
automati @n  machhAgsc BrPehhdighy siRehivalroph iRyl donay@Hopdic B dudd ding
interior; a w ndow frame; a window glass; a structural member; an exterior
and a coating farnépBerleadl 8e; vaRyeUE9eNeagkeLsTHC MisRES 13Nd HGAF it -
articles; a dust-proof cover and a dust-proof coating.

ple, an offset printing plate.



When t he above-nenti oned shaped article or func- tional coEgiiitE grgvided
In the present invention has a characteristic that, when S

irradiated 20 with light, water exhibits a contact angl e against the
surface of 70 or nore (preferably 90 or nore) at 20 C, i.e., the surface
exhi bits hydrophobicity, such a shaped article or functional conposite (a
hydr ophobi ¢ shaped article or hydrophobic flilllm and a substrate cov 25 ered
with a hydrophobic filn) can be utilized in, for 18 March, 2006 99 exanpl e,
t he techni ques for inpartiqg wat er-repell ent properties, the techniques
for preventing adhesi on BESTMORB EOR| (ARRY NG t QUANTHRENYENTHPBvent i ng
dirt adhe- sion by washing with a flow of water, and the tech 5 ni ques for
preventing adhesi on of PPcBTERESndRVeRhdPR- Widleber HESSRiped &Pt MOFE or
functi onal conpoai%e,ﬁan,g advant a eouslé used_.in various application
fields, such as®§8-&nd¥w §I5§§?r§n ndShitBEd o 1Rringr ExampdRs . Refgdqgl e,
a cover, an insulator_ a buildin terial, a 10 building exterjor, .a

but Ldi ng {nteri ofic8 BEAMBLEFAP onGREBRE akitvex EEARBL eina Wb DI AROFAA
vehi cl es, .an exte-.rior for nmachines.and other articles, various display
devi ces, Pighti miobqbPoReREtied A8ntrat toRH: PREnCCOPS. OF| Gugr Bresent

ki t chenwar e, hou%gpgﬁgigkectric appliances, a 15 roofing material, an
antenna, an electri¢ity transm s-

In the Examples, Reference Examples and Compara-
tive Examples, various properties were measured and

10 evaluated as follows.

(1) Measurements of the particle size distribution and
the number average particle diameter:
An appropriate amount of a solvent was added to a
15 sample sol or composition containing particles so that
the sample was diluted to have a solids content of from
1 to 20 % by weight. With respect to the resultant di-
luted sample, the particle size distribution and number
average particle diameter of the particles contained
20 therein were measured by a wet-type particle size ana-
lyzer (Microtrac UPA-9230, manufactured and sold by

Nikkiso Co., Ltd., Japan).

{(2) Measurement of the weight average molecular

25 weight:



sion cabl e and equi pnents for sliding on ice and snow. W € h. 2
above-nenti oned shaped article or func tional conposite pr L

present invention per- fornms a photoel ectric conversion function, such a 20
shaped article or functional composite can convert, for exanple, solar
energy into electric power. Therefore, suchjgoshaped article or functional
conposite can be wused in various application fields, such as an optical
sem conductor electrode used for a (wet-type) solar 25 cell. 18 March, 2006

100 Further, with respegt {;@1i8nhfEHAhEEagEONMbIGEUNArt REighkEeFaBt meR¥@RiaIdON
whi ch menber has a characteristic that its water contact characteristic

can be changed bybylbemtpbfmagtabhoaheghamgﬁrﬁpﬂ hegcophakic izankydr o 5
philic or change from hydrophilic to hydrophobic), such a nmenber can be

very advant ageousty1bpedtiBn EQtvexabtaphed aithf keebepti fbi Bgapdakd 18
Mar ch, 2006 101 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The present

i nvention will bepdegsti/beflei Bapnes.detail with reference to the foll ow ng
Exanpl es, Refer- ence Exanples and Conparative Exanpl es, which should 5 not
be construsd as |imtingetGPCSeapepeifohmefir @adat the following condi-
tions.
Apparatus: chromateograph model HLC-8020 LC-3A
{manufactured and sold by Tosoh Corporation, Japan});
Columns: TSKgel Gl000Hy., TSKgel G2000Hy, and
10 TSKgel G4000Hy, (each of which is manufactured and sold
by Tosoh Corporation, Japan), connected in series;
Data processor: data processor model CR-4A {manu-
factured and sold by Shimadzu Corporation, Japan);:
Eluent: tetrahydrofuran (for analyzing a phenyl
15 group-containing silicone) or chloroform (for analyzing
a silicone containing no phenyl group};
Flow rate: 1.0 ml/min:
Method for preparing a sample for GPC: A sample
compound to be analyzed by GPC was dissolved in an ap-
20 propriate amount of a solvent used as an eluent so that
the resultant solution has a sample compound concentra-
tion within the range of from 0.5 to 2 % by weight,
thereby obtaining a sample solution. The obtained sam-

ple solution was subjected to GPC.

25




I nvention. In the Exanples, Reference Exanples and Conpara- tive Ex2a | es,

various properties were neasured and 10 evaluated as foll aa. 006
Measurenents of the particle size distribution and the nunber average
particle dianmeter: An appropriate anmount of a solvent was added to a 15
sanpl e sol or conposition containing particles so that the sanple was
diluted to have a solids content of from 1 10820 % by weight. Wth respect
to the resultant di- luted sanple, the particle size distribution and
nunber average particle diameter of the particles contained 20 therein
wer e nmeasured by @ wethrifrperaggardbsdmpisiae @R dpesirrymM cr ot rac UPA- 9230,
manuf actured and sold by N kkiso Co., Ltd., Japan). (2) Measurenent of the
wei ght average nol ecull® speoteiughtwasl Erigied 2006 MDA TEE spEgfinoratarage
nol ecul ar wei ght was neasured by gel perneation chromatography (GPC),
utilizing a cal inordetli FIT /RS Wbt @iaratf agtured sgrattsald Sianthpran Spec-

pol ystyrene sanples. 5 The GPC was perforned under the foll ow ng condi -
tions. Appar at us:tosiscemdicodicaph Ifsbel J4r@8020 LG 3A

5
(4) Measurement of *°Si nuclear magnetic resonance:
?°si nuclear magnetic resonance (NMR) was measured
by JNM-LA400 (manufactured and sold by JAPAN ELECTRON
OPTICS LABORATORY CO., LTD., Japan).
10
(5) Hardness of a coating:
The hardness of a coating was determined in terms
of a pencil hardness (i.e., formation of a scratch on a
coating by a pencil} measured in accordance with

15 JIS-K5400.

(6) Hardness of a coating after ultraviolet light ir-
radiation:
The surface of a coating was irradiated with ul-
20 traviolet light (hereinafter referred to as "UV light"”)
emitted from FL20S BLB black light (manufactured and
s0ld by TOSHIBA LIGHTING AND TECHNOLOGY CO., LTD., Ja-
pan) for 7 days, and the hardﬁess of the thus treated
coating was measured by the method described in item

25 {5) above.



(manuf actured and sold by Tosoh Corporation, Japan); Col unmns; 'Il'_SEgsloc'6

GLOOOHXL, TSKge

&000HXL and 10 TSKgel (4000HXL (each of

manuf actured and sold by Tosoh Corporation, Japan), connected in series;

Dat a processor:

data processor nodel CR-4A (manu factured and sold by

Shi madzu Corporation, Japan); Eluent: tetrahydrofuran (for analyzing a
phenyl 15 group-containing silicone) or chlordrm (for analyzing a
silicone containing no phenyl group); Flowrate: 1.0 mi/mn; Method for
preparing a sanple for GPC. A sanple conpound to be anal yzed by GPC was
di ssolved in an ap- 20 Witdpmegpedndintthe WY ddiahenti i afsion dffent?so
that the resultant solution has a sanple conpound concentra- tion within

the range of fromtensity »HUY, Mghghtvas @fsishe bt hitly eh'safs &eas-

solution. The obtained samt ple solution was subjected to GPC. 2

2006 103 (3) I nfrared BsihpRagiqmedess pladelyiVi’# maHih W

¥ ned by

i nfrared spectroneter. nodel FT/1R-5300 (manufactured and sold by Japan
Spec- troscopi c C5°1G by TOPLH,CO-5 AP 'l\féé@tﬂaé’r?entwqgfc g§s H‘lfce?ldeairrp

magnetic r essonance:

10

15

20

25

combination with Detector Model UD-36 (manufactured and
sold by TOPCON CO., LTD., Japan), which is a photo-
detector for detecting light having a wavelength of

from 310 to 400 nm.

(7) Measurement of the contact angle of water against
the surface of a coating:

A drop of deionized water was placed on the sur-
face of a coating and allowed to stand at 20 °C for 1
minute. Then, the contact angle ¢f the water drop
against the surface of the coating was measured by Con-
tact Angle Meter model CA-X150, manufactured and sold
by KYOWA INTERFACE SCIENCE CO., LTD, Japan.

The smaller the contact angle of water against the
surface of the coating, the more hydrophilic the sur-

face of the coating.

(8) How the hydrophilicity {(or hydrophobicity) of the
surface of a coating is changed by ultraviolet light

irradiation:

The surface of a coating was irradiated with UV

18. Mar ch,



29Si nucl ear magnetic resonance (NVR) was neasured by JNN¢LA§%8a h, 2006
(manuf actured and sold by JAPAN ELECTRON OPTI CS LABORATORY = =

Japan). 10 (5) Hardness of a coating: The hardness of a coating was
determned in terms of a pencil hardness (i.e., formation of a scratch on
a coating by a pencil) nmeasured in accordance with 15 JI S-K5400. (6)

Har dness of a coating after ultraviol et Iighthﬁ- radi ati on: The surface of
a coating was irradiated with ul- 20 traviolet light (hereinafter referred

toas "U/ light") _ emtted from FL20S BL ,bolnacé?ljluiasghtilg rrcgnurgac#éjregsgnd
sol d by TOSHI BA LlléﬁﬁN@YAl\T@erE@%Lﬁﬁ PGSR TS S S Fa-"pan)  for®7 uays, and
e nafdness of (g, WS AL SPLad copld Wh SR EAR Gy dhqELID
I LS T g o g ) R g P
0 s a2 R B o B AR et oy Mdve.
phot o- 5

{9) Evaluation of the photocatalyst activity exhibited

at the surface of a coating:

A 5 % by weight ethanol solution of methylene blue
was coated on the surface of a coating, and the resul-

10 tant coating was irradiated with UV light by the method
described in item (6) above for 5 days.

The surface of the coating after the UV light ir-
radiation was visually observed with respect to the de-
gree of fading of the blue color of methylene blue {in

15 other words, the degree of decomposition of methylene
blue by the action of the photocatalyst). The photo-
catalyst activity exhibited at the surface of the coat-
ing was evaluated, based on the degree of decomposition
of methylene blue, by the following 3 criteria:

20 ® : methylene blue is completely decomposed;

A: blue color of methylene blue slightly remains; and
x: almost no decomposition of methylene blue is ob-

served.

25 (10) Weathering resistance of a coating (gloss reten-



detector for detecting |ight having a wavel ength of from 310 to 400 Eg] 10
(7) Measurenent of the contact angle of water against t hel8 March, 2
coating: A drop of deionized water was placed on the sur- face of a coating
and allowed to stand at 20 Cfor 1 mnute. Then, the contact angle of the
wat er drop 15 against the surface of the coating was neasured by Con- tact
Angl e Meter nodel CA-X150, manufactured and 5@%¢d by KYOWA | NTERFACE
SCIENCE CO., LTD, Japan. The smaller the contact angle of water against the
surface of the coating, the nore hydrophilic the sur- 20 face of the
coating. 25 (8) HohPRheaH&tophilicity (or hydrophobicity) of the surface
of a coating is changed by ultraviolet light _irradiation: The surface of a

coating was irradi at ed IR TR IP ISHRE 5 31 FHOGFPREL et AR
menti oned described in item (6 above for_7 days, and the contact angle of
water agai nst t R Etrfete H#Yei WA i‘ﬁ?ﬂdjrwr%t%? AP LIS ntP %ghﬁe‘ggured
by the nethod described in jtem (7) above. 9) Eval uation of the
phot ocat al yst acté it %8&“4ﬂ§%ﬂ£5' f%lloweéséy exposure to é%rk and hu-

5 mid environment at 40 °C for 4 hours) by Dewpanel light

control weather meter (model DPWL-5R, manufactured and
sold by SUGA TEST INSTRUMENTS Co., Ltd., Japan). After
performing the atmospheric exposure test for 1,000
hours, the 60°-60° mirror reflection ratio of the re-
10 sultant coating was measured to determine a final gloss
value. The obtained final gloss value was divided by
an initial gloss value (i.e., the gloss value of the
coating before subjected to the atmospheric exposure

test), to thereby obtain a gloss retention value.

15
(11} Evaluation of the stratified or gradated struc-
ture of a coating produced from a photocatalyst compo-
sition:
A sample of a coating produced from a photocata-
20 lyt composition was embedded in an epoxy resin (Quetol

812; manufactured and sold by NISSHIN EM Co., Ltd., Ja-
pan), thereby obtaining an epoxy resin-embedded sample.
The obtained epoxy resin-embedded sample was cut by a

microtome (ULTRACUT-N type microtome; manufactured and

25 sold by Reichert, Germany) to prepare an ultrathin sec-



at the surface of a coating: A5 % by weight ethanol solution of nethyl ene
blue was coated on the surface of a coating, and the resull8 2006
coating was irradiated with UV light by the method described in item (6)
above for 5 days. The surface of the coating after the UV light ir-

radi ation was visually observed with respect to the de- gree of fading of
the blue color of nethylene blue (in 15 ot herl@wwrds, the degree of
deconposition of nmethylene blue by the action of the photocatal yst). The
phot o- catal yst activity exhibited at the surface of the coat- ing was

eval uat ed, based driathel duigrkess: de€obhpost timh obf tinet dghphe. bdneé, thg t he
followng 3 criteria: 20 O: nethylene blue is conpletely deconposed; A:

bl ue col or of met BARtBiusetiin Iwas akdsed emi@ mesh| hegingoa support
deconposition of methylene blue is ob- served. 25 (10) Weat hering

resi stance of a cHMERPNY|tagha® itherake ¢h SUPSEEUEDE kY orfhalwid)rathin
coating was subjected to an atnospheric expo- sure test (cycle test

condi tions: exposHERISN Wi sibIestied it MGy gitean Ghagidd e fdxttte to

dark and hu 5 md environnent_ at. 40 C for 4 hours) by Dewpanel I|ight
control weather net &0UHSTFel RO BinmfARandepasidtion to thereby ob-

tain a specimen for microscopic observation. The ob-
tained specimen was observed through TEM (transmission
electron microscope).

The TEM observation was performed under the fol-

10 lowing conditions:

Apparatus: HF 2000 (manufactured and sold by Hi-
tachi, Ltd., Japan); and

Acceleration voltage: 125 kV.

The position of titanium oxide particles used as

15 a photocatalyst was analyzed by an EDX analysis of ele-
mental titanium.

