DESCRI PTI ON Tl TANI A- METAL COMPCSI TE AND METHOD FOR PREPARATI ON THEREOF,
AND FI LM FORM NG METHOD USI NG DI SPERSI ON COVPRI SI NG THE COWPCSI TE

TECHNI CAL FI ELD The present invention relates to a titania-netal conposite
able to suppress or reduce discoloration or fading caused by an organic
material such as a resin or an organi c dye undergoi ng photooxidation

t hrough sunlight or the like, and a nethod of nanufacturing the

titani a-metal conposite. Mreover PEERBIBTdO8Nt invention relates to a film
formation method for formng a coating filmon a substrate conprising an

i nor gani cToIANE§aMECARRCEMPESITE AYDaNEAHOOOHSR| PREPARSBI IdINS AHEREOR,
containing the titani a-netal conposite. Furthernore, the present invention
rel at es AN® AILM RORMINGNMETHOESHOG DS PERS TOM@oMPRIGrORhTHECCORds NeE f i | m
having a sel f -cl eaning function of renoving soiling such as oil on the
surface of a substrate conprising either an organic or inorganic material.
BACKGROUND ART From hitherto, fading and di scol oration of col ored

decorative coating filnms and t@gchh&@ALoEgggPon any of various substrates

(e.g. printed articles, buildi . 1ibers, organic polynmer resin
products, etc.) using organic dyes and pignents has been a problem 1
Factors in such col or degradation include photooxidation, photoreduction
and t her nal r%%%t'gns

nd varj ous t hods have been. thought of as,
count er neasur es. O?SSQEWbIP%?H%%O%r%e%gGr adﬁﬁ%ﬁﬁlﬁfmﬁﬁggr‘@%ﬂ‘ﬁ’@% or
able to suppress or reduce discoloration or fading caused by an
organic material such as a resin or an organic dye ﬁndergoing
photooxidation thréugh sunlight or the like, and a method of
manufacturing the titania-metal composite.

Moreover, the present invention relates to a film formation
method for forming a coating film on a substréte cémprising an
inorgahh:ororganicnmterialUSinganaqueousliquidorcﬁspersion
containing the titaﬁia-metal composite. |

Furthermore, thepresent inventionrelatestoa film formation
method for forming a hydrophiliccoating filmhaving a self-cleaning

functionof removing soiling suchas oil on the surfaceof a substrate

comprising either an organic or inorganic material.

BACKGROUND ART

Fromhitherto, fadinganddiscolorationof coloreddecorative
coating films and the like formed on any of various substrates (e.g.
printedarticles,buildingmaterials,fibers,organicpolymerresin

products, etc.) using organic dyes and pigments has been a problem.
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pi gnent or the surface of an organic polynmer resin sheet, nethods have
been adopted such as mxing into the nmaterial an ultraviolet absorber that
absorbs energy that will bring about photooxidation, or form ng an

oxi dation-preventing filmon the surface of the substrate. Mreover,
removi ng soiling such as oil on the surface of any of various substrates

conpri si ei.ther an Qrgani ¢ or. inorganic . terial, requirs effort, and
hence né? §:§15$1¥5?ﬁ$hg(i}%§x1%Qﬁfé%ﬁﬁq%lﬁ%ﬁiﬁé%ﬂ?%ﬁﬁéb§§§§ﬁﬁﬂf*function or
a self-cleaning fynction, K have heen devel oped., As such a pethod, for

exanpl o RRSHETT R HHRTRC FIEE HRder T i Hion BBACASATE PEREPTORATSI TRED

anat ase-type titanium oxide devel oped by the present inventors have

r ecei vedB1®EYt iYn 25 IGMRISTMSHF W Rfeous | i quid or di spersion contai ning
anat ase-type titani um oxi de devel oped by the present inventors contains
not only titakcdng&rdrilige NavPFgVantheegeadalicine Sfumet icgganisudyval ©& any
of various netal conpounds of copper, tin, iron, zinc, indium silver,

cal ci umpigimaritnom the cket face [dicen, osedrid pmlomeit hedirkeheahd merteads n t he
case of using such an aqueous liquid or dispersion with an organic .
mat er i alhasucheas adopsed Diclamsonganng iglye,tidegadatizanasucht ®sviolet

di scoloration or fading through sunlight or the |Iike has been unavoi dabl e.

Mor eovembsag b that fapygmidpansehhod 1that 1 2i8si 100 b @ plo t SosURSE I £
surface self-cleaning effect, art is known in which a ?I|ﬂ10f silica or a

silica e@meund e FhogiBMH0R dlig, SHRHUIRE £1 1 b gﬂ{&és G 1S WS teh Al €

surface hydrophilic so that soiling can "be renove i ng runni ng water.
substrate.

Moreover, removing soiling such as oil on the surface of any
of various substrates comprising either an organic or inorganic
material requires effort, and hence methods of fdrming a coating
film having an anti-soiling function or a self-cleaning function
have been developed. As such amethod, for example substrates that
make use of a photocatalytic function using anatase-type titanium
cxide deveiopedﬂby the present inventors have received attention.

However, an aquebus liquid or dispersion containing
anatase-type titanium oxide developed by the present inventors
containsnotonlytitaniumperoxidehavingaphotocatalyticfunction,
but also any of various metal compounds of copper, tiniliron, zinc,
indium, silver, calcium, aluminum, nickel, silicon, selenium or
the like, and hence in the case of using such an aqueous liguid
or dispersion with an organicmaterial such as a resin or an organic

. dye, degradation.such.as discoloration or fading through sunlight
or the like has been unavoidable.

Mofeover, as a film formation method that aims only for a
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However, a surface on which a filmof anatase-type titanium oxide or the
| i ke having a photocatal ytic function has been formed has strong
adsorptivity, and hence adsorbs substances that are to be subjected to
soi |l ing deconposition, and then these substances are deconposed by the
excitation wavel ength of sunlight or the like. Application of such film
formation,t i norganic s trate.is atively eas but with
appl|cat|‘J(!Pr'f‘:’(%tr(f’r‘E 6?3%“1 §ﬂB§F}§?§lngd§§&I&5t|8ﬁ i $SbFBAYRt 1RLYBRE SRR ough
deconposition of the organic . substrate surface, and hence this has been
coped wiiHhy T Sidilcg oF §r Shedcascamprra fayéprand ehebha pwotbEatal ytic
filmas a second |ayer. Consequently, it has been inpossible to attain
both pri&vEnmpéanef thegreritiaie cagdfedebhyghopbdkidate dmadf sbhié isggaamnc
substrate and an anti-soiling function using photocatalysis, with these

i nher entdey nameniaty wourdt erurtroi rgnevadreat.her . DI SCLOSURE OF THE | NVENTI ON | t
is a first object of the present invention to provide a titania-netal

conposi t e abl Bowevieeduaesunt Bedlloar whand i Bisociodt kaAtast-eygant cramiehi al
due to sunlight, any of various types of electronmagnetic radiation or the

li ke, amkialemethgek afi keREtasyW bhe tobhe alivkar 8onBtdbn %@%bhefm%né& i's
second object of the present Invention to provide a filmformation nethod

~using ah@ssgewhgna@éofpﬁwﬁwa 4Rt 8en COUROSHLE A% ARAVEs %%%@Q%eo{o

various substratés having a coating filmcontaining a titania-ne

conposi g @ﬁbgge\f@df P& e 116 Eﬁlventl g)%ﬁ% crhg, £ lﬂkgknﬁ'ﬂégé‘ JEiodicdd 1S

~third object t he present to pr Vit
are decomposed by the excitation wavelength of sunlight or the like.

Application of such film formation to an inorganic substrate is
relatively easy, but with application to an organic substrate,
degradation is brought about through decomposition of the organic
substrate surface, and hence this has been coped with by fofming
aprimer as a first layer and then a photocatalytic film as a secon&
layer. Consequently, it has been impossible to attain both

prevention of degradation caused by photooxidation of the organic
substrate and an anti-soiling function using photocatalysis, with

these inherently running counter to one another.

DISCLOSURE OF THE INVENTION

It is a first object of the present invention to provide a
titania-metal composite able to reduce molecular bond dissociation
of organic material due to sunlight, any of various types of
electromagnetic radiationor the like, and amethod of manufacturing

the titania-metal composite.

a
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titani a-netal conposite that, upon formng a filmthereof on the surface
of a substrate that may be inorganic or organic, prevents photooxidative
degradation of the substrate surf ace and color fading that would mar the
decorativeness of the substrate surface, and has a self-cleaning function
of renoving soiling on the surface on which the filmis fornmed, and a

met hod of manyfacturing th i.tapi a-netal_ conposite, and also a fi|m

f or mati on net#gdgﬁsﬁnagcgngig%é???oﬁfgfh?ﬁ%r?ggﬁ i PR B OR oFp T P B dand
any of vard.qus . substrates havjng .a coatjng filmcontaining the

titani a?‘maft%m f@&ﬁ&%&i%%&?@d‘{ Gn USHsgF v 9l A fdrtmmdsometfdhod. In
t he process of, research and devel opnent into aqueous |iquids containing
titani uFCPEREHitFe2 A RN a 3pKoRRE R A Vgl eus usich § ora topd vimia B eeyt big
various netal conpounds of copper, tin, iron, zinc, indium silver,

cal ci umfidruibRtiminhngkeltiteiniacowtadetenpanibe ad kéovikEprhhd ihesent

i nventors have di scovered that in the case of using an aqueous liquid
cont ai niusd oy ttde Uhlpe foxindd idopecthdch a specific netal or a conmpound
thereof on an organic material such as a resin or an organic dye,

per f or mance dégrada&itnuﬁﬁnﬂbj%&ﬂ:QHSQ@b@b&bk@ﬂtoﬁnﬁéﬁtmgncﬁésgﬁo@YdéUQ'ight
or the Iike, and photocatal ytic oxidative deconposition can be avoided. 4

That istitheipresenl LOMEBLEER PRAY] d8SoR KATPGS) ke rhehWeED 00t &) |6
manganese, iron, cobalt, nickel, copper or zinc or a conpound t ereof and

anat as esb)f@@cebbﬁoekistﬁ'sttﬁi%%em&hﬁ‘#t k€Y RBorgabhay UM d[?%%ﬁdgéhgtﬁe%@&@s ,

phot ocatal ytic activity or anorphous=-type titanium avi ng a

PhOtOCaﬁﬁb¥5%§iﬁ%&&%@%@gf§5$fiég%Peﬂes%%s@?ygg%%f‘ég aﬁ&%@l%f%ﬁH%ﬁ%te'
that would mar the decorativeness of the substrate surface, and
‘has a self-cleaning function of removing soiling on the surface
on which the film is formed, and a method of manufacturing the
titania-metal composite, and also a film formation method using
a dispersion of the titania-metal composite, and any of wvarious
substrates having a coating film containing the titania-metal
composite formed thereon using the film formation method.

Intheprocessofresearchanddevelopmentintoaqueousliquids

{T containingtitaniumperoxidehavingaphotocataiyticfunctiondoped
with any of various metal compounds of copper, tin, iron, zinc,
indium, silver, calcium, aluminum, nickel, silicon, selenium or
the like, the present inventors have discovered that in the case
of using an aqueous liquid containing titanium peroxide doped with
a specific metal or a compound thereof on an organic material such
as a resin or an organic dye, performance degradation such as
discolo;ation or fading gaused by sunliight or the like, and

photocatalytic oxidative decomposition can be avoided.
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By addi ng such a nmetal or conpound thereof, it becones such that the
photocatal ytic activity is no longer exhibited, or in the case of a
conposite with anorphous-type titanium di oxide, even if the conposite is
heated to convert the crystalline forminto the anatase type,

photocatal ytic activity will not arise. On the other hand, with a

di spersion coptaining.the titania-netal . conposite, there is, an effect that
cven i1 the AlERr ST OMHaB-RaFBE BhvEnt b QaMy I G FefoMERE Rt AL St oho)
as a solvent _therein or is g paint caontaining.an organi c. polyner resin,

degr adafi&df G F@DGARES S A af CoP i ntidrdSls t &, ZiF 8t dover
degradation of the painted substrate and fading of an organic dye or

pi gnent CARPOMREl hesgol pnd anefradat VoA, doeoebl bhot BbRi et i wh keusad by
sunlight, fluorescent light or any of various types of electromagnetic
radi at i dri tiag ipadiiceti dabaebne r, phidim qrrisslentic avenvi by oprame desows netdewod  of
manuf acturing a titani a-netal conposite, this nethod characterized by
react i ngidandtumadabeide hiottam wim ¢ al phesiob ¢t Dhytand agthasity, sohdibigsthod

t oget her under the presence of at |east one out of copper, manganese,

ni ckel , odol@ntfaict@ringi Bechand cogieeurds thereof to forma hydroxide of
titaniumand this netal, and then peroxidating the titanium?5 hydroxide

Wi th an oxidi giNga@oentsudth el 8B¥alNer tddaiuR P92 ) i thEe agHeous,dy qui d
is doped with at [ east one metal conpound. BRIEF DESCRI PTI ON"OF THE

RN NCFLERCENL 15 AT IR T8 W LTG0 LSIALI) .00t o

i:.‘_n.yenti Mse of a composite with amorphous-type titanium dioxide, even if
the composite is heated to convert the crystalline form into the
anatase type, photocatalyticactivitywill noﬁ arise. On the other
hand, with a dispersion containing the titania-metal composite,
there is an effect that even if the dispersion has water or an organic
solvent such as an élcohol as a solvent therein or is a paint
containing an organic polymer resin, degradation of the paint £film
after painting is prevented, andmoreover degradationof the painted
substrate and fading of an organic dye or pigment are prevented,

- i.e. degradation due to photooxidation caused by sunlight,
fluorescent light or any of various types of electromagnetric
radiation is reduced.

