20 January, 2006 T - 1 PHOTOCATALYST COMPOSI TE AND PROCESS FOR PRODUCI NG
THE SAME BACKGROUND OF THE | NVENTI ON FI ELD OF THE | sent

i nventiop relates to a photocatal yst conposite conprising a substrate
havi ng photocatal yst particles adhered thereon and a process for
produci ng the sane. DESCRI PTI ON OF RECARED ART Exposure of photocat al yst
particles to an irradiation of a wavel ength corresponding to not |ess

conduct  on band w t nEAOL8r R AES R b BoREEE AT A A, FBP RS Ses 1n & val ence
band. The strong reducti oFQroOBROMICING BHECIAMEIS and t he strong oxi da-

tion power of the holes generated by this optical excitation have been
utilized in deconposition and purification of organic naterials as well

in decom poStEGROURD B8t enr TROERWALRcat al yst particles to be wused in
such treatnents are usually deposited on a substrate of dinensions |arger

t han the plrurIcmtel ysiir pRVENCEER in order to prevent themfrom scattering
into the air or exhausting out of the system and subsequently to provide
for easy separation dfhe herehentchhabyttohr awlatles ttioeat ment system The
deposi tion of photocatalyst particles on a substrate has been acconplished
by a photocatalyst composite comprising a substrate having

as

photocatalyst particles adhered thereon and a process

for producing the same.

DESCRIPTION OF RELATED ART

Exposure of photocatalyst particles to an
irradiation of a wavelength corresponding to not less
than the band gap energy causes the photoexcitation of
electrons into a conduction band with a corresponding
generation of holes in a valence band. The strong
reduction power of the electrons and the strong oxida-
tion power of the holes generated by this optical
excitation have been utilized in decomposition and
purification of organic materials as well as in decom-
position of water. The photeocatalyst particles to be
used in such treatments are usually deposited on a
substrate of dimensions larger than the photocatalyst
particles in order to prevent them from scattering into
the air or exhausting out of the system and subsequently
to provide for easy separation of the photocatalyst from
the treatment system. The deposition of photocatalyst"

particles on a substrate has been accomplished by a



20 January, 2006 - 2 nethod conprising sintering the ﬁhﬁt ocat a= éﬁ%
particles on the substrate at a tenperature of 400C adher e
the partigles to the substrate, or a nethod conprising spraying a
precursor, which can be converted to photocatal yst through thermnal

deconposition, onto a substrate heated at .a tenperature of about 400C,

t hereby adhering the particles on the substrate. Alternatively, there has
been proposeatdetho@t 8oslprisimbi kiiaiteg iplptitatgHotsdcpet 1y €t epavsiages
certain type of fluorinated polyner. For exanple, Japanese Patent KOKAI
(Lai d- open) ®No.theisdb281486¢ disel osepexatmtehad G senghighenatong a
m xture of. photocatal yst particles and a fluorinated pol yner and

conpr essi ng aHere gpk@aber bhaéesatpr ébsusaibsiapdtos ©®1Pa are tIKOKA|

(Lai d-open) No. Hei 4-334552 discloses a nethod conprising thermally
fusing a fl GRS PoFRREY LIRS 2aBREFEISIG oAy S2phe | EPREerhedet o.

Recently, an attenpt has. been nade to, use hot ocat al yst. particles for
deconposi ti (ﬁhéﬁ§?ﬂEﬁ%¥Rﬁ thpeupnaf ?rWQRo °ﬁéﬁ€ﬁﬁbﬂ§°%ﬁﬂ Bily

substances | ndlie JESIE LIS BLOGICLAE LY LI daR: elreum

stances as we as purification an

Thus the phabooalial Yalndialdd CLiES Daves chaundneyqe igadsning areas of

application. I'n thi regar e I's a nee a met hpable of
adhering fm@ewnraftqtmey,almr@%égcbéénoakegaggdsabﬁlbw&d whi ch

adhesi on can be maintai ned over an extended period of
immobilizing photocatalyst particles using a certain
type of fluorinated polymer. For example, Japanese
Patent KOKAI (Laid-open) No. Hei 4-284851 discloses a
method comprising laminating a mixture of photocatalyst
particles aﬁd a fluorinated polymer and compressing the
laminate under a pressure. Japanese Patent KOKAI
(Laid-open) No. Hei 4-334552 discloses a method
comprising thermally fusing a fluorinated polymer to
adhere photocatalyst particles thereto. h
Recently, an attempt has been made to use
photocatalyst particles for decomposition of deleterious
materials, malodorous materials and oily substances in
the waste products produced daily in inhabitant circum-
stances as well as pufification and sterilization of the
waste products. Thus the bhotocatalyst particles have
found ever broadening areas of application. In this
regard, there is a need for a method capable of adhering
firmly photocatalyst particles onto any substrate, which
adhesion can be maintained over an extended pericd of

time, without losing their photocatalytic function.



time, without losing their photocatal ytic function. ég ﬂanuargﬁ ﬁgOG - 3
Unfortunately, the prior art nmethods as described ab 0p5,

i nsufficient adhesion strength as being susceptible to delam nation under
external pressure, and they require heating at high tenperatures so that

they can not apply to a substrate not ¥esistant to heat such as plastics,

interior materials such as office walls and the surfaces of various
product s WPERTA R adislfy c the tRrideart sRathpds| pRe deprradgc: iedwvet here are
Phot ooat a tS?fsg?ffrrta?rﬁé%éfé&r et A heshe Pfs%\%g?ig%?a% §6DRIEE resul ing in
Fequired  SPEREPATIEAAS scﬁe%%&%'l%%‘vchfe@rﬁ‘%; SHREFRAG BREGFSChrcdll o, or
nventi on- FhefoPequirkiiSketng ot LI ShhehEs PR S Char tar g 5§3§2Erate

havi ng phO&Qﬁ%@kYé% gr”t'od e%xﬁ:@?&‘a@fb trﬂ% €00s VL faRe JcSSﬁeQ%ggﬁgﬁ“ ve

adhesi ve. Anot her the present Invention 1s to provide a process
for pr oduca@gpmstpbgt 0GRy Yr RO LL st U4 NeFr 0B eGh19E LRg present

inventionis to prOV|de a coating conposition using the photocatalyst
conposi te.t28 Jdanfacygs 3806arious products which are difficult to
heat, and the like. 1In addition, there are problems
that the thermal treatments at high temperatures cause
the photocatalystrparticles to reduce their specific
surface area resulting in a reduction in their photo-
catalytic function. Moreover, there may be required

specific means such as devices for adhering under

pressure, or fusing under heat.

SUMMARY OF THE INVENTION

One object of the present invention is to
provide a photocatalyst composite comprising a substrate
having photocatalyst particles adhered thereon via a
less degradative adhesive.

Another object of the present invention is to
provide a process for producing the photocatalyst
composite.

A further object of the present invention is
to provide a coating composition using the photocatalyst

composite.



- 4 - BRIEF DESCRI PTI ON OF THE DRAW NG Fi gure 1 shows_yariationg.i.n wei ght
| oss per unit area of the adhesives in the photocatagééﬁﬂﬁﬂméégbges due
toirradiation with the black light for Sanples A and C from Exanpl es and
Sampl e E from Conparative Exanple. DETAI LED DESCRI PTI ON OF PREFERRED :
EMBODI MENTS The present inventors have made a research to develop a
process for achieving a firm adhesi on ofg photocatal yst particles onto any
substrate over an extended period of time wthout damagi ng the photo-
catal ytic fBRIEFOMBICRIRT G tOE| BEE BRARINGSUlt, the present invention
has been conpleted on the basis of the discovery that (1) when ;
phot ocat al yst particl ésiqure ladderes oatbdatisnbstinaweighthlassaghkasi ve, the
photo- catal ytic function of the photocatal yst particles may deconpose and
deteriorate“%ﬁé adrésiofe U s Hees phot bhat phosocpaatiekes to rel ease
fromthe substrate nd however, the use of a | ess degradative adhesive

a
al | ows adheSPBROSHE tBfe Sttt Aaiarka is?n i ¥i B Bheobhagk 34B5Er &0& wi t hout

causi ng the e,of th articles therefromand unpredictably the
photocatalygéﬁéigéh% ahfe e%qunﬁﬁﬁWRﬁ?ﬁcF%&*ﬁ?WPl%uFffE?%nt
photocataly@&ﬁpaggggggo?xa& o he photocatal yst particles may be adhere d
to a substrate w thout 'owering the photocatalytic function of the
resul tant photocatal yst conposite when the anmount of the photocatal yst
particles is in the 20 January, 2006

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present inventors have made a research to
develop a process for achieving a firm adhesion of
photocatalyst particles onto any substrate over an
extended period of time without damaging the photo-
catalytic function of the particles. As a result, the
present invention has been completed on the basis of the
discovery that (1) when photocatalyst particles are
adhered onto a substrate with an adhesive, the photo-
catalytic function of the photocatalyst particles may
decompose and deterjorate the adhesive causing the
photocatalyst particles to release from the substrate,
and however, the use of a less degradative adhesive
allows adhesion of the photocatalyst particles onto any
substrate without causing the release of the particles
therefrom and unpredictably the photocatalyst of the
present invention to exhibit sufficient photocatalytic
function, {2) the photocatalyst particles may be adhere
d to a substrate without lowering the photocatalytic
function of the resultant photocatalyst composite when

the amount of the photocatalyst particles is in the



- 5 range of 5to 98 % based on the total volunme of the. photocatal yst
particles and the | ess degradative adhesive, (3) the

adhesi ves, such as fluorinated polynmers and silicone based pol yners or

i norgani c adhesives as | ess degradative adhesives results in nost reduced
deconposition and degradation of the adhesives, owing to the

phot ocatal ytic function of the photocatal yst particles so that the

phot ocat al yst particles can be firmy adhered for a long tine, and
particularly a fluorinated polyners conprising primarily a copol ymer of
vinyl et hers &gdya®r ofi rfy|test¥8 st dmalsed | anr eakeftiona lave lpmef efr athe (4)
preferred photocatal yst particles are titanium oxide which has a high
phot o- cat al piiotacada@linst paitiighlehemndathst dbkki tegandandvet oxi city, and
that (5) a prgﬁess for adhering photo- catalyst Barticles, which is
appl i cabl e t 89EFAEEInd 3 ) &gt (URS Pl RTI§nifeadbrsires shcharisous products

phot ocat al yti.¢c._and _whi ch enabl es t he, photocatal ytic function to be readily
utilized in 5%H8§fpgt§8pﬁégﬁﬂ§£s %ﬁﬂwﬁ%%%%°¥ﬁeg§§%ﬂsPB%YE?§Eo§an

hot t al el I d ti dhesi bstrat d
Phen 11 xi ng: PhesanmecpobtadvEe B SN JREdafone e 8heds  proceas, or

MO PArLL CUEBELYCGOTR! hoge LB, uclomdl SPOPLNT DI U GGALELYELAPRE! T ! e

and a | ess degradative adhesive by coati or spraying a’co

conposi ti on tkens@hasigebNowhhgl @eakdey Phdadd €l Brid %ﬁ@é‘dféﬁv&a”d a

solvent on the surfaces of a substrate such as various products and then

fixing the adhesphetocatalyst particles so that the photocatalyst
particles can be firmly adhered for a long time, and
particularly a fluorinated polymers comprising primarily
a copolyﬁer of vinylethers and/or vinylesters and
fluoroolefins are preferred, (4) preferred photocatalyst
particles are titanium oxide which has a high photo-
catalytic function, a high chemical stability and no
toxicity, and that (5) a process for adhering photo-
catalyst particles, which is applicable to rendering
relatively easily the surfaces of various products
photocatalytic and which enables the photocatélytic
function to be readily utilized in domestic appliances,
comprises the steps of disposing photocatalyst particles
and a less degradative adhesive on a substrate and then
fixing the adhesive as a preferably convenient and easy
process, or more particularly comprises ﬁhe steps of
disposing photocatalyst particles and a less degradative
adhesive by coating or spraying a coating composition
containing the photocatalyst particles, the adhesive and
a solvent on the surfaces of a substrate such as various

products and then fixing the adhesive.