Further, a cross-section of a film formed on an
acrylic urethane coating on an aluminum plate was ob-
served through TEM, as follows. A film formed on an

20 acrylic urethane coating on an aluminum plate was cut
by a dicing saw (model DAD 321, manufactured and sold
by DISCO ENGINEERING SERVICE, LTD., Japan) and, then,
the resultant cross-section was subjected to FIB (Fo-
cused Ion Beam) processing, thereby obtaining a speci-

25 men for microscopic observation. The obtained specimen




sold by SUGA TEST | NSTRUMENTS Co., Ltd., Japan). After perforning tﬂg
at nospheri c exposure test for 1,000 hours, the 60-60 mrr 8

ratio of the re 10 sultant coating was neasured to determne a final gloss
val ue. The obtained final gloss value was divided by an initial gloss
value (i.e., the gloss value of the coating:ﬁﬁéore subjected to the

at nospheri c exposure test), to thereby obtai gl oss retention value. 15
(11) Evaluation of the stratified or gradated struc- ture of a coating

produced froma p oC Si n: A sanple of a coating produced
from a phot ocat a- éﬁégg§ rgku %ﬁéhgnbedded I n an epoxy resin (Quetol

812; manufactured and s t
obtalnlng an epoxy re5|ﬁl%ﬁ%&éﬁgigﬂég%ﬁwéxﬁ%e qﬁ&ﬁﬁk g%g%g-ﬂﬂﬂ*ﬁBi
resi n- enbedded sa Q?gﬁﬁﬁE_ 4. mcrotone (ULTRACUT-N type mi crotong;
manuf act ured and SO eich ert, Germany) to prepare an ultrathin sec
18 March, 2006 107 Ui on aihirchiess re50olod QhahiBleckicdiifs S47PIo1 ) bhe
ultrathin section was p ace on a nesh having a support nmenbrane attached
t hereto. quseququdbltlﬁ%dntrj%ﬂgﬁy.sectlon was subjected to RuO4 steam
staining for about 5 5 m nutes I'I'owed by carbon deposition to thereby

ob- Processing condition: acceleration voltage (30

kvV}; and
Ton source: Ga.
The TEM observation was performed under the fol-
10 lowing conditions:
Apparatus: HF 2000 (manufactured and sold by Hi-
tachi, Ltd., Japan): and

Acceleration voltage: 200 kV.

15 (12) Impact resistance:

The impact resistance was evaluated by the Dupont

methed (500 g x 50 cm) in accordance with JIS-K5400.

Reference Example 1

20 Synthesis of phenyl group-containing silicone
(BP1-1)
78 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 26.0 g of phenyltrichlorosilane was added

25 thereto, followed by stirring at room temperature for



tain a specinmen for mcroscopi c observation. The ob- tai neg jgeci!n% S
observed through TEM (transm ssion electron m croscope).

observati on was performed under the fol- 10 | owi ng conditions: Apparatus:
HF 2000 (manufactured and sold by Hi - tachi, Ltd., Japan); and Accel eration
vol tage: 125 W The position of titanium oxide particles used as 15 a

phot ocat al yst was anal yzed by an EDX anal ysik0®f ele- nental titanium
Further, a cross-section of a filmformed on an acrylic urethane coating
on an al umi num pl ate was ob- served through TEM as follows. A filmforned
on an 20 acrylic at¥thafe Houtiewy oﬁ'oaﬁhél EfisHh A e KR & (12S HF WP i ci ng
saw (nodel DAD 321, rranuf actured and sold by DI SCO ENG NEER|I NG SERVI CE,
LTD., Japan) and¥i¥fendded,a r“é‘s"iﬁuc%?nt"fcr%s?s %eﬁl‘ﬁﬂt%sa%%b}%c? e¥ ?5 FIB

(Fo- cused Ion Beg ocessin there obt ai n| as em 5 nmen_for

ni cr oscopic obselﬁx?g’ﬁag}? §%‘é'€'f B I1%8*‘}9\35 n-
observed through TEM_ .The FIB oces erforrred nder.the. fo

| owi ng condi ti ondSTAMar EE@ (5?# lﬁe&{cf‘iﬁ’éoa%n sb? dl%y G4 -lfOl"

5 lowed by stirring at 10 to 15 °C for about 30 minutes
and, then, at 60 °C for 3 hours, thereby obtaining a
first reaction mixture. The obtained reaction mixture
was cooled to 25 to 30 °C and 392 g of toluene was
dropwise added to the cooled reaction mixture over

10 about 30 minutes. Subseguently, the temperature of the
resultant mixture was elevated to 60 °C, followed by
further stirring for 2 hours at 60 °C, thereby obtain-
ing a second reaction mixture.

The second reaction mixture was cooled to 10 to

15 15 °C, followed by addition of 19.2 g of methanol over
about 30 minutes. The resultant mixture was stirred at
25 to 30 *C for about 2 hours and, then, the tempera-
ture of the resultant mixture was elevated to 60 °C,
followed by further stirring for 2 hours, thereby com-

20 pleting the reaction. The resultant reaction mixture
was subjected to reduced pressure distillation at 60 °C
to distill off the solvents from the reaction mixture,
thereby obtaining a phenyl group-containing silicone
(BP1-1) having a ladder-shaped skeleton and a weight

25 ©  average molecular weight of 3,600. (In the IR spectrum



5 tachi, Ltd., Japan); Processing condition: acceleration gl a (2% 6V\);
and lon source: Ga. The TEM observati on was perforned und

| owi ng conditions: Apparatus: HF 2000 (manufactured and sold by Hi - tachi,
Ltd., Japan); and Accel eration voltage: 200 W 15 (12) Inpact resistance:
The inpact resistance was eval uated by the Dupont nethod (500 g x 50 cm
in accordance with JIS-K5400. Reference Exadplle 1 20 Synthesis of phenyl
group-containing silicone (BPl1-1) 78 g of di oxane was charged into a
reactor equipped with a ref |ux condenser, a thernonmeter and a stirrer,

and 26.0 g of ph&fylthei CRLEIESH RheTWds SFOURT CO% b D S 9Beed BR -

stirring at room_tenperature for 18 March, 2006 109 about 10 'nu&gs. To
the resul tant m Aur @OREIPEERS Fitsd -ddfeda M3 ut ¥ df F 2/ gWBF“RaflEP and

ererat ure of § REPARERof oathe0 Sy SHSTRNY GHOTRAGE by S S (AT 10 o
15 € for about 3nggggﬁe§keleton, were observed.)

5 In addition, from the results of a *°Si nuclear
magnetic resonance analysis of the obtained phenyl
group-containing silicone (BP1-1), it was found that
phenyl group-containing silicone {(BP1l-1) is represented

by the following formula:

10 (Ph);(0CH3)0.5851i01.2:

wherein Ph represents a phenyl group.

Reference Example 2

Synthesis of alkyl group-containing silicone (BA-1)

15 300 g of methanol was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 136 g (1 mole) of methyltrimethoxysilane
and 120 g (1 mole) of dimethyldimethoxysilane were
added thereto, followed by stirring at room temperature

20 for about 10 minutes. To the resultant mixture was
dropwise added a mixture of 12.6 g (0.7 mole) of a 0.05
N aquecus hydrochloric acid solution and 63 g of metha-
nol over about 40 minutes while cooling the reactor
with ice, thereby effecting a hydrolysis reaction.

25 Subsequently, the resultant mixture was further stirred




and, then, at 60 C for 3 hours, thereby obtaining a first igagtign 16

m xture. The obtained reaction mxture was cooled to 25t g
of toluene was dropw se added to the cool ed reaction m xture over about
30 m nutes. Subsequently, the tenperature of the resultant m xture was

el evated to 60 C, followed by further stirring for 2 hours at 60 C,

t hereby obtain- ing a second reaction m xturellIThe second reaction m xture
was cooled to 10 to 15 C, followed by addition of 19.2 g of nethanol over
about 30 m nutes. The resultant m xture was stirred at 25 to 30 C for
about 2 hours and,2f Heh,” G e tleafperfer tahitof2Q meinrwins tad . ntherr eatas
elevated to 60 C, followed by further stirring for 2 hours, thereby com
pl eting the react iTHPM THRMGEEA UL E Qe fo O s XaharebYeab &3 Erd o8l ¥92C-
reduced pressure distillation at 60 C to distill off the solvents fromthe
reaction m xture, tiHeMBEWH-ai ni ng a phenyl group-containing silicone
(BP1-1) having a | adder-shaped skel eton and a wei ght average nol ecul ar
wei ght of 3,600. (In tf&e R%ﬁ’é@ﬁ%rﬁef@tmncﬁ‘}xm@ YEF FuRIRCTAA dihdee-

phenyl group-containing silicone (BPl- 1), absorptigns at 1,130 cm 1 and
1,037 cm1,° whi ch W presspEe [ stid 1Stiac Mtn$ Qi e Hq s oF LY RET ddofer

-shaped skel et on, re gbserved.
P 50 veﬂ%s %rom éhe reaction mixture, thereby obtaining

an alkyl group-containing silicone (BA-1) having a
weight average molecular weight of 3,600. The struc-
ture of the obtained alkyl group-containing silicone

10 (BA-1) was determined by ?°Si nuclear magnetic reso-
nance. As a result, a signal ascribed to a T structure
and a signal ascribed to a D structure were detected
and the ratio of the two signals (T structure signal :
D structure signal ratio) was 1:1.

15 ' In addition, from the results of the *°Si nuclear
magnetic resonance analysis, it was found that alkyl
group-containing silicone (BA-1) is represented by the
following formula:

(CH3}1.5(OCH;3)0.275101.12

20

Reference Example 3

Synthesis of alkyl group-containing silicone (BA-2)
470 g of dioxane was charged inteo a reactor
equipped with a reflux condenser, a thermometer and a

25 stirrer, and 25.8 g of methyltrichlorosilane was added



5 1In addition, fromthe results of a 29Si nuclear magneti onange 6
anal ysis of the obtai ned phenyl group-containing siliconeaééﬁéggﬁ%—ﬁg—mas
found that phenyl group-containing silicone (BP1-1) is represented by the
followi ng formula: 10 (Ph)1(OCH3)0.58Si G .z1 wherein Ph represents a
phenyl group. Reference Exanple 2 Synthesis of al kyl group-containing
silicone (BA-1) 15 300 g of methanol was chddded into a reactor equi pped
with a ref lux condenser, a thernonmeter and a stirrer, and 136 g (1 nole)

of met hyltri methox S|Iane and 120 (1 nole) of dlneth Idlnethox si | ane
were added theret er?&PPoﬁQ&IBVegthr?ﬁ@rﬁﬂnﬂoéﬁlFQRBe%&FBPgaQG off °Zbout

10 mnutes. To the regu ant. _m xture_was qg ded a nlxturg of 12.6
g (0.7 mole) of a®B°B 2gnusas - hy%‘?o‘&th‘?o’r'? UJaE?‘EIt s’Bjr’ﬁ*f‘f”E)'?} A8 8598 of
netha- nol over a@ogt 4a nutgs ﬁh %og g g actor i% g I ce,
thereby effecting” & Ry&F8PYsPsmPs BFFOH 5 S b8 qﬂ@ FFy?ngh sd Bhnt
m xt ure was furth&losghér8d818 gh 280 S b i g €s$ fo% abo%t 20
m nut es and, then, Fooit t eftp&P taPe 8P % h8trs® Ph PEB§ 5B?alﬁlné
reac- tion ”‘Xt“rﬁérﬁﬁf PBLBLRSHLEEASE PRle "LXLUESYER THPLSCIET kO k8-
lowed by stirring at 10 to 15 °C for about 30 minutes
and, then, at 60 °C for 3 hours, thereby obtaining a
reaction mixture.
The obtained reaction mixture was cooled to 10 to

190 15 °C, followed by addition of 30.2 g of methanol over
about 30 minutes. The resultant mixture was further
stirred at 25 to 30 °C for about 2 hours and, then, the
temperature of the resultant mixture was elevated to
60 °C, followed by further stirring for 3 hours,

15 thereby completing the reaction. The resultant reac-
tion mixture was subjected to reduced pressure distil-
lation at 60 °C to distill off the solvents from the
reaction mixture, thereby obtaining an alkyl group
-containing silicone (BA-2) having a weight average mo-

20 lecular weight of 2,800.

From the results of ?°Si nuclear magnetic reso-
nance analysis of the cbtained alkyl group-containing
silicone (BA-2), it was found that alkyl group

-containing silicone (BA-2) is represented by the fol-

25 lowing formula:



5 duced pressure
reaction m xture,
(BA-1) having a

of the obtained al kyl
29Si nucl ear magnetic reso- nance. As a result, a signal ascribed to a T

structure and a
ratio of the two
1:1. 15 In additi
resonance anal ysi

distillation at 60 Cto distill off the solvents_fron1the

t hereby obtaining an al kyl group-contai
wei ght average nol ecul ar wei ght of 3,600. The struc- ture

signal ascribed to a D structude were detected and the
signals (T structure signal D structure signal ratio) was
on, fromthe results of the "Si nuclear magnetic

s, it was found tHGH:)al(REHs) gesligicant ai ni ng silicone

(BA-1) is represented by the following fornmula: (CH3)1.5(0CH3)0.27Si C3. 12

20 Reference Exanple 3 Synthesis of alkyl

470 g of di oxane
condenser, a ther
met hyl tri chl orosi
stirring at room
m xture wa% dr op-

10

15

20

25

group-contai ning silicone (BA-2)
was charged into a reactor equipped with a ref |ux
N ERpME &t rrer, and 25.8 g of

| ane was added 18 March, 2006 112 thereto, followed by
t enperdiiiesis ofahenyio dHMRwenteining radski eeneg

wi_se added a m xture of 4.7 g of water and 18.7 g of
(BPl-f%

118.0 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 26.0 g of phenyltrichlorosilane was added
thereto, followed by stirring at room temperature for
about 10 minutes. To the resultaﬁt mixture was drop-
wise added a mixture of 3.2 g of water and 12.9 g of
dioxane over about 30 minutes while maintaining the in-
ternal temperature of the reactor at 10 to 15 °C, fol-
lowed by stirring at 10 to 15 °C for about 30 minutes
and, then, at 60 °C for 3 hours, thereby obtaining a
first reaction mixture. The obtained reaction mixture
was cooled to 25 to 30 °C and 353 g of toluene was
dropwise added to the cooled reaction mixture over
about 30 minutes. Subsequently, the temperature of the
resultant mixture was elevated to 60 °C, followed by
further stirring for 2 hours at 60 °C, thereby obtain-
ing a second reaction mixture.

The second reaction mixture was cooled to 10 to
15 °C, followed by addition of 25.1 g of dimethyl-

chlorosilane, To the resultant mixture was further

group-contai ning silicone 10 (BA-1) was determ ned by



di oxane over about 30 mnutes while maintaining the in 5t | tenperature
of the reactor at 10 to 15 C, fol- lowed by stirring at 10&&@5’@ _?ré
about 30 minutes and, then, at 60 C for 3 hours, thereby obtaining a
reaction m xture. The obtained reaction m xture was cooled to 10 to 10 15
C, followed by addition of 30.2 g of nethanol over about 30 m nutes. The
resul tant mxture was further stirred at 25t%% 30 C for about 2 hours and,
then, the tenperature of the resultant m xture was el evated to 60 C,
followed by further stirring for 3 hours, 15 thereb ogp%etin %he
reaction. The re&89ehe F@é‘g—u‘%el S i xt F LB EE et ogr%’gu Trane
ressure distil- lation at Cto distill off the solvents fromithe
; to%t%a' %'h #fb

reaction m xture V& THORF &5 08 ROt iniish 1% HE €1t one

e

(BA-2) having a yeight avera 20 1 ecul ar i ght af. 2,800., Fromthe
results of 29Si ﬁ&@%@&lﬁr‘?&&n%ﬁ cr{‘?]reesro“a-a taori%ea%ﬁa(?:}:sq glsof heso%tséﬁ ned al kyl
group-contai ning_ sil.i.con BA- 2 It was, f.ound that_.al kyl

-containing sili gf)lr‘?‘élt(lgﬁ\- %)h(el §:ers)éjplrteasnetntmeia{tb1§/r€f Re os'lt?ix%q (%[V\f%s f%or mul a:

18 March, 52006 113 (EH3L 1GR5HY D Ranldhine, Rl 2tk R fature of

the resultant mixture was elevated to 60 °C, fellowed

by further stirring for 3 hours, thereby completing the
reaction. The resultant reaction mixture was subjected
to reduced pressure distillation at 60 °C to distill

10 off the solvents from the reaction mixture, thereby ob-
taining an Si-H group—dontaining, phenyl group
~containing silicone (BP1-2) having a weight average
molecular weight of 1,200. (In the IR spectrum of the
obtained phenyl group-containing silicone (BP1-2), an

15 absorption at 2,140 cm™', which is ascribed to the Si-H
group, was observed. )}

From the results of ??Si nuclear magnetic reso-
nance analysis of the obtained phenyl group-containing
silicone (BP1-2), it was found that phenyl group

20 ~containing silicone (BPl-2) is represented by the fol-
lewing formula:

{Ph)o.28{CH3)o.57Ho.255101.44

wherein Ph represents a phenyl group.