Moreover, thg present invention provides a method of
manufacturingatitania~metal composite, thismethod characterized
byreactingatetravalent titaniumsalt solutionandabasicsolution
‘together under the presence of at least one out of copper, manganese,

nickel, cobalt, iron, zing, and compounds thereof to forma hydroxide

of titanium and this metal, and then peroxidating the titanium

5




FI G 2-consists of drawi ngs show ng exanples in which a dispersion
containing a titani a-nmetal conposite according to the present invention is
applied to an organic material substrate surface. FIG 3 consists of
drawi ngs show ng various nodes for formng a coating film having excellent
organi c dye/ pignment degradation-preventing performance using a dispersion
cont ai ni a_titani a-netal .composite agcording to the present invention.
FIG 4 cORSrErads i dthihos ‘SR aurdg “IaRF oUI LGRS GHe dit GIgam eXIRg & al
structurghor a struc#ure,hayin an organic nmateri al coating fil m having
excel | entPBedRABILT onl Predeht | SPPper el el emeler orpene prbseprprowida
coating filmhaving a photocatalytic function. FIG 5 is a bar chart
showi ng the col or persistence of sanple substrates (sanple substrates 6 to
10 and conparative substrate 2) according to the results of eval uation
test 2 FIG 6 is a bar Bi{i& DEISERIRY IiONe OF0ITEIE PRESIINENce of sanple
substrates (sanple substrates 6' to 10' and conparative substrate 2')
according to the results of evaluation test 2. 6 FIG 7 is a bar chart
showi ng the col or persistence of sanple substrates (sanple substrates 11
to 16 and conpEr@! ilvessabai hgkm ShoReeerhd B i ihe Jesiy %%aﬁ%l%vékuﬁti on
test 3. FIG 8 is a drawing showng a filmformng sanple substrate used
in " wor ki TP fa o BESTn §RDE; '§Aﬁﬁ? - irst
kih 6 &X Endfac n 5 EGRY e&N@oﬁBBﬁhEE%é%?g¥ngy hg

invention: Titania-nmetal conposite and nethod o uring”the sane
present invention.

FIG. 2 consists of drawings showing examples in which a
dispersion containing a titania-metal composite according to the
present invention is applied to an organic material substrate
surface. |

FIG. 3 consists of drawings showing various modes for forming
a coating film having excellent organic dye/pigment
degradation-preventing performance using a dispersion containing
a titania-metal composite according to the present invention.

FIG.4consistsofdrawingsshowingvariousmodesofanorganic
material structure or a structure having an organicmaterial coating
film having excellent degradation prevention performance under the
presence of a coating film having a photocatalytic function.

FIG. 5 is a bar chart showing the color persistence of sample
substrates (sample substrates 6 to 10 and comparative substrate
2} according to the results of evaluation test 2. |

FIG. 6 is a bar chart showing the color persistence of sample
substrates (sample substrates 6 to 10’ and comparative substrate

2") according to the results of evaluation test 2.
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(A-1) Titania-netal conposite A titania-netal conposite according to the
present invention contains titanium oxide fine particles having peroxy
groups, coexisting with at |east one out of copper, manganese, nickel,
cobalt, iron, zinc, and conpounds thereof; the nature of the titanic-netal
conposite is fine particles or a powder. Mreover, an aqueous liquid or

di spersi on of |Ian| met, al osi t e ared reactin a

t et raval ent tlEgﬂﬁl unmt 34 agcﬁ}iﬁritoﬁgg‘ﬁﬂn‘é%%icgrl gl‘lﬁ’f‘?ﬂn&i% ﬁ"grgalﬂﬂh%r t he
presence f at | east one out of coppe manganese, nickel, cobalt, iron,
zinc, antPRYUMRIRRs THE oS UPs traERSal byt o d@doFomPRE AR Tif AWaSERake
netal, and then peroxidating the titanium hydroxide with an oxidizing
agent. The aseariing ok deh¢ i resubas td %l essa haai ep persoxy3 gr oups contai ned in
t he aqueous liquid or dispersion may be either anorphous-type or

anat ase-type, FIG.b6t hs afdrshdsey shywheqpx €5dnt- ffnmdchd egaphersulbatats,
wth a conposite between netallic manganese, iron, 7 cobalt, nickel,
copper orsexd nioy Wochi re@nexafp e 87anadi um and chrom um which come after

Ti in ternms of atom c nunber, or a conpound thereof, and anatase-type,
brookite-type or rutile-type titanium dioxide having photocatal ytic
activity or anorphous-type titanium dioxide not having photocatal ytic

activity, by addinggde M@@@Imﬁmeléuﬁw@@gmat t he
phot ocat al ytic actiVvi case of a
conposite with anDrphous type titaniumdioxide, even if the conposite is
heated to convert the <crystalline forminto the anatase type,

phot ocat@byt kgrggtlfﬂécgnt%ﬂl r:.l’%tta%rllasmetal composite and method of

manufacturing the same

{A-1) Titania-metal composite
A titania-metal composite according to the present invention
contains titanium oxide fine particles having peroxy groups,
coexistingwithat leastone eut of copper, manganese, nickel, cobalt,
iron, zinc, and compounds thereof; the nature of the titania-metal
compositeisfineparticlesorapowder. Moreo_ver, anaqueous liguid
or dispersion of the titania-metal composite is preparedby reacting
. a tetravalent titanium salt solution and a basic solution together
under the presence of at least one out of copper, manganese, nickel,
cobalt, iron, zinc, and compounds thereof to form a hydroxide of
titanium and this metal, and then peroxidating 'the titanium
hydroxide with an oxidizing agent. The titanium oxide fine
particles having peroxy groups contained in the agueous liquid or
~dispersion may be either amorphous-type or anatase-type, or both
of these may be present mixed together.

That is, with a composite between metallic manganese, iron,



It is thought that these phenonena arise through the potential difference
bet ween the conposited netals. As a result, with a dispersion containing
the titania-netal conposite, there is an effect that even if the

di spersion has water or an organic solvent such as an al cohol as a sol vent
therein or is a paint containing an organic polynmer resin, degradation of
the paint _filmitself after ainting is _prevented, and noreover

degr adatiesi it %ﬁiﬁi'nt‘:@&’p (5t 126 ra ¥ AYi G- o 2 £ o MG e vty é gy
pigment are prevented, i.e. degradation due to photooxidation caused by
sunl i ghChromiyeel bl cprgtt tar hhyndfeNes P bad omjserimife | e erenfermutd ¢
radiation is reduced. (A-2) Method of manufacturing titania-netal conposite
As a netthedeoft nmandf a2 tasagtvpei ttam ek it -dl yreomposut &l e atgpe di igpriiom he
present invention, a manufacturing nmethod using a hydrochloric acid nethod
or a suldfieriicieabadinegtdiadoddiedesthiel agti8icommamsephods-ofpranitdaciwuti ng a
titani um di oxi de powder, may be used, or a manufacturing nmethod using any

of vari ausxildequiot- HaspaySpHotbtabhdysekubbensifgy B¢ Ms@thg e metal
above-nenti oned netal or conpound thereof can be conposited in either

bef ore %H@fowd,p%opsgeaﬁjéggswelﬂﬂg@rﬂrﬁe gih%%e%itg@ WA Qﬁti{mq\fgbfs qfo any

of various types as described bel ow. Exanples of the nethod area sol-gel

e Ve EOMBLEN 18, 06 Bec L) AR IV IR A Sl P o
aqueous +; $aLY4OR: 8L 8 abSAELEY § LIS oD i ¥d™d hbLaghum drox de, Lhis
crystalline form into the anatase type, photocatalytic activity
will not arise.
Itisthoughtthatthesephenomenaarisethroughthepoteﬁtial
difference between the composited metals. As a result, with a
dispersion containing the titania-metal composite, there is an
effect that even if the dispersion has water or an organic solvent
such as an alcohol as a solvent therein or is a paint containing
an organic polymer resin, degradation of the paint filmitself after
painting is prevented, arid moreover degradation of the painted
substrate and fading of an organic dye or pigment are prevented,
i.e. degradation due to photooxidation caused by sunlight,

fluorescent light or any of various types of electromagnetic

radiation is reduced.

(A-2) Method of manufacturing titania-metal composite
As a method of manufacturing a titania-metal composite
according to the present invention, a manufacturing method using

a hydrochloric acid method or a sulfuric acid method, these being
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hydroxide is peroxidated with an oxidizing agent to formultra-fine
particles of anorphous-type titanium peroxide, and heating treatnent is
further carried out to convert into anatase-type titanium peroxide; in one
of these processes, a netal or conpound thereof as described above is

m xed in. (A-2-2) Second manufacturing nmethod A tetravalent titaniumsalt
solution is peroxidated, the eroxj dated tetraval ent titaniumsalt

sol ut i orqu@ncg'éﬁf’lth i Ph gpue PHGuELLINEBMAT SR E® Huidata Rpdrlsi de
and thus fornmultra-fine particles of anorphous-type titani um peroxide, and
heat i ng “3§%Fatterft At Ramstdpbusing covearf Yaittioumat ase- t ype
titani um peroxide; in one of these processes, a netal or conpound thereof
as descrilv8H disbirsrsad tddam.a (selvt3)orEhimal renufset ur Thg met hod A
tetraval ent titani um powder or titanium oxi de powder, 9 hydrogen peroxide,
and an @b -aneadqueoes] seltli ar arengeact ethetaagetdiar He @afgoks iotdd tirt ani um
hydr oxi de formati on and peroxidation sinultaneously and thus form

ul tra- fienechpar be€bes of atenppensxivae inyl tBaiumpAOYidge randnhoing
treatnment is further carried out to convert into anatase-type titanium

per oxi deiay beORE @hyl BES@arRbAEEsSBes asNBEakr9heROBROHRD t 5
descri bed above is nxitxed airn. Not Z]%t ﬁat St hrough Fheggelr:loxi d%t?%ﬁi%mét%ft he

oxi di zi R, A r ! j ' j ' red it goes
o thott e e R e e M S AR R P B8 LS B Re b vpd
aqueous 3l i qui,d.@r di spersion of the present invention. Mreover, if this

(A-2-~1) First manufacturing method

A tetravalent titanium salt solution and an ammonia aqueous
solution are reacted together teo form a titanium hydroxide, this
hydroxide is peroxidated with an oxidizing agent to formultra-fine
particles of amorphous-type titanium peroxide, and heating
treatment is further carried out fo convert into anatase-type
titanium peroxide; in one of these processes, a metal or compound
thereof as described above is mixed in.
(A-2-2) Second manufacturing method

A tetravalent titanium salt solution is peroxidated, the
peroxidated tetravalent titanium salt solution is reacted with an
ammoniaaqueoussolutiontoformakquoxideandthusformultra—fine
particles of amorphous-type titanium peroxide, and heating
treatment is further carriedlout to convert into anatase~type
titanium peroxide; in one of these processes, a metal or compound
thereof as described aboﬁe is mixed in.
{A-2-3) Third manufacturing method

A tetravalent titanium powder or titanium oxide powder,

9



is heated, the titaniumis converted into the anatase type, and it goes
W t hout saying that this can also be used as the aqueous liquid or
di spersion of the present invention. (A-2-4) Manufacturing nmethod using
sol -gel nethod A solvent such as water or an alcohol, and an acid or basic
catal yst are m xed and stirred with a titanium al koxide to hydrolyze the
titani urﬂﬁ’? koxi de. As a sol solution of titanjum oxide

[

] |t
Ul tra | IHEESAT] HRON 0, AR Al AR B HE eote Tk i bed

above is mxed in before or after the hydrolysis. Note that the titanium
oxi de oBCHSHEFH FHO CRES K@Y T itd Land HPHBIRL XA TorBaEiPRRNM PR PR YLYR oups.
As the titani um al koxide, a conpound representedby the general fornula

Ti (OR ) #imiHéraiaruR 1y andfhasidarme bupy T £ bre Ractapdend i amoyphehs ohgor - t wo
of the al koxide groups (OR) in this general fornula have been substituted
W th cartidanivgr pepexddai @achbeplt igotpsatntdtol safnirkharecthei edfoits
preferable. Specific exanples of the titanium al koxi de include Ti