20 January. 2006 6 That is, the present invention lies in proyjding a
phot ocat al yst conposite conprising any substrate ha%ﬂﬁébﬁﬁﬁﬁgeéhgﬁyst
particles, firmy adhered thereon for an extended period of tine wthout

|l osing the photocatal ytic function of the particles. The present invention
I s a photocatal yst conposite conprising a substrate having photocatal yst
particles adhered via a | ess degradative adhesive. As wused in the present
i nvention, the term"rkras dlegr atie- prieseradhiasieret’i orefeke@s tbnan adhesi ve
having an extrenely reduced rate of deconposition due to the

phot ocat al yp¥evidimgt & ophpbesassdysity admpastidteocmministinparanel es in the
range of 10 %or less, preferably 5 %or less, nore preferably 3 % or

| ess, nost PHRIEFaEE yhavingr phesscasrgysds P rdd A afei 4bs%d%?r?ﬁe

adhesive in the hot ocat al yst conposi te as -measured t he, net hod
describedi????ﬁ9$;£hﬁl%“b%FBﬁPdﬁgmﬁﬁﬁﬁpdl8§stHW§héPt Y 1Y% 489 ndi cat es
desi r abl ' d iti . d dat j .0f, t he adhesi ith
areat amuNt O HE HHOLB0R: af JOPLAER F0) S DEg e Bused. The less
degradative adhesivespig Beoused 1R EAZBRIENE WAL docl ude, for
S

exanpl e, inorgani c adheSives such as I'I'T con compounds such as water

| ass, col || Sl rga ' e t | hat es such
9 s S d rﬁrn%)iﬁfﬁog Beﬁgk%ga ﬁa%{_a?lge%dﬂd&tm

as zinc phosphate, alumnump phate and the ,  biphosphates, cenent,
lime, gypsyartgnam ddhdfed ObA8Sa LbBENBegkadgsivel aghisiver 9gae C

adhesi ves such as
used in the present invention, the term "less degrada-
tive adhesivé" refers to an adhesive haviﬁg an extremely
reduced rate of decomposition due to the photocatalytic
function possessed by the photocatalyst particles in the
range of 10 % or less, preferably 5 % or less, more
preferably 3 % or less, most preferably 1 % or less
expressed as a weight loss of the adhesive in the
photocatalyst composite as measured by the method
described in the Example below. A weight loss higher
than 10 % indicates undesirably vigorous decomposition
or degradation of the adhesive with a great amount of
the photocatalyst particles being released. The less
degradative adhesives to be used in the present inven-
tion include, for example, inorganic adhesives such as
silicon compounds such as water glass, colloidal silica,
polyorganosiloxanes and the like, phosphates such as
zinc phosphate, aluminum phosphate and the like,
biphosphates, cement, lime, gypsum, enamel frits, glass
lining glazes, plasters, organic adhesives such as

fluorinated polymers, silicone based polymers and the



fluorinated polynmers, silicone based polyners and the 20 _January, 2006 - 7
| i ke, and these adhesives may be used in conbination BQAﬁﬁﬂﬁﬁﬁiéﬂgée
thereof. Particularly inorganic adhesives, fluorinated polyners and
silicone based polyners are preferred in view of adhesion strength. The
cenment to be used include, for exanple,7Portland cenents such as

rapi d- hardeni ng cenent, general -use cenent, noderate heat cenent,

sul f at e- r esilsitieng areheriesehadesivent paygi be weled denmemimb iared: igeotdier nal
wel | cenent, blended cenment such as fly-ash cenent, sulfated slag, silica
cenent, and§l &%t MUFhddeerepEnt , Partithéas lyekeroand a keldsiaes The

plaster to be used includes, for exanple, gypsum plaster, |line plaster,

dolomite pIJéﬂﬁr%ﬂﬂf%unQ%XEFrsT%%df?hb%Fﬁ&?eHaﬁgpyE@%§Wﬁ§ﬂx§ﬁ%ed

i ncl ude, for _e crysta fluorinated resinsg such as palyvinyl
1 or 1 des, _BEEITTIIR diha gt ADCEERhFREFERER", | PREy GRaemtodices,
polyethylen te fl, I.des, t oe ne-.hexaf | Qr apr op Iene
copol yners, Be % eﬁgggbq§%1ﬁ¥%§ﬁ%€%%#$%fI%%%#gengocgpen% R as

et hyl ene- et € hlahg!

tetrafluorogﬁhgpeﬁérben%?ﬁg?%g?%+?V|#?ﬁg) ¥F¥§e08%%'9ﬁérg°d§§8Fﬁhous
fluorinat edhegéi Beameng %%lﬂ%ﬂéJf§H£§ﬁ$ﬁf FOhYHE Swhite cement, 0il

vi nyl et her - fl uorool efi n copol yners, vinylester-fluoroolefin copolymers,
various flwellnaemdnel,ashdmees tidridle wé Ke. cdaéht fubRehdedl LBgEhRat ed

pol ymers conpri si ng prinarily vi nyl et her- fluorool efin copolyners and

vi nyl est er -$tcbrasl élyrash cement, sulfated slag, silica cement,
and blast furnace cement, aluminous cement and the like.
The plaster to be used includes, for example, gypsum
plaster, lime plaster, dolomite plaster and the like.
The fluorinated polymers to be used include, for exam-
ple, crystalline fluorinated resins such as polyvinyl
fluorides, polyvinylidene fluorides, polyethylene
trifluorochlorides, polyethylene tetrafluorides,
tetrafluoroethylene-hexafluoropropylene copolymers,
ethylene-polyethylene tetrafluoride copolymers,
ethylene-ethylene trifluorochloride copolymers,
tetrafluorocethylene-perfluoroalkylvinyl ether
copolymers, amorphous fluorinated resins such as
perfluorocyclo polymers, vinylether-fluoroolefin
copolymers, vinylester-fluoroolefin copolymers, various
fluorinated elastomers and the like. Particulérly
fluorinated polymers comprising primarily vinylether-
fluoroolefin copolymers and vinylester-fluoroolefin
copolymers are preferred because they are susceptible to

less decomposition and degradation and easy to handle.



copolyners are preferred because they are susceptible | ess
deconposi ti on and degradati on and easy to handl e. 202ﬁﬁhﬂﬂ%¥24%£%9- 8 The
silicone based polyners to be used include linear silicone resins,
acryl-nmodified silicone resins, various silicone elastoners and the |ike.
As used in the present invention, the tegm "photocatal yst particles”
refers to those capabl e of exhibiting photocatal ytic function upon

i rradiati onThiet lsild croaei dfaseal eyl ageBs Wwew ebengskdcdncdsdendiimgatro not

| ess than the band gap energy. The photocatal yst particles to be used

i ncl ude onesédigopenbiasarison agfrytiwonodi f ed es bl ikADANTAELAE . c yAPIONG

sem conductors such as titanium oxide, zinc oxide, tungsten oxide, iron
oxi de, stréhﬂﬁ&ﬁpﬁlP&ﬂﬁﬁ?mﬁﬁﬁjQHﬁaqﬂﬂ«#l¥%ft|cuIarIy titani um oxide

whi ch has a high photocatalytlc function, hbg chemical] stability and no
toxicity is preferred®s #S€dydit ithe quﬁ%Fﬁ ¥FPEHORo FHEI G8E™ nsi de said

hot o- d/ h f h f I
metal andl orPaCEER %a%ast h%%g&‘#rcst‘?a% "LtrZefef”#s 7S CHROS? capPRbhei 82 ng of v,
Fe, Co, N
bgcause o} ?%H %Egﬂgupthtocgg Wytlc alng‘ion Oéhéggggg ?ﬁgo ﬁgbo-
cat al yst paatf&aféuJneha%%gﬂgnua%q@n@%@' &&@%&@W% esu &t :‘gres

exanpl e, netal oxides oxy- “hydr oxi des,

nitrates, argsevenanetAb bhAAS Ehgn@wgent He IR0 SSEORLL goFPOnent may

vary depending upon the kind ?hereof eferred photo-
particles to be used include one or a comblnation of two
or more of known metal compound semiconductors such as
titanium oxide, zinc oxide, tungsten oxide, iron oxide,
strontium titanate, and the like. Particularly titanium
oxide which has a high photocatalytic function, a high
chemical stability and no toxicity is preferred. 1In
addition, it is preferred to include inside said photo-
catalyst particles and/or on the surfaces thereof at
least one metal and/or a compound thereof selected from
the group consisting of Vv, Fe, Co, Ni, Cu, 2Zn, Ru, Rh,
Pd, Ag, Pt and Au as a second component because of the
higher photocatalytic function of the resulting photo-
caﬁalyst particles. The aforementioned metal compounds
include, for example, metal oxides, hydroxides, oxy-
hydroxides, sulfates, halides, nitrates, and even metal
ions. The content of the second component may vary
depending upon the kind thereof. Preferred photo-
catalyst particles which may contain the aforementioned
metals and/or metal compounds are of titanium oxide.

The content of photocatalyst.particles is preferably in



catal yst particles which may contain the aforenention netal s / or
met al conpounds are of titanium oxide. The content oﬂigﬂéﬁﬁéﬁiﬁgggg
particles is preferably in 20 January, 2006 - 9 the range of 5 to 98 % by
vol une based on the total anount of the photocatal yst particles and the

| ess degradative adhesive. The content 9%f the photocatal yst particles

| ess t han t?ﬁeabove defi@Fd range tends _undesirably to result _in a reduced
|

phot ocat al ytire TPHEE Pdn Softd RS e Y phoeated aPYsthevhPEalt hat  hi gher
than the ab fLped,range tends .al so undesjrably.to cause a reduction
in adhesiod£§§?g§g?E.Qhﬁhg CEERE zﬁtgﬂﬁﬁﬁﬁﬁ%ﬁ% %%%dtgﬁ r%§§ degr adati ve
adhesi ves, dbers ho at I¥§; i S I e _preferably
from5 to 40 % %Etﬂ}%rgég%ggr% ) #o%mc% o) tgacgi %%e?%%?‘%aeﬁ?/,?yﬁﬁen

organi ¢ or pdwricuasi teadhesbyeenal Aoy Lt FBle HhgypSum are  used
as | ess degradative adhesives, the content of the photocatalyst particles
shoul d be prrefesaidlylfr oo 28stot 98 % rEdiedd Piydlardl 4098 % and nost
preferably 70 to 98 % The photocatal yst particles to be used in the
present i namdiomayf beher odacddihy phytore tafl yeowivh tles hi4les. For
exanpl e, there are several methods including (1) a nethod conprising
thernmal |y Rj@hsy Ahap theiabovendebipedndangeh tamds tadrsd sul fate,
titanium chloride, titanium al koxides, and the like, if neces- sary, in
the presend@desifahisy i Greseati Bpducpion in adhesion strength.