25 Reference Example 5
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a reactor equipped with a ref |ux conden M

stirrer, and 26.0 g of phenyltrichlorosilane was added
by stirring at roomtenperature for 10 about 10 m nutes.
m xture was drop- w se added&ﬁ m xture of 3.2 g of water
oxane over about 30 m nutes Ple mai ntai ning the in-
e of the reactor at 10 to 15 C, fol- lowed by stirring at
out 30,m hutes 15 n r hours, thereby
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about 30 m nutes while maintaining the internal

ene, 29.8 g of isopropanol and 15.1 g of butyl cel-

yl group-containing silicone 5 (BP1-2) 118.0 gcgfng%xane

losclve were added thereto. The resultant mixture was
stirred at room temperature, to thereby obtain a solu-
tion of binder component (B-1).

The formula of the obtained binder component (B-1)
was calculated from the chemical formulae of phenyl
group-containing silicone (BPl-1) and alkyl group
-containing silicone (BA-1). Binder component (B-1)
was represented by the following formula:

(Ph)o.¢7({CH3)0.5(OCH3)0.475101.18

wherein Ph represents a phenyl group.

Reference Example 6

Synthesis of binder component (B-2)

235 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 25.6 g of methyltrichlorosilane and 15.5 g
of phenyltrichlorosilane were added thereto, followed
by stirring at room temperature for about 10 minutes.

To the resultant mixture was dropwise added a mixture



tenperature of the reactor at 10 to 15 C. Subse- quently, the rgggltgg%

m xture was stirred at 25 to 5 30 C for about 2 hours and,

tenperature of the resultant m xture was elevated to 60 C, followed by
further stirring for 3 hours, thereby conpleting the reaction. The
resultant reaction m xture was subjected to%igduced pressure distillation

at 60 Cto distill 10 off the solvents from reaction m xture, thereby
ob- taining an Si-H group-containing, phenyl group -containing silicone
(BPI-2) having a i gh v ul,ar t 0 I

spectrum of the &gt%i%e g%ag g?%ﬁa-%gn#a ngg dQE %@%ngvng%bén% 58

absorption at 2, t%ﬁ h§PEd wﬂ@i% rﬂéingéﬂi#ggdtflg EH%eS?!na'i' t%ﬁ%&atﬂ@é

observed.) Fromthe results o nuc magneti c reso- nce anaPyS|s

of the obtained phgaylegoup-gonigiphngs 45 feﬁz§o&§81b ) stlibrifg Leund

t hat phenyl group -contalnlng Si |cone I'sS represented by the
fol - Towng formgg:,4 Ry POBSaﬁ%@)a@ ézmtégsa{?& 44neher gicngfhe f:el%gsgnts
a phenyl group. 25 Reference Exanple Mar ch. 2006 115 Production of

bi nder conponent {&sdd, GtEePébPhSBt’élHiQ&paCPﬂiét”k@ﬁc%hbhcﬂﬂﬁtﬁﬁgl I9ne

obtained reaction mixture was cooled to 25 to 30 °C and
235 g of toluene was dropwise added to the cooled reac-
tion mixture over about 30 minutes. Subseguently, the
temperature of the resultant mixture was elevated to

10 60 °C, followed by further stirring for 2 hours at
60 °C, thereby obtaining a second reaction mixture.

The second reaction mixture was cooled to 10 to

15 °C, followed by addition of 42.8 g of methanol over
about 30 minutes. The resultant mixture was stirred at

15 25 to 30 °C for about 2 hours and, then, the tempera-
ture of the resultant mixture was elevated to 60 °C,
followed by further stirring for 2 hours, thereby com-
pleting the reaction. The resultant reaction mixture
was subjected to reduced pressure distillation at 60 °C

20 to distill off the solvents from the reaction mixture,
thereby obtaining a binder component (B-2) having a
weight average molecular weight of 3,100. In addition,
from the results of ?’Si nuclear magnetic resonance
analysis of the obtained binder component (B-2), it was

25 found that binder component (B-2) is represented by the



synthesized in Reference Exanple 1 and 3 g of alkyl group:caontajni
silicone (BA-1) synthesized in Refer 5 ence Exanple 2 mere—gﬁﬁﬁﬂgkéggg%er
and 14.7 g of tolu- ene, 29.8 g of isopropanol and 15.1 g of butyl cel-

| osol ve were added thereto. The resultant m xture was stirred at room
tenperature, to thereby obtain a solu- tion P{ bi nder conponent (B-1). 10
The formul a of the obtained binder conponent X 1) was calculated fromthe
chem cal fornul ae of phenyl group-containing silicone (BP1-1) and al kyl
group -containin fiélfg e é{%%%% Bi nder conponent (B-1) was represented
by the follow ng Tormnu % 67(C}B)o.s(CI}B)o 47Si OL. 18 wherein Ph

represents a phenyl group F@f | e of bi nder
conmponent (B-2) 20 235 g of dloxag ﬁ@ﬁ 4é§§§%2 o$§i§%actor equi pped

with a ref |ux condensg{ hed 8ro@pd 25.6 g of
met hyl tri chl orosil ane andfé%ﬁgﬁﬁ %§¥£% eny tr|c %orosé %ﬁ% wer e added
thereto, followed by stirring at roomtenperature for about 10 m nutes. 25
To the resultant m xture was dropwi se added a m xture 18 March, 2006 116 of

6.6 g of water anth@bréhde HBxdhor@ng over about 30

Production of binder component (B-3)

6 g of alkyl group-containing silicone (BA-2) syn-
thesized in Reference Example 3 and 3 g of alkyl group
-~containing silicone {BA-1l) synthesized in Reference

10 Example 2 were mixed together and 14.7 g of toluene,
29.8 g of isopropanol and 15.1 g of butyl cellosolve
were added thereto. The resultant mixture was stifred
at room temperature, to thereby obtain a solution of
binder component (B-3) containing no phenyl group.

15 The formula of the obtained binder component (B-3)
was calculated from the chemical formulae of alkyl
group-containing silicone (BA-2) and alkyl group
-containing silicone {BA-1) used. Binder component
(B-3) was represented by the following formula:

20 {CH3)1.17({0CH3)}¢.5510; .17

Example 1
40 g of TKS-251 (trade name of a titanium oxide

organosol; dispersion medium: mixed solvent of toluene

25 and isopropanol, TiO, content: 20 % by weight, average



m nutes while maintaining the internal tenperature of the reggtog gt:éo to
15 C, followed by stirring at 10 to 15 C for about 30 mn : n,
at 60 Cfor 3 5 hours, thereby obtaining a first reaction m xture. The

obt ai ned reaction m xture was cooled to 25 to 30 C and 235 g of toluene

was dropw se added to the cooled reac- tion qﬁﬁture over about 30 m nutes.
Subsequently, the tenperature of the resultant” m xture was el evated to 10
60 C, followed by further stirring for 2 hours at 60 C, thereby obtaining

a second reacti Onc%}a‘kﬁﬁiiteﬂ&}fﬁgt%'}gf r6r6r§t t wﬁ]crlq Xtre m%ec%se&f&dlo to

15 C, followed by ad

ition of anol over about m nut es.

The resultant m X§Hr en¥agathhbg8d (Manukactarka %Qxdcgoﬁ.rd %?,pg{ay%ah@bré%cﬁ-nd’

then, the tenpera ture of the resultant m xture was el evate

to 60 C

foll owed by furthestsbhrl UBBahor wisheHasgelNehelY € ¥BadtAt iRhilPpRd with

reaction. The resultant

reaction mxture  was subjected to reduced pressure

distillation at 68 feffukOcHhdknkkrof b thermehmeRES ano@ ha rrRact | 8(p-
m xture, thereby obtaining a binder conponent (B-2) having a weight

average nokecul ars¥ghght19f 301600fl B 2ddit benweifheMtblfen@s Wolis taforn? ¥FL
nucl ear magnetic resonance analysis of the obtained binder conponent
(B-2), it was 25 HDgl(Erim8thhlBdeb=x¢PMBeAeNEi(Bnd) was CoRRQEEANtiedD)Hee 18

March, 2006 117
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15

20

25

reactor over about 5 minutes at 50 °C, and the resul-
tant mixture in the reactor was stirred at 50 °C for 12
hours to thereby obtain modified photocatalyst
organosol (A-1) containing modified titanium oxide par-
ticles well dispersed therein. During the reaction of
TKS-251 with bis{trimethylsiloxy)methylsilane, hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 718 ml as measured at 23 °C. The obtained
modified titanium oxide organosol was applied onto a
KBr plate to thereby form a film on the plate. The
film was taken as a sample and subjected to IR spec-
trometry. The IR spectrum obtained by the spectrometry
showed that the absorption at 3,630 to 3,640 cm ! which
is ascribed to a Ti-OH group disappeared.

The particle size distribution of TKS-251 before
subjected to the modification treatment and the parti-

cle size distribution of the above-obtained modified

photocatalyst organosol (A-1) are shown in Fig. 1 and

Fig. 2, respectively. It was found that modified



followi ng formula: (Ph)O0.26(CH3)0.,4(0CH3)0."Si OL. 12 wher ei E EE rgprg%z nts
a phenyl group. 5 Reference Exanple 7 Production of binder 3)

6 g of al kyl group-containing silicone (BA-2) syn- thesized in Reference
Exanple 3 and 3 g of alkyl group -containing silicone (BA-1) synthesized
in Reference 10 Exanple 2 were m xed togethegﬁgpd 14.7 g of toluene, 29.8
g of isopropanol and 15.1 g of butyl cell osol wer e added thereto. The
resul tant mxture was stirred at roomtenperature, to thereby obtain a

?glrlrjrfj: glnoffthg: gg a:c neg bi n:}{ar %ac?r?e lal(%’ 9)% ril\c/%'liadsah'%ga ucﬁ{j?%%% rolm {}ﬁar-
h
Group. - cont ai ni nd Sy Size ?is‘%*%l%ﬁisﬁ?fpéﬁ’ﬁ‘ﬂé%ﬁ%?nﬁ v ene-

group

represented by thedal l.gw f ¥ Wrdt 49 Age ety ult” olﬁ(q;g)l e
1 40 g of TKS-251 (trade ﬁgﬁe of ah%itanlu OXIé%- organos%ﬁhg%1562r5|on

medi um m xed sol ygrt fQfed YHY/RE g_j,qu:d r nalay _ 1N o 120,54 by
wei ght, average 18 Mar ch, 2006 1f§% IrARIWANQ - 11 T GUHRY ‘staflve

5 the peak found in the monodispersive particle size dis-

tribution (number average particle diameter: 12 nm) of
TKS5-251 before subjected to the modiflication treatment.
Next, 20 g of the above-mentioned modified photo-
catalyst organoscol (A-1) was added to 68 g of the solu-
10 tion of binder component (B-1) which was produced in
Reference Example 5, while stirring at room temperature.
Subsequently, 0.5 g of a curing catalyst (dibutyltin
.dilaurate) was added to the resultant mixture while
stirring, to thereby obtain photocatalyst composition
15 (C-1).

An aluminum plate having a size of 50 mm x 60 mm
and a thickness of 1 mm (JIS, H, 4000 (Al1l050P)) was
spray-coated with nax mightylac GII (color: white)
(trade name of an acrylic urethane resin coating compo-

20 sition (two-pack coating composition)) (manufactured
and sold by Nippon Paint Co., Ltd., Japan), followed by
drying at room temperature for 3 days. Then, photo-
catalyst composition (C-1) obtained above was spray-
coated onto the thus obtained acrylic urethane coating

25 formed on the aluminum plate so that a coating of




crystallite dianmeter: 6 nmwhich is a value described in 553 Caéalﬁﬂii
(manuf actured and sold by Tayca Corpo- ration, Japan) was ' a
reactor equi pped with a ref |ux condenser, a thernonmeter and a stirrer.
Sub 5 sequently, 40 g of a 20 % by wei ght tol uene sol ution of

bi s(trimethyl sil oxy)nmethyl silane was charged into the reactor over about 5
m nutes at 50 C, and the resul - tant mi xture4% the reactor was stirred at
50 C for 12 hours to thereby obtain nodified photocatal yst 10 organosol
(A-1) containing ified.titani um oxi.de par; ticles well dispersed

Uher oi nDur | g FHE PEREAIYR o orRRaisaprigy 1) et ld (ARRSE or

bi s(trinmethylsiloxy)nethylsilane, hydroge gas _was generated.. The val unme
of the generat ed”ﬂ‘ylﬂ?ﬁ- géé-ﬁ'eaagn\%as)égfé"rﬂ% ssﬁgﬁﬁéﬁqﬁdai%oéo etea:LYS
obt ai ned 15 nodi f P [ um-0xid r I g3 i ant 4- ry pl ate
to thereby forn1%bﬁgpké%%gbhgbp#%tgégT%%qgﬁsﬁﬁlmaéﬁfg%%ﬁghs a §g#%$§:%nd
subjected 10 IR gBGE: EbaTBLEY pPNGebRiRRCGl YBOBIAING By diifites, to

spectronetry showe at the absSorption~at 3, to cml Ich 20 is
ascribed 0 a Ti +fH-ghouRLILSAPRERECH1aERE (BRMY Gla§ific? @ Prdfriddamtd 0 ©f
TKS- 251 before subjec?eg to the nnd?%ﬁggt#on Rregtﬁéﬁf agﬁ t he par?ﬁi cle
si ze distributiobncgfirhhgiago¥e1@bt ai ned nodified photocatalyst organosol
(A-1) are shown in Fig. 1 and 25 Fig. 2, respectively. It was found that

nodi fied IS March, 2086cross-section of the obtained test plate (D-1)

having a photocatalyst-containing f£ilm was obtained and
subjected to FIB (Focused Ion Beam) processing and the

10 thus treated cross-section was observed through TEM. A
TEM photograph of the cross-section of test plate (D-1}
is shown in Fig. 3{a), and an illustration of Fig. 3(a)
is shown in Fig. 3(b). From the observation, it was
found that the modified photocatalyst particles were

15 not present at the interface between the photocatalyst
-containing film (indicated by reference numeral 2 in
Fig. 3(b)) which contains the modified photocatalyst
particles (indicated by reference numeral 1 in Fig.
3(b)), and the substrate which is the acrylic urethane

20 coating (indicated by reference numeral 3 in Fig. 3(b))
containing a titanium oxide pigment (indicated by ref-
erence numeral 4 in Fig. 3(b)), and that the entire ex-
posed surface of the photocatalyst-containing film 2
was covered with the modified photocatalyst particles 1.

25 The pencil hardness of test plate (D-1} having the



119 phot ocat al yst organosol (A-1) had a nonodi spersive par - ticlghsiége
di stribution (nunber average particle diane- ter: 25 nm a

particle size distribution of nodified photocatal yst organosol (A-i) no

| onger showed 5 the peak found in the nonodi spersive particle size dis-
tribution (nunber average particle dianeter: 12 nm of TKS-251 before
subjected to the nodification treatnment. Nexti2120 g of the above-nentioned
nodi fi ed photo- catal yst organosol (A-1) was added to 68 g of the solu- 10
tion of binder conponent (B-1) which was produced in Reference Exanple 5,
whil e stirring at phodmcadmigsdt-aoatailibgeduidn as 0.5 agpdofthae cwmnitrgt
catalyst (dibutyltin dilaurate) was added to the resultant m xture while
stirring, to therabglebodi wapkat egatiakysittheo photiociada lys t-contaiiingl um num
pl ate having a size of 50 mmx 60 mm and a thickness of 1 mm (JIS, H, 4000
(A1050P)) was spEdymcodt d¢shi pPRatigx (Ri-dht ywiesc 1G5f . ( cbhopddikiee) testade
name of an acrylic urethane resin coating conpo 20 sition (two-pack coating
conposi tion)) (rmaRdRiet 4Ped) havinegl §heyPRpjpeatrdyst -containdng figdam),
fol |l oned b% drying at roomtenperature for 3 days. Then, photo- catalyst
conmposi ti oA (C 1) hept sphéafapbosywiBPaptayesdsipdgeonto the thus obtai ned

acrylic urethane coating 25 forned on the aluninun1ﬁlate so_that a coating
of Tést plate (D-1) having the photocatalyst

~containing £film was irradiated with ultravieclet 1light
{black light) and, then, the properties of the thus
treated test plate (D-1) were evaluated. As a result,

10 it was found that the pencil hardness of the photocata-
lyst-containing f£ilm had increased to more than 5H and
the contact angle of water had decreased to 0°. In ad-
dition, the photocatalyst activity of the photocatalyst
-containing film was evaluated and it was found that

15 the photocatalyst activity was excellent {(@).