(O i so- @3HEperti ip@onabéiil)seétybe COLEH2GH HE26R) d€4HIR 4neTof (€h &34 H35)
4, Ti (O iso-C3H7)2[ CO(CH3) CHOOOH3] 2, Ti (O nCAHI) 2] OC2HAN( C2HAOH) 2] 2, Ti
(OH) 2 [pdddsEHy), 0d{a? orlbobbGhdGhhd £ hsChk 66H bedHMoe ianglidég
(O-nC4H9) 2 [OCOC17H35] . (A-3) Regarding the first manufacturing nmethod
Next, ajigetailed description will be given of the first manufacturing

met hod. As shown in FIG 1, a solution of a tetravalent titaniumsalt such

as titani um t beachl of i AR, 2nDFN R0l R BHAh A ARG JELE, 2 ©

m xed together in the prese
amorphous-type titanium peroxide is formed, and it goes without

saying that this canbe used as the titania-metal composite aqueous
liquid or dispersion of the present invention. Moreover, if this
is heated, the titanium is converted into the anatase type, and
it goes without saying that this can also be used as the aqueous
liquid or dispersion of the present invention.
(A-2-4) Manufacturing method using sol-gel method
A solvent such as water or an alcohol, and an acid or basic
catalyst aremixed and stirredwith a titanium alkoxide to hydrolyze
’ the titanium alkoxide. As a result, a sol solution of titanium
oxideultra-fineparticlesis pfoduced. Ametal or compound thereof
as described above ismixed in before or after the hydrolysis. Note
that the titanium oxide obtained in this way is amorphous-type
-modified with peroxf groups.
Asthetitaniumalkoxide, a compoundrepresentedbythegeneral
formula Ti(OR"})s {(wherein R’ is an alkyl group), or a compound in
which one or-two of the alkoxide groups. {OR'}) in this general formula

have been substituted with carboxyl groups or ~dicarbonyl groups,
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one out of copper, manganese, nickel, cobalt, iron, zinc, and conpounds
thereof, thus reacting the tetravalent titaniumsalt and the basic

sol ution together, and hence produci ng a hydroxide of the netal and a
hydroxi de of titanium Here, there are no particular limtations on the
concentration or tenperature of the reaction solution, but it is

preferable to .carn%tggt th actl n wth a dilute solutlon at anbi ent
t enper atUr & THHE, SorP L4894t i on reaction, and hence it is

preferable to adjust fron1aC|d|c to neutral, i.e I f the
hydroxi de  obtSR&tad i AP IeS dts thesAddam i pﬁﬂr]@%ﬁ?{ rlncélr\’diet hen

peroxidated w th a hydrogen peroxi de agueous sol ution, then an aqueous
liquid %F(QsirerGHohs cOhf @i nir@glanp FPHOuSHLGPECiHL Satluim, 3B e Givkhe) ¢,
particles having peroxy groups, i. e. an aqueous |iquid or dispersion

cont ai niTig(@- 13d-ahiHar MEI@( CH0 OEOSICHE] AC Chi (h-neC M) § hecmEsest,0Hl »] pvent i on,
can be nmanufactured. Hydrogen peroxide is preferable as the oxidizing agent

when cari yoHYG, [OaH (Chg) peoRX} dati @nCrand (HREECHRIGH NOHRRL L | oit ar
limtations on the concentration thereof, although 30 to 40%i s

pr ef er abteio-Nat,&,f hascddienoyi.di zing agent is not limted to being hydrogen
peroxi de, but rather, as described earlier, any of various oxidizing
agents can be used so long as a peroxide of titaniumcan be formed. As
descri bed above, upon mixing titani um hydroxi de and hydrogen peroxide

together pﬁ&%#%éﬁ%%ﬁxkﬂéi %#H]ﬁgﬁﬁgggﬂ%%lﬁﬁcﬁé%ﬁgd and a di spersion of

annrphous t per oxi I'S preferable to cool
Eﬁfeo(r:golcﬂlgyls Lg{ E%@l)il (?iatcfescrlp@%ro% Wlll %eprg%fveerna%lfe tth% Cﬂrrrsyt out
| manufacturingmethod. AsshowninFIG. 1, asolutionofatetravalent
titanium salt such as titanium tetrachloride and a basic solution
such as ammonia water aremixed together in the presence of at least
one out of copper, manganese, nickel, cobalt, iron, zinc, and
compounds thereof, thus reacting'the'tetravalent'titaniunlsalt.and
the basic solution together, and hencé producing a hydroxide of
the metal and a hydroxide of titanium.
Here,therearenoparticularlimitationsontheconceﬁtiation
or temperature of the reaction solution, but it is preferable to
carryout the reactionwithadilute solutionat ambient temperature.
The reactionis aneutralizationreaction, andhence it ispreferable
to adjust from acidic to neutral, i.e. to pH 7. If the hydroxide
‘obtained in this way is washed with pure water, and then peroxidat‘ed
with a hydrogen peroxide aqueous solution, then an agueous liquid
or dispersion containing ﬁmorphous—type titanium oxide fine
particles having peroxy groups, i.e. an agueous liquidor dispersion

containing a titania-metal composite according to the present
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tenperature of the titani um hydroxide beconmes 1 to 5C. (A-4) Tetraval ent
tTitaniumsalt As the. tetravalent titaniumsalt used in the manufacture of
the titania-nmetal conposite aqueous liquid or dispersion according to the
present invention, any of various titanium conpounds can be used so |ong
as a gel of titanium hydroxide, also knowmn as ortho-titanic acid (H4ATiO4),
can be fgrgﬁgtggon Egac%%n& &é%hc basi ¢ sol ution such as ammoni a water or
a sodiun1%y%rOX|8é SOl urT on? M eXanpl €% are wat er-sol ubl e i norganic acid
salts of titaniumsuch as titapniumtetr cﬁ%orige, titapiumsul fate

titani um nitratETEAET ATANGR HRIRPREREADEE et TBRAHI €52 HRE At WEBPubI e
organic acid  salts such as titani umoxalate. Qut of these various titanium
conpoundS2T¥Y1adi oHft EPe aRATOf i detienpr ardr BbeEef 258 RhePaPtEBAdEOI nts of
the water solubility being particularly good, and conponents other than
titani umiRltabiens apn ubhe cmasiend redtion diwrdaly iad themgdoald g 40% is
filmformng aqueous liquid or dispersion manufactured. Moreover, ‘there
are no paréefeuvditel i Mdtat tbas e thddiczdmeeatyeatiionnot 1hweitetiriavaként
titaniumsalt solution so long as the concentration during reaction is

wi t hi n ehyangges pelrdxiate, ugehthbrt id adieymriyednoxd dei €an b & prardoubut a
relatively dilute solution is preferable. Specifically, the concentration

of the éeidayahgigdidaAvhumbsaldes8bUlbng 45 PEEEELRRLYLD 110l Whid

nore preferably 0.9 to 0.3 wt% (A-5) Basic solution Mreover, as the basic

sol uti onpé gaekRG W hB ddA@IdABLSBL upon mixing titanium hydroxide and
hydrogen peroxide together, a peroxidation reaction gradually
proceeds, and a dispersion of amorphous-type titanium peroxide is
formed. Itispreferabletocoolbeforecarryingoutthisoxidation.

Here, it is preferable to carry out the cooling such that the

temperature of the titanium hydroxide becomes 1 to 5°C.

{A—-4}) Tetravalent titanium salt

As the tetravalent titanium salt used in the manufacture of
thetitania-metalcompositeaqueousliquhiordispersionaccording
to the present invention, any of various titanium compounds can
be used so long as a gel of titanium hydroxide, also known as
ortho-titanic acid {(HsTiQ4), can be formed upon reacting with a
basic solution such as ammonia water or a sodium hydroxide solution;
examples are water-soluble inorganic acid salts of titanium such
as titanium tetrachloride, titanium sulfate, titanium nitrate and
titaniumphosphate. Other examples are water~soluble organicacid
salts such as titanium oxalate. oOut of these various titanium

compounds, titanium tetrachloride is preferable from the
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titaniumsalt solution, any of various ones can be used so long as a gel
~of titanium hydroxi de can be fornmed upon reaction with the tetraval ent
titaniumsalt solution; exanples include amonia water, a sodi um hydroxide
aqueous sol ution, a sodium carbonate aqueous solution, and a potassium
hydr oxi de aqueous solution, with anmmonia water being preferable. Mreover,
there are noﬁiﬁartécultﬁg limtations on the. concentration of the basic

sol uti on® 53" heoHREREr 801 BRI L HEY iRRitE R F U e it mioeda ABAge
such that a gel of titani um hydroxi de can be forned, but a relatively
dilute soPTRPRENTS Pileerbte. t1Epetin| tal the &heanbie enerRewod 0oLt he
basic solution is preferably 10 to 0.01 w% nore preferably 1.0 to 0.1
W% | n peireielitadn e eatdovicéhinaf poning aduect@seighidsimdiapeoaianas
the basic solution is preferably 10 to 0.01 wt% nore preferably 1.0 to
0.1 wt Y%mafwEsyt@xédi zi ng agent As the oxidizing agent for subsequently
oxidizing the titanium hydroxide fornmed, any of various oxidizing agents

can be used wiMdmadved, nitatd aires td Qg BiScE ¥ 110 i titdh Penit ofwed t hr ough
t he oxidation; hydrogen peroxide is preferable since residual matter such

as nEtaJcomééﬁtfﬁtiﬁhfbf(ﬁﬁ%\Méﬂrdvgléﬁﬂ %%th%;hﬁﬁs%@%tnguEhbﬁ*EBr@bﬂg
liquid manufactured. (A-7) Doped netal conpound Exanples of conpounds of

copper, JRNIANCSRcNtei8lioCy g@ﬁﬁﬁ %5?Eé td%gﬂﬁﬁi Qfoggh. l%u%ﬂl§hg%y be

made to coexist with the solutio rava itanium sa such as

titaniung fLatpachonl dg, 3,8, 28% i L9se formed, but a relatively dilute

solution is preferable. Specifically, the concentration of the-
Cetravalent titanium salt solution is preferably 5 to 0.01 wt$,

more preferably 0.9 to 0.3 wt%.

(A-5) Basic solution

- Moreover, as the basic solution reacted with the tetravalent
titanium salt solutioﬁ, any of various ones can be used so long
as a gel of titanium hydroxide can be formed upon reaction with
the tetravalent titanium salt_solutiop; examples include ammonia
water, a sodium hydroxide aqueous solution, a sodium carbonate
aqueous solution, and a potassium hydroxide agqueous solution, with
ammonia water being preferable.

Moreover,‘there are no particular limitations on the
concentration of the basic solution so long as the concentration
duringreactioniswithinarangesuchthatageloftitaniumhydroxide
can be formed, but a relatively dilute sclution is preferable.
Specifically, the concentrationof thebasic solution ispreferably

10 to 0.01 wt$%, more preferably 1.0 to 0.1 wt%. In particular,
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Ni conmpounds: N (OH)2, Nid 2 Co conpounds: Co(OH)NG3, Co(OH)2, CoSM4, COC12
Cu conmpounds: Cu(OH)2, Cu(N03)2, CuSm™, Cud 2, Cu(CH3C00)2 WNnh conpounds:
MINO3, MhSO4, MhCl2 Fe conpounds: Fe(OH) 2, Fe(OH)3, Fed 3 Zn conpounds:
Zn(N03) 2, ZnSO4, ZuCl2 The concentration of the titanium peroxide in the
aqueous liquid or dispersion (the total amount including coexisting |

conpounds, of co r,. .manganese, nick cobalt, i.ron inc) is )

o oF or ab §S 6L e TR b8 St e b T en by Jomonin s Bhedbas WpraavEion 14
regarding t he %onteﬂt if the at _least one out of copper, nenganese,

ni ckel , COLRFEICTBHY 1Pnto BnHlcBhpoumatet REREBFab{ikel nBl &P Pali®Btibet ween

the titaniumand this nmetal conponent is preferably in a range of 1:0.01
to 1:0.5, nore preferably 1:0.03 to 1:0.1. (A-8) Effects of using
titania-netal conposite Wth a substrate having fornmed thereon a fil m of
titani a ddped Oxidhziamngl @ashtone out of copper, nmanganese, nickel, cobalt,
iron, zinc, and conpounds thereof according to the present invention, the
pronotion of oxi tlatiowe ddegmadatéontof stibe egulsitrn gtea: islirf Bopthe ausad i by
ultraviolet radiation (sunlight) or short-wavel ength electromagnetic

radi at i onydhatidatsemephirpst datiion scan e i iy £Y&t 820 d @skg 8d - n¥iikh
such photooxidation, it is said that -OH (hydroxyl radicals) or 102

(si ngl et) pxygensdn QBQ&{QfDQH%eﬂeEcE%@%%Q% 85 rmIB LB LG thd B18LE 18 ;
organic matter through el ectromagnetic
hydrogen peroxide is preferable since residual matter such as metal

ions or acid ions will not arise in the coating film-forming liquid

manufactured.