When cements or gypsum are used as less degradative
adhesives, the content of the photocatalyst particles
should be preferably from 5 to 40 %, most preferably
from 5 to 25 %. Alternatively, when organic or inor-
ganic adhesives other than the cement and gypsum are
used as less degradative adhesives, the content of the
photocatalyst particles should be preferably from 20 to
98 %, more preferably 50 to 98 % and most preferably 70
to 98 %.

The photocatalyst particles to be used in the
present invention may be produced by any one of known
techniques. For example, there are several methods
including (1) a method comprising thermally hydrolyzing
& titanium compound such as titanyl sulfate, titanium
chloride, titan;um alkoxides, and the like, if neces-
sary, in the presence of seeds for nucleation, (2) a
method comprising neutralizing a titanium compound such
as titanyl sulfate, titanium chloride, titanium
alkoxides, and the like, by adding an alkali, if neces-

sary, in the presence of seeds for nucleation, (3) a



met hod conprising neutralizing a titani um conpound su as tit I

sulfate, titaniumchloride, titanium al koxides, and . di ng an
al kali, if neces- sary, in the presence of seeds for nucleation, (3) a 20
January, 2006 - 10 nethod conprising oxidizing titaniumchloride, titanium
al koxi des, and the like in the vapor phase, and (4) a nethod conprising
firing or hydrothermally treating the titanium oxides produced by any one
of the methods (1) and (2). Specifical I t-hose titani um oxi des obtai ned by
the method (1) or by the hydrothernal treatnment at tenperatures of 100C or
hi gher are hQ9 SPBRERESRY oPX1ERELPOhtaRan ipmotcddmiidei ¢ fuamcinion.  As
used in the ggese t _inventjon, e term"titaniumoxides" is nmeant to

{ [
i ndi cate t hGed - 1éﬂpﬁyﬁ?ﬁtéﬂﬂ?ifathﬁ18??85,Phﬁf@ho&?QﬂﬁﬁdniGhloxide,
tatit t ' tes, .Lifani hydr oxi.de, .hesi des t.itanium oxide,
Tegar i ase TEentd MHEAIRLES o LA R BN EP R TR Y s e G et o
d/ t: : h ISt f. V., Fe, Co,
N G, oy CRAnge R B8 SRS NEn T BHE R R eaRe o (id pr esent

i nsi de the aphot@gat a'S\ﬁ%qu?irééPja}est}?&% %i@&n%%aﬁg;ﬁégeébw%%f py ON€

can enploy a nethod conprising adding the neta or the conpounarto be

adsor bed duthegmehaopr qductdoby afhd heydRetinsahal Yetehanbhe! 88, or a net hod
conprising adding the netal and/or the conmpound to be adsorbed after the

producti on btémpheaphoescatfallyon® part iltldsr idre Neeesearyd badetsbeak, or if
necessary, using reduction. ‘
their higher photocatalytic function. As used in the
present invention, the term "titanium oxides" is meant
to indicate those so-called hydrated titanium oxide,
hydrous titanium oxide, metatitanates, orthotitanates,
titanium hydroxide, besides titanium oxide, regardless
of their crystal system. In order to allow at least one
metal and/or compound thereof selected from the group
consisting of V, Fe, Co, Ni, Cu, 2Zn, Ru, Rh, Pd, Ag, Pt
and Au as a second component to be present inside the
photocatalyst particles and/or on the surfaces thereof,
one can employ a method comprising adding the metal
and/or the compound to be adsorbed during the production
of the photocatalyst particles, or a method comprising
adding the metal and/or the compound to be adsorbed
after the production of the photocatalyst particles, if
necessary, under heat, or if necessary, using reduction.
The substrates to be used in the present
invention include inorganic articles such as ceramics
"and glasses, organic articles such as plastics,
elastomers, woods and paper sheets, and metallic

articles made of a metal such as aluminum or an alloy



The substrates to be used in the present invention include inorganic
articles such as ceranmics and glasses, organic arti M astics,
el astoners, woods and paper sheets, and netallic articles made of a netal
such as alum numor an alloy 20 January, 2006 - 11 such as steel.

Di mensi ons and forms of the substratesllare not critical. Even coated
articles may be used. In the present invention, it is preferred that both

t he phot oc &5 396k e PHMPSHORY sBNBeRPTRE CTadhs SYPFH A S ubst rat e
via the | ess deg;adatim%: hesj ve becaug& %Egte coexi st ,an acgion adsor bi ng

treat nent R&Fefial $EMHE s or BEH S8 §CRRE B8 PFedSSd- adsor bent s
such as acti vated carlq]oq:hezepcgégﬁt .r%éxilgfogel $t ggq %:Q‘i‘elriljé%' tlh'lx anot her
TSt 13 I'Ng -0

aspect of the present | nvention, a ayér ~consi an adhesi ve

wi t hout cophahniig g@to@%ﬂ%gga%tgé{éé chfa bi Buguidedion e substrate,

and then a second | consi ess degradative adhesive and

phOtOPata|Hﬁhe@éﬁtbﬁkgﬁai%dﬁéﬁﬂdkgjélhtiﬁb fégstabgygBatibe provision of
the first layer contain- ing no photocatal yst particle enables a firm

connect i onadhesweenbkbeauskbaiheaie cekidte &econtibayedseebiagni ng the

phot ocat al yst particles resulting in a firmer adhesion of the

phot ocat al ystapmenichaseaind st.he Theulesisatlestust & nbbl esédr iacladger peri od
of time. Moreover, the first |layer should preferably contain- inorganic
particl es #eRe¢Rylnadprobenssalspchc alsugatiioieteed carbon, zeolites,

silica gels, and the like.

In another aspect of the present invention, a
first layer consisting of an adhesive without containing
any photocatalyst particles is provided on a substrate,
and then a second layer consisting of a less degradative
adhesive and photocatalyst particles is provided on the
first layer. The provision of the first layer contain-
ing no photocatalyst particle enables a firm connection
between the substrate and the second layer containing
the photocatalyst particles resulting in a firmer
adhesion of the photocatalyst particles onto the
substrate sustainable for a longer period of time.
Moreover, the first layer should preferably contain
inorganic pérticles having no photocatalytic function as
filler. Such inorganic particles to be used include
those of titanium oxides, silicon oxide,‘aluminum oxide,
magnesium oxide and the like, the surfaces of which are
coated with silicon oxide, aluminum oxide, or zirconium
oxide.

The photocatalyst composite according to the



filler. Such inorganic particles to be used include those of titanium
oxi des, silicon oxide, aluninumoxide, nagnesium oxi 48 JaRName2000, e
surfaces of which are coated with silicon oxide, alum num oxide, or
zirconium oxide. The photocatal yst conposite according to the 20 January.
2006 - 12 present invention may be prodiced by di sposing photo- catal yst
particles and a | ess degradative adhesive on at |east a part of'a
substrate amFeIRH finvertiore manebevprotocedhdye disposicdoitaiyst
particles onto the substrate via the adhesive. In _the present invention,

speci fi cal - QFalisS hRABeEE 8y sanpart 1€ﬁésdﬁﬁ§aﬁlﬁélf"§s§da'§&rlé’d’atqft/e“
adhesi ve sh uldéﬁreferabhy be dispersed in solv%nt to 5& E%{ a_coatlng
conposi ti on \i%th 9 PAHerP kP ?raE%r‘a?@dtBﬁn dF28; SPdse the

phot ocat al yst, riicl d the Ie s_de radatiye adh Si n,at ast a
part of the%subs ate t%ﬁtep ofr‘?/%an*%% Y3t g esngp et\)/(\’%t %Pb%tr q:organlc

sol vent s sueh a8 Ol ol COfPl o G0l LBRe | i KGenTliBn cpodagnadati ve

adhesives to be contalned 1n coat ng composition I nc

af or ement i 0ngd t9Re HHYY SR QM d gmﬁéfé}?@éyake 8REUBLES aegkﬁea%qlv\éents

used. In the present I nventi on, tthe |ess degradative adheSive contained in

t he coati ngadhegpes tshamlids pﬁ:i’ﬂfeﬁf Jy 1 ed DspePsed pohyaesslsehecied from
the group consisting of a fluorinated polynmer and a silicone based

pol yner. Thprepauwet aokcdaltd ngheaioogatisaltyisin ylai¢h ciestheni nodbedr amge of 5 to

98 % by vol une, pre-
sprayed on a substrate to dispose the photocatalyst
particles and the less degradative adhesive on at least
a part of the substrate. The solvents to be used
include water, and organic solvents such as toluene,
alcohols, and the like. The less degradative adhesives
to be contained in the coating composition include the
aforementioned ones which should preferably be soluble
to the solvents used. In therpresent invention, the
less degradative adhesive contained in the coating
composition is preferably one or more polymers selected
from the group consisting of a fluorinated polymer and a
silicone based polymer. 'The amount of the photocatalyst
particles is in the range of 5 to 98 % by volume, pre-
ferably 20 to 98 % by volume, more preferably 50 to 98 %
by volume, and most preferably 70 to 98 % by volume,
based on the total amount of the photocatalyst particles
and the less degradative adhesive. The coating compo-
sitions may be formulated with cross linking agents,
dispersants and fillers. The cross linking agents to be

used include ordinary ones of isocyanate family and



ferably 20 to 98 % by volune, nore preferably 50 to 98 % by volune, and
nost preferably 70 to 98 % by volune, based on the t 096 +t he
phot ocat al yst particles and the | ess degradative adhesive. The coating
conpo- sitions may be formulated with cross |inking agents, dispersants
and fillers. The cross |inking agents-tb3be used include ordinary ones of
| socyanate famly and 20 January, 2006 - 13 nelamne famly and the

di sper sant smebaBengsEamigyl aod tdsugisnprapms. tede ivsgdrigchnda the
content of the _photocatal yst particles in the coating conposition is in

the range ofPUBLliBIOBISNES -voPaFs Usadadr loh whan tidie Conitint o bf thae
photocatalyst?ﬁartic es_and the_l ess &ﬁg%adatiye adhesive,. it |s preferred

hohReatphY T hgPRBpGLEsi dm LU IS RIYEN L OF S abbunt  of

to fornul at®

t he coupli nt%]%lgg%&%/; gﬁ_bgoaggeggsgp%l dgf%%f-ﬁ“reefb%r %QJ Yon ftrhoemtScEtEé)l 50 % Bgr e