Further, an atmospheric exposure test was per-
formed {for 1,000 hours} by a Dewpanel light control
weather meter to determine the gloss retention value of
test plate {(D-1). The gloss retention value was 98 %

20 and, thus, test plate (D-1) had excellent weathering

resistance.

Example 2

Photocatalyst composition (C-1) obtained in Exam-

25 ple 1 was spray-coated onto an epoxy resin {Quetol 812,



18 March, 2006 120 photocatal yst conposition (C 1) having a thjck ea %f 2
Mﬁgﬂi&i)

m was forned and, then, the spray-coated photocatal yst co

was dried at roomtenperature for 1 hour, followed by heating at 150 C for
30 mnutes, to 5 thereby obtain test plate (D-1) having a photocatal yst
-containing film A cross-section of the obtained test plate (D-1) having
a photocatal yst-containing filmwas obtainedl@amd subjected to FIB (Focused
| on Beam) processing and the 10 thus treated cross-section was observed
through TEM A TEM phot ograph of the cross-section of test plate (D-1) is
shown in Fig. 3(amarmarfacimredd @gud soleh bof NGSPHIN &M (o, sHowh. i nTapan)
3(b). Fromthe observation, it was found that the nodified photocatal yst
particles were 15 teotfopmedeSPray (Coa tilmde ohaddreh tpassh teflpigtche dihey st
-containing film (indicated by reference numeral 2 in Fig. 3(2) whi ch
cont ai ns the nodi fihed epeavoagsdny Savipgr tihel spamdaadhisy Mas aiekehcat
nuneral 1 in Fig. 3(b)), and the substrate which is the acrylic urethane
20 coating (indi c&APoM BHemperatance fRamer 82Y3% /i Forilpwesl By headningd Mithg a
titani um oxi de pignment (indicated by ref- erence nuneral 4 in Fig. 3(b)),

and that tRe enti P& e%- Sésé"'dd§§|5f-a)é9 Sherreyppditedat SRR FeRid e’ film

2 was covered with the nodified photocat al ¥lst particles 1.
plate (D-2) having a smooth photocatalyst-containing

£ilm.
The obtained test plate (D-2) having a photocata-
lyst-containing film was embedded in an epoxy resin
10 (Quetol 812), thereby obtaining an epoxy resin-embedded
test plate (D-2). The obtained epoxy resin-embedded
test plate (D-2) was cut by a microtome to prepare an
ultrathin section (thickness: 50 to 60 nm) of test
plate (D-2), and the obtained ultrathin section was
15 subjected to RuQ, staining of phenyl group—cbntaining
silicone (BPl-1) in the photocatalyst-containing £ilm.
Subsequently, the cross-section of test plate (D-2)
having a photocatalyst-containing f£film was observed
through TEM. A TEM photograph of the cross-section of
20 test plate (D-2)} is shown in Fig. 4(a), and an illus-
tration of Fig. 4{(a) is shown in Fig. 4(b}.
From the observation, it was found that almost no
modified photocatalyst particles were present at the
interface between the photocatalyst-containing £ilm

25 {(indicated by reference numeral 2 in Fig. 4(b}) which



25 The pencil hardness of test plate (D-1) having the 18 Nh[ggl 2802 % 1
phot ocat al yst-containing filmwas H and the contact angl 0

agai nst the photocatal yst-containing filmof test plate (D-1) was 105. In
addition, test plate (D-1) having the photocatal yst-containing film 5 had
satisfactory inpact resistance. Test plate (D-1) having the photocatal yst
-containing filmwas irradiated with ultravidl2gét [ight (black light) and,
then, the properties of the thus treated test plate (D-i) were eval uated.
As a result, 10 it was found that the pencil hardness of the photocata-

| yst - cont ai ni ng fCPmtAdasi tbeerodd fiednphe toisatadmsingantielesnt(datdiangl e
of water had decreased to 0. In ad- dition, the photocatal yst activity of
t he phot ocat al yst Careenbi sefgrencs nusespd| dadadFiad i bids fagdhdhenstp-15

t he photocatal yst activity was excellent (O ). Further, an atnospheric
exposure test wasOp¥rFefdrnedbetepte, 6a0dpsatsy by aebergasel nmumgmalcdnt rol
weat her nmeter to determne the gloss retention value of test plate (D 1).
The gl oss retenti df TABuethBd) 9gangothgkdthenaatiresexprged sprfpagad®@t

excel | ent ﬁeathering resi stance. Exanpl e 2 Photocatal yst conmposition (C 1)
obt ai ned i Exam photocatalystfcon aining £ilm 2 was covered with

the modified photocatalyst particles 1.

The portion indicated by reference numeral 5(b) in
Fig. 4(b) is the interface between a phase comprising
modified photocatalyst particles 1 (i.e., modified

10 photocatalyst particle phase) and binder phase 7 con-
taining no modified photocatalyst particles, and an
enlarged photograph of this portion is shown in Fig.
5(a). An illustration of Fig. 5(a) is shown in Fig.
5(b).

15 Fig. 5(a) shows that the binder phase has both a
portion containing the modified photocatalyst particles
(indicated by reference numeral 1 in Fig. 5(b))} and a
portion (indicated by reference numeral 7 in Fig. 5(b))
containing no modified photocatalyst particles. Fur-

20 ther, it is also shown that the portion of the binder
phase (indicated by reference numeral 7 in Fig. 5(b)),
containing no modified photocatalyst particles, has a
structure in which the phenyl group-containing silicone
stained with Ru0; and the unstained alkyl group

25 -containing silicone exhibit a microphase separation.




25 ple 1 was spray-coated onto an epoxy resin (Quetol 812, 18 March, 2006
122 manufactured and sold by NISSHIN EM Co., Ltd., Japan) lﬁéﬂﬂﬁﬂhﬁgﬂg%ray

coating on the epoxy resin and, then, the epoxy resin having the spray
coating was dried at roomtenperature for 2 days, followed by heating at 5
50 C for 3 days, to thereby obtain epoxy resin test plate (D-2) having a
snoot h phot ocatal yst-containing film The dl2dai ned test plate (D 2) having
a photocata- lyst-containing filmwas enbedded in an epoxy resin 10 (Quetol
812). thereby obtaining an epoxy resin-enbedded test plate (D-2). The
obt ai ned epoxy resin-enbedded test plate (D-2) was cut by a mcrotone to
prepare an ultrathin section (thickness: 50 to 60 nm of test plate

(D-2), and the obprapazsdtilver Fedempleedt i on was 15 subjected to Ru04 staining
of phenyl group-containing silicone (BP1-1) in the )

phot ocat al yst - cont ai nRnghpPitpratadiysie §ABRPOSY L 1ORe WeiSo PFOFVEEI0 A Mo S Ubess t
plate (D-2) having a photocatal yst-containing filmwas observed through
TEM A TEM phot o§fa8phisflyhéher ssaesg@nngs 66 20 Exsmblieatle 5ot idadthown
in Fig. 4(a), and an illus- tration of Fi%. 4(a) is shown in Fi%@ 4(2%.
From the 8bservalPofl, oft vpaediddsd TKSr 23rFnHes NSedddstiedd Pfordc & &y st

articles were present at the .
P pmodified photocatalyst organosol (A-1), thereby obtain-

ing photocatalyst composition (C-2).
Using the produced photocatalyst composition (C-2),
a test plate was produced in the same manner as in Ex-
10 ample 1, thereby obtaining test plate (D-3) having a
photocatalyst-containing £ilm (having a titanium oxide
content which is the same as in Example 1).
The pencil hardness of the obtained test plate
(D-3) having the photocatalyst-containing film was H,
15 and the contact angle of water was 97°.
Test plate (D-3) having the photocatalyst
-containing £ilm was irradiated with ultraviolet light
{black light) and, then, the properties of the thus
treated test plate (D-3) were evaluated. 2As a result,
20 it was found that the pencil hardness of the photocata-
lyst-containing £film had increased toc 3H, but the con-
tact angle of water was 94°. In addition, the photo-
catalyst activity of the photocatalyst-containing film

was evaluated and it was found that the photocatalyst

25 activity was poor (x).



I nterface between the photocatal yst-containing film25 (indicated bﬁ
reference nuneral 2 in Fig. 4(b)) which 18 March, 2006 1231

nodi fi ed photocatal yst particles (indi- cated by reference nuneral 1 in
Fig. 4(b)), and the ep- oxy resin substrate (indicated by reference nuneral
5 in Fig. 4(b)), and that the entire exposed surface of 5 the

phot ocat al yst-containing film2 was covered y@$4h the nodified

phot ocat al yst particles 1. The portion indicated by reference nuneral 5(b)
in Fig. 4(b) is the interface between a phase conprising nodified

phot ocat al yst parti cl eBudti{er £.an nothdspe i phofooatal ysdt pead imde- phase)
and bi nder phase 7 con- taining no nodified photocatal yst particles, and an
enl arged phot ogr afpdrmdad ties Dol theours sbs hoviewpakel. Lidgit)comrael | ustrati on
of Fig. 5(a) is shown in Fig. 5(b). 15 Fig. 5(a) shows that the binder
phase has bot h a wegrlié ometoet aioi dgtedmeimoditie egll gt oeentien pakue cdEs
(indicated by reference nuneral 1 in Fig. 5(b)) and a portion (indicated
by reference nuneredt Dliatei (-3 b) Thec glosisnned end Lopdividilae past ddattal yst
particles. Fur 20 ther, it is also shown that the portion of the binder
phase (ind cated &y referamt e mimiduing was Rges(¢d), containing no
nodi fi ed photocatal yst particles, has a

Comparative Example 2

Photocatalyst composition (C-2) obtained in Com-
parative Example 1 was spray-coated onto an epoxy resin
10 (Quetol 812) to form a spray coating on the epoxy resin
and, then, the epoxy resin having the spray coating was
dried at room temperature for 2 days, followed by heat-
ing at 50 °C for 3 days, to thereby obtain epoxy resin
test plate (D-4) having a smooth photocatalyst
15 -containing film.
The obtained test plate (P-4} having a photocata-
lyst-containing film was embedded in an epoxy resin
(Quetol 812), thereby obtaining an epoxy resin-embedded
test plate (D-4). The obtained epoxy resin-embedded
20 test plate (D-4) was cut by a microtome to prepare an
ultrathin section (thickness: 50 to 60 nm} of test
plate {D-4), and the obtained ultrathin section was
subjected to Ru0,; staining of phenyl group-containing
silicone (BPl-1) in the photocatalyst-containing £ilm.

25 Subseqguently, the cross-section of test plate (D-4)



structure in which the phenyl group-containing silicone stalged w 04
and the unstained al kyl group 25 -containing silicone exhibﬁiﬂgﬂﬁggéggggse
separation. 18 March, 2006 124 Conparative Exanple 1 A photocatal yst
conposition was produced in sub- stantially the same manner as in Exanple 1
except that 5 10 g of unnodified TKS-251 was used instead of 20 g of
nodi fi ed phot ocat al yst organosol (A-i), theralms obtain- ing photocatal yst
conposition (C2). Using the produced photocatal yst conposition (C2), a
test plate was produced in the same manner as in Ex- 10 anple 1, thereby
obt ai ni ng test pl dawihl 3) phatiorg talylsdt-cvattaliydsing ditlai nasg dbidenv@dvi ng a
titani um oxide content which is the sanme as in Exanple 1). The penci

har dness of the oltbzongh TE¥. phaTeM pPIo8pghaphngft hbe cross-section of
phot ocat al yst-containing filmwas H, 15 and the contact angle of water was
97. Test plate (Dtgspthalptg fRedphdsoshoanydn Figondiani.n@nd [am ddslus-
irradiated with ultraviolet light (black |ight) and, then, the properties
of the thus treat&atient of| Hig.(B(a) hesr shoval dat E49-A% Rresult, 20 it
was found that the pencil hardness of the photocata- |yst-containing film
had increa8ed to 3H, bEromhsheoabserratangleisf wagt EPuids that panydiodion,

t he phot o-

fied photocatalyst particles (indicated by reference
numeral 1 in Fig. 6(b)) were present at the interface
between the photocatalyst-containing film (indicated by
reference numeral 2 in Fig. 6(b}) which contains the
10 modified photocatalyst particles, and the epoxy resin
substrate (indicated by reference numeral 5 in Fig.
6(b)). It was also found that the entire exposed sur-
face of the photocatalyst-containing f£ilm 2 was covered
with the alkyl group-containing silicone (indicated by
15 reference numeral 8 in Fig. 6(b)) containing no modi-
fied photocatalyst particles. Therefore, the photo-
catalyst-containing film could not be expected to ex-

hibit the photocatalyst activity.

20 Comparative Example 3

A photocatalyst composition was produced in sub-
stantially the same manner as in Example 1 except that
68 g of the solution of binder component (B-3) contain-
ing no phenyl group, which was produced in Reference

25 Example 7, was used instead of binder component (B-1)



catal yst activity of the photocatal yst-containing film was _eval yated and
It was found that the photocatalyst 25 activity was poor %gﬁﬂéﬂghﬁﬁﬂgﬂ,
2006 125 Further, an atnospheric exposure test was per- formed for 200
hours by a Dewpanel light control weather neter to determ ne the gloss
retention value of test plate (D-3). The gloss retention value was 10 %5
or less and a chal ki ng was observed. Conparai2yve Exanpl e 2 Photocatal yst
conposition (C2) obtained in Com parative Exanple 1 was spray-coated onto
an epoxy resin 10 (Quetol 812) to forma spray coating on the epoxy resin
and, then, the eppxgdnesdnimaRkefgréemee spxaypleadi nghemebydeobtdintingoom
tenperature for 2 days, followed by heat- ing at 50 C for 3 days, to

t hereby obtai n epphgtoestalysestompaset{®r 4§Chavi ng a snoot h phot ocat al yst
15 -containing film The obtained test plate (D-4) having a photocat a-

| yst -contai ni ng fil mUskneniedapduced ppokgcatsinst (Cpeposigion, (Ehddeby
obtai ning an epoxy resin-enbedded test plate (D-4). The obtained epoxy
resi n-enbedded 20atesst plate (o) ryeduesd by bhed eamne oRENRST pRrBpHR eEAN
ultrathin section (thickness: 50 to 60 nn) of test plate (D-4), and the
obt ai ned W tr at hi#mBket} ortheeeby obtaining test plate (D-53) having a

photocatalyst-containing film (having a titanium oxide
content which is the same as in Example 1).

The pencil hardness of test plate (D-5) having the

photocatalyst-containing film was B, and the contact
10 angle of water was 105°.

Test plate (D-5) having the photocatalyst
~containing film was irradiated with ultraviolet light
(black 1ight) and, then, the properties of the thus
treated test plate (D-5) were evaluated. As a result,

15 it was found that the pencil hardness of the photocata-
lyst-containing f£ilm had increased to H, but the con-
tact angle of water was 100°. In addition, the photo-
catalyst activity of the photocatalyst-containing f£ilm
was evaluated and it was found that the photocatalyst

20 activity was poor (X).

Further, an atmospheric exposure test was per-
formed for 200 hours by a Dewpanel light control
weather meter. As a result, the film peeled off from
the substrate.