({A-7) Doped metal compound
Examples of compounds of copper, manganese, nickel, cobalt,
iron and zinc respectively that may be made to coexist with the
solution of the tetravalent titanium salt such as titanium
tetrachloride are as follows.
Ni compounds: Ni{OH),, NiCl,
(;_ Co compounds: Co{(0OH}NQOs, Co(0OH),, CoSQ4, CoCl,
Cu compounds: Cu{COH),, Cu{(NOs)s, CuS0,, CuCl,, Cu{CH3COQ),
Mn compounds: MnNOs;, MnSQ,, MnCl,
Fe compounds: Fe(QOH),, Fe{OH)s3, FeCls
én compounds: Zn (NOi3)»., 2ZnS0,, ZuCl,
The concentration of the titaﬁium,peroxide in the aqueous
“liquid or dispersion (the total amount including coexisting
compounds of copper, manganese, nickel, cobalt, iron or ziﬁc)ris

preferably 0.05 to 15 wt%, more preferably 0.1 to S wt®. Moreover,
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radi ation, and cause oxidative degradation inside or on the outside of the
substrate. The titania-netal conposite according to the present invention
is able to stabilize the unstable active state of such radicals, whereby

phot ooxi dati ve degradation of the surface of a substrate conprising an
organic material or an inorganic material by ultraviolet radiation

(sunligh r_f.adi cal -prqducing . .electro netic radiation can be prevented
or reducrg f;%arrcli&ngdélg acg)ﬁ 'edff 8? Bl 8&9%‘?#%9%’5 AUt & 6PPREYr APRIBIFSe,
(fading) _or ubstrﬁig degr adati on can be prevented, and oxidative

S

degr adat P'$7¥£5 7 0f°R TeeZdPCarfihEPERAVEdSat RET &P L c dheyaot ¥ uedd.o (B)
Second ipvention: Filmformation method (organic material structure) using
aqueous PREUREDoEhE EperBiER aRd deviy itsdd lalbowponeBtl )} sFprefévanhyiion a
~nmethod using titani a-nmetal conposite aqueous |iquid or dispersion An
organi ¢ waneei aff stPubttute dcOoldi mgrio pirked epratdgntl : i.mddents anochas a
coating filmcontaining titaniumoxide fine particles doped with at |east
one out of copper, nmanganese, nickel, cobalt, iron, zinc, and conpounds
thereof (a titania-netal conposite) on a surface thereof, or has such

particl esadBspeEsedtst BEr akAngAs i ShaWA - B tE1CSomAsaRd B, the former can be
manuf actured by building up a | ayer of an aqueous |iquid or dispersion

containing a witmal Sulet Akt & 8RSl £ afod BRELLBGC: I (/) BPOYE: O R LT
perneati ng such an aqueous |1 quid or dispersion into, the surface an
organi ¢ gRteri@l Sthsthat ue W ec%\f)%’er,aﬁlaﬁggmsieq Ek(cf:ke%,.c’cobalt, iron,
zinc, and compounds thereof according to the present invention,
the promotion of oxidative degradation of the substrate surface
caused by ultraviolet radiation (sunlight) or short-wavelength
electromagnetic radiation that causes photooxidation can be
prevented or reduced.

With such photooxidation, it is said that -OH (hydroxyl
radicals) or !0, (singlet oxygens) are produced from oxygen or
moisture in the air or organic matter through electromagnetic
radiation, and cause oxidative degradation inside or on the outside
of the substrate.

The titania-metal composite according to the present
invention is able to stabilize the unstable active state of such
radicals, whereby photooxidative degradation of the surface of a
substrate comprising an organic material br an inorganic material
by ultraviolet radiation (sunlight) or radical-producing
electromagnetic radiation can be prevented or reduced, and

degradation of an organic resin, color degradation (fading) or

substrate degradation can be prevented, and oxidative degradation
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the latter can be manufactured by di spersing an aqueous liquid or

di spersion containing a titania-netal conposite as described in (A above
into an organic material, and then nolding into a desired shape. (B-2)
Filmformati on nmet hod having function of preventing fading or degradative
di scol oration of organic material By using an aqueous quuid or dispersion
cont ai ni t al._c gscrh bed i above in one of
the 16 ggd@?ﬁeﬁb?gﬁg rrIr%lt'gdes 9€Bg§ﬁ8 Sf aneg% anlgnd 8 dBFGﬁEnt caused
by ultraviolet radiation or the | i ke, or degradative discoloration of an
organic material can be suppressed Not e that the undernenti oned nodes are
illustrated in FIG. 3. conp05|te aqueous I|qU|d or
dlsper5|~.) S : afi £OH8 HEQH .
resin containing an organlc dye or plgnent and a coatlng f|In1|s f or med
on a subSEFAEBUEH) fasng (@quemism ddiong of PEndaspar sienm s dester i eshpboivee
aqueous liquid or dlsperS|on accordlng to the present invention

(her ei nafBet) Fidiefosuatdocasnathokdgsdaat tohapieveatahgagats nge figueolsi s
formed on a substrate surface, and then a coating filmof an organic dye
or pignmebiqouidanrodgapeespohyner resin containing an organic dye or
pignent is formed on the surface (FIG 3A). (3) Two types of

degr adat i on- pragy et g gi € ORk £ & {1 | $Br@¢ €urd 0&@@5‘::@{&1??‘ g4bsf & ab e sUkLE ace,
and then a coating filmof an organic dye or pignent or an organic polyner

gg)s' N COMwbiE N8n aRa8' §3Bb &t iKY er PIm PGB ni 84T PLIEL: G0 Lheqsurfiage (FIG

v particles doped with at least one out of copper, manganese, nickel,
cobélt, iron, zinc, and compounds thereof (a titania-metal
composite) on a surface thereof, or has such pafticles dispersed
therein,

As Shown in FIGS. 2A and B, the former can be manufactured
by building up a layer of an aquedus liquid or dispersion containing
a titania-metal composite as described in (7A) above onto, or
permeating such an aqueous liquid or dispersion into, the surface
of an orgenic material substrate. Moreover, as shown in FIG. 2C,
the latter can be manufactured by dispersing an aqueous liguid or
dispersion containing a titania-metal composite as described in

{A) above into an organic material, and then molding into a desired

shape.

(B-2) Film formation method having function of preventing fading
or degradative discoleoration of organic material
By using an adqueous liquid or dispersion containing a

titania—metal composite as described in (A) above in one of the
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(4) A coating filmof an organic dye or pignent or an organic polyner
resin containing an organic dye or pignent is forned on a substrate
surface, and then one type of degradation-preventing coating filmis, or
two types of degradation-preventing coating filmare, fornmed on the
surface (FIG 3C). (5) A coating filmcontaining two types of aqueous

| i qui ds u%fe%%en rese t iﬁventtoa.is fPrnEd on a substrate surface, and
then a COSETAGOHILRESE QAT ghATENAYRE G0 FrgRBAC BYCanT di gt soiysasdt 17
resin containing an organi.c dye or pignent is formed on the surface (FIG
3D). (B- g’)‘/ ‘#f‘?’fﬁg‘f' B et %Sﬁlﬁﬁ’étlﬁ’é‘do¥ dhegl vkag Wolpgradative discoloration

fadi ng/ di scol orati on-preventing function and photocatal ytic function By
usi ng an®&qdBo0% IrPdGi Baserdpdpersi s conbaessad.a Noteabhatnebal conposite
as described in (A above in one of the undernentioned nodes, in the case
of forni Bgdaraeatingefi rarlhaveng idlpkaretatialiynt FEGfusction (a

photocatal ytic film on a substrate, again degradation such as fading or

di scol orati on ¢1) ah tdrganisc-metatlekorposikst sahec0s Bi§eadidg dildgarefian
organi c dye or pignment fornmed thereon can be avoi ded or suppressed. That

is, in the chsel ofi thiekih RY R i g8 Or PHEhRt 6r HH bBEEN1BAYE] fner resin
phot ocatal ytic function, if a filmof a photocatal ytic sem conductor netal

oxi de i schaeaedi Ay HCUnsahNer 898, ot haehal KiAg 4 ic%a*&fi%gg?hﬁbfytfoxg%%nas

hence hitherto a silica conpound or = danor phous-type titani um peroxi
been usegdn HOWBMEErafeSLlilEa-cOMpound has organic groups, and

( (2)Acwatingfilnuxfatitania—metalcompositeaqueousliquid
or dispersion according to the present invention (hereinafter
referred to as a ‘degradation—preventing coating £film’) is formed
on a substrate surface, and then a coating film of an organic dye
or pigment or an organic polymer resin containing an organic dye
or pigment is formed on the surface (FIG. 3A).

{3) Two types of degradation-preventing coating films aré
formed on a substrate surface, and then a coating film of an organic
dye or pigment Or an organic polymer resin containing an organic
dye or pigment is formed on the surface (FIG. 3B).

(4) A coating film of an organic dye or pigment or an organic
polymer resin containing an organic dye or pigment is formed on
a substrate surface, and then one type of degradation-preventing
coating film is, or two types of degradation-preventing coating
film are, formed on the surface (FIG. 3C}.

(5) A coating film containing two types of aqueous liquids
of the present invention is formed on a substrate surface, and then

a coating.film,of an organic dye or pigment or an organic polymer

17



anor phous-type titanium peroxide is converted into anatase-type through
sunlight, and hence with an organic substrate surface, chalking is brought
about, and thus there has been a problemwith durability. It is thus
possible to forman internediate filmusing a titania-netal conposite
aqueous liquid or dispersion according to the present invention between

t he organig.;su . t .phptocatal ytic filmso as to realize a

bl ocki ngr}:‘e(l;sr%zlt?(?)ltrlﬁo I?ug?%ne%??%gl?ﬁ%eo?ﬁapn% & %Frg‘%:@f‘e o4t the surpface
titania-q%&@ 358nposite aqueous liquid or dispersion according to the
present ‘invention has excellent transparency and adhesive filmform ng
power, and hence degradation of the substrate can be prevented, and fading
can be reduced, and at the same tine oxidative deconposition of the
substrate_due to_the photocatal ytic function can be prevented. The titania
of the inBelhedidlefPrmatwin maghodx Apbi gixinghbbsbat al ytic ability even
upon bei ng converted into the anatase type through sunlight. The thickness
of the idedingddaseolpration-prefrenabhy Bufbtion2afdnmphBwbeapaeieiably 0.1
to 1.0 m There are the follow ng three nodes of a filmformation nethod
for givifgnbothna fadi ng/ di scol orati on-preventing function and a

phot ocatal ytic function, and these nodes are illustrated in FIG 4. (1) A
layer of a degBadasindg-phexgnédbng COREIAGF i HMpsrPUbht coPaPRiAR Qrganic
material substrate surface, and then a photocatalytic filmis rmed on

the surfageafifhGnedd) - composite as described in (A) above in one of the

undermentioned modes, in the case of forming a coating film having

Eaa
“

a photocatalytic function (a photocatalytic film) on a substrate,
again degradation such as fading or discoloration of an organic
material substrate or a coating film of an organic dye or pigment
formed thereon can be avoided or suppressed.

That is, in the case of making an organic substrate surface
have a photocatalytic function, if a film of a photocatalytic
semiconductormetaloxideisformeddirectlythereon,thehchalking
is brought about, and hence hitherto a silica compound or
amorphous-type titanium peroxide has been used.

However, a silica compound has organic groups, and
amorphous-type titanium peroxide is converted into anatése—type
through sunlight, and hence with an organic substrate surface,
chalking is brought about, and thus there has been a problem with
durability.

It is thus possible to form an intermediate film using a
titania-metal composite aqueous liquid or dispersion according to

the present invention between the organic substrate and the
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(2) A degradation-preventing coating filmis fornmed by being perneated
into an organic material substrate surface, and then a photocatalytic fil'm
is formed on the surface (FIG 4B). (3) A coating filmof an organic dye or
pignent is forned on a substrate surface, then a degradati on-preventing
coating film is built up on the surface, and then a photocatalytic filmis

formed q tthe suriaﬁe (gjafi 4C). 19 In each of these nodes, the
degr adat i'oH FrEVert Y W RiRP 35 14 i hAE s et athion of

photocatal ytic filmand the organic material substrate surface or an
organi ¢ d@%‘? @E%tci”?%arfw ubyEabe veffhed é6.f or filignia—metal

degr adati on- prevent| ng coating filmThere are no particular limtations on
| ayer - bui IHERF L §9 1aAYSIUA Ag dvdshorf disperming acdeydadgt tontipe ewesntémy
coating filmas described above; exanples include roll coating, gravure

coati ng, aportidepdsis iofGespnt cosriapgretiqy Goat idtthe iare GUdini-Fbrniand
spray coating. Modreover, in the case of form ng the degradati on-preventing

coat i ng fadwary apet mmtamgiengmademafﬁl 6§ thackugst spraycsRabd No-Achdid,
coating. After the coating filmhas been fornmed, drying is preferabl y

carried euid dacify enin IRIMMAAIWE Qa W rtﬂéeaola‘n[ég t:LE’r[ee S

tenperature of 60 to 200C. There are also no particular Ilmtatlons on the

heati ng RRRRKpANFRIELES s 1! et ta%%“ﬁ%é‘"c}( tt%rgpgglg%ﬁggtgi ﬁaﬁ}l}%lr%} med,

el ect romagnetl c heater. Regar ness coa

the thi %@e%g Qreya ng is preferably 0.01 to 0.5 pm nore preferably
0.1to O ject havi ng coating filmformed thereon

The titania of the intermediate film will not exhibit a
photocatalytic ability even upon being converted into the anatase
type through sunlight. The thickness of the intermediate film is
preferably 0.05 to 2.0 pm, more preferably 0.1 to 1.0 Jim .