preferably hée appl i cati O € coating conposition may

st . : ! gi
acconpi i s eﬂn@n&%’f'%3?%39?%?2%%?%&%&%1%% g e Qs ordinary

coating techniques in _ ; i p-coating, spin-coating, blade
coating, rid@Fraddei+@ladibs vl 1603k REe 8RS o FImOQAld Nthe OF an

ordi nary spraying techni que such as spray coating to dispose the
phot ocat al ysdatpiaid | cdmSosei dhewk €BS adegial idat avenddhegihee ab@it | east a
part of the substrate. If necessary, before the application of the
phot ocat al ysft thmEardowbesn@ralgemes | essbdegudedt shevddhes prefumabihe
substrate by coating or spraying, an organi c adhesive
from 5 to 50 %, more preferably 7 to 30 %.
The application of” the coating composition may
be accomplished by coating or spraying according to any
one of ordinary coating technigues including immersing,
dip-coating, spin-coating, blade coating, roller
coating, wire bar coating, reversal roll coating, or an
ordinary spraying technique such as spray coating to
dispose the photocatalyst particles and the less degra-
dative adhesive on at least a part of the substrate. If
necessary, before the application of the photocatalyst
particles and the less degradative adhesive onto the
substrate by coating or spraying, an organic adhesive
such as acrylic resins, epoxy resins, polyester resins,
rmelamine resins, urethane resins, alkyd resins and the
like, or such a less degradative adhesive as mentioned
above may be coated or sprayed onto the substrate to
from a first layer and then on the first layer there is
provided a second layer consisting of the photocatalyst

particles and the less degradative adhesive by coating

or spraying the coating composition. The organic



such as acrylic resins, epoxy resins, polyester resin b mel am resins,
urethane resins, alkyd resins and the |ike, or such §~P§§§553g2§83tive
adhesive as nentioned above may be coated or sprayed onto the substrate to
froma first layer and then on the first |layer there is provided a second
| ayer consisting of the photocatal yst particles and the | ess degradative
adhesi ve by coating or spraying the coal#ng conposition. The organic 20
January. 2006 - 14 adhesive may be of such a kind as nornally used. After
coating or $FPRAHYE Mate ROMostiFomiking| xedneesmpléyuasethe phot ocat al yst

conposite of the present inventjon. The fixation y be perfarnmed by a
t echni que of drying, i Eﬁﬁzﬁ?ﬁﬁf%ﬁt?FLﬁ??%¥+%9ettggyg?mpﬁé&FFﬁ§,1€boling,

| - g, | tre ut oret s |
Chan 400C. SEarar CoakPy oo vshccrased S Eret r48ahe: Lrn et cgara, o
temper at ur e bbglgk HR%n%Q%&{myrH@dﬁ%J@%H F2YBe bOSEERndegladal | on of

t he adhesi ve rendering the oto- catalyst particles readily refFeasable.

The present tebR¥ERLEOB FPUEHMY ! O SO thd BENAd dDErdlxaiben-ubth cross
| i nki ng agents of ‘i socyanate famly and nelanine famly. The pho0tocatal yst

conposi te areatdhfyg teotheg,poesentiingn\eitdys CRihicangeapehtf hgat ken and
sterili- zation of products containing deleterious materials, malodorous

mat eri al s ahsgl achyematiertaks tegipasaltuase ldeeanpdsin | 600 of, spedfaateri al s

whi ch come into the
ably from room temperature to 200°C. In this regard, a

temperature higher than 400°C may undesirably cause
thermal degradation of the adhesive rendering the photo-
catalyst particles readily releasable. The present
invention prefers to employ a method for fixation with
cross linking agents of isocyanate family and melamine
family.

The photocatalyst composite according to the
present invention can cause purification and sterili-
zation of products containing deleterious materials,
malodorous materials and oily materials as well as
decomposition ¢f such materials which come into the
vicinity ¢of the photocatalyst particles by irradiating
with a ray having a wavelength corresponding to not less
than the band gap energy. The radiations to be used for
the exposure include light rays including ultraviolet
rays, for example, the sun's rays, and lights from
fluorescent lamp, black lamp, halogen lamp, xenon flash
lamp, mercury lemp and the like. Particularly the light
rays including near ultraviolet rays of 300 to 400 nm

—

are preferred. The intensity and the time of irradia-



vicinity of the photocatalyst particles by irradiati

i Cini [ [ iatin with ar havi ng a
wavel ength corresponding to not less than the band &&pﬁgﬂgﬂagéﬂgﬁ%

radi atiopns to be used for the exposure include Iight rays including

ultraviolet rays, for exanple, the sun's rays, and lights from
fluorescent |anmp, black |anp, hal ogen L&np, xenon flash |anp, nercury |anp

and the like. Particularly the light rays including near ultraviolet

rays

of 300 to mnnmmdv dher e’fleg‘h@dra%ecmmbﬁsﬁ@?emn?ﬁe roufd ngflYi rradi a 20
2006 - tion with the light rays can_be deL%;nlned routinely

January,

dependi ng Eﬁgﬁ“FHQQaM@mﬂnihﬁ QﬁR%R?%J%ft%ﬁB%r%?éﬁtéﬂ
t Il b | | ustrated bhel th ref t I
Ecampl 'e°2 To an aci R @a%aﬂ&?rx“%%%%%%ﬁ%iﬁ”ﬁ%ﬁiﬂs"%%aﬁs?iy”ﬁ. S of
BESB@ Qg%the% %pl%:froqa Ié& Iﬂg.jggls,,Sangyo Kai sha, Ltd.),
d) gst t he

followed by filtration
and washing. Then, to the resultlng tltanlun1OX|de wet cake was added

titanyl

was added

fr& Sp-&Sent

rum “hydroxi

t here

water to prepare a slurry of 100 grans/liter expressed as Ti 02. Sodi um

hydr oxi de pRsmpadded to this slurry to adjust the pHto 10, and then

hydr ot her mal treatnent was conducted in an autoclave at a tenperature of
3 hours. Theo theaslidiky tidfardra tdiel hysitoihed ey theswaknt was

150C for
neutrali
wat er

zed to pH 7 by adding nitric acid, filtered, and washed with

f chydwmetybysdefi hgtanyd sedfertst (GS-of, 00 Iopl8 fiooms
Ishihara Sangyo Kaisha, Ltd.), there was added sodium
hydroxide to adjust the pH to 7, followed by filtration
and washing. Then, tc the resulting titanium oxide wet
cake was added water to prepare a slurry of 100
grams/liter expressed as Ti0,. Sodium hydroxide was
added to this slurry to adjust the pH to 10, and then
hydrothermal treatment was conducted in an autoclave at
& temperature of 150°C for 3 hours. Then the slurry
after the hydrothermal treatment was neutralized to pH 7
by adding nitric acid, filtered, and washed with water,
followed by drying at a temperature of 110°C for 3 hours
to yield titanium dxides.

Then, mixtures of compositions indicated below
were shaked in a paint shaker for 3 hours to effect
sufficient mixing, and dispersed to produce a coating
composition. The LUMIFRON LF 200C as referred to below
is a fluorinated polymer comprising primarily a

copolymer of vinylether and fluoroolefin.



to yield titanium oxides. Then, m xtures of conpositions indicated bel ow
were shaked in a paint shaker for 3 hours to effect i ng, and
di spersed to produce a coating conposition. The LUM FRON LF 200C as
referred to below is a fluorinated polyner conprising primarily a

copol ymer of vinylether and fluoroolefi®.-20 January, 2006 - 16 - Titanium
oxi des9. 60 grans Fl orinated pol yner (LUM FRON LF200C, 0.80 gram avail abl e
from Asahi d asBiCGanium é¢xjidesocyanate based curing agent®.88 gramsTit ani um
coupl i ng agent (PLANEACT 338X, 1.00 gram available fromAjinonoto Co.,

Inc.) Tol uene23tdorinated podvmey JGHBUFRAMALDBI0OGe above formul a- tion
was coated on a@Yradabppafaosf AzahdntElagfd Ghen i bd at0e8@e®PeRat ure of
120C for 20 mnutes to .pLoduce a phot ocat al yst conposite of the present

i nvention (Sanpl®CAYaNFhesbIsA SURLRG) 299N ani um  oxi de¥ chhitBRt™of 90 %

by vol unme based,o0 athgmtotal ;amount f [ i}gq xi des and the |ess
degradative a i?gb g%ﬁﬁﬂ.\é}&gi :1 On( o eéiﬁ_%ln;‘ 'aniimaé)xéggrﬁ as used
in Exanple 1, € m Xt tres of “conpositions ‘i ndicat ed bel ow

Toluene 23.60 ml

The coating composition of the above formula-
tion was coated on a glass plate of 20 cm?, and then
dried at a temperature of 120°C for 20 minutes to
.produce a photocatalyst composite of the present
invention (Sample A). This Sample A had a titanium
oxide content of 90 % by volume based on the total
amount of the titanium oxides and the less degradative

adhesive.

Example 2

By using the same titanium oxides as used in
Example 1, the mixtures of compositions indicated below
were shaked in a paint shaker for 3 hours to effect
sufficient mixing, and dispersed to produce a coating

composition.

Titanium oxides 7.64 grams

Florinated polymer (LUMIFRON LF200C,
available from Asahi Glass Co., Ltd.) 2.36 gram

Isocyanate based curing agent 0.47 gram



were shaked in a paint shaker for 3 hours to effect sufficient mxing, and
di spersed to produce a coating conposition. Titaniungﬁxﬁﬂggﬂiiéﬁkﬁians

Fl ori nated pol yner (LUM FRON LF200C, avail able from Asahi d ass Co., Ltd.)
2.36 gram | socyanate based curing agent 0.47 gram 20 January, 2006 - 17

Ti tani um coupl i ng agent (PLANEACT 338Xl7awail able from Ajinonoto Co.,
Inc.) 0.76 gram Toluene 22.50 mM The coating conposition of the above
formul ation was chitaniwn eowpbirgprgestof 20 cnZ, and then dried at a

t enperature of 12RELAWRACDH 38X eavablapledfizema photocatal yst conposite of
the present invéiitMYRpPer BINCThis Sanple B had a ti0-df @namxi de
content of 70 % by vol une based on the total anount of _the titani um oxides
and the | ess degr %% adhesive. Exanple 3 By using 28e >%amd ti t ani um
oxides as used in Exanple 1, the m xtures of conpositions indicated bel ow
wer e. shaked in a paint shaker for one hour to effect sufficient mxing,

and di spersed to prod%ﬁﬁa%ﬁ§¥§3&mboﬁ§gg§§igﬁogf Ihgagkggboxides 9.8 grans

formulation was coated on a glass plate of 20 cm?, and
then dried at a temperature of 120°C for 20 minutes to
produce a photocatalyst composite of the present
invention (Sample B). This Sample B had a titanium
oxide content of 70 % by volume based on the total
amount of the titanium oxides and the less degradative

adhesive.

Example 3

By using the same titanium oxides as used in
Example 1, the mixtures of compositions indicated below
were shaked in a paint shaker for one hour to effect
sufficient mixing, and dispersed to produce a coating

composition.