25



subj ected to RuO4 staining of phenyl group-containing sil : ggae §BPéaiE I n
t he photocatal yst-containing film 25 Subsequently, the cr ' f
test plate (D-4) 18 March, 2006 126 havi ng a photocatal yst-containing film
was observed through TEM A TEM phot ograph of the cross-section of test
plate (D-4) is shown in Fig. 6(a), and an illus- tration of Fig. 6(a) is
shown in Fig. 6(b). 5 Fromthe observation, 128 was found that nmany nodi -
fied photocatal yst particles (indicated by reference nunmeral 1 in Fig.
6(b)) were present at the interface between the photocatal yst-containing

film(indicated Bxammlfeer®nce nuneral 2 in Fig. 6(b)) which contains the 10
nodi fi ed photocatal yst particles, and the epoxy resin substrate (indicated
by reference nuneral 20 @ Ry TKSGEH)) ( inadganagies®@F curtdl tdxatun hexedeire

exposed sur- face of the photocatal yst-containing film2 was covered wth
the al kyl group- €Gigagiosicdy Silspegiraqn mEdamed mhxed seieerhcet ntediegnes in
Fig. 6(b)) containing no nodi- fied photocatal yst particles. Therefore, the
phot o- cat al yst - @&t diSHPFPPENOR.cHIH rentpatexplcebit Wedghth Henage

phot ocat algyst activity. 20 Conparative Exanple 3 A photocatal yst
conposi ti on was PFrIGteddite sdigmedesrit ibalrPy e dife arrmbie desFrBefpl e 1

except that in the catalog) (manufactured and sold by Tayca Corpo-

ration, Japan) was charged into a reactor equipped with
a reflux condenser, a thermometer and a stirrer. Sub-
sequently, 8 g of 1,1,3,3-tetramethyldisiloxane was

10 charged intc the reactor over about 5 minutes at 40 °C,
and the resultant mixture in the reactor was stirred at
40 °C for 48 hours to thereby obtain modified photo-
catalyst organosol (A-2) containing modified titanium
oxlide particles well dispersed therein. During the

15 reaction of TKS-251 with 1,1,3,3-tetramethyldisiloxane,
hydrogen gas was generated. The volume of the gener-
ated hydrogen gas was 2,570 ml as measured at 23 °C.
The obtained modified photocatalyst organosol was ap-
plied onto a KBr plate to thereby form a film on the

20 plate. The film was taken as a sample and subjected to
IR spectrometry. The IR spectrum obtained by the spec-
trometry showed that the absorption at 3,630 to
3,640 cm™ which is ascribed to a Ti-OH group disap-
peared.

25 It was found that modified photocatalyst organosol




68 g of the solution of binder conponent (B-3) contain- in phe
group, which was produced in Reference 25 Exanple 7, was u AEER. 2000,
bi nder conponent (B-1) 18 March. 2006 127 produced in Reference Exanple 5,
t her eby obtaining photocatal yst conposition (C-3). Using the produced

phot ocat al yst conposition (C-3), a test plate was produced in the sane
manner as in Ex- 5 anple 1, thereby obtainingz¢est plate (D-5) having a
phot ocat al yst-containing film (having a titani umoxide content which is
the sane as in Exanple 1). The pencil hardness of test plate (D-5) having

t he photocatal ysta€pntisadi aigndnodd swesr B vansathicTtond e dDsangbetdbnwat er
was 105. Test plate (D-5) having the photocatalyst -containing filmwas
irradiated with u(fumsléenl| @tetaghtpalticibok digitferand’2 timeh, anfetlpabpthei es
of the thus treated test plate (D-5) were evaluated. As a result, 15 it
was found that thsapehcle direnbsstoibdthiephof cecadbEidd pheomtatalngtfil m
had increased to H, but the con- tact angle of water was 100. In addition,
t he phot o- cat al ystgameseld t {A-of) trhe Jitgec alxdwet -Bontréak ngodnd nin welke
evaluated and it was found that the photocatal yst 20 activity was poor
(x). FurtHer, anmaratisressive prviiiciestismdigyribution (number aver-

age particle diameter: 12 nm) of TKS-251 before sub-

jected to the modification treatment.
Next, 12 g of the above-mentioned mocdified photo-
catalyst organcsol (A-2) was added to 80 g of a 20 % by
10 weight toluene solution of the phenyl group-containing
silicone (BPl-1) synthesized in Reference Example 1,
while stirring at room temperature. Subsequently, 20 g
of isopropanol and 22 g of butyl cellosolve were added
the resultant mixture while stirring, followed by fur-
15 ther addition of 0.5 g of a curing catalyst (dibutyltin
dilaurate) while stirring, to thereby obtain photocata-
lyst composition (C-4).
Photocatalyst composition (C-4) obtained above was
spray-coated onto a glass plate in a thickness of 2 um
20 and, then, the spray-coated photocatalyst composition
(C-4) was dried at room temperature for 1 hour, fol-
lowed by heating at 150 °C for 30 minutes, to thereby
obtain glass test plate (D-6) having a transparent and
smooth photocatalyst-containing film.

25- The pencil hardness of glass test plate (D-6) hav-



formed for 200 hours by a Dewpanel light control weather neter. As a
result, the filmpeeled off from the substrate. 25 18 Mare&# 6
Exanple 3 40 g of TKS-251 (trade nane of a titanium oxide organosol

di spersi on nedium m xed sol vent of toluene and isopropanol, Ti02 content:
20 % by wei ght, average 5 crystallite dianmeter: 6 nmwhich is a val ue
described in the catal og) (manufactured andis®l d by Tayca Corpo- ration,
Japan) was charged into a reactor equipped with a ref |ux condenser, a
thernoneter and a stirrer. Sub- sequently, 8 g of

1,1, 3, 3-tetranmet gl Shd ot o@SalPschesgesinii® fin neacti®; anérthbout 5
mnutes at 40 C, and the resultant mxture in the reactor was stirred at
40 C for 48 hour scdrotddieraiyl obifiwe texdiwa®d phot o- cat al yst or ganosol
(A-2) containing nodified titanium oxide particles well dispersed therein.
During the 15 reacti oGldssTHe<AS platteh (-1 B, 18avtistg artet miaieca bxbyet

hydr ogen gas was generated. The volune of the gener- ated hydrogen gas was
2,570 M as neaswaashtaiihoC £iIhnevahtarmediate fwidth phbtoretel ¢t 1ight
organosol was ap- plied onto a KBr plate to thereby forma filmon the 20
pl ate. Thes fil m waslackkenigist Ja avehpl themd thehjmotmertties of the thus

treated glass test plate (D-6) were evaluated. As a
result, it was found that the pencil hardness of the
photocatalyst-containing £ilm had increased to more
than 5H and the contact angle of water had decreased to
10 0°. In addition, the photocatalyst activity of the
photocatalyst-containing film was evaluated and it was

found that the photocatalyst activity was excellent

(@).

15 Example 4
40 g of TKS-251 (trade name of a titanium oxide

organosol; dispersion medium: mixed solvent of toluene
and isopropanol, TiO; content: 20 % by weight, average
crystallite diameter: 6 nm which is a value described

20 in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor eguipped with
a reflux condenser, a thermometer and a stirrexr. Sub-
sequently, 8 g of KF9901l (trade name of a copolymer of
methylhydrogensiloxane and dimethylsiloxane, Si-H group

25 content: 7.14 mmol/g, weight average molecular weight:



25 IR spectronmetry. The IR spectrum obtai ned by the spec- trorretrrK igéﬁEd

that the absorption at 3,630 to 3,640 cm 1 which is ascrib
group di sap- peared. It was found that nodified photocatal yst organosol 18
March, 2006 129 (A-2) had a nonodi spersive particle size distribution
(nunber average particle dianeter: 22 nm and that the particle size
di stribution of nodified photocatal yst orgarbsol (A-2) no | onger showed
the peak found in the 5 nonodi spersive particle size distribution (nunber
aver- age particle dianeter: 12 nm of TKS-251 before sub- jected to the
modi fi cation tred Af) (wenufactured amt sl yrditirorieswodhenierbHe? o-
catal yst organosol (A-2) was added to 80 g of a 20 % by 10 weight tol uene
solution of the pHéhy - MM GHANEES AN toidiy BRRCHOL AiteTe ARRABH: ith
Ref erence Exanple 1, while stirring at roomtenperature. Subsequently, 20
g of isopropanofidndes aF &0 Hiftylanck|ihss e lidnd FHFEPTS HE rdsultsmt
mxture while stirring, followed by fur 15 ther addition of 0.5 of a
curing catal yst @FtEGt YaS Ftidgigeshcd &0 W FO%the Movgs (4@ ey Aain
phot ocat a-. | yst corrBositi_org (C-4). Photaqcatal yst conpositign (C-4) obtained
above was tain modified plictocatalyst organosol (A-~3). During
the reaction of TKS-251 with KF9901, hydrogen gas was
generated. The volume of the generated hydrcgen gas
was 980 ml as measured at 23 °C.
The obtained modified photocatalyst organosol
10 (A-3) was applied onto a KBr plate to thereby form a
film on the plate. The filim was taken as a sample and
subjected to IR spectrometry. The IR spectrum cobtained
by the spectrometry showed that the absorption at 3,630
to 3,640 cm™’ which is ascribed to a Ti-OH group disap-
15 peared.
It was found that modified photocatalyst organosol
(A-3) had a monodispersive particle size distribution
(number average particle diameter: 41 nm) and that the
particle size distribution of modified photccatalyst
20 organosol (A-3) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
jected to the modification treatment.

Next, 8.1 g of phenyl group-containing silicone

25 (BP1-2) synthesized in Reference Example 4 was mixed



spray-coated onto a glass plate in a thickness of 2 m 20 agd’ th]enEF@Ee
spray-coat ed photocatal yst conposition (C4) was dried at ure
for 1 hour, fol- lowed by heating at 150 C for 30 m nutes, to thereby
obtain glass test plate (D-6) having a transparent and snooth

phot ocat al yst-containing film 25 The pencil %?rdness of glass test plate
(D-6) hav 18 March, 2006 130 ing the photocJt yst-containing filmwas H,
and the contact angle of water was 93. dass test plate (D-6) having the

phot ocat al yst gplr}i aic?'&?%ééi{ﬂ Ia[ei“:’arg% atlﬁé{“%h o U t agfoﬂ)ﬁé fhght 5

(black l'ight) an e proper s tre ted gl ass test

plate (D-6) were t

har dness of the (eth\éazlt oca A?fcontm ntge#rﬁjfrwﬁ %%&%easedﬁfgsﬁgggéhe%an

5H and the contagty, % t;rL a hath Ja6F easessd J_Pp&a{{b@ddjéﬁ)gﬂ t he
0 0

phot ocat al yst activity tocatal’yst-containi'ng fil mwas eval uated

and it was foun at t t Vi 48 - ad8
Exanple 4 40 ¢ o%r{ﬁ]{&tz%é%?(ﬁrgd@?a%y?lﬁ%tain?lugn\?%x(?%%%%%%sol 2

di spersi on; nedi unls B XA IMEAL A1 IAHBAS wakdl AGHRd OPaNBhe 74921 eantent :
20 % by wei ght, average
mixture, thereby obtaining a solution. Subsequently,

to the obtained solution was added 12 g of the above
-mentioned modified photocatalyst organosol (A-3) while
stirring at room temperature, followed by addition of
10 0.4 g of a 0.25 % dioxane solution of dichloro(dicyclo-
pentadienyl)-platinum(II) while stirring at room tem-
perature, to thereby obtain photocatalyst composition
(C-5).
Photocatalyst composition (C-5) obtained above was
15 spray-coated onto a steel plate in a thickness of 2 pm
and, then, the spray-coated photocatalyst composition
(C-5) was dried at rcom temperature for 1 hour, fol-
lowed by heating at 140 °C for 30 minutes, to thereby
obtain steel test plate (D-7) having a transparent and
20 smooth photocatalyst-containing f£ilm.
The pencil hardness of steel test plate (D-7) hav-
ing the photocatalyst-containing film was 2H, and the
contact angle of water was 94°. In addition, the im-

pact resistance of steel test plate (D-7) was satisfac-

25 tory.



crystallite dianmeter: 6 nmwhich is a value described 20 in éag c?$ %ﬁi
(manuf actured and sold by Tayca Corpo- ration, Japan) was C gt o—a

reactor equi pped with a ref |ux condenser, a thernonmeter and a stirrer.
Sub- sequently, 8 g of KF9901 (trade name of a copol yner of

met hyl hydr ogensi | oxane and di net hyl si |l oxane, Si-H group 25 content: 7.14
nmmol / g, wei ght average nol ecul ar wei ght: 18 Wmrch, 2006 131 3, 900)

(manuf actured and sold by Shin-Etsu Chem cal Co., Ltd., Japan) was charged
into the reactor over about 5 mnutes at 40 C, and the resultant m xture
in the re- actor was sbteeddtast4platéofD48)hbavdngo thkepbbyoobtBlyaitn
nodi fi ed phot ocat al yst organosol (A-3). During the reaction of TKS-251
with KF9901, hydrogentgisingsfigmnensat ddratheted widhotlthevgehetalléght
hydrogen gas was 980 ml as nmeasured at 23 C. The obtai ned nodified

phot ocat al yst or gelrb3®k light A gpdwathappl the eansastkBRIpear€ wateler eby
forma filmon the plate. The filmwas taken as a sanple and subjected to
| R spectronmetry. A%RLPEE sphet PhatepebnhEat-ppntadndpactidmevay sHawuatedat
t he absorption at. 3,630 to 3,640 cm1l which is ascribed to a Ti-OH group
di sap- 15 pear ed.2¥ t2 vE@s¥btindlt hues nbevrichahotbearanyact opgahesbad (A-3)

had a nnnodisperg&ve article size distribution
ecreased to 6°. In addition, the photocatalyst activ-

ity of the photocatalyst-containing film was evaluated
and it was found that the photocatalyst activity was
excellent (©®).
10
Example 5
A photocatalyst composition was produced in sub-
stantially the same manner as in Example 1 except that
a solution of binder component (B-2) synthesized in
15 Reference Example 6, which solution was obtained by
dissolving 9 g of binder component (B-2) in a mixed
solvent of 14.7 g of toluene, 29.8 g of isopropanol and
15.1 g of butyl cellosolve, was used instead of binder
component (B-1) produced in Reference Example 5,
20 thereby obtaining photocatalyst composition (C-6).
Using the produced photocatalyst composition (C-6),
a test plate was produced in the same manner as in Ex-
ample 1, thereby obtaining test plate (D-8) having a
photocatalyst-containing £ilm.

25 The pencil hardness of test plate (D-8) having the




(nunber average particle dianmeter: 41 nm and that the particle sif

di stribution of nodified photocatal yst 20 organosol (A-3) Aélﬂéﬂébpiiﬂgwed
the peak found in the nonodispersive particle size distribution (nunber
aver- age particle dianmeter: 12 nm of TKS-251 before sub- jected to the
nodi fication treatnment. Next, 8.1 g of phenyl group-containing silicone 25
(BP1-2) synthesized in Reference Exanple 4 wes4 m xed 18 March, 2006 132
with a crosslinking agent, nanely 0.9 g of DVM5-VO0O (trade nane of a

vi nyl -term nat ed pol ydi net hyl si |l oxane) (nmanufactured and sold by Chisso
Cor porati on, Japaoteralalysecatdinging fiolmerses 29, S8amd ofheé sopmbapahol
and 5 15.1 g of butyl cellosolve were added to the resultant m xture,

t her eby obt ai ni nganeglsolak ivaterSsefBntly, to the obtained sol ution was
added 12 g of the above -nentioned nodified photocatal yst organosol (A-3)
while stirring at rodlesterpdetst (e 8)f dlaviwer the additdaatadysit0 0.4 g of a
0. 25 % di oxane sol ution of dichloro(dicyclo- pentadienyl)-platinun(ll)
while stirring at-gdmireng Feda was, inradiartas) wobthainl rarioske tal Jikght
conposition (C-5). Photocatalyst conposition (C-5) obtained above was 15
spray- coat®ed ont dblastkedlighta @ndy &hemi.cliies Prspexiphas ahdthe HEHIS t he

spray-coat ed phot ocat al yst conposition
treated test plate (D-8) were evaluated. As a result,

it was found that the pencil hardness of the photocata-
lyst~containing film had increased to 4H and the con-
tact angle of water had decreased to 6°. In addition,
10 the photocatalyst activity of the photocatalyst-
containing film was evaluated and it was found that the
photocatalyst activity was good (A).
Further, an atmospheric exposure test was per-
formed (for 1,000 hours) by a Dewpanel light control
15 weather meter. The gloss retention wvalue was 60 % and

no chalking was observed.