There are the following three modes of a film formation method
for giving both a fading/discoloration-preventing function and'a_
photocatalytic. function, and these modes are illustrated in FIG.
4.

“ (1) A layer of a degradation-preventing coating film isbuilt
up on an organic material substrate surface, and then a
photocatalytic film is. formed on the surface .(FIG. 4a) .

(2) A degradation-preventing coating film is formed by being
permeated into an organic material substrate surface, and then a
photocatalytic film is formed on the surface (FIG. 4B).

(3) A coating film of an organic dye or pigment is formed
on a substrate surface, then a degradation-preventing coating film

is built up on the surface, and then a photocatalytic filmis formed

on the surface (FIG. 4C).
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There are no particular limtations on the object on which a coating film
is formed using an aqueous liquid or dispersion containing a titania-netal
conposite according to the present invention, so long as this object is
one that will undergo fading or degradative discoloration through
ultraviolet radiation or 20 visible light fromsunlight, an

el ectromagneti c._radi atign_generat or % tge like: exanpl es include colored
coated surfaces;” &%f rﬂngﬁks?rﬂﬁ ﬁ’eg EoflBPEa‘aELBRaPT TRS I BF| GPRT1RGH

organi ¢ polyner resins. For. exanple, as an inorganic substrate, the coating

film.can - bd &FfidBts FoIredReitsrriihyg Rhetreatr livbic Siducand ébe erganic

engi neering structures, constructed objects and machi nes, for exanple on
gl ass, mdEiericer hPetpricesBiate a5 an bagandcotge frigmmncrebeing film.
particularly on the outside. Mreover, as an organic substrate, although
ti mber, paper and so on are also possibilities, the coating film can be
effectively used in particular on the surface of an organic polyner resin
sheet, a (Fi4it etbthod ade famiingy ateraghit ion-otar@it iesidbatxed fiesein, or
the surface of a sprayed material or a plastering material. More

specifically, @hexer @3ien nsheelrt i4sA arS 1RGSYai®ns Oh 184awPheiennhe
surface of a sheet or nolded article of a polycarbonate™ resin, an acrylic

resin. a MAMIHeli dPHAnATABELRSHY: o Ui PYat FMONIORACRID Halflfy

l'i ke-. Moreover, regarding coating naterials, e coating an

cpr aved matay sl ESe AP RN 8B (e 87 R e A Y Pl

afTY' ic rc%%itrlng"’,mvgg%lr_)%erp%ssii%io%,p(sjzla}./Hrceota}{airzlleg, dip coating, bar coating,

| and spray coating. Moreover, in the case of forming the
degradation-preventing coating film by permeating in, examples
include spray coating and dip coating. After the coating film has
beenformed,dryingispreferablycarriedohtétambienttemperature
or with heating, preferably at a temperature of 60 to 200°C. There
are also no particular limitations on the heating means; examples
includeaconstant-temperaturedryer andanelectromagneticheater.

Regarding”the thickness of the coating film formed, the

thickness after drying is preferably 0.01 to 0.5 pum, more preferably

0.1 to 0.2 pm.

(B-5) Object having coéting film forxﬁed thereon

There are no particular limitations on the object on which
a coating film is formed using an aqueous liguid or dispersion
containing a titania-metal composite according to the present
invention, so long as this object is one that will undergo fading

or degradative discoloration through ultraviolet radiation or
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resin, an epoxy resin, a silicone resin, a fluororesin, an acrylic
silicone resin, an unsaturated polyester resin, an ultraviolet-curable
resin, a phenol resin, a vinyl chloride resin, or a synthetic resin

enul sion. Furthernore, the coating filmis also effective on the surface
of plastic products building 21 materials, vehicles, aircraft, and

machi ner i cknes t he case of for e fi.Imon such a
substrat& F§%§Fé '%Fro%sﬁfiﬁgﬂf F50$?%?%%h%F§g636%OP§EQ§ra ﬁﬁn
Mor eover, E hkg{ase of ﬁ atlng naterlal havi ng an organic poly

resin or °CnERRi ke f&FTPHEFeI RCIYAR F9tonachrerke Sﬁl%fa%?%f @r@mﬂr%aﬂl()’to
100 m nmopre preferably 10 to 50 m Moreover, as the filmform ng nethod,

al | publ FeEfFaAGMTo hfBtdtbdecerat bee ne&er 1pds, eahpt@ansppay voeatiasgnsdi p
coating, flow coating, spin coating, roll coating, brush coating, sponge
coating or thé&okidsmmare basuardnatddmiugkubetirapreviehehysitdalg pi bperan es
such as the hardness of the filmfornmed and the adhesion to the substrate,
it is prbkerdlileettireigatiseidt bhnmange mricdSithlce uraat istgudteneer, alcuke 1r ange
for the substrate or coating material. (B-6) Mxing into inorganic nmateri al

or resinengtigkiealing titkagitaret! akoeerRogited agsekaisNGniio nﬁa@% iRe8SeRbr
i nvention can be used not only in a nethod of formng a filmon an organlc

pol ymer é%&hﬁléubhaﬁﬁasgmméﬁﬂlal 88, bR B e LDt 9y &, T £SI ﬁd‘lf@g erét%n
‘obtain a resin sheet, anolded article, a pai nt, a sprayed materl al

pl asteri pgnpRLekl ahahayibngash funghigngl | pr}?&eééx{' - Resihg Ca“

g r
be used i ncl ude ac? FIC reS|ng] oFyester resins i né resin ure

r{eS' ns, 8813%%98, r elsdlﬂjﬁigkpgk%bg]:, Paper and so on are also possibilities,

the coating filmcanbe effectivelyusedinparticular on the surface
of anorganicpolymer resinsheet, apainted surfacehavinganorganic
polymer resin mixed therein, or the surface of a sprayed material
or a plastering material.

More specifically, as a resin sheet, use is possible, for
example, onthesurfaceof asheet ormoldedarticleof apolycarbonate
resin, an acrylic resin, a polyester resin, an ABS resin, a vinyl
chloride resin or the like:

Moreover, regarding coating materials, the coating film can
be used effectively ron the surface of a so-called paint, plastering
material or sprayed material containing a synthetic resin such as
an alkyd 'resin, an acrylic resin, an amino resin, a polyufethane
resin, an epoxy resin, a silicone resin, a fluororesin, an acrylic
silicone resin, an unsaturated polyester resin, an
ultraviolet-curable resin, a phenol resin, a vinyl chloride resin,
or a synthetic resin emulsion. Furthermore, the coating film is

also effective on the surface of plastic products, building
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resins; epoxy resins, phenol resins, ketone resins, polyurethane resins,
silicone resins, fluororesins, and cellul oses. Mreover, these resins nmay
have a substance such as a silicone, an amne or an epoxy-nodified resin
added thereto. 22 Mreover, a titania-netal conposite according to the
present invention can be added and m xed in during the manufacturing
process g of a %LI | aze, a EO||OM/Ir0n Elate decorative frit, or
plate gl &8 eSF yPas¥epi haviR§2ah Sﬁnéoﬂﬁﬁh 8°&¢-a principal  conponent
t hereof. The nlx rati.o, betmeen the inorganic material or resin nmaterial
and the tltanlgh%ég dMOER TS ddt $h@i £ S€oCEnECBRERSNELE | i Entaro $uich

- selected as appropriate accordlng to whether the titania-netal conposite

i s mxedaisubsteate ns poederabrlyi §. filxied 1 i pas aosel ptéderaly By 7). 05 to
Applications Various things as listed bel ow can be given as exanpl es of
things t0.8hixch MoraguesysH tlgitdsen fi 8pet 5hgmaGeRtiail i g 1%y ahidrafinadret al
conposite according to the present invention can be applied so as to

obt ai n wpokimgretéethsoastdesctikberiabavehetdinButhdi Ag1mataL-ghssEi nkeri or
and exterior materials): dass, netal, tiles, concrete, coatings, resins,

seal i ng BRLEEEaboy 1tb”PSr10§p[1ﬁ)’eﬂoi?@tﬁ%féf‘abig”&of 86, pgte. (2)

ECIUI pnen condi tioners, outdoor air conditioners, cooling towers,

kitchens, sanig@ryoRa] Qﬂ?nﬁhelfgﬂﬁlﬂ&rﬁi% Q&§§hod?t§ll(§&b£iaf§ known

substrates Caneras, spectacl es,” contact
methods can be used; for example, spray coating, dip coating, flow

coating, spin coating, roll coating, brush coating, sponge coating

or the like can be used, although to improve physical properties
such as the hardness of the film formed and the adhesion to the
substrate, it is preferable to heat within a permissible heating

temperature range for the substrate or coating material.

{B-6) Miiing into inorganic material or resin material
Atitania-metal composite according to the present invention
can be used not only in a method of fc‘ffming a film on an organiq
polymer resin surface, but can also be mixed into a resin material
toobtainaresin sheet, amoldedarticle, apaint, asprayedmaterial
or a plastering material having similar functional properties.
Resins that can be used include acrylic resins, polyester
resins, melamine resins, urea resins, polyamide resins, polyimide
resins, epoxy resins, phenol resins, ketone resins, polyurethane
resins, silicone resins, fluororesinsg, and celluloses. Moreover,
these resins may have a substance such as a silicone, an amine or

an epoxy-modified resin added thereto.
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| enses; mrrors, glass tableware, showases, glass fibers (for caneras),
etc. (4) Autonobiles, aircraft, trains: bodies, glass, etc. 23 (5 Qhers:
I nsul ators, antistatic substrate surfaces (televisions, glass, acrylic
resins, polycarbonate resin sheets, faces, etc.) (C Third invention:
Addi ng additives, conferring anti-soiling performance (C 1) Adding
additives As descri bed above, a conposite between anorphous-type and/ or
anat ase-t ype tﬂ?ﬁﬁPUﬁFO%?Eét%ﬂ?éﬁmggaé&Q93Q?kﬁ%@€ﬁPrgﬂ“ﬂéﬂh@ e present
phot ooxi dati ve deconposition of organic conpounds, and copper, manganese,
ni ckel , ¢BBEPTIoP G Peiardes apdarmsshibg durd neoth¢ Baabifectigipgaretesm
organi ¢ substrate from degradation by ultraviolet radiation or the |like
wi t hout RaviRRY 8fphotddat algepe fuhetlow, irchuslapprésdogptites frit, or
decorativeness of the surface on which the film of the conposite is
fornmed; péesetidhessortolansfitbant ihasdidd mey Specbmpoandeawhe ehynsigidi ng
is kept off the surface, it is preferable to further add additives to

i nprove thepbeealti nhealiclfi.ty (surface activity) so as to nake the surface
on which the filmof the conposite is formed hydrophilic and thus nake

formation of theefiiming 2atwat sethepal kaA! iauhghhatenageeh1 §@ dasthis,
any of various silicone oils can be used. An alkylsilicate or polyether

type canphec¥s$gq. 208 @ %i%ﬁii%i;-ﬁlgtﬁill %?IQ}? siPllac @Ll%’fttlaefﬁ%%gegf%dc or

al kyl -nodi fied type can be use out ese, a po er- nodi
pol ydi met hylL il 8%298e LYURERAYNG s appropriate according to whether the

titania-metal composite is mixed in as a fine powder or is mixed

in as a solution.

(B~7) Applications

Various things as listed below can be given as examples of
things to which an aqueous liquid or dispersion containing a
titania-metal composite according’tO'thejpresént invention can be
applied so as to obtain working effects as described above.

(1) Building materials (interior and exterior materials}):
Glass, metal, tiles, concrete, coatings, resins, sealingmaterials,
timber, sprayed materials, tent fabric, etc.

(2) Egquipment: Air conditioners, outdoor air conditioners,
cooling towers, kitchens, sanitary equipment, lighting fixtures,
etc.

{3) Glass substrates: Cameras, spectacles, contact lenses,
lenses, mirrors, glass tableware, showcases, gléss fibers (for
cameras), etc. |

(4) Automobiles, aircraft, trains: bodies, glass, etc.
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additive (leveling agent) having a structure that is a conposite of the
above is particularly good. 24 The m xing rati o between the conposite of
anor phous-type and/or anatase-type titanium oxi de and copper, manganese,
ni ckel, cobalt, iron, zinc or a conpound thereof, and the additive is

preferably in a range of 1:0.02 to 1:20, nore preferably 1:0.05 to 1:10.