Titanium oxides ' 9.8 grams
Pclyorganosiloxane based

inorganic adhesive (a mixtutre of

T2202A and T2202B in a ratio of 3 : 1,

available from Japan Synthetic

Rubber Co., Ltd.) 2.7 grams

Isopropyl alcohol 21.5 ml

The coating composition of the above formula-

tion was coated on a glass plate of 20 cm?, and then



Pol yor ganosi | oxane based inorgani c adhesive (a m xtutre. .of T2 and
T2202B in a ratio of 3 : 1, available from Japan Syné£%¥$¥¥35¥g§§§3 Co.
Ltd.) 2.7 grans |sopropyl alcohol 21.5 m The coating conposition of t he
above formula- tion was coated on a glass plate of 20 cnZ, and then 20
2006 - 18 dried at a tenperal®re of 180C for 10 m nutes to
produce a photocatal yst conposite of the present invention (Sanmple C).
Thi s Sanpl érCeHadtaat iteapenatuyg def ol YntfeF O BEBYLES &Re based on the

January,

total anount of the titani umoxides and the Iess degradative

Exanpl e 4 PEOHCECRIPROTPCAAPA YRS GIMRATES L t WP nBFeSADbr ol ysi s

titanyl

sulfate (CS-N_ available from |shihara Sangyo, Kai sha, Ltd.
was added éBH?Bﬁ%OHyéﬁéﬁP&E Fﬁ amQRﬂ £ %I d %IFbgﬂ

and mashlng b;h EB he re tlta 'U”‘Q§'%9?V§ﬁ ﬁgkgaggi drie
1

t enper at ur

m xt ur es

3 hours to

FBF § ani um oxi Then,

Om mGuHEo §ESUBPSt&@Qb&%e%x1%%s°‘é¥ﬁé’fgpeérfS‘P%Q a@?f 8atAeS

Icrent m XI ng, to pro UCG a

COHpOSItIOtheSlve_

Example 4

To an acidic titania sol obtained by thermal
hydrolysis of titanyl sulfate (CS-N, available from
Ishihara Sangyo Kaisha, Ltd.), there was added sodium
hydroxide to adjust the pH to 7, followed by filtration
and washing. Then, the resulting titanium oxide wet
cake was dried at a temperature of 110°C for 3 hours to
obtained titanium oxides.

Then, the mixtures of compositions indicated

below were shaked in a paint shaker for 3 hours to

effect sufficient mixing, and dispersed to produce a

coat composition.

Titanium oxides

Polyorganosiloxane based inorganic
adhesive (a mixture of T2202A and
T2202B in a ratio of 3 : 1,
available from Japan Synthetic
Rubber Co., Ltd.)

Isopropyl alcohol

The ccating composition of the above formula-

7.0 grams

4.3 grams

©22.5 ml

tion was coated on a glass plate of 20 cm?, and then

adhesi ve.

of
), there

filtration

d at a

t he
haker f or
coat



Ti tani um oxi des 7.0 grans Pol yorganosi | oxane based inoraanic adhesive (a

m xture of T2202A and T2202B in a ratio of 3 : 1, a apan
Syntheti¢ Rubber Co., Ltd.) 4.3 grans |sopropyl alcohol 22.5 nml The
coating conposition of the above fornula- tion was coated on a glass plate
of 20 cn?, and then 20 January, 2006 - {I¢ _dried at a tenperature of 180C
for 10 mnutes to produce a photocatal yst conposite of the present

i nvention (Suhptieab)a ThinpeFatplre BfhadErd ificani LN mixhtes coat ent of 80 %
by vol une based on the total amount of the titanium oxides and the |ess
degr adat i vePTedheei gephGoppatatliyse Ecapusite Bf utiegptdmestne titani um
oxi des as used in, Exanple 1, the m xtures of conpositions indicated bel ow
wer e shaked'BYeRtpaRnf Samaiker DHor Ghd shSamptle &F fheed a suffamiwnt i xi ng,

and dispersedw%o roduce a coatigg conposition. Titanium oxides 9.8 grans
Vi nyl acet &t %r%#nE%%Bl9ﬁe30(B TOXP o990 bagesd (ogbitdrd rtert i ni ppon | nk &

Chem cal s, Jnc.), O. ram Water 24.8
amou&t og ghe tyéanlum oxigLs and the less degradative

adhesive.

Comparative Example 1

By using the same titanium oxides as used in
Example 1, the mixtures of compositions indicated below
were shaked in a paint shaker for one hour to effect
sufficient mixing, and dispersed to produce a coating

composition.

Titanium oxides 9.8 grams
Vinyl acetate-acryl copolymer
(BONCOAT 6290, available from
Dainippon Ink & Chemicals, Inc.) 0.7 gram

Water ’ 24.8 ml

The coating composition of the above formula-
tion was coated on a glass plate of 20 cm?, and then
dried at a temperature of 120°C for 10 minutes to
produce a photocatalyst composite (Sample E). This
Sample E had a titanium oxide content of 90 % by volume
based on the total amount of the titanium oxides and the
adhesive.

The photocatalyst composites obtained in

Examples and Comparative Example (Samples A to E) were



The coating conposition of the above fornula- tion wag _coated oa a gl ass
plate of 20 cn2, and then dried at a tenperature of 006 utes to
produce a.photocatal yst conposite (Sanple E). This Sanple E had a titanium
oxi de content of 90 % by volume based on the total amount of the titanium
oxi des and the adhesive. The photocatal2@st- conposites obtained in

Exanpl es and Conparative Exanple (Sanples Ato E) were 20 January, 2006 -
20 exposed a%PFRd bkackhei Bhackt Laght| ataghobétraviedsit \intEnsA¢MV cn2 on
t he surfac&ég; each Sampl e for 5 hours. The adhesive in the photocatalyst
conposi te VeI 98 dhe SFEaqerok RAGH rSRMRLE ohoRi PhhPRESH| ack

light to determpne the weight loss. As a_result, no weight |oss_ was

r )
observed for thé R W0 1D BRotpea bR e¥eht COMREALRo ¥ EShHieddhety no

d i ti f d ' . Ho .the S E,of the, ti
Exanp o vi { BRACTo LA VY CRLe Gt GGt FUe" el RS oRAFEIT 0d h gt

I f 85 % kndi cat) . h d | d d b h
055 01 5% Hertdhiald 1hd Ml e el | ey dheplugy e cteompendy the

phot ocatal ytic tion of ti i'um ~ oxi de _ _
that the Sagakeobsewd®ed fdowath afhdnes td tadi yng, pxife g%kg&'te_s were
the adhesive in the

i
partly rel eased. The variation in the weight |oss of
phot ocat al y$hvearpes ieddwaty g rdd@ieddnipsh £¢i6m »F t bheéhgdhbagkeki ght for

each of the Sanples A and C from Exanples and the Sanple E from

Conpar at i veHoweuapl, ethe Sample E FfCHRE LonpeerSaipd eBxdmpdd Bitheat
using any less degradative adhesive exhibited a weight
loss of 85 % indicating that most of the adhesive was
decomposed by the photocatalytic function of titanium
oxides. 1In addition, it was observed that the Sample E
was yellowed and the titanium oxide particles were
partly released. The variation in the weight loss of
the adhesive in the photocatalyst composite owing to the
irradiation with the black light for each of the Samples
A and C from Examples and the Sample E from Comparative
Example is shown in FIGURE 1. The Samples A and B from
Examples 1 and 2 contained the coupling agents which
were adsorbed on the surfaces of the photocatalyst
particles to bridge between the less degradative
adhesive and the photocatalyst particles so that the
photocatalyst particles did not éome into direct contact
with the adhesive rendering the latter less
decomposable. '

Next, each of the Saméles A to D of the

present invention was placed in a 3 liters glass vessel

and acetaldehyde as a malodorous component was added to



Exanples | and 2 contained the coupling agents which _were adsoESSg on the
surfaces of the photocatalyst particles to bridge b

degradative adhesive and the photocatal yst particles so that the

phot ocat al yst particles did not conme into direct contact wth the adhesive
rendering the latter |ess deconposable. . Next, each of the Sanples Ato D
of the present invention was placed +n2a 3 liters glass vessel and
acet al dehyde as a mal odorous component was added to 20 January, 2006 - 21

t he vessel tbdeavessednttcatd srrrofemOrappheandit ABnprimeandesben wae seal ed.
Then, the vessel was exposed to a nercury lanp at an ultraviolet intensity
of 14 mn cn¥e8fclt Hassserd@ss of Thitieh Smpressel BesnProPesd APt ar the

irradiation, the concentration of acetal dehyde in the _glass_vessel was
measur ed. TﬂSrFB§¥IE§mEr€q|%ﬂ(ﬁi&ﬁ?v%giQ%bf%tﬁPs#ﬁﬁ %QnﬁﬁeQWACF% o

hi d fLGl d |t f dehyde d h
oot ocat aly e EPERAEREnCST BT 5k, ¢ 1br A 5o Samp EEBRCERE at i on of
acetaldehydfrf&@ﬂltE%ﬁUpkﬁelé%n%éégyggfﬁén%%E%é%%ﬁ&ﬁ@h;&éoig Fxampl e 4Q0.5

Exampl e 5

glass vessel was measured. The results are indicated in
Table 1. The Samples A to D achieved an efficient
decomposition of acetaldehyde due to the photocatalytic

function of titanium oxides.

Table 1
Sample Concentration of
acetaldehyde (ppm)
Example 1 A 0.5
Example 2 B 0.5
Example 3 c 30.0
|| Example 4 c 0.5
Example 5

To an acidic titania sol obtained by thermal
hydrolysis of titanyl sulfate (CS-C, available from
Ishihara Sangyo Kaisha, Ltd.), there was added sodium
hydroxide to adjust the pH to 7, followed by filtration,
washing, drying, and then pulverizing to produce
titanium oxides. 0.2 gram of the titanium oxides, 0.8
gram.of white cement (availablé from Onoda Cement Co.,

Ltd.) and 0.7 gram of water were mixed and the whole was



To an acidic titania sol obtained by thernal hydrolyahs of titggéﬁ sul fate
(CS-C, available from |Ishihara Sangyo Kai sha, Ltd.), d

sodi um hydroxide to adjust the pHto 7, followed by filtration, washing,

drying, and then pul verizing to produce titanium oxides. 0.2 gram of the

titani um oxi des, 0.8 gramof white cengst ~(avail abl e from Onoda Cenent
ramof water were mxed and whal 20 January,

Co. , Lt d. 0,7 t

5005 25 chaCRTesh o et R EAE T APaatsn 86 oo iusar. BaLSH room

t t 1 d 1 t al 1 i f t t . ti
Sapel Bt €l I RO AL YELa BAIPES L 8 o el SR B R e
b d th | it i i t dati
oahesi oo, bt oI Alvedeion ! PR XEES RS BamAS £ R AT Ve

gram of DENGArhicgh iaindnaiLemitedtior 8yt 8P 601 1A BENEL KAGAE KOGYO

K. K') was enployed instead of the white cement, was repeated to produce a
phot ocat al ysbtaonpasiing ff tiiee pfEeseniuh yRIdéoNahSalAke 1e6k. This Sanple G

had a titani um oxide content of 17 % by vol unme based on.the total anount
of the titadegredatides aaihestihe | ess degradati ve adhesi ve. Conparative
Exanple 2 1.0 gram of the sane white cenent as used in Exanple 5 and 0.7
gram of water were m xed and the whole was coated on a glass plate having
a surface area of 50

Example 6

The same procedure as in Example 5, except

that 0.8 gram of DENCA high alumina cement (Hi,

available from DENKI KAGAKU KOGYO K.K.) was employed

instead of the white cement, was repeated to produce a

photocatalyst composite of the present invention (Sample

G). This Sample G had a titanium oxide content of 17 %

by volume based on. the total amount of the titanium

oxides and the less degradative adhesive.