Comparative Example 4

A photocatalyst composition was produced in sub-
20 stantially the same manner as in Example 5 except that
10 g of unmodified TKS-251 was used instead of 20 g of
modified photocatalyst organosol {(A-1), thereby obtain-
ing photocatalyst composition (C-7).
Using the produced photocatalyst composition (C-7),

25 a test plate was produced in the same manner as in Ex-



(G5 was dried at roomtenperature for 1 hour, fol- |owed_by heating at
140 C for 30 ninutes, to thereby obtain steel test plate ééJ!¥Jﬁhéﬂﬁ@§a
transparent and 20 snoot h photocatal yst-containing film The penci

har dness of steel test plate (D7) hav- ing the photocatal yst-containing
filmwas 2H, and the contact angle of water was 94. In addition, the im
pact resistance of steel test plate (D7) wak33atisfac- 25 tory. 18 March,
2006 133 Steel test plate (D7) having the photocatal yst -containing film
was irradiated with ultraviolet light (black light) and, then, the contact
angle of water aJERYEst5 ¢+ HO93e8TH %ﬂ%@%o‘iﬁ%ﬁ rﬁ’%@t%(?ﬁ%sh%\’/éll‘@a%ed 5
As a result, it was found that the contact angle had decreased to
addi ti on, the phdhsd@catplysdcigantaining ﬁ#ﬁmrﬁﬂﬂ?ﬁﬁﬂeﬂy%%t%%%?%|%¥%%ﬁf|Im
was evaluated and it was found t hat the phot ocat al%?st actjvity was

excel lent (0) 1CBEEHH &R difotStatAYB12% b wak* produced in

sub- stantially the sane nanner, as in Exanple 1l except t at a SOltﬁélon of

bi nder conponent ( B- 2Py Repedi; bandpess dith &P &t Vit

sol ution %@S Obt?bﬂ%q %%ving the photocatalyst-containing £ilm was 2H,
and the contact angle of water was 92°.

Test plate (D-9) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black light) and, then, the properties of the thus

10 treated test plate (D-9) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing film had increased to 3H and the con-
tact angle of water had decreased to 82°. In addition,
the photocatalyst activity of the photeocatalyst-

15 containing film was evaluated and it was found that the
photocatalyst activity was poor (x).

Further, an atmospheric exposure test was per-
formed for 200 hours by a Dewpanel light control
weather meter to determine the gloss retention value of

20 test plate (D-9). The gloss retention value was 10 %

or less and a chalking was observed.

Example 6

40 g of TKS-251 {trade name of a titanium oxide

25 organosol; dispersion medium: mixed solvent of toluene



di ssolving 9 g of binder conponent (B-2) in a mxed solvent of 14.7 g of
tol uene, 29.8 g of isopropanol and 15.1 g of butyl cellos ar d

i nstead of binder conponent (B-1) produced in Reference Exanple 5, 20

t her eby obt ai ni ng phot ocat al yst conposition (C-6). Using the produced

phot ocat al yst conposition (C-6), a test plate was produced in the sane
manner as in Ex- anple 1, thereby obtaining i1gst plate (D-8) having a

phot ocat al yst-containing film 25 The pencil hardness of test plate (D 8)
havi ng the 18 March, 2006 134 photocatal yst-containing filmwas 2H, and the
contact angle ofamatesopasp&fol TeSiopladre:drid8)2thay g wéisghpthot deent adey St
-containing filmwas irradiated with ultraviolet light 5 (black |ight)

and, then, the propestaktbtité dheme¢tbes:téecmhechicstipl atealde8fenertbed
evaluated. As a result, it was found that the pencil hardness of the

phot ocat a- | yst - comt thei egtdlee) hbdanntacksesd tandHsahd bheTapona Cacpoangl e
of water had decreased to 6. In addition, 10 the photocatal yst activity of
t he phot ocat al ystxatorn ai hapan § i vas welsarxyed utited ameactomsefoippedheaithhe
phot ocat al yst activity was good (A). Further, an atnospheric exposure test
was per- fornmed (& orefilWocomdensehy a thewworster ggnd canstbrrer. Sub-

sequently, 20 g of a 20 % by weight toluene solution of

1,1,1,3,3,5,5-heptamethyltrisiloxane was charged into
the reactor over about 5 minutes at 50 °C, and the re-
sultant mixture in the reactor was stirred at 50 °C for
10 12 hours tc thereby obtain modified photocatalyst or-
ganosol (A-4) containing modified titanium oxide parti-
cles well dispersed therein. During the reaction of
TKS-251 with 1,1,1,3,3,5,5-heptamethyltrisiloxane, hy-
drogen gas was generated. The volume of the generated
15 hydrogen gas was 104 ml as measured at 23 °C. The ob-
tained modified titanium oxide organosol was applied
onto a KBr plate to thereby form a film on the plate.
The film was taken as a sample and sﬁbjected to IR
spectrometry. The IR spectrum obtained by the spec-
20 trometry showed that the absorption at 3,630 to
3,640 cm™ which is ascribed to a Ti-OH group disap-
peared.
It was found that modified photocatalyst organosol
(A-4} had a monodispersive particle size distribution

25 (number average particle diameter: 18 nm) and that the



15 weat her neter. The gloss retention value was 60 % and ng _chal ki n S
observed. Conparative Exanple 4 A photocatal yst conpositioﬁﬁdgéﬂgbé%uﬁgd I n
sub- 20 stantially the sane manner as in Exanple 5 except that 10 g of
unnodi fi ed TKS-251 was used instead of 20 g of nodified photocatal yst
organosol (A-1), thereby obtain- ing photocatal yst conposition (C 7). Using
t he produced photocatal yst conposition (G 7)13725 a test plate was produced
in the sane manner as in Ex 18 March. 2006 135 anple 5, thereby obtaining
test plate (D-9) having a photocatal yst-containing film (having a titanium
oxi de content wpacttiicslet bz s iibuttheanpd £ g di el penct dediaa tpess  of
the obtained test plate 5 (D-9) having the photocatal yst-containing film
was 2H, and t he ccwatracstolandg-el Jomondtergerassiofrededie phadle O] imvilmg t he
phot ocatal yst -containing filmwas irradiated with ultraviolet |ight

(bl ack light) anthonolddspertsd ver gperttiicele ofizehalidiusitift toreafreanbestaypenat e
(D-9) were evaluated. As aresult, it was found that the pencil hardness
of the phot ocat aadley parddiptle dilagneftienm Had nmic refa S 145 BHefinire heulkon-
tact angle of water had decreased to 82. In addition, the photocatalyst
activity &8f the pretedattsl \dwe modification treatment.

Next, 20 g of the above-mentioned modified photo-
catalyst organosol (A-4) was added to 68 g of binder
component (B-1) produced in Reference Example 5, while
stirring at room temperature, followed by addition of

10 0.5 g of a curing catalyst (dibutyltin dilaurate) while
stirring, to thereby obtain photocatalyst composition
{C-8).

An acrylic urethane coating was formed on an alu-

minum plate in the same manner as in Example 1, and

15 photocatalyst composition (C-8) obtained above was
spray-coated onto the acrylic urethane coating in a
thickness of 2 um. Subsequently, the spray-coated
photocatalyst composition (C-8) was dried at room tem-
perature for 1 hour, followed by heating at 150 °C for

20 30 minutes, to thereby cobtain test plate {(D-10) having
a photocatalyst-containing f£ilm.

The pencil hardness of test plate (D-10) having
the photocatalyst-containing £ilm was H, and the con-
tact angle of water was 99°. In addition, test plate

25 (D-10) had satisfactory impact resistance.



15 containing filmwas evaluated and it was found that the é)hOtO"a 85 st
activity was poor (x). Further, an atnospheric exposure t eck® Marcl

formed for 200 hours by a Dewpanel light control weather neter to
determ ne the gloss retention value of 20 test plate (D-9). The gl oss
retention value was 10 % or |ess and a chal king was observed. Exanple 6 40
g of TKS-251 (trade name of a titani um oxidejzg5 organosol; dispersion

medi um m xed sol vent of toluene 18 March, 2006 136 and i sopropanol, Ti 02
content: 20 % by wei ght, average crystallite dianmeter: 6 nmwhich is a

val ue described in theesatplog (perwf asivicg eme pivdtodytdnysa Cor po-
ration, Japan) was charged into a reactor equipped with 5 a ref |ux
condenser, a therpoRteining Bi5hiwderirSudiasequenth yalebagiolea 20gftby
wei ght toluene solution of 1,1,1,3,3,5,5-heptanethyltrisiloxane was
charged into the(bEack orighviey @abduttiten) nthespadbp&dties anfl the tlkassul t ant
m xture in the reactor was stirred at 50 C for 10 12 hours to thereby
obtain nodified ptotoced atest pratgajmsdd) (Wede eocnlwatredg Aedid imxbult,
titanium oxide parti- cles well dispersed therein. During the reaction of
TKS- 251 wid h 1, 1,1t 3y S5 duireptlentetthe tpesel bxaamedndrys off ogen plastoasta-

generated. The volune of the generated
lyst-containing film had increased to more than SH and

the contact angle of water had decreased to 4°. In ad-
dition, the photocatalyst activity of the photocata-
lyst-containing film was evaluated and it was found

10 that the photocatalyst activity was excellent (@ ).

Further, an atmospheric exposure test was per-

formed (for 1,000 hours) by a Dewﬁanel light control
weather meter to determine the gloss retention value of
test plate (D-10). The gloss retention value was 88 %

15 and, thus, test plate (D-10) had excellent weathering

resistance.

Example 7

40 g of TKS-251 (trade name of a titanium oxide
20 - organosol; dispersion medium: mixed solvent of toluene
and isopropancl, TiO; content: 20 % by weight, average
crystallite diameter: 6 nm which is a value described
in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor eguipped with

25 a reflux condenser, a thermometer and a stirrer. Sub-



15 hydrogen gas was 104 nl as neasured at 23 C. The ob- tained nodif]
titani um oxi de organosol was applied onto a KBr plate to é@éﬂ@é@g¢%¢§ga
filmon the plate. The filmwas taken as a sanple and subjected to IR
spectronmetry. The IR spectrum obtai ned by the spec 20 tronetry showed t hat
the absorption at 3,630 to 3,640 cm-1, which is ascribed to a Ti-OH group
di sap- peared. It was found that nodified phptecatal yst organosol (A-4)
had a nonodi spersive particle size distribution 25 (nunber average
particle dianmeter: 18 nm and that the 18 March, 2006 137 particle size

di stribution of ndiderediyphot®aontat ystl0 of daynogel gl iA- Yo lwené osngbut sbowed
the peak found in the nonodispersive particle size distribution (nunber
aver- age parti clteridi @reimthyils ingxofs ki@ Stabed¢oareged bibt ¢ ethhedreact he
nodi fication treatnent. Next, 20 g of the above-nentioned nodified photo-
cat al yst or ganosdioq AvEr wsowddedrirotes @of5bhi "derand obiponegsul Bank
produced in Reference Exanple 5, while stirring at roomtenperature,

fol |l owed by addi migituife In B8 gegfctpwadshsithrzedsat (20 bug yfex nl2
dilaurate) while stirring, to thereby obtain photocatal yst conposition
(C-8). AnSacryli &oWE& Hehd heagetivh @bkt f @Ifrf@dfgfﬁi ahatecatalyst or-

ganosol (A-5) containing modified titanium oxide parti-

cles well dispersed therein. During the reaction of
TKS-251 with tris(trimethylsiloxy)silane, hydrogen gas
was generated. The volume of the generated hydrogen

10 gas was 230 ml as measured at 23 °C. The obtained
modified titanium oxide organoscl was applied onto a
KBr plate to thereby form a f£film on the plate. The
film was taken as a sample and subjected to IR spec-
trometry. The IR spectrum obtained by the spectrometry

15 showed that the absorption at 3,630 to 3,640 cm ! which
is ascribed to a Ti-OH group disappeared.

It was found that modified photocatalyst organosol

(A-5) had a monodispersive particle size distribution
(number average particle diameter: 32 nm) and that the

20 particle size distribution of modified photocatalyst
ocrganosol (A-5) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
jected toc the modification treatment.

25 . Next, 20 g of the above-mentioned modified photo-



m num pl ate in the same manner as in Exanple 1, and 15 photocatal yst
conposition (C8) obtained above was spray-coated onto t hel hane
coating in a thickness of 2 pm Subsequently, the spray-coated

phot ocat al yst conposition (C-8) was dried at roomtem perature for 1 hour,
foll owed by heating at 150 C for 20 30 m nutes, to thereby obtain test
plate (D-10) having a photocatal yst-containiag film The pencil hardness
of test plate (D-10) having the photocatal yst-containing filmwas H, and
the con- tact angle of water was 99. In addition, test plate 25 (D 10) had
satisfactory i npackhtedgistt arganoct81Mahach) 2886add8dTest 6pl gt ef( BPheO)xoiawi ng
the photocatalyst -containing filmwas irradiated with ultraviolet |ight
(black light) andtithepf bhedpropempomentf (BRe)t Whscht weat pdotiesedphiat e
(D-10) were evaluated. As a result, 5 it was found that the pencil hardness
of the photocat a- Reyereport Bkampgef 5| nwhadlei sticzded bt moom tthapeddtad,
the contact angle of water had decreased to 40. In ad- dition, the

phot ocat al yst actfeiligpwefl blicagibtbenataf PySt gcofit ai pbngnpi catadyssval uat ed
and it was found 10 that the photocatal yst activity was excellent (O)
Further, ah at nospAébntydkposaibavrate hawhpbe- stormbug(f bp thevedbHoebs) by

a Dewpanel light contro
tain photocatalyst composition (C-9}.

An acrylic urethane coating was formed on an alu-
minum plate in the same manner as in Example 1 and
photocatalyst composition (C-9) obtained above was

10 spray-coated onto the acrylic urethane ceoating in a
thickness of 2 um. Subsequently, the spray-coated
photocatalyst composition (C-9) was dried at room tem-
perature for 1 hour, followed by heating at 150 °C for
30 minutes, to thereby obtain test plate (D-11) having

15 a photocatalyst-containing f£ilm.

The pencil hardness of test plate (D-11) having
the photocatalyst-containing film was HB, and the con-
tact angle of water was 108°. In addition, test plate
(D-11) had satisfactory impact resistance.

20 Test plate (D-11) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black 1light) and, then, the properties of the thus
treated test plate (D-11) were evaluated. As a result,
it was found that the pencil hardness of the photocata-

25 . lyst~containing £ilm had increased to 4H and the con-



weat her nmeter to determ ne the gloss retention val ue of tgit ;gl ateﬂ@m).
The gl oss retention value was 88 % 15 and, thus, test plat

excel l ent weathering resistance. Exanple 7 40 g of TKS-251 (trade nane of
a titanium oxide 20 organosol; dispersion nedium m xed solvent of toluene
and isopropanol, T102 content: 20 % by wei ght, average crystallite
dianeter: 6 nmwhich is a value described ih4lhe catal og) (manufactured
and sold by Tayca Corpo- ration, Japan) was charged into a reactor equi pped
with 25 a ref |ux condenser, a thernoneter and a stirrer. Sub 18 March.
2006 139 sequent | jachoangbe af 102U6Byhagdi GREreasadntoshl ut i bh yfdition,
tris(trinmethylsiloxy)silane was charged into the reac- tor oyer about 5
minutes at 50 C, Bh® Pheteeatalyst aftkyite ?h the PE%E?S?tﬁigsgfirred at
50 Cfor 12 5 hours to thereby obtain nodifijed gh&tgcat al ygt or. - ga@o%gl
(A-5) containi ng FPAFRERENG | ERHD FEDXETRIPAFER - aRf LT BRF HPUPE, LEG ©
therein. During the reaction of TKS-251 with tris(trinethylsiloxy)silane,
hydrogen gas wasPhebesatatystrmeetbrife st excgbhertt 68 hydrogen 10 gas
was 230 m _as neasured at, 23 C._The obta}%ne rmdifiednﬁit ni#%nﬁéi de
organosol Was applied OHEr . 1@ PIRPRY TR ERS Y oF T3 i YT oh T he

plate. The formed (for 1,000 hours) by a Dewpanel light control
weather meter to determine the gloss retention value of
test plate (D-11). The gloss retention value was 94 %

and, thus, test plate (D-11) had excellent weathering

10 resistance.