Moreover, the titanium oxide i referably nodified with peroxy groups,
i.e. is preferé%ﬁygFﬁ?ﬁﬁrugpﬁgiﬁg?HE! 9ﬂ5ﬁSF@F&Fn&“QSFFPﬁ?u§Pﬁ§a§e§oIution
of the above, the film thickness after drying_by heating is preferably
appr oxi netEthE Ve S8 RSy 091285 ma Gkt resdshl POd Yosrbenets Frs LT asfifeous
liquid or dispersion will not have a photocatalytic ability toward gl ass,
met al or faceeramite -pl ate, or an organic substrate such as an acrylic
plate, a PP plate or a polycarbonate plate, and hence an anti-soiling
coating can be formed with a single coat, w thout a blocking |ayer being
requi red. Moreover, as an organic polyner resin or sheet thereof to which
the propécyi eaietl inkenabeve hadeny eddare veenf efongdrrife aguwecusihiigw d or
di spersion can be mxed into an organic resin such as an acrylic resin, a
pol yest epel-€siriadi-ca pol ycarbonate resin. (G 2) Leveling agents and

di spersants By adding a |l eveling agent or dispersant that nmakes film

formationceasi apgtiagt Aeqgt ikt @Rka- metal conposite according to the present
invention, filmforfation can be carried out uniformy, and the

Litaniametal ROWRRLGBEA IR dl SPREIR] USL A SHIALEBHSus UOLHE M oS

such a |l eveling agent or
anatase~type titanium oxide which is able to prevent or reduce

(
photooxidative decomposition of organic compounds, and copper,
manganese, nickel, cobalt, iron, zinc or a compound thereof is able
to protect an organic substrate from degradation by ultraviolet
radiation or the like without having a photocatalytic function,
thus improving the decorativeness of the surface on which the film
of the composite is formed; nevertheless, to confer anti-soiling
performance wherebysoiling is kept off the surface, it ispreferable
to further add additives to improve the leveling ability (surface
activity) so as tomake the surface onwhich the filmof the composite
is formed hydrophilic and thus make formation of the film on a
water—-repellent substrate easier.

To do this, any of various silicone oils can be used. An
alkylsilicateorpolyether typecanbeused, orasamodifiedsilicone
oil, a polyether-modified or alkyl-modified type can.be used; out
of these, a polyether~modified polydimethylsiloxane type paint
additive {leveling agent) having a structure that is a composite

of the above is particularly good.
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of aresin-type, a silicone, a silane conmpound, a rubber-type 25 silicone,
a silicone powder, an organic-nodified silicone, a silicone oil or the
like is preferable. These utilize the surface activating effect of a
silicone polyner, and one having an alkylsilicate structure or a polyether
structure, or both an alkylsilicate structure and a polyether structure in

t he nol ecul e ereqf .is pref.erable. Here, “alkylsilicate structure' refers -
to a structureﬁgﬁ whireh® afkyfP FE&E&“aFE“%&ﬁE‘ F&Eﬁléﬁu?%ﬂﬁﬁh?qﬁgaﬁﬁ?

sil oxane b bone.,  Specifically,. a substance having sil oxane |inkages
(-Si-0) aé’?p)( T RPAAE afﬁp%lht%y%Pﬁ%% ICORRGEanBaPgaBgseabp Eckel,

al though there is no limtation thereto. Moreover, "ether structure’
refers t &R udtiiie i2i0hiodh 2@ Agapansl dghsnse far ensbridwl adsdjsthier iy

et her linkages such as a polyal kyl ene oxi de. Specific exanples are ones
havi ng aPEefsgahly isuehrasgpobfel h)l 8Aetoxi de), podbyeropyfenabbyi He). 05

pol yt etramet hyl ene oxi de, a pol yet hyl ene oxi de- pol ypropyl ene oxi de bl ock
copol ynerto &: pbl yeddwdmre: pohyt et tanmbirhyxdre 5 o £ e xe0fio) yoseli fied with

pol yt etranet hyl ene gl ycol - pol ypropyl ene oxi de copolyner. Qut of these, a

pol yet hy penexgxigdewpel,yar.epyliene r@fdeb il ack Lapal WalodidParticul arly
suitable fromthe viewpoint of being able to control the wettability

through the bl aakndegr@engnd ftihen udRhecH! 8614l @bt r Alhaughot hene F5,40
limtation thereto. { An organi c substance having both an alkylsilicate

par 1 cul SrTy St Ly Y L U A B RS BB PRI oY, e
t,;_ype to 1.0 pm, more preferably 0.05 to 0.3 pm.

The aqueous liquidordispersionwillnot have aphotocatalytic
ability toward glass, metal or a céramic plate, or an organic
substrate such as an acrylic plate, a PP plate or a polycarbonate
plate, and hence an anti-soiling coating can be formed with a single
coat, without a blocking layer being required. Moreover, as an
organic polymer resin or sheet thereof to which the properties of
the above invention are conferred, the agqueous ligquid or dispersion

can be mixed into an organic resin such as an-acrylic resin, a

polyester resin or a polycarbonate resin.

(C~-2} Leveling agents and dispersants

By adding a leveling agent or dispersant that makes film
formation easier to the titania-metal composite according to the
present invention, film formation can be carried out uniformly,
and the titania-metal composite can be dispersed over'é substrate
uniformly. As such a leveling agent or dispersant, a composite

of a resin-type, a silicone, a silane compound, a rubber-type
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pai nt additive such as pol yether-nodified pol ydi nethyl sil oxane can 26 be
used; this can be manufactured using a publicly known nethod, for exanple
using a nethod described in Synthesis Exanple 1, 2, 3 or 4 in Japanese

Pat ent Application Laid-open No. H4-242499 or the Reference Exanple in
Japanese Patent Application Laid-open No. H9-165318. For exanple, a

pol yet hyl ene oxi de-pol.ypropyl ene oxi de bl ock  copol yner-nodified

pol ydi mefhyt§9P6xafe Sabtt&ohéd W%&c@%@rganﬁﬁfﬁlpé’é&-l@@t SUUHCOBSIy 8t hyl ene
oxi de-1 eng oxi de-pol ypropyl ene oxi de bl ock copol yner with

di hydr opéllﬁcﬁﬁieh%%iqro%gﬁel%%e isprabeeabhsa |Bvade wEidgast the sSusss or
TSF4446 (both nade by CGE Toshiba Silicones), SH200 (nade by Dow Corni ng
Toray Si Rictdvetdng, efif¢ct, ofa KR iddidoms prd yiueede alpyi Shien hEtvsmgClaer cal ) or
the |like can be used. Mreover, as a di spersant, DC3PA or ST869A (both
made by BdwylEddnicageTertaycdiuriec @re aCpolyktte) etrileuricke cgabdid wsed. I n
addition, one that is not for paints can be used as appropriate so |long as

the abovelpyapditicesecabrbetaesfaid adpo M ERVElstAIGARtd N BREMo T8HE e
having a silane conpound havi ng am no groups, epoxy groups or methacryl oxy

groups, itheredrse@sCakkedragilleane coupling agent, added thereto can be
constructed. Such a coating agent contains a |arge amount of Si-O |inked

e o, MBS e g aROPS LA, LO, AU SHERALS co
alkyl groups are added to silane atoms in the siloxane backbone;
Specifically, a substahce having siloxane linkages {(-8i-0-) as a
main chain such as polydimethylsiloxane is suitable, although there
is no limitation thereto.

Moreover, ‘ether structure’ refers to a structure in which
alkylene groups are bonded together by ether linkages such as a
polyalkylene oxide. Specific examples are ones having a structure
such as polyethylene oxide, polypropylene oxide,
polytetramethylene oxide, a polyethylene oxide-polypropylene
oxide block copolymer, a polyethylene-polytetramethylene glycol
copolymer, or a polytetramethylene glycol—pol@ropylene oxide
copolymer. Out of these, apolyethylene oxide-polypropylene oxide

‘block copolymer is particularly suitable fromthe viewpoint of being
able to control the wettability through the block degree and the
molecular weight, although there is no limitation thereto.

An organic substance having both an alkylsilicate structure
and a peolyether structure in the molecule thereof is particularly
preferable. Specifically, apolyether-modifiedpolysiloxane type

paint additive suchas polyethér-—modi fiedpolydimethylsiloxane can
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according to the present invention and each additive is preferably 27 in a
range of 1:0.02 to 1:20, nore preferably 1:0.05 to 1:10. (C3) Effect of
conbining titania-nmetal conposite and additive Wth a surface having forned
thereon a coating filmin which are conbined a titania-netal conposite
according to the present invention and an additive conprising a silicone
or nDdif%Fd SI|ICOHe havi ng an al kyl siljcate structure_or pol yet her
struct ur ®SoPSBEf hthof EARSY SadarteE ed UsHeo@aPabyirdyy ]ﬁ%‘t’lil dlheftfso%t
exhi bited wupon being subjected to exciting light, and anti-soiling,

anti - m cteBi gKkampile Dypingas E@EbﬁﬁoéﬁﬁFéhbaﬁdlmaﬁﬁmtb@$l$|E%@mm¢e khrbugh
so-cal |l ed organi ¢ conpound deconposition are not observed. By formng a
filmusi Agosuéhim bramtriewe fAdtant geipd icalidbootiaddt-bpen Hegridtar 4 pa0vfom
substrate can thus be prevented. On the other hand, by adding an additive
as above the Refd¢r¢mme Fxnmipdle toPResidsabatedtmpglo ddte i eseatopamMant i on,
anti-soiling, anti-mcrobial and hydrophilic functions that are not

phot ocat @ilbytiie&3awgani ¢ deconposition are realized. The present inventors
have descri bed the working mechanismfor this in detail in separately

filed JapaneserBat&MmdRp) iaC ;ﬁél@@tﬁme@%@ﬁ@m yprEpAl drd ok%dé%ltc%wght

that this phenomenon does not involve photocatalysis, "but rat upon

bei i { | i t t
Paai ot o PRL ek Al e bl v BRI 3 Bl S Ahedl BY RRRRUIRE B g
rusting.functians ar realized in

2g;hect|%§Phang Rénggghd flangpﬁg? 8c8§ﬁge A S e O&* nP@ FREEPYaFTSr on

the surface o ch a filmha e farnme
| OXlge Block copolymer witg gghydropolydlmethyls1loxane is

suitable.

As alevelingagent, TSF44450r TSF4446 (bothmade by GE Toshiba
Silicones), SH200 (made by Dow Corning Toray Silicone Co., Ltd.},
a KP series one (made by Shin-Etsu Chemical) or the like can be
used. |

Moreover, as a dispersant, DC3PA or ST869A (both made by Dow
Corning Toray Silicone Co., Ltd.) oxr the like can be used. In
addition, one that is not for paints can be used as appropriate
so long as the above properties can be conferred.
| Moreoverfacmatingagenttypehavingasilanecompoundhaving
amino groups, epoxy groups or methacryloxy groups, i.e. a so-called
silane coupling aQent, added thereto can be constructed. Such a
coating agent contains a large amount of Si-0 linked matter, and
hence the film hardness and the ddhesion to the substrate can be
improved.

The mixing ratio (Wwt%) between the titania-metal composite .

according to the present invention and each additive is preferably
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28 That is, a titania-netal conposite according to the present invention
to which such an additive has been"added not only does not have a

phot ocatal ytic function, but noreover has a function of protecting organic
bonds from nol ecul ar bond di ssoci ati on energy (photooxidative power) due
to el ectromagnetic radiation such as wultraviolet radiation, and hence the
durability of the filmfaorned is inproved, whereby a protective effect is
obt ai ned J1')4’n & HaA"% d’r%]pl’q‘rp% He 1576t Pt RIS ek a5 &£rlopt@n t he
decorativeness caused by degradation or the |ike over a long period is.
prevented. As a result, with an inorganic or organic substrate surface
having the filmformed thereon, substrate degradation and fading are

pr event ed C-ad Eiftacts gifl iqogbiaritmg riidrasbizaime thadd rapipd & icc earschd add Htriksd | ng
functions are exhibited for the surface having the filmformed thereon.
Regar di ng the @&fiftécs sofrotdhhafingeserhypaheraforf unebhoindeiing exhimki died,
highly effective use is possible with organic substrates, in particular
or gani ¢ paley membliesid asubsthabemnetandceppbki8cBEELBEngUL aCES pHLLLIRr t O,
because organic materials are susceptible to ultraviolét radi ati on,
prevent i Ngv@rdiem Ak hHNRIAQNA) EYmPE 1 s $8G AT 1 MENRS S hid ol 85 TH Q:{lico |
commercial value with such substrates haS been a great technica pr&gfem
however, - j it ' I a-nmetal .conposite
accor di nggﬁé%%%ﬂg}l@éﬁqlldr?%nts?gﬁ‘?legﬁgeél?ggfé%%%&%%{T%rg]f:tt% 8hFRE R ypes
of functi,@n I,hi is.0 L. ned nd. hepce pse i s possible for
revoIutig%éFggangﬁgggkgﬁgF’o?g§%$t0§65§?¥gfgs ﬂ%ﬁ#ﬁﬁna}?Lﬂﬂﬁi%ﬁp%ﬁltEd
o0l Vi ngooR BRLEIP o3 ke (BeER YL | O d I S for examl e

anti-microbial ability, gas decomposition and water purification
through so-called organic compound decomposition are not observed.
By forming a £ilm using such a coating film liquid, photooxidative
degradation of a substrate can thus be prevented.