Comparative ExampleVZ

1.0 gram of the same white cement as used in
Example 5 and 0.7 gram of water were mixed and the whole
was coated on a glass plate having a surface area of 50

cm? and dried to produce Sample H.

Comparative Example 3

1.0 gram of the same DENCA high alumina cement
as used in Example 6 and 0.7 gram of water were mixed
and the whole was coated on a glass plate having a

surface area of 50 cm’ and dried to produce Sample I.



cn2 and dried to produce Sanple H Conparative Exanple 3 1.0 gr of the
same DENCA hi gh alum na cenent as used in Exanple GQQHﬁﬂﬂﬁixggagbof wat er
were m xed and the whole was coated on a glass plate having a surface
area of .50 cn2 and dried to produce Sanple I. 20 January, 2006 - 23 Each
of the Sanmples F to | from Exanpl es an@3 Gonparati ve Exanpl es was pl aced in
a 4 liters vessel and standard nitrogen nonoxide gas was injected into the .
vessel . Then, the vesBathwaf thpoSaunpiest Retpays ficoomExampligisagiad i ght at
an ultraviolet intensity of 1 mNcn2 on the surfaces of each Sanple and

t he concenCrPRRAGRIGfve Hakes YasStReagpPadsinvasdelifgssnyesseddamd h tine

by neans of a NOx, sensor (11L, available from GASTEC Cq. Ltd.). The
results ar & PREATS S GTPoRI BOBOX YR 9&S8 BrEsIRIGRESE APEM B%pl es 5 and

6 d t t NOX trat whi | t S | H
angars$r0ﬁ1%b%%éra[lvgc S %ggeig%.gg%ggggggﬁég'#?lEhevg?ggtqgﬁnﬁgphzi gas

concent at ks khiachis BAEN L0 608 f10ec | SeLahDRLyLbe Ahghoegialvot o

the present invention |ve renmovi-ng ni e by
oxi dation theggaf suh:rfagée_s @Pc%déﬂ ?%?pfgsé:ﬂ& befle ggx%(@entg:g gt of the
cement in each of t anpl es was neasured to eva the wei ght
| 0ss of thRogegRBes MO tMe Yilad PSS %@w@aﬂswga C@itﬂgtﬂﬂe by
deconposition “of the cenent. 20 January, 200

means of a NOx sensor (1llL, avallable from GASTEC Co.

Ltd.). The results are indicated in Table 2. The

Samples F and G from Examples 5 and 6 caused a great

reduction in NOx gas concentration, while the Samples H

and I from Comparative Examples 2 and 3 caused little

variation in NOx gas concentration. It has been found

from this fact that the photocatalyst of the present

invention is effective for removing nitrogen monoxide by

oxidation thereof. In the procedure as described above,

the weight of the cement in each of the Samples F and G

was measured to evaluate the weight loss of the cement.

No weight loss was observed indicating no decomposition

of the cement.



- 24 Table 2 Concentration of NOx (ppn) after SanpleQ mn.10 mn.20 mn.30
m n. Exanpl e 5F18. 88. 93. 11. 2 Exanpl e 6GL3. 50. 300 Cbnp—QHEEH§¥§L§§9r513.5
Exanpl e 2.Conp. 113.513.210.610.6 Exanple 3 Exanple 7 Al the coating

conposition obtained by repeating the procedure identical to that in

Exanple 1 was coated on a transparent @ ylic plate having a surface area
of 100 cnR and dried at a tenperature of 120C for 20 m nutes to produce a
photocatal yst conposite of the present i nvention (Sanple J). This Sanple

J had a titanium oxide content of 90 BB} vélunme based on the total anpunt

of the titapi %WME
Exanple 4 Tphe same acrylic plat¢ as e e lQyed &s
Sanpl e K. Egch of the Sagﬁhaie]cﬁﬁfé?fgttaFgéﬁanuy§fp??§TSn% v'm“'e and
Conpar at i vell Exanpl e wasf on "t he|inmeinwal 110 afira. 30201 méns Namemubﬁlf. 45
liters of 2)E¥§HE¥JV 2006
5 F 18.8 8.9 3.1 1.2
Example 6 G 13.5 0.3 0 0
Comp.
Example 2 H 15.5 13.5 13.5 13.5
"Comp.
Example 3 I 13.5 13.2 10.6 10.6
Example 7

All the coating composition obtained by
repeating the procedure identical to that in Example 1
was coated on a transparent acrylic plate having a
surface area of 100 cm? and dried at a temperature of
120°C for 20 minutes to produce a photocatalyst
composite of the present invention (Sample J). This
Sample J had a titanium oxide content of 90 % by volume
based on the total amount of the titanium oxides and the

less degradative adhesive.

Comparative Example 4

The same acrylic plate as used in Example 7
was employed as Sample K.

BEach of the Samples J and K from the
aforementioned Example and Comparative Example was on

the inner walls of a 50 liters water bath. 45 liters of



- 25 water and 20 gol dfish (Wakin) were placed in t Q%Eh ag%&;rradiated

externally with the light rays fromtwo 20 Wfluore ter the
gol dfi sh.was raised for two weeks, it was observed that al gae were
deposited on the surfaces of the Sanple K from Conparati ve Exanpl e 4,
while no deposition of al gae was obser¥2d-on the surfaces of the Sanple J
fromExanple 7. This_is hecause even when al gae were,  deposited on the

surfaces WeteReaBdngle 9PLALd BN ) veFRPhred| ifetPgt 8AF! deconposed
by the photocgatal yt.i.c_function. I.n the _.pracedur s_described, above, the
quorinateﬂnéoF§ﬁéFlPﬁe tﬁétgﬁﬂﬁi}XJ“Wégpﬁaﬁiuf%§h€o¥a¥ﬁe£r Pgft©l 0ss. No
wei ght |O§§ mgsfgbgergggnknqg%%ging no deconposition of the fluorinated
pol ymer. %nple BOTR8“Shre procedure as in Exanple 7 was repeated, except

that a mixture of thgre@rPeakt gRNarind GAlLd-Pelow ves ehakedeky, a paint
shaker for one hour to effect "sufficient m xing and di spersed to produce

a coating £OMPLSi bbearwhHChhWaS adlglaeC daired ddpakitddnspatieat acrylic plate
by neans of a spin coater (1000 r.p.m x 10 sec) and that the resulting

trans- parentfacey! b€ phat pahplient & ronr Tonlpmert comsixdmpbeod, the | ess
degradati ve adhesive w thout any photocatal yst particles on the surface
t her eof washibednasdepsabtisnrafealgeepmasducdsepast coatthg st of the
present 20 January, 2006

surfaces of the Sample J from Example 7. This is

because even when algae were deposited on the surfaces

of the Sample J from Example 7, they were immediately

decomposed by the photocatalytic function. In the

procedure as described above, the fluorinated polymer in

the Sample J was measured for the weight loss. No

weight loss was observed indicating no decomposition of

the fluorinated polymer.

Example B

The same procedure as in Example 7 was
repeated, except that a mixture of the composition
indicated below was shaked in a paint shaker for one
hour to effect sufficient mixing and dispersed to
produce a coating composition which was all coated on a
transparent acrylic plate by means of a spin coater
(1000 r.p.m. x 10 sec) and that the resulting trans-
parent acrylic plate having a first layer consisting of
the less degradative adhesive without any photocatalyst
particles on the surface thereof was used as a sub-

strate, to produce a photocatalyst of the present



- 26 invention (Sanple L). The content of titaniumoxides, i. he
phot ocat al yst particles in the second |ayer, of thisgéa¥¥¥§E¥L§39—90 % by

vol une based on the tota

degradati ve adhesive. Titanium oxi des having no photocatal ytic
(CR-90, available from 1Ishihara SangygeKai sha, Ltd.) 3.3 grans
pol ymer (LUM FRON LF200C, available from Asahi d ass Co., Ltq.g 5.5 grans
| socyanat e jiasartinn i (BpragbatL i, 1 ghansonfehtiend 24tand

| oss of the adhesive used for Sanple L in the aforenentioned
procedur es ir.evedited phnttocater bysmspaothdlas wai §he secance LaveSenmffe L of
the present invention, and the adhesive was_ not degra at ed .and

t he wei ght

titani um otidde SeERIcEdt 3519 Dat 1 P¥I Beli@eebASEd 8

substrate.

penci | har @At (i GG HAE ¢

anount of the titanium oxides and the | ess

function
Fl ori nat ed

nts of

t he

e dSEd F t he

The film strength of Sang%ge%hg%gggﬁgrégfg d@%%%ﬁééﬂ%éf””s of

particles were firmy

adhered. Further.- nore, the Sanple L was placed in a flow of water and
i rradi at ed 3SR bl ack light in such a manner that the superficia
ultraviolet intensity was 2 mWcn2 for 3 weeks. However, there

observed no rel easing of the

the subst

was

titani um oxi de photocatal yst particles from

rate. wjtanium oxides having no photocatalytic
- function (CR-90, available from
Ishihara Sangyo Kaisha, Ltd.) 3.3 grams
Florinated polymer (LUMIFRON LF200C,
available from Asahi Glass Co., Ltd.) 5.5 grams
Isocyanate based curing agent 1.1 grams
Toluene ' 20.7 mi

Measurements of the weight loss of the
adhesive used for Sample L in the aforementioned
procedures revealed that there was found no weight
change in Sample L of the present invention, and the
adhesive was not degradated and the titanium oxide
photocatalyst particles were hot released from the
substrate. The film strength of Sample L of Example

was 3H in terms of pencil hardness, which means that

8

the

photocatalyst particles were firmly adhered. Further-

more, the Sample L was placed in a flow of water and

irradiated with the black light in such a manner that

the superficial ultraviolet intensity was 2 mW/cm? for 3

weeks. However, there was observed no releasing of the

titanium oxide photocatalyst particles from the

substrate.