Comparative Example 5

56 g of TKS-203 (trade name of a titanium oxide
hydrosol; dispersion medium: water, TiO; content: 20 %
15 by weight, average crystallite diameter: 6 nm which is
a value described in the catalog) (manufactured and
sold by Tayca Corporation, Japan) was diluted with 44 g
of ion-exchanged water. The resultant diluted TKS-203
was mixed with 10 g of X-41-7001 (trade name of a sili-
20 cone acrylic emulsion, solids content of silicone
acrylic resin: 42 % by weight, pH value: 7, silicone
resin content of the solids contained in the emulsion:
50 % by weight) (manufactured and sold by Shin-Etsu
Chemical Co., Ltd., Japan) and 12 g of CAT-AS (trade

25 name of a basic curing catalyst) {(manufactured and sold



filmwas taken as a sanple and subjected to IR spec- trom&*Eryi Tge i%ﬁ
spectrum obt ai ned by the spectronetry 15 showed that the a

3,630 to 3,640 cm-1 which is ascribed to a Ti-CH group di sappeared. It
was found that nodified photocatal yst organosol (A-5) had a nonodi spersive
particle size distribution (nunber average particle dianmeter: 32 nm and
that the 20 particle size distribution of nod#%i ed photocatal yst organosol
(A-5) no | onger showed the peak found in the nonodispersive particle size
di stribution (nunber aver- age particle dianeter: 12 n of TKS-251 before
sub- jected to theynBainrBhsyophentaahere .  25td. NekaPanp- g e (Freultant
above-nenti oned nodified photo 18 March, 2006 140 catal yst or anosoIWéA-S)
was added to 68 gnb¥tere e chargadoinbP ndcPaiphpeheker (8°4) SHWAFERIWAST

produced in Reference Exanple 5, while stirring at roomtepperatur
fol | owed by addit%%ﬁnb$UB¢%vgt%ff%¢€%P¥n@bE%%%|g%?t%c?ﬁ?bﬁ?§|??ﬁpaﬁiﬁﬁPﬁte)
while stirring, to thereby ob- tain photocatal yst conposition (C9). An
acrylic urethane E%é}@hg was formed on an alu- mnumplate in the sane

manner as in Exanple 1 and hot ocat al yst conppsition (C-9)_.obtajned,above
was 10 sprly-coated orft® ??‘@%ajc?y‘l“r""c‘:t ¢ h%‘?lgpﬁ%%t‘f% ’%?lr'&gdt?l?ci?\e%%‘gof 2

pun. Subsequentlxﬂiﬁgﬁ nggg'fga{ﬁg same manner as in Example 1, and

photocatalyst composition (C-10) obtained above was
spray-coated onto the acrylic urethane coating in a
thickness of 4 pum. Subsequently, the spray-coated
10 photocatalyst composition (C-10) was dried at room tem-
perature for 1 hour, followed by further drying at room
temperature for 1 week, to thereby obtain test plate
(D-12) having a photocatalyst-containing £ilm.
The pencil hardness of test plate (D-12) having
15 the photocatalyst-containing film was 3B, and the con-
tact angle of water was 92°.
Test plate (D-12) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black 1light) and, then, the properties of the thus
20 treated test plate (D-12) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing film had increased to 2B and the con-
tact angle of water had decreased to 10°.
Further, an atmospheric exposure test was per-

25 formed for 200 hours by a Dewpanel light control




phot ocat al yst conposition (C-9) was dried at roomtem perature for & Eour,
foll owed by heating at 150 C for 30 mnutes, to thereby o 3 ate
(D-11) having 15 a photocatal yst-containing film 20 The pencil hardness of
test plate (D-11) having the photocatal yst-containing filmwas HB, and the
con- tact angle of water was 1080 In addition, test plate (D 11) had
satisfactory inpact resistance. Test plate (B%4Bl) having the photocatal yst
-containing filmwas irradiated with ultraviolet light (black light) and,

then, the properties of the thus treated test plate (D11 re e u d.
As a result, it weeRthamhdnetest ttohéleﬁw?r’r'&jin%ébtfn@g?s& rte#gnpﬁf% cva%/lglezgég

| yst-containing filmhad increased to_ 4H aed t he gont 8 N%r;h %g%61%4%
tact angle of wat dresad® @ dRsdd o Bne| F1888i ERSRPTPRe VBAEPo LA Al y st
activity of the photocatal yst - g§¥b1inin filggmas %yaluated and it was
found that the piRdt d&itsal % ?‘tj}'l" XA (0) 5 Further, an

at nospheri c exposure test was per- forned (for 1,000 hours) by a Dewpanel
light control weather nmeter to determne the gloss retention val ue of

test plate (D-11). The gloss retention value was 94 % and, thus, test
plate (D 11) had excel |l ent weathering



10 resistance. Conparative Exanple 5 56 g of TKS-203 (trade nanme of _a
titani um oxi de hydrosol; dispersion nmedium water, Ti Q2 cd$ March 2000 15
by wei ght, average crystallite dianeter: 6 nmwhich is a value described in
the catal og) (manufactured and sold by Tayca Corporation, Japan) was
diluted with 44 g of ion-exchanged water. TTgﬁresultant di | uted TKS-203

was mxed with 10 g of X-41-7001 (trade nane a sili- 20 cone acrylic
enul sion, solids content of silicone acrylic resin: 42 % by weight, pH

value: 7, silicone resin conten A(ﬂﬂ rgfﬂ in the enul sion:

50 % by wei ght) (manufactured an 1 cal Co., Ltd.,
Japan) and 12 g of CAT-AS (trade 25 nane of a basic curing catalyst)
(manuf actured and sold 18 March, 2006 142 by Shin-Etsu Chem cal Co., Ltd.,

Japan). The resultant .. xture | N | shak apdeskbhEr ed
for 10 mnutes, to tH%?%%yagﬁﬂggiu%ﬁ%§%§g?gl%g?ﬁggﬁ%gé?t?%ngﬁ?cglg). 5 An

acrylic urethane cqgéﬁggoxafsgﬁégggt anPmagufiﬂ%pHH1ghgtgufgagaeogagﬁ

manner as in Exaﬁﬁ?e and 0 atal yst conposition (C- 10) obtai ned

above was . spr ay'&P@%ﬁi’c Oﬁﬁﬁs{P&éFrﬁ/ﬂléEe ugghhBREo60aLhAE, | BiBholli ekness
of 4 pin. %Mbsequen y, the spray-coated
cumbersome operation, a functional composite which is
advantageous in that it is free from deterioration oc-
curring at the interface between the substrate and the
photocatalyst-containing £ilm and free from deteriora-
10 tion of the binder component in the photocatalyst
~containing f£ilm, and in that it exhibits an excellent
balance of hardness and flexibility (impact resistance),
and it has excellent durability such that the surface
of the functional composite exhibits, by light irradia-
15 tion, a water contact characteristic {i.e., hydro-

philicity or hydrophobicity) and/or maintains such

photocatalyst activity for a long time.



10 photocatal yst conposition (C10) was dried at roomtem Berat%{e 56’ 1

hour, followed by further drying at room tenperature for

thereby obtain test plate (D 12) having a photocatal yst- contalnlng film
The pencil hardness of test plate (D-12) having 15 the

phot ocat al yst-containing filmwas 3B, and the con- tact angle of water was
92. Test plate (D 12) having the photocatal ygs -containing filmwas
irradiated with ultraviolet light (black light) and, then, the properties
of the thus 20 treated test plate (D-12) were evaluated. As a result, it
was found that the pencil hardness of theChhm®cata- |yst-containing film
had increased to 2B and the con- tact angle of water had decreased to 10.
Further, an atnospheric exposure test was per- 25 forned for 200 hours by a
Dewpanel |ight control 18 March, 2006 143 weather nmeter to determ ne the
gl oss retention ¥al ue dfphotstaprbyet (CrmppsiThengtossrieirgti on val ue was
10 % or |less and a chal king was observed. 18 March, 2006 144 | NDUSTRI AL
APPLI CABI LI TY Wen t héAphmedithied yphotompbalysbnpattiaéepr esent invention

is used to forma filmon the surface of an
5 said modified photocatalyst particles (A) being

prepared by subjecting particles of a photocatalyst (a)
to a modification treatment with at least one modifier
compound (b) selected from the group consisting of dif-
ferent compounds each of which independently comprises

10 at least one structural unit selected from the group
consisting of a triorganosilane unit represented by
formula {1}, a moncoxydiorganosilane unit represented
by formula (2), and a dioxyorganosilane unit repre-

sented by formula (3):

15
R3Si- (1)
wherein each R independently represents a
straight chain or branched C,-C;, alkyl group,
20 a Cs5~Cy cycloalkyl group, a stiraight chain or

branched C;-C;, fiuorocalkyl group, a straight
chain or branched C,-Cs;p, alkenyl group, a
phenyl group, a C;-Czp alkoxy group oxr a hy-
droxy group,

25



5 organi c substrate, there can be obtained, wthout a cunbersone
operation, a functional conposite which is advantageous iAS{March,;2006ce
fromdeterioration oc- curring at the interface between the substrate and
the photocatal yst-containing filmand free fromdeteriora 10 tion of the
bi nder conponent in the photocatal yst -contalnlng film and in that it
exhibits an excellent bal ance of hardness ah#flexibility (inpact
resistance), and it has excellent durability such that the surface of the
functional conposite exhibits, { rg irradia 15 tion, wat er cont act
characteristic (i.e., hydro- ph| ?@?ﬁ@ or hydrophob|0|ty5 and/ or mai ntains
such photocatal yst activity for a long tine. 18 March. 2006 145 CLAIMS 1.
A phot ocat al yst comnposition conprising (A) nodified photocatal yst
particles, 5 said nDdlfled photo at st ticle ein ared

subj ecting particles oF&F 31 aﬁﬂf)slst "’tg ée#on%gr%ﬂ% $%’3?‘?Joel’1 at%ﬂ
with at | east one nodifier conpound (b) selected fromthe group consisting
of dif- ferent conpounds each of which independently conprises 10 at | east
one structdural unit selected fromthe group consisting of a
triorganosilane unit represented b%‘ formula (1), a nonooxydi organosil ane
unit represented — §j—O0— (3)

l
O

wherein R is as defined for formula (1), and
10 (B) a binder component which comprises a phenyl
group-containing silicone (BP), optionally containing

an alkyl group, represented by formula (4):

R'pR* XrS10(4-p-q-r)/2 (4)
15
wherein:
the or each R! represents a phenyl group, and
the or each R’ independently represents a
straight chain or branched C,-C;y alkyl group,
20 a Cs-Cy cyclecalkyl group or a straight chain

or branched C;-Cj3p alkenyl group;

the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-C,y alkony
group, a C;-Cy acyloxy group, an aminoxy

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



by formula (2), and a di oxyorganosilane unit repre- sented_by form 3):
15 R3Si 20 (1) wherein each R independently represents a %ﬁéﬁ%ﬁﬁgééhérlor
branched C1-C30 al kyl group, a C5-C20 cycl oal kyl group, a straight chain
or branched Cl1-C30 fluoroal kyl group, a straight chain or branched C2-C30
al kenyl group, a phenyl group, a Cl-C20 al koxy group or a hy- droxy group,
25 18 March, 2006 -(R2SIO 5 146 (2)\MNN¥§% each Ris as defined for
formula (1), and (3) wherein Ris as defined for fornula (1), and 10 (B) a
bi nder conponent which conprises a phenyl group-containing silicone (BP),
optionally containeRg an al kyl group, represented by fornmula (4):

p. g and r satisfy the following relation-

ships:
0 < p < 4,
5 ' 0 <q <4,
| 0 <r < 4,

0 < (p+g+71x) <4, and

0.0{5 <p /(p + q) s 1.
10 2. The composition acdording to claim 1, wherein the
or each R of each of formulae (1) to (3} independently
represents a straight chain or branched Cy-Cap alky?;
group, a Cs-Cy¢ cycloalkyl group, a straight chain or
branched C,_-C;,., fluoroalkyl group, a strajight ‘chal_in or

branched C;-Ci¢ alkenyl group or a C;~-Cz¢ alkoxy group.

3. The composition according to claim 2, wherein the or each R
of each of formulae (1) to (3) independently represents a straight
chain or branched C; - Cao alkyl group, a Cs — Czo cycloalkyl group, a
straight chain or branched Ci - Cso fluoroalkyl group or a straight

chain or branched C>— C3o alkenyl group.



R1pR2gXr Si O(4-p-q-r)/2 (4) 15 20 25 wherein: the or each RL represents a
phenyl group, and the or ,each R2 independently represents1 M

chain or branched Cl1-C30 aIkyI group, a C5-C20 cycl oal kyl group or a
straight chain or branched C2-C30 al kenyl group; the or each X

i ndependently represents a hy- drogen atom a hydroxyl group, a Cl-C2o

al koxy group, a Cl1-C20 acyl oxy group, an am noxy group, a Cl-C20 oxine
group or a hal ogen atom 18 March, 2006 147 5 and p, q and r satisfy the
following relation- ships: 0<p<4, 0sq<3* 0sr<4 0<(p+qg+r)
<4, and 0.05 s p /(p + ) s 1. LO 2. The conposition according to claim

1, V\/nerel n the

4. The composition according to claim 1o 3 -~ wht_arein

said phenyl group-containing silicone (BP) is a phenyl
group-containing silicone (BP1), containing no alkyl
20 group, represented by formula (5):

ra

RYLXSi04-5-t172 (5)

whereiri :

25 the or each R® represents a phenyl group;

the or each X independently represents a hy-
drogen atom, a hydroxyl group, a Ci-Czo 8JTKOKY
group, a C;~Cz acyloxy group, an aminoxy

group, a C;~Cze oxime group or a halogen atom;

and

s and t satisfy the following relationships:

0 < s <4,
0 <t <4, and
0 < (s +t) < 4.



or each R of each of fornulae (1) to (3) independently re ent.s

straight chain or branched Cl-C3o al kyl group, a C5-C20 cy&%—%ﬂ%p, a
straight chain or branched Cl-C30 fluoroal kyl group, a straight chain or
branched C2-C30 al kenyl group or a Cl1-C20 al koxy group. 3. The conposition

according to claim2, wherein the or each Rggof each of formulae (1) -to (3)
i ndependently represents a straight chai n or branched G - C3o0 al kyl

Pl Uor oal kyl or Sup ofbs SRSt L Adrard L ABI e R o B yEgroup. 18

March, 2006 148 4 t d
ph(ra(r:lyl gr oup- cﬁﬁngl Eﬁﬁéﬁconpcfo%%lé%? P rdf‘@#é%f;fh %ﬁ%egoﬁzﬁﬁﬁé sa

silicone (BPl),_containin r Lesented formuha (5):

R SXt Si O(4_8 t??? B &F é‘ﬁ#"(%ézééﬁtih%%(?? teac]h JIr;%‘g"'gr epr esentgya phenyl group;
the or each X k Siependently represents a hy- drogen atom a hydroxyl group,
a Cl-C20 al koxy “group, a Cl-C20 acyloxy group, an am noxy group, a Cl-C20

oxi me gEoup or a hal ogen atom and s and t satisfy the foll ow ng
rel ationshi ps:

R%,XyS10(s-u-v)/2 7 (6)

wherein:
the or each R? independently represents a

20 straight chain or branched C;-Cao alkyl group,
a Cs5~-Cz¢ cycloalkyl group or a straight chain
or branched Cz—é3g alkenyl group:;
the or each X indépendently represents a hy-
drogen atom, a hfdroxyl group, a C;-Cz alkoxy

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

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

and

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

0 < (u+ v) < 4.