On the other hand, by adding an additive as above to a
titania-metal composite according to the present invention,
anti-soiling, anti-microbial and hydrophilic functions that are

notphotocatalyticorganicdecomposgitionarerealized. Thepresent

P

inventors have described the working mechanism for this in detail
in sepérately filed Japanese Patent Application No. 2000-374750.
That is, it is thought that this phenomenon does not involve
photocatalysis, but rather upon being subjected to ultraviolet
radiation, sunlight or electromagnetic radiation that will bring
about photooxidative degradation, anti-soiling, anti-microbial,
hydrophilic;and.anti~rusting functions are realized in connection
with photooxidation that occurs in the organic material-o; on the

surface on which a film has been formed.
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29 not only inorganic ones but also organic polynmer resin sheets and
paints or plastering materials containing organic polyner resins. (C4)
Applications A fields in which this art can be utilized to inprove
anti-soiling comercial value is sealing materials, which are the greatest
cause of soiling of exterior substrates in architecture, civil

engi neeri ng, c$ﬂgﬁructed oggects and.so on. Sealing materials are

necessities fo soibPngt ERPAASTEh L COMR At Fo R S d A 1di% pPakRfreesfie to
heating of exterior substrates and earthquakes, and are used in the joints
of the ndf8FPEYOBf Fardht ¢ iUt eddditdves haschoen addrAdert mpkt de@sur es
and constructed objects. As such sealing materials, there are silicone
types, nBEFffhade 3jphebpeatypesic pbiysiuleni dent ypessopwt haetshdhmatyipes,
butyl rubber types and so on; the higher the performance of a sealing

mat er i al ofiprateatsi ngf ongan he bondsi Stamme | edul abiddrtd/di adbeshonoanrcheseryon,
the nore surface-charged material or |ow nolecul ar-weight silicone oil due

to cont afphatboridstdivechawged, dii€stb té Ngct Foregmer tdera i fot &S ts e of
soiling of exterior substrates. The art of the present invention can also

be used gitestiyeky rduistcibs) haS hed & 4nb dfibkB 1 TBYhod tAl F1 Bt flthed of

applying a titania-netal conposite aqueous |iquid or dispersion having an

addi ti Vei§QLQ&Q6M,G%Be§%\%§{%.E%tetc‘%i%ee?fgégm ngﬁ%%ghﬂlﬁ%%taa%ﬁ% | ng

material is a method in a coating naterial to h have been added
the titaghagetal e CHIPYY 12cA00n8t30tkCERCA IR U] 3L Hold5AR8 Rl On
havi ng an 30
caused by degradation or the like over a long period is prevented.
As a result, with an inorganic or organic substrate surface having
the film formed thereon, substrate degradation and fading are
“prevented, and anti-soiling, anti-microbial, hydrophilic and
anti-rusting functions are exhibited for the surface having the
film formed thereon. Regarding the effect of both of these types
of function being exhibited, highly effective use is possible with

organic substrates, inparticular organic polymer resin substrates

and coating material surfaces.

o

Hitherto, because organic materials are susceptible to
ultraviolet radiation, preventing a drop in functionality or
decorativeness in terms of commercial value with such substrates
has been a great technical problem; however, by adding an additive
as above to a titania-metal composite according to the present.
invention, an effect that both of the above types of function are
exhibited is obtained, and hence use is possible for revolutionary
inorganic or organic substrates having a function of resolving

problems that have been outstanding for many years, for example
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al kyl silicate structure or a polyether structure or both of these
structures with a leveling ability or dispersing ability (a silane
conmpound may al so be added) is applied directly onto the surface of the
sealing material to forma film (C4-2) Second nethod A second net hod of
applying a titania-netal conposite aqueous liquid or dispersion having an
additive agded thereto accordlngugto t he present |nvent|on ont.o sea&ing

mat eri al PR S PG RUEoat P G Relgfer FesiPrahss

silicone, silane caonpound or the like is used as an interpnediate filmto
reduce dPé&H&Fg%r 313568&1&& RaheE1 8t S SPYUE 1D CERANGEIP LB AAESI NSt-hi s
being as a prinmer for a coating material as above on the sealing materi al
surface. As a silicone used as the internediate film a silicone for a
weat her-resi stant heat-resistant coating material, a reinforcing coating
mat eri al (6r4a #mpéicerepenbant coating material, a silicone for adding to a
paint, or the like can be used, so long as this 1is one that can be used as
a silicone coaki ifjehds einakhids thisoaner canl bpradltt ze8R2410mpro®EL1980
(both rmade by Dow Corning Toray Silicone Co., Ltd.) or the |ike can be

used. Maaoyebpiding Sdhec CONRRURG i8NSedBMi | e RN IWBHRS, ar £XY
groups, am no groups, epoxy groups, nethacryl groups or nethacryl oxy

groups, @%hégmga@s@l 861 1 YRE OF IGQMBY o syt ¥akkbaxan CAMIRARGN 2N be
used. Asga comer ci al Sro uét §EXysea lobrSEXysea W ( bgih made %y Dow

Cor ni ng Zogay éh%kﬁ@@?ln&? coh&grbctéaugﬁﬁél:tgogﬁdo 5%918 (Qgéflﬁ@de by

Sunm tonp Seil ka

[. materials are necessities for absorbing expansion, contraction and
displacement due to heating of exterior substrates and earthquakes,
andareusedinthe jointsof themajorityof architectural structures,
civil engineering structures and constructed objects.

As such sealingmaterials, there are silicone types, modified
silicone types, polysulfide types, polyurethane types, butyl rubber
types and so on; the higher the performance of a sealing material
in terms of weather resistance, durability, adhesion and so on,
themore surface—chargedmaterial or low-molecular-weight silicone
0il due to contamination is discharged, resulting in being the
greatest cause of soiling of exterior substrates. The art of the
present invention can also be used effectively in such sites.
(C-4-1} First method

A first method of applying a titania-metal composite agueous
liqguid or dispersion having an additive added thereto according

.to the present invention onto a sealing material is a method in

which a coating material to which have been added the titania-metal

composite and a silicone or modified silicone solution having an
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Chenicals Co., Ltd.) or the |ike can be used. The thickness of the

internmediate filmis preferably 0.05
W Moreover, as the application nethod, this is carried out after filling
with a caul king material at the work site, and hence brushing or spraying

to 50 pm nore preferably 0.1 to 20

can be used. Working exanples Following is a description of working

exanpl es
above,

[ Worki ng exanpl es 1] Working exanples relating to nethod of nanufacturing

S i ng the effects of the first to third inventions descri bed
(SR

CRForsht b Pt POr ity SRR LSS g st e etk @ Tokhese

titani a- netEECEORPDIittd aduBstusing gl d5L Y SpeisPers ing alnbbetywer kiihgne

exanpl es

1', conposites doped with various netals were prepared by using a

met hod of CompeMad ey g sen begaddad) 1$ qappll ord difspeartsi pordentthiensng face
titani a-netal conposite according to the present invention. (Wrking
exanpl e lei)tiGoppeal Dopeadaaept phous foe H.#BHBBng of 97% Cud 12. 2H20 (nade

by N hon Kagaku Sangyo Co.,

Ltd.) was conpletely dissolved in 500 m of

pure wat e{G-402)9 Mcomwd W Kbdani um tetrachl ori de sol uti on (nade by
Sumitono Sitix) was further added to the solution, and pure water was

added to nake APetOnEARAHYG o PRSHENY g S0k HLL9R-HRS

@Qﬁﬂﬂ&§§&té¥ﬂ§8@bﬁs

wat er obtained by diluting 25% anmdni & wat er (nade gy Takasugi

Phar maceui §
solution to adjust thé pHto

éﬁ&dgﬁrdﬂéﬁéﬁsﬁ%ligﬁyﬂﬁﬁgog éQt%@% %Bﬁ%hlkﬁggggé?aﬁggrd§gge

repy a mxture o I oxXl

and U1 tan ey 40X e WaS BIAEP RGeS sI0T:REPELRELELS 125 .CR0LhBYAL B

washed w t

pur € wat er

whidnacoatingmaterialofafilm—formingsilicone,silanecompound
or the like is used as an intermediate film to reduce discharge
of contaminants or exposure to charged substances, this being as
a primer for a coating material as above on the sealing material
surface.

As a siiicone used as the intermediate film, a silicone for
aweather-resistant heat-resistant coatingmaterial, a reinforcing
coating material or a water-repellant coating material, a silicone
for adding to a paint, or the like can be used, so long as this
is one that can be used as a silicone coating material. As a
commercial product, SR2410 oxr SE1980 {both made by Dow Corning Toray
Silicone Co., Ltd.) or the like can be used.

Moreover, as a silane compound, one having methoxy groups,
ethoxy droups, amino groups, epoxy groups, methacryl groups or
methacryloxy groups, and having a silane type cligomer or
polysiloxane component can be used. As a commercial product,

Dryseal M or Dryseal W (both made by Dow Corning Toray Silicone

‘Co., Ltd.), Aguaseal 200S or 500S (both made by Sumitomo Seika
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the conductivity of the supernatant was not nore than 0.8 ns/m the
washi ng was stopped when the conductivity had becone 0.8 nS/m whereupon
340g of a liquid containing 0.81 w % of the hydroxide was produced. Next,
25 g of 35% hydrogen peroxi de (nmade by Tai ki Chemi cal Industries Co.,

Ltd.) was added while cooling the liquid to 1 to 5C, and stirring was
carried oyt for 16 hours, whereby 365 g of a transparent green dispersion
of copper=4opkd® ﬁDFBhougtgybeo¥iF%ﬁihhg%eF%&i%% ¥Fe€oncentration 0.90 w %
was obtained. This was diluted with pure water, thus preparing 385 g of a
0. 85 wt % copper TP GRer phoils -t d narmadimtse fédindd s Birsfersbdy. 0.05
(Wor ki ng exanple 1-2) Nickel -doped anorphous type 0.594 g of NI 2. 6H20
(rmade by N BOnuKagake Santprmatdos 0. Litd 20 pwas worpbede) usdilssapyedchnidsg0 n
of pure water, 10 g of a 50% titaniumtetrachloride solution (mde by

Sumi t ono WBethadl, wasfauitshesrr beldedtt afthe Galliipri tand un& wWai 86 twas sadded
to make up to 1000 nml, whereby a solution was prepared. Amoni a water

obt ai ned by tié|wbiRgs268) asm@Mhan¥@tBFuéRBLe by Jkasugs Fharpaceytical
Co., Ltd.) by a factor of 10 was instilled into the solution to adjust

the pHto 7.0, whereby a m xture of nickel hydroxide and titanium

hydr oxi de was precipitated. The precipitate was continually washed with
pure water until 33 the conductivity of the supernatant was not nore than
0.8 n5/m the washing was stopped when the conductivity had becone 0. 65

nS/ m 7 é a liquid containing 0.77 wt% of the hydroxide was
pr oduced. ; 5% hydr ogen peroxi de (nade by Tai ki
O Following is a description of working examples showing the

effects of the first to third inventions described above,

fading/discoloration performance evaluation tests and so on.

[Working examples 1] Working examples relating to method of

manufacturingtitania—metalcompositeaqueousliquids/dispersions'

In these “working examples 1’, composites doped with various
metals were prepared by using a method of manufacturing an aqueous
liquidcﬁ:dispersioncontainingkatitaniawmetalcompositeaccording
to the present invention.