20 January, 2006 - 27 Exanple 9 The sanme procedure aEOiE ExanpbﬁE was
repeat ed, except that titani um oxide particles coated conpound
were used instead of the titanium oxides, to produce a photocatal yst
conposite of the present invention (Sanple M. The content of the

phot ocat al yst titani um oxide particles2doated with the zinc conmpound in
this Sanple Mwas 90 % by vol une based. on the total anmount of the

phot ocat al ytamR¥®i2l es and the | ess degradative adhesive. The titanium
oxide particles coated with the zigc congound wer e prqp%&gg as foll ows:
Water and sodi um hydrBx d&2W@r X389 F0%] 18 FATRIE ¢ (% um oxi de

LS 00, DR N Ve B M A Rt o

a pH of 10 gra expresse I's slurry was

subj ected tgdiheg m/ﬂ{ftct&a nd ' 68L8BALEN; A8 taRHOG A e ali thalGl Or 5

hours and then neutralized wth nitric acid, filtered and washed with

water. To iha desuldtdProdidank UphoxbEst Ukl seakonpas iadded waler to prepare
a slurry containing 100 granms/liter expressed as TiOL. To the resultant

sl urry was pagdesth thyidraatd Dsn c( S&mpllé oM or ntheheosltenty dfawiheg a pH of 4. To
one liter of this slurry was dropwi se added 7.2 nml of an aqueous 1 nol/
liter zincpttodadts lydwutt creningerosider pagtifhes, cohdeds Wity thes
neutralized with a 2N sodi um hydroxide solution, filtered and washed with
wat er. Theréaft gompound in this Sample M was 90 % by volume based .

on the total amount of the photocatalyst particles and

the less degradative adhesive.

The titanium oxide particles coated with the
zinc compound were prepared as follows:
Water and sodium hydroxide were added to a

slurry of titanium oxide obtained by thermally hydrolyz-

ing titanyl sulfate to form a slurry having a pH of 10

and 100 grams/liter expressed as TiO,. This slurry was

subjected to the hydrothermal treatment in an autoclave

at 150°C for 5 hours and then neutralized with nitric

acid, filtered and washed with water. To the resultant

titanium oxide wet cake was added water to prepare a

slurry containing 100 grams/liter expressed as Ti0,. To

the resultant slurry was added hydrochloric acid to form

the slurry having a pH of 4. To one liter of this

slurry was dropwise added 7.2 ml of an aqueous 1 mol/

liter zinc chloride solution under stirring. Then, the

slurry was neutralized with a 2N sodium hydroxide

sclution, filtered and washed with water. Thereafter,

the resultant product was dried at 120°C for 16 hours



the resultant product was dried at 120C for 16 hours sg Eanuaryi ﬁgOG 28
and pulverized to formtitani um oxide particles havi a ound
carried thereon in a ZnOTiQ2 ratio of 1:99. Exanple 10 The sane procedure
as in Exanple 1 was repeated, except that titanium oxide particles coated
with an iron conpound were used instead®f-the titanium oxides, to produce
a photocatal yst conposite of the present invention (Sanple N). The content
of the phaiotaghalystitedanbufioori deé tparitin loed deoqiasct i 1es thaving ng
compound in this Sanple N was 90 % by vol unme based on the total anmount of
t he phot ocatiaiqy stompewnd| earahgd thereess idegr FaR iRiOadRddiov®t The
titani um oxide particles coated with the iron conpound were prepared as
follows: 10 gf%ns of titani um oxi des obtained by hydrolysis under heat of
titanyl sulfate were used to prepare a slurry of 100 granms/liter expressed
as Tia2. 2.9 mM of an aqueous solution of ferric chloride (FeCl3.6H20 at
concentration of . 5 ans/liter were added to the slurry and stirring was
cont i nued fEPRTREE ur. Thereafter a diluted agueous ammoni a was added to

the slurry to adjust #$$t%$%%opégc§éggg Egeiﬁlﬁ&gﬁﬁ%gslsﬁggred for one

hour, the slurry was S ~ wth water, "and dried at a
tenper at ur ¢ o AE fQtcSpe NoHEE £2edhehAl bikian pRPiidedaddides coated

with the
with an iron compound were used instead of the titanium
oxides, to produce a photocatalyst composite of the
present invention (Sample N). The content of the
photocatalyst titanium oxide particles coated with the
zinc compound in this Sample N was 30 % by volume based
on the total amount of the photocatalyst particles and
the less degradative adhesive.

The titanium oxide particles coated with the
iron compound were prepared as follows:

10 grams of titanium oxides obtained by
hydrolysis under heat of titanyl sulfate were used to
prepare a slurry of 100 grams/liter expressed as TiO,.
2.9 ml of an aqueous solution of ferric chloride
(FeCl;e 6H-0) at concentration of 5 grams/liter were
added to the slurry and stirring was continued for one
hour. Thereafter a diluted aqueous ammonia was added to
the slurry to adjust the pH to 7. After the slurry was
stirred for one'hour, the slurry was filtered, washed
with water, and dried at a temperature of 110°C for 3

hours to yield titanium oxide particles coated with the

iron compound.



I ron conpound. 20 January. 2006 - 29 These titanium gél Ee Eart&ghgs had

i ron conpounds thereon in an Fe/TiQ2 ratio of 300 p The sane
procedure as in Exanple 10 was repeated, except that the concentration of
t he agueous solution of ferric chloride was 50 grans/liter, to produce a

phot ocat al yst of the present invention g$anple 0). The content of the

phot ocat al yst titani um oxide particles coated with the iron conpound in
this Sanple 0 was 90 THese ol tarei wasedidsn pdetioclat hadubhronf the

phot ocat al yst particles and the | ess degradative adhesive. These titanium
oxi de partiePBpokadsi toeresonpourads Revel g riarg ign cfe/30MPpmat i o of 3000
ppm Exanple 12 The sane procedure as in Exanple 1 was repeated, except
that 8.9 grans of Ti02 and 0.5 gramof active carbon were used, to prepare
a phot ocat al osite according to the present invention (Sanple P).
The total a "EI’HE’ ‘8f rTIlfhe titani um oxi de and the active carbon of Sanple P

was 90 % by vol une baged on the tot annunt of the tifanium oxide, active
carbon and | ess degriggtf9@ a®ES %f?ﬁ%k %ﬁe W% ocedure as in

Exanpl e 12 ¥@$eated, except that the concentration of the aqueous
solution of ferric chloride was 50 grams/liter, to
produce a photocatalyst of the present invention (Sample
0). The content of the photocatalyst titanium oxide
particles coated with the iron compound in this Sample O
was 90 % by volume based on the total amount of the
photocatalyst particles and the less degradative

adhesive.

These titanium oxide particles had iron

compounds thereon in an Fe/Ti0O, ratio of 3000 ppm.

Example 12

The séme procedure as in Example 1 was
repeated, except that 8.9 grams of TiQ, and 0.5 gram of
active carbon were used, to prepare a photocatalyst
composite according to the present invention (Sample P).
The total amount of the titanium oxide and the active
carbon of Sample P was 90 % by volume based on the total
amount of the titanium oxide, active carbon and less

degradative adhesive.

Example 13

The same procedure as in Example 12 was



20 January, 2006 - 30 repeated, except that the active carbon was _placed
with a zeolite in an anmount of 0.8 gram to prepare agpﬁﬁﬁﬁﬂxeagéﬁyst
conposite-according to the present invention (Sanple Q. The total anpunt
of the titaniumoxide and the zeolite was 90 % by vol unme based on the
total anmount of the titanium oxide, zeglite and | ess degradative

adhesi ve. (bservation of the | ess degradative adhesive in each of Sanples
L to Qrevepbpdatbal bheegtWahaltownd ake iWel Hirtb@swad npbabed wotHs, the

| ess degradative adhesive of Sanples L to Q was not degraded, and the
titani um oxadeephitéciasaneamonat beEl @asedifaromtdeprepdose ratphotext, each
of the Sanples A, N and O of the present invention was placed in a 0.8
liter gl asscaeaby$t aompasétel dehpddiag donmdhed@gareerthnrgorertions added to
the vessel to a concentration of 100 ppm and then the  contajner was

seal ed. ThebSanmke \Risel Thastpepl apoudtaed fthe 30-HAMHR ORI t Jd
irradiated wth the black |ight at anp ultraviolet intensity of 1 nWcnR2 on

the surfadd¥® cfehbFe S5ap| 201 &r PEOVALHTEeSasat O ¢ LYai RPYRE t he
concentratio f acetal dehyde.i.n the | ass vessel s nmeasured. The
results aré’Iﬁkﬁf%*Faﬁ%ETe°§?d?hezgﬁﬁgF85aﬂ? C2Td G e sed

effectively‘dtéga cet al dehyde due to the photocatal ytic function of
. . L .
titani um oxli des. January, 2006

Observation of the less degradative adhesive
in each of Samples L to Q revealed that there was found
no weight loss. 1In other words, the less degradative
adhesive of Samples L to Q was not degraded, and the
titanium oxide particles were not released from the
substrate.

Next, each of the Samples A, N and O of the
present invention was placed in a 0.8 liter glass vessel
and acetaldehyde as a malodorous component was added to
the vessel to a concentration of 100 ppm and then the
container was sealed. Then, the vessel was left to
stand for 30 minutes and then irradiated with the black
light at an ultraviolet intensity of 1 mW/cm? on the
éurfaces of each Sample for 60 minutes. After the
irradiation, the concentration of acetaldehyde in the
glass vessel was measured. The results are shown in
Table 3. The Samples A, N and O decomposed effectively
the acetaldehyde due to the photocatalytic function of

titanium oxides.



- 31 Table 3 Sanpl eConcentration of acetal dehyde (ppn). Exa IS Al10.5
Exanpl e 10N2. 0 Exanple 1100.4 11 Then, Sanples M P gﬁd£¥¥ﬁﬁ§e—9é§arately
pl aced in respective 0.8-liter glass vessels. WMl odorous nethyl nercaptan
was added to the glass vessels in a concentration of about 500 ppm Then,
the vessels were sealed. Then, these vessels were left to stand for 2
hours wi thout any irradiation with uktBa--violet rays, and irradiated for
60 mnutes with the black light in such a manner that the ultraviol et
intensity on each of the sanples wasTabg®vén2. After the irradiation, the
concentration of the nethyl- nmercaptan in the vessels was neasured. The
results ar shown in Tahle 4 FromTable 4 it Is clear that the

met hyl mer capt an was effeftively Jigmoved due t e
phot ocat al yst particles pf Sgr%\pres M P andaﬁItl %n Q06 - B2
Table 4 S Vettrytrnercapt-am—tppir \4 anpl e
12P90 Example 1 A

Example 10 N 2.0

Example 11 o 0.4

Then, Samples M, P and Q were separately
placed in respective 0.8-liter glass vessels.
Malodorous methylmercaptan was added to the glass
vessels in a concentration of about 500 ppm. Then, the
vessels were sealed. Then, these vessels were left to
stand for 2 hours without any irradiation with ultra-
violet rays, and irradiated for 60 minutes with the
black light in such a manner that the ultraviolet
intensity on each of the samples was 1 mW/cm?’. After
the irradiation, the concentration of the methyl-
mercaptan in the vessels was measured. The results are
shown in Table 4. From Table 4, it is clear that the
methylmercaptan was effectively removed due to the
function of the photocatalyst particles of Samples M, P

and Q.