0<s<4 0st <4, and 0 < (s +t) < 4. 18 March, 2005§éﬁ§§5§hééﬁi§

conposition according to any aia of clains 1 to 3wherein
conponent (B) further conprises an al kyl group-containing silicone (BA)
represented by formula (6): 15 RuX" SiQ(b 4-u-..) /2 wherein: (6) the
or each R2 independently represents a 20 straight chain or branched Cl-C30
al kyl group, a C5-C20 cycloal kyl group or a straight chain or branched
C2- 630 al kenyl group; the or each X indepe ntly represents a hy- drogen
atom a hydroxyl group, a Cl-C2o0 al koxy 25 group, a Cl-C20 acyl oxy group,
an am.noxy group, a Cl1-C20 oxinme group or a halogen atom and u and v
satisfy the following relationships: 0 <u <4, 0s'v<4 and 0 <'(u +

v) < 4.
) 6- The composition according to claim 1, % 3ars
wherein said binder component (B) comprises a phenyl

10 group-containing silicone (BPl), containing no alkyl

group, represented by formula (5):
RlthSiOU..s.'t)/z (5)

15 . whérein:
- the or each R! represents a phenyl grbup;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Cz¢ alkoxy
group, a C;-Cz acyloxy group, an aminoxy

20 group, a C;~Cse oxime group or a halogen atom;

and
"5 and t satisfy the following relationships:

0 <5 < 4,

0 <t <4, and
25 0 < (s+t) < 4; and



18 March, 2006 150 6. The conposition according to claiml1, 2 3or 5

wherei n said binder conponent (B) conprises a phenyl 10 gr

silicone (BPlI), containing no alkyl group, represented by formula (5): R
XtSi (4-s-t)/2 15 20 25 (5) wherein: the or each Rl represents a phenyl
group; the or each X independently represents a hy- drogen atom a

hydr oxyl group, a Cl-C29 al koxy group, a Cl-C20 acyl oxy group, an am noxy
group, a Cl-C20 oxine group or a hal ogen atom!®!and s and t satisfy the
following relationships: 0 <s <4, -, O0st <4, and 0 < (s +1t) < 4; and
18 March, 2006 151 aan adkkill ggto@prcoitiadiniindg sSiliiconee (HR)) rapfasaiteat iy

formula (6):
formula (6}:

R%:X¢S10(4eu-v)s2 (6)

wherein:
the or each R® independently represents a
straight chain or branched C;-Cs;p alkyl group,
a Cs-Cyp cycloalkyl group or a straight chain
10 " or braanched C,-Ci; alkenyl group;
the or each X independently repreéents a hy-
drogen atom, a hydroxyl group, a C;-Czo alkoxy
Qroup, a C,-Cyp acyloxy group, an aminoxy
group, a C;-Cz;¢ oxime group or a halogen atom;
15 and
u and v satisfy the following relationships:
0 <u< 4,
0 =v { 4, and
0 < (u + v) < 4.
20
| 7. The.compositioh according to claim5 or 6, wherein
said alkyl group-containing silicone (BA) comprises a-
monooxydiorganosilane unit (D) represented by formula
(7} and a dioxyorganoéilane unit (T) represented by

25 formula (8):



R2 5 10 15 20 (6) wherein: the or each R2 independently represents
strai ght chain or branched Cl-C30 al kyl group, a C5-C20 cigﬂgéﬂayﬁﬂgﬁéup
or a straight chain or branched C2-C30 al kenyl group; the or each X

i ndependently represents a hy- drogen atom a hydroxyl group, a Cl-C20
al koxy group, a Cl-C20 acyl oxy group, an am noxy group, a Cl-C20 oxine .

group or a halogen atom and u and v satisfylgag follow ng rel ati onshi ps:
O<u<4 0sv<4 and 0 < (u +v) < 4. 7.7The composition according to

claim5 or 6, wherein said al kyl group-containing silicone (BA) conprises

a nonooxydi organosilane unit (D) represented by formula (7) and a

di oxyorganosilane unit (T) represented by 25 fornula (8): 18 March, 2006
-{R?;8i0) - (7)

wherein each R? independently represents a
5 straight chain or hranched C;-Csp alkyl group,
a Cs-Cip cycloalkyl group or a straight chain

or branched C,;-Cjy alkenyl grcoup, and

10 __éi_..o._..__. (8)

wherein R? is as defined for formula (7).

15 o 8. The composition according to claim 4 or 6 , wherein
said phenyi group-containing silicone (BPFl) has a
weight average molecular weight of from 500 to 10,000,
as measured by gel permeation chromatography using a

calibration curve obtained with respect to standard

20 polystyrenes.

9. The composition according to claim5 oré6 , wherein
said alkyl group-containing silicone (BA) has a weight
average molecular weight of from 500 to 10,000, as

25 ' measured by gel permeation chromatography ﬁsing a cali-



152 wherein each R2 independently represents a -(R22si0) (7% roup,_ 5

strai ght chain or branched Cl-C30 al kyl a C5-C20 cycl oal ky

strai ght or branched C2-C30 al kenyl group, and 10 (8) chain wherein R2 is
as defined for formula (7). .15 8. The conposition according to claim4 or
6 , wherein said phenyl group-containing silicone (BPI) has a weight
average nol ecul ar weight of from500 to 10,000, as neasured by gel

per neati on chromat ography using a calibrati ®m curve obtained with respect
to standard 20 pol ystyrenes. 9. The conposition according to claim5 or6 ,

BP0 bREEgnge WERDCrt LR TRoDs uRosa BELLECT

wherein said al kyl,gf QUP:
nol ecul ar wei ght o rom 5

chr omat ogr aphy Lﬁgéykéﬁégﬂi 18 March, 2006 153 bration curve obtained with
respect to standard poly :

10. The composition according to any one of claims 1
5 to 9, wherein said modified photocatalyst particles (A)

have a number average particle diameter of 400 nm or

less.

.11. The composition accoxrding to any one of claims 1
10 - to 10 wherein said photocatalyst particles (a) are ti-

tanium oxide particles.

12. The composition according to any one of claims 1
to 11, wherein said modifier compound (b) is an Si-H

15 group-containing silicon compound (bl) represented by

formula (9):

HyRySi0((-x-y)/2 {(9)

20 wherein:
the or each R independently represents a .
straight chain or branched C;-Cs, alkyl group,
a Cs-Cyo cycloalkyl group, a straight chain or
branched C;-Cjo fluorocalkyl group, a straight

25 " chain or‘branched Cr430 alkenyl group, a



styrenes. |o. The conposition according to any one of claing 1 5 to0 9
wherein said nodi fied photocatal yst particles (A) have a n&ﬁﬂgﬁﬂéhéﬂggi

particle diameter of 400 nmor |less. 11. The conposition according to any
one of clainms 1 10 to 1Q wherein said photocatal yst particles (a) are ti-
tani um oxi de particles. 12. The conposition according to any one of clains
1 to 11, wherein said nodifier conpound (b) igsgan Si-H 15 group-containing
silicon conpound (bi) represented by formula (9): HRyS 0(4_ x _7)12 (9) 20
25 wherein: the or each R independently represents a straight chain or
branched Cl-C30 al kyl grpeenyl ordsp(C28 €ycloeatkidxyroupypacstaahyht chain
or branched Cl1-C30 fluoroal kyl group, a straight chain or branched C2- C30
al kenyl group, a 18 Mar ddroxpBrddd. 5apfenyl group, a Cl- C20 al koxy group

or a hy- droxy group, and
x and y satisfy the following relationships:

0 < x < 4,
5 0 <y < 4, and

(x +3y) = 4.

13. The composition according to c¢laim 12, wherein
said Si-H group-containing silicon compound (bl) com-
10 prises at least one compound selected from the group
conéisting of:
a mono Si-H group-containing silicon compound rep-
resented by formula (10):
HS

:
15 H—$i—R’ (10}.
: 3
R

" wherein each R® independently represents a
straight chain or branched C;-Cis alkyl group,
20 a straight chain or branched C;-Cic alkenyl
group, a Cs-Cz;p cycloalkyl group, a straight
chain or branched C;-C3 fluorocalkyl group, a
phenyl group or a siloxy group represented by
formula (13}:

25 . _ -0-(R*;S10)n-SiR%; (13)



x and y satisfy the followng relationships: 0 <x <4, 0 <]% < 4, an (x
+y) s 4. 13. The conposition according to claim 12, wherei 0
group-contai ning silicon conpound (bl) com 10 prises at |east one conpound
sel ected fromthe group consisting of: a nono Si-H group-containing
silicon conpound rep- resented by formula (10): 15 R3 i HTi-R3 R3 (10),
wherein each R independently represents a straight chain or branched

Cl- C30 al kyl group, 20 a straight chain or br ahthed C2- C30 al kenyl group,
a C5-C20 cycl oal kyl group, a straight chain or branched Cl-C30 fl uoroal kyl

group, a phenyl group or anddeRfy <HAMWRY epbepentedtdly rkprddentsld): 25
0-(R42SI O)"-Si R43 (13) 18 March, 2006 155
straight chain or branched C,-Ci¢ alkyl
group, a Cs-Cz cycloalkyl group, a
straight chain or branched C;-C;p fluorocal-
5 kyl group, a straight chain or branched
C,-C3p alkenyl group or a phenyl group; and
m is an integer which satisfies the for-
mala: 0 =m = 1000,

a silicon compound, having Si-H groups at both

10 terminals thereof, represented by formula (11):
H-(R?,$10),-8iR%;-H (11)

wherein R? is as defined for formula (10); and
15 - n is an integer which satisfies the formula: 0 = n

= 1000, and

an H silicone représented by formula (12):

(R*HS10).{R%:810)p(R*1510:,2)c (12)

20
wherein:
'R® is as defined for formula (10); and
a is an integer of 1 or more, b is an integer of 0

or more, and a and b satisfy the following rela-

25 ~ tionship: (a + b} < 10000, and ¢ is 0 or 2, and



5 wherein each R4 independently represents a straight chain or branched
Cl- C30 al kyl group, a C5-C20 cycl oal kyl group, a straigh 06
branched C1-C30 fluoroal- kyl group, a straight chain or branched C2-C30
al kenyl group or a phenyl group; and mis an integer which satisfies the
for- mula: 0 s ms 1000, a silicon conpound, having Si-H groups at both 10
termnals thereof, represented by fornmula (11): 15 H (R32Si O a-Si R32-H (11)

wherein R3 is as defined for formula (10); and5h i s an i nt eger which
satisfies the formul a: 0 s n s 1000, and an H silicone represented by

formula (12): (R3HSIO), IR PU B {2y 2htbELeidy 2 Rk iols
defined for formul a (10) and a 1's an I nteger ﬂ nor e, IS an | nteger
of 0 or nore, and a angydy satisfy ddifa f@'éﬂvﬂé&mé eé@ feénﬁiaowsﬂpls(aa+ b)
s 10000, and c is O or 2, and 18 March, 2006 15

cyclic silicone, and when ¢ = 2, said H silicone

of formula (12) is a straight chain silicone.

14, The composition according to any one of claims 1

to 13,, which further comprises a resin.

15. The composition according to any one of claims 1

10 to 14, which is a film.
16. The composition according to claim 15, which is

anisotropic with respect to the distribution of the

modified photocatalyst particles (A), wherein the con-

15 centration of the modified photocatalyst particles (A)

increases from one surface of the film toward the other

surface of the f£ilm.

17.  The composition according to any one of claims 1

20 to 14; which is a shaped article.
18. The composition according to claim 17, which is

anisotropic with respect to the distribution of the

modified photocatalyst particles (A), wherein the con-

25 centration of the modified photocatalyst particles (A}



5 wherein when (a + b) is an integer of 2 or nore and c :18155a5d4QQ§
silicone of formula (12) is a cyclic silicone, and when c=2-23t&%

silicone of formula (12) is a straight chain silicone. 14. The conposition
according to any one of clainms 1 to 13,, which further conprises a resin.
15. The conposition according to any one of clains 1 10 to 14, which is a
film 16. The conposition according to claim15, which is anisotropic with
respect to the distribution of the nDdified]&Hotocatalyst particles (A,
wherein the con 15 centration of the nodified photocatal yst particles (A)

i ncreases from one swefegedHictdie thd MinwprsotfiLo@t LI thé Ushased cdrthele
film 17. The conposition according to any one of clainms 1 20 to 14, which
Is a shaped articl ecoWdicd Tt canffsdd i Ao thped tartie@ien 17, which is
ani sotropic with respect to the distribution of the nodified photocatalyst
particles (A), wherein the con 25 centration of the nodified photocatal yst
particles (A 18 March, 2006 157 increases fromthe inner portion of the
shaped article towad t heswohposidfiionhacsvaydichqarttd atlaim -5, which is a

5 film which has a microphase separation structure with
respect to said phenyl group-containing silicone (BP)

and said alkyl group-containing silicone (BA).

20. The composition according to claim 19, which is
10 anisotropic with respect to the distribution of the

modified photocatalyst particles (a). wherein the con-

centration of the modified photocatalyst particles (A)

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

surface of the Film.

15
2]1. The composition according to claim 5, which is a
shaped article which has a microphase separation. struc-
ture with respect to said phenyl group-containing sili-
cone {BP) and said alkyl group-containing silicone (BA).
20

22. The composition according to claim 21, which is
anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-

centration of the modified photocatalyst particles (A) -

25 increases from the inner portion of the shaped article



19. The conposition according to claimb5, whichis a 5 fil I ¢ch S a
m cr ophase separation structure with respect to said pheny!gwﬂ&éh'igbﬁ
group-containing silicone (BP) and said al kyl group-containing silicone
(BA). 20. The conposition according to claim19, which is 10 anisotropic
wWith respect to the distribution of the nodified photocatal yst particles
(A), wherein the con- centration of the nndifiﬁg phot ocat al yst particles
(A) increases fromone surface of the filmt rd the other surface of
the film 15 21. The conposition according to claim5, which is a shaped
article which has #&owaedophaseus€tpaeabiforhe! sheapddirsa-tadlfe.respect to said
phenyl group-containing sili- cone (BP) and said al kyl group-containing
silicone (BA). 20 22. The conposition according to claim?2l1l, which is

ani sotropic with respect to the distribution of the nodified photocatalyst
particles (A, wherxin Ahfugohiogahtcanpoaibé thmpmidihged phbstcatel npakl
particles (A 25 increases fromthe inner portion of the shaped article 18
March, 2006 158 towmafdlmhEosmedace sfaidhsubhlpetiear sadde £i28. cAmpuistingnal
conposite conprising a substrate and a filmfornmed on said substrate, said
filmconprising the composition of any one of claims 1 to 14.

24, The functional composite according to claim 23,
wherein said film is anisotropic with respect to the
distribution of the modified photocatalyst particles
10 (A), wherein the concentration of the modified photo-
catalyst particles (A) increases from a surface of the
film which contacts the substrate toward the other, ex-

posed surface of the film.

15 - 25, A functional composite comprising a substrate and
a film formed on said substrate, said film comprising
the composition of claim5 and having a microphase
separation structure with respect to said phenyl group-~
containing silicone {(BP} and said alkyl group-

20 containing silicone (BA).

26. The functional composite according to claim 25,
wherein said f£ilm is anisotropic with respect to the
_ distribution of the modified photocatalyst particles

25 (A), wherein the concentration of the modified photo-



5 the conposition of- any one of clains 1 to 14. 24. The functi onal I

conposite according to claim23, wherein said filmis ani I& Magth, 2008
respect to the distribution of the nodified photocatal yst particles 1

(A), wherein the concentration of the nodified photo- catal yst particles
(A) increases froma surface of the filmwhich contacts the substrate
toward the other, ex- posed surface of. the film 15 25. A functional
conposite conprising a substrate and a ¥9 mfornmed on said substrate, said
filmconprising the conposition of clainb and having a m crophase
separation strgetalgsti partéspest (AQ daictepkesyfrgmoapsuadicd Mo | i cone
(BP) and said al kyl group 20 containing silicone (BA). 26. The functional
conposi t e accofdimgwhich| epntasts wher subssabdef tbward @hies @tthay C apt h
respect to the distribution of the nodified photocatal yst particles 25
(A, wherein thesedngentfaceioh thetfidlwodified photo 18 March, 2006 159
catal yst particles (A) increases froma surface of the filmwhich contacts
the substrate toward the other, ex posed surface of the film