Exanpl e 13Q125 In the aforenenti oned exam nation, the cgncen- tgﬁﬁgon of
the nmethyl mercaptan in the vessels left to stand f or2 ut
irradiation with ultraviolet rays was 250 ppmfor each of the sanples. The
concen- tration of netylnmercaptan in the vessels left to stand for further
one hour without irradiation with ultr viol et rays was 240 ppm for
Sanmpl es M and Q and 220 ppm for Sanpl %P The phot ocat al yst conposite of
the present invention conprises a sphgtaiye having photocatal yst

particles thereon via a |ess degradatlve adhesi ve, and

causes very little

deconp05|t|on and degradatlon of t he

adhesi ve ow ng to the photocatalytlc
x 2 . O

function.

photocatal’st partlcles ontosampleubstrate vmadnnﬁnt

photocatalltlc function. |The utilization béthhém§WGﬁ@@aﬂaH¥EmUcogpcsite of
the presen |nveni|o§ al[T ows rectiye and pronpt r val of deletqrious
mat eri al s, || nff material s, oily|conponents, 20 January, 2006 4 33
bacteri a, mﬁ ol fungi, gae amd the like. Thgrefore, the
photocatal' %ﬁ%03| as deodorant and sterilizer jjboth at
hone and |! ' t e photocatalyigsconp05|te of fghe
present | BxestFea—cai—be—lset—For—ah—ext-eoRoes oo —trae,—has-a hi gh
degree of safety, flnds appllcablllty to a wde variety of deleterious
materials, and is disposable

In the aforementioned examination,

the concen-

tration of the methylmercaptan in the vessels left to
stand for 2 hours without irradiation with ultraviolet
rays was 250 ppm for each of the samples. The concen-
tration of metylmercaptan in the vessels left to stand
for further one hour without irradiation with ultra-
violet rays was 240 ppm for Samples M and Q and 220 ppm
for Sample P.

The photocatalyst composite of the present
invention comprises a substrate having photocatalyst
particles thereon via a less degradative adhesive, and
causes very little decomposition and degradation of the
adhesive owing to the photocatalytic function. The
present invention enables long-term firm adhesion of
photoéatalyst particles onto any substrate without
damaging the photocatalytic function. The utilization
of the photocatalyst composite of the present invention

allows effective and prompt removal of deleterious

. b
materials, malodorous materials, oily components,



Wi t hout polluting the environment. Thus, it is very gsgful in %&ﬂgstry. In
the process for producing the photocatalyst conposi t he
present .invention, the use of fluorinated polyners as | ess degradative
adhesi ves enabl es production of preferred photocatal yst conposites, the
surfaces of which have a |esser tendency to adsorb dust and contam nants
due to weak sticking power of the ftuddi mated pol yners. The process for

pr oduci ng Hpe hoIocataIzst conposite _accQrding to the present invention
i s a usef ulPATrTRs FRFLRCBERSR mpf BYIany 2AEeEr PR ifcH € pl astics  as
substrate d produce conveni ent | nd _easily con- .sistent quality
photocatalyseééﬁ%ﬁﬁﬁtég? g%%t%%%g?ﬂ SEoﬁBBEEFF%ﬁ o fﬁgﬂn%ﬂégﬁl FHhvention
can be coatgg . r rm.Qor . ' sites

t her eof atrtl% gq?oa\%/sm ta%rg&r%gédglfﬁ?%%lgéﬁg %;: Pﬁg‘gp gtdoéglt é%ﬁgc&fq’ﬁnct i on.
Thus,  partiCul@filtidd, | She!SEidt ol O a FPOESLLAPBRRLECBYE RS R skaRuary,
2006 34 CLAIMS: 1. A photocatal yst conposite conprising a Substrate having

phot ocat al Y siveRalildrt |t asthaiash t HeF 60N ¥kBeAdb8SHedeBHAGE! itkmeadhesi ve,
wherein said | ess degradative adhesive is selected fromthe group

consi stinghat a $iilghc alwyhss etk pod fey, Bindsf hpplicabedipgl wewem conpri sing
primarily a copolynmer of a vinyl ether and/or a vinyl ester and a
f 1 uor ool ef wadeana rdetivnorfyads loe tethiasi s/ gua Qe r Thbs phandc asabyjsposaipiesi t e
according to Caim1, wherein said inorganic adhesive is cenment. 10
without polluting the environment. Thus, it is very
useful in industry. In the process for producing the
photocatalyst composite according to the present
invention, the use of fluorinated polymers as less
degradative adhesives enables production of preferred
photocatalyst composites, the surfaces of which have a
lesser tendency to adsorb dust and contaminants due to
weak sticking power of the fluorinated polymers.

The process for producing the photocatalyst
composite according to the present invention is a useful
process which can employ any materials such as plastics
as substrate and produce conveniently and easily con-
sistent quality photocatalyst composites.

The coating composition of the present
invention can be coated or sprayed onto substrates of
any form or desired sites thereof, and allows the ready

utilizing of the photocatalytic function. Thus,

particularly it is useful for domestic applications.



3. The photocatal yst conposite according to Caim1l, wherein said inorganic
adhesive 1is a silicon conpound. 4. A photocatal yst ising a
substrate havi ng photocatal yst particles 15 and an adsorbent thereon via a
| ess degradative adhesive. 5. A phqgtocatal yst conposite conprising a
substrate havi ng photocat al yst part3i40I es adhered thereon via a |ess
degradati ve adhesi ve, wherein said photocatal yst particles contain at

| east one selected fromthe group consisting of metals and nmetal 20
conpounds of V, Fe, Co, Ni, Cu, Zn, Ru, Rh, Pd, Ag, Pt and Au as a second
conponent inside said photocatal yst particles and/or on the surface
thereof. 6. The photocatal yst conposite according to any one of clains 1 to
5, wherei prtAiggs.-anount of said photocatal yst particles is in the range of 5
to 98% by volunme based 25 on the total anount of said photocatal yst

particl esland gapbotoeatslysteepmapianite wempeidingsi webstrate Havéng photocailgbty particles
conposite accordi ng,to any one .of ¢lai 1to 5, erein said )

phot ocat al yst ﬁ‘i?etr?ctl ec’J}r/@Iao? l?ﬁst‘g‘ﬁ“ﬁiﬁ?&iadgw% _erﬁﬁéﬂﬁﬁéﬁ%d&g&}%ﬁgye
conposi te accopghdifet ngop tHel & Qi ekl nyary,
2006 35 substrat ee@i g Er%\q}?%ésdﬁgﬂf }hr%s opgy%rnglg% r"?@. %‘gbg}}\@gﬁﬁg?@gm\%mét out
cont ai &i ng anyﬂumimt@}c)aola(mspomarisihgl pamarity & gopélgmennf saiinlylféthert arldayres i s
provi ded a second Ig%/erd g.i)n?r(q%tn %he.less.de{g&adati ve adhesive and the
phot ocat al yst  part Firéed adlugro é“’gﬁ OIS YPosi te according to
claim8, wherein the adhesive of said first layer is a | ess degradative
adhesi ve. 10. A photocatal yst conposite conprising a substrate having

phot ocat ad-yst Pae phatoeatalysi¢bmpesitetdeeording toiClaim | esberdiogrildaoiganicadhesves e,
wherein on the substtrate is 10 provided a first layer conprising the |ess
degradative adi&&VB" and i nor ganic particles w thout containing any

phot opmt al yst particles and further on said first layer is provided a

second | a3yer conprising the | ess degradative adhesive and
. The photocatalyst composite according to Claim 1, wherein said inorganic adhesive

is a silicon compound.

4, A photocatalyst composite comprising a substrate having photocatalyst particles

15 and an adsorbent thereon via a less degradative adhesive.
5. A photocatalyst composite comprising a substrate having photocatalyst particles

adhered thereon via a less degradative adhesive, wherein said photocatalyst
particles contain at least one selected from the group consisting of metals and metal
20 compounds of V, Fe, Co, Ni, Cu, Zn, Ru, Rh, Pd, Ag, Pt and Au as a second

component inside said photocatalyst particles and/or on the surface thereof.

6. The photocatalyst composite according to any one of claims 1 to 5, wherein the
amount of said photocatalyst particles is in the range of 5 to 98% by volume based
25 on the total amount of said photocatalyst particles and said less degradative

adhesive.

7. The photocatalyst composite according to any one of claims 1 to 5, wherein said
photocatalyst particles are of titanium oxide.
30

8. The photocatalyst composite according to any one of claims 1 to 5, wherein on the



phot ocat al yst particles. 15 11. A coating conposition conprisi a

di spersi on of photocatal yst particles and a | ess deé¥b§£§¥$@ﬁgg¥¥%ive in a
sol vent, wherein said | ess degradative adhesive is selected fromthe group
consisting of a silicone based polyﬁﬁg; a fluorinated polynmer conprising
primarily a copolyner of a vinyl eth®r and/or a vinyl ester and a

fluorool efin; and an inorgani c adhesive. ?0 12. The coating conposition

according to claim 11, wherein said inorganic adhesive is cenent. 13. The

coati ng conposigi | | : [ LA gani.G...adhesi ve
o BTa el 1 o AREETRUIAY d G Il ot aln e WABLAANRE 2R,
11, conpri si ng photiicstplyss paticles andhinttherapmbaid tfirpialayerc iseprovidedes secdadiaghat i ve
adhesi ve and a coupl. n%jeg]gen i n %\ sql vent . &1% The, coati ng conposition
according to afyMBHENE 55 Jperadptive adhesivg aed dephoiosaalyshpatisley. 2006 36
anount of said-photocatal yst particles is in the range of 5 to 98% by

vol ume based on the total amount of said photocatal yst particles and said
| ess dégr 8dat i e phdtosatalyst compesiteaccardingnty claimp 8s vthepsin aherpdhestvegofasaid

di spersi on of ﬁh?Eocat al éStd pardtghcl eg and a |l ess degradative adhesive in a
sol vent, wher ePFFH {NE BiJrsHdegra V%Ia‘%ﬁﬁﬁ’%cat alyst particles is in the
range of 20 to 98% by vol une based on the total anount of said

phot ocat aI(}/st particles and said | ess degradative adhesive.
10. A photocatalyst composite comprising a substrate having photocatalyst particles

adhered thereon via a less degradative adhesive, wherein on the substrate is
10 provided a first layer comprising the less degradative adhesive and inorganic
particles without containing any photocatalyst particles and further on said first
layer is provided a second layer comprising the less degradative adhesive and

photocatalyst particles.,

15 11. A coating composition comprising a dispersion of photocatalyst particles and a less
degradative adhesive in a solvent, wherein said less degradative adhesive is
selected from the group consisting of a silicone based polymer; a fluorinated
polymer comprising primarily a copolymer of a vinyl.ether and/or a vinyl ester and

a fluoroolefin; and an inorganic adhesive.

20

12. The coating composition according to claim 11, wherein said inorganic adhesive is
cement.

13.  The coating composition according to claim 11, wherein said inorganic adhesive is

ot a silicon compound.

14.  The coating composition according to claim ‘11, comprising a dispersion of
photocatalyst particles, a less degradative adhesive and a coupling agent in a
solvent. '

0

15. The coating composition according to any one of claims 11 to 14, wherein the



16.
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amount of said photocatalyst particles is in the range of 5 to 98% by volume based

on the total amount of said photocatalyst particles and said less degradative

adhesive.

A coating composition comprising a dispersion of photocatalyst particles and a less

degradative adhesive in a solvent, wherein the amount of said photocatalyst

| particles is in the range of 20 to 98% by volume based on the total amount of said

photocatalyst particles and said less degradative adhesive.