"~ (Working example 1-1) Copper—doped amorphous type

0.463 g of 97% CuCl,-2H,0 (made by Nihon Kagaku Sangyo Co.,
Ltd.) was completely dissolved in 500 ml of pure water, 10 g of
a 50% titanium tetrachloride solution {(made by Sumitomo Sitix) was
further added to the solution, and pure water was added to make
vp to 1000 ml, whereby a solution was prepared. Ammonia water
obtained by diluting 25% ammonia water (made by Takasugi

PharmaceuticzﬂTCo., Ltd.) by a factor of 10 was instilled into the
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Chem cal Industries Co., Ltd.) was added while cooling the liquid to 1 to
5C, and stirring was carried out for 16 hours, whereby 374 g of a
transparent pale yell ow dispersion of nickel-doped anorphous-type titani um
per oxi de of concentration 0.87 w% was obtained. This was diluted with
pure water, thus preparing 381 g of a 0.85 wt % ni ckel -doped anor phous-type
titani um_per oxi d di.sper sion rking ex | e, 1- 3) Cobal t - doped anpr phous
type 0.626 él%&fon%&ﬁl@l%-ﬁgh?m%y Kgﬁ'ﬁ6e§?)€aﬂ&5t oL GRPPELHRAT Wil ved
in 500 mM__of pure water, 10 .g of a 50%titaniumtetrachloride solution
(made byagﬂnﬁﬁiﬁﬁlgﬂtﬁﬁﬁrﬁé§ ureRePr&fd®d t8d-athe sol ution, and pure water
was added to nake up to 1000 nml, whereby a solution was prepared. Ammoni a
wat er obt ai nedTB§ RESGHR e Drvyaarmamt Bnwrt by washederbyh Pakaswgter until
Pharmaceutical Co., Ltd.) by a factor of 10 was instilled into the

sol uti onthe gapdectinétpHofotieOsuphenabynt waxtuote nofe ddbal t0 18y drsoii;de
and titani um hydroxide was precipitated. The precipitate was continually
washed wihie paskinaters shbppedtwiecic abducbhdityi ol t{hevcbupennat ang mags not
nore than 0.8 nS/m the washing was stopped when the conductivity had
becone Owh&rmBbon 3whgre8panl 84igdoforthiQihg Comt ahtd N Cni2 MWL dhe
hydr oxi de was produced. Next, 25 g of 35% hydrogen peroxi de (nmade by Tai k

34 Cheni gak ppddstsdes &t blsdg)opessadded (] ﬁe&%%?é%?(ﬁ%%%l%yqoﬁaqakit o1

to 5C, and stirring was carried out for I6 hours,

semi - {1 apagaLenl Hadks Orean ¢ SPeal 9nol £ebal Lndareds. AIRE PAONY ¥R

titani um peroxi de of concentration 0

(- to 1 to 5°C, and stirring was carried out for 16 hours, whereby
365 g of a transparent green dispersion of copper-doped

amorphous-type titanium peroxide of concentration 0.90 wt% was
obtained. This was diluted with pure water, thus preparing 385

g of a 0.85 wt¥ copper-doped amorphous-type titanium peroxide

dispersion.

(Working example 1-2) Nickel-doped amorphous type

0.594 g of NiCl,- 6H,0 (made by Nihon Kagaku Sangyo Co., Ltd.)

I K

was completely dissolved in 500 ml of pure water, 10 g of a 50%
titaniumtetrachloridesolution (madebySumitomo Sitix) was further
added to the solution, and pure water was added to make up td 1000
ml, whereby a solution was prepared. Ammonia water obtained by
diluting 25% ammonia water (made by Takasugi Pharmaceutical Co.,
Ltd.) by a factor of 10 was instilled into the solution to adjust
the pH to 7.0, whereby a mixture of nickel hydroxide and titanium
hydroxide was precipitated.

The precipitate was continually washed with pure water until
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(Worki ng exanpl e 1-4) Manganese-doped anor phous type 0.521 g of WMd 2. 4H20
(made by Kormune Kagaku Yakuhin) was conpletely dissolved in 500 mM of pure
water, 10 g of a 50%titanium tetrachloride solution (nade by Sumtono

Sitix) was further added to the solution, and pure water was added to nake
up to 1000 m, whereby a solution was prepared. Amoni a water obtained by

diluting,.,25% a ni.a .wat er de_by Takasugi Phar paceuti cal .o LId.) by
a factor of TORwS G Ioefd(ti tgupégnggf_" igﬁstgogadﬁ“ﬂg? fﬁ%ng@r%%sg“}%,
wher eby m xt u}%e of nanganes hydr oxi de and titani um__hydroxi de was
precipi t WaFRENYES Bi-PEPE Tt SAEI RIS IWEshe 826 R$C PR & - Ratet/ Bmt i |
the conductivity of the supernatant was not nore than 0.8 nS/m the

washi ng WASTSUENed 4A9e R Tt Re LdgHddcePRiEynhRE Beddnmstd. oB5ths/ Mydramieteupon
343g of a liquid containing 0.77 w % of the hydroxide was produced. Next,
25 g of 35% hyddoged.pdioxtde2® tndé By Taydkiog@hemrcalidendmstdei by Toiki
Ltd.) was added while cooling the liquid to 1 to 5C, and stirring was
carri ed @lterfigrall®ntuetsieshes eby.tBO7gasf adds@mhirarspdrient tHarki dariain

di spersi on of manganese-doped anorphous-type titanium peroxide of

concent r ald Qn tQ. 87c)m dhaesti pPiAGNREs Jhi 51 ¥@Sot | #E £ 9 Ay PUT &Rt SSy,
thus preparing 375 35 g of a 0.85 wt % manganese- doped anor phous-type

titani umager oxiode a GrSPRLSIreht ARG 1XAMMRID lrsdord ANHRRA -JFRRhous
type 0.712 g of Fed 3. 6H20 was ((?orrpl ey?%ly di sssgjl ved in 500 mM of pure

vater, 1Qn% 2hods2%k ?c@a&'@tﬁne?e%@iﬁrei de S {RIE o By T LI
Sitix) was further added to the Solution, and pure water
(o obtained. This was diluted with pure water, thus preparing 381

g of a 0.85 wt% nickel-doped amorphous-type titanium peroxide

dispersion.

(Working example 1-3) Cobalt-doped amorphous type
0.626 g of CoCl;'6H,0 (made by Kanto Kagaku) was completely
dissolvgd in500ml of purewater, 10gofa50% titaniumtetrachloride
solution {made by Sumitomo Sitix) was further ardded to the solution,
and pure water was added to make up to 1000 ml, whereby a solution .
was prepared. 2Ammonia water obtainedbydiluting 25% ammoniawater
{made by Takasugi Pharmaceutical Co., -Ltd.) by a factor of 10 was
instilled into the solution toadjust thepHto 7.0, whereby amixture
of cobalt hydroxide and titanium hydroxide was precipitated.
The precipitate was continually washed with pure water until
‘the conductivity of the supernatant was not more than 0.8 mS/m;
the washing was stopped when the conductivity had become 0.68 mS/m,
whereupon 341g of a liquid containing 0.72 wt% of the hydroxide

was produced. Next, 25 g of 35% hydrogen peroxide (made by Taiki
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was added to nake up to 1000 m, whereby a solution was prepared. Anmonia
wat er obtained by diluting 25% ammoni a water (made by Takasugi
Pharmaceutical Co., Ltd.) by a factor of 10 was instilled into the
solution to adjust the pHto 7.0, whereby a m xture of iron hydroxide and
titani um hydroxi de was precipitated. The precipitate was continually
washed wi ur t unt|I t he uctivity o e super nat ant _was  not
nore tha &g rgl n%l \&acﬁhe AR g &/g(g gt‘”(ﬂjgpé&id\ﬂﬁieﬁhllﬂg Condtied i y AR
beconme 0.744 nS/m__ whereupon 420g of a liquid containing 0.47 w % of the
hydr oxi det Ovaast%%gucé‘@ d R IPY yast CIBWLRPdPEGek opel 6xhdersmapbebgbYai ki
Chem cal _Industries Co., Ltd.) was added while cooling the liquid to 1 to
5C, and si%% G A§ wESHarryanERAReTlodars ubees divesedionaE gobaltadoped
transparent dark yell ow brown di spersion of iron-doped anorphous-type

tit ani umaeGTEphias ofyivontehan ath gpe Qo Xdiddavt 85 wasncebt aatieon Th8s was was
concentrated using an ultrafiltration concentrator, thus preparing 220 g
of the didpsrisiaah. with the concentration adjusted to 0.85 wt% 36 (Working
exanpl e 1-6) Zinc-doped anorphous type 0.359 g of ZnCd 2 (zinc chloride) was

conpletely dissolved in 500 g of pure water, 10 g of a 50%¢titani um
tetrachl oride solution (nmade by Sum tono Sitix) was further added to the

sol uti on, (Wytk i rRpres: B Nag) 1O %Qp ; g)y\g(greby a
lutin

sol ution was prepared. Ammnl a water obt al ned by % anmoni a

vater | e, D B2 dle BRRIIPAR | GRG0y, Kbflohe Piaga k80T L0 o1 0,48

instilled into the solution to a jUSt t
‘. completely dissolved in 500 ml of pure water, 10 g of a 50% titanium

tetrachloride solution (made by Sumitomo Sitix) was further added
to the solution, and pure water was added to make up to 1000 ml,
whereby a solutionwasprepared. Ammoniawater obtainedby diluting
25% ammonia water {made by Takasugi Pharmaceutical Co., Ltd.) by
a factor of 10 was instilled into the solution to adjust the pH
to 7.0, whereby a mixture of manganese hydroxide and titanium

hydroxide was precipitated.

The precipitate was continually washed with pure water until
the conductivity of the supernatant was not more than 0.8 mS/m;
the washing was stopped when the conductivity had become 0.65 mS/m,
whereupon 343g of a liquid containing 0.77 wt% of the hydroxide
was produced. Next, 25 g of 35% hydrogen peroxide (made by Taiki
Chemical Industries Co., Ltd.) was added while cooling the liguid
to 1 to 5°C, and stirring was carried out for 16 hours, whereby
367 gof asemi-transparent darkbrown dispersion of manganese~doped
amorphous-type titanium peroxide of concentration 0.87 wt$% was

obtained. This was diluted with pure water, thus preparing 375
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of zinc hydroxide and titanium hydroxi de was precipitated. The precipitate
was continually washed with pure water until the conductivity of the
supernatant was not nore than 0.8 nS5/m the washing was stopped when the
conductivity had becone 0.713 nS5/m whereupon 409 g of 0.48 w % of the
hydr oxi de was produced. Next, 25 g of 35% hydrogen peroxi de agueous

sol ution énﬁge bé Taj ki_Chemi cal |ndustries Co., Ltd.) was added while
cooling $&%3 8-8e WandFIFNGI R AR~ Tige 14 thedvs pareréds
430 g of a transparent yell ow brown zi nc-doped anorphous-type titani um
per oxi de GGIRVUBL@DdI uti on was obt ai ned. Moreover, 100 g of the zinc-doped
anor phous-type titanium peroxide aqueous sol ution produced as above was
wei ghed out, and was heated for 5 hours at 100C, whereupon 48 g of a pale
yel l ow zinc-doped anatase-type titanium peroxide sol with a concentration
of 0.96 wWiWemlasnobteamebe IVY®y Kimngn-etappdeambrplot® typd) The netal - doped
anor phous-type titani um peroxi de di spersions 37 prepared in working

exanples 1-1 t® . 1712 weoe heal £bH0f washesmnsledbl $09Cssd s PIPdIY AG of
correspondi ng anatase-type titani um peroxide dispersions, which were taken

as WDVkiQﬁnQ%@ﬂﬁkﬁ% hk?%;o&Qalgﬂé-tﬁ%ﬁhﬁh&gt%%@geh§§r%35698hhﬁgghoQmQHEO
npl es , the worKking

pol ycarbonate resin plates In these working exa

onto” polyearbesate YR HRS Al e S R b 200 Bl SRR b
was Carridg% %ﬁhedAto make up to 1000 ml, whereby a solution was prepared.
(- Ammonia water obtained by diluting 25% ammonia water (made by
Takasugi Pharmaceutical Co., Ltd.) byfa.factor'Of'IO was instilled
into the solution to adjust the pH to 7.0, whereby a mixture of

iron hydroxide and titanium hydroxide was precipitated. The
precipitate was continually washed with pure water until the
conductivity of the supernatant was not more than 0.8 mS/m; the
washing was stopped when the conductivity had become 0.744 mS/m,
whereupon 420g of a liquid containing 0.47 wt% of the hydroxide
was produced. -

Next, 25 g of 35% hydrogen peroxide (made by Taiki Chemical
Industries Co., Ltd.) was added while cooling the liquid to 1 to
5°C, and stirring wés carried out for 16 hours, whereby 440 g of
a transparent dark yellow/brown dispersion of iron-doped
amorphous~type titanium peroxide of concentration 0.44 wt$% was
obtained. This was concentrated using an ultrafiltration

concentrator, thus preparing 220 g of the dispersion with the

concentration adjusted to 0.85 wt%.
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That is, a 6 mmthick 70 mm x 150 mm commercially sold polycarbonate resin
plate (nmade by Teijin Chemicals Ltd.) was prepared, soiling on the surface
t hereof was renmoved with al cohol, and the aqueous liquid of one of working
exanples 1-1 to 1-5 was sprayed onto this substrate with an application
anount- of 0.4 g / 100 cmZ After the application, the surface was dri ed,

and t hen v@e%%{q? mas r|e out fo 15 m nutes at 120C using a .
const ant - Cfﬁ) i { AR GTEP S IR xR es 2-1 to 2-5 were

t hus manuf act ur ed. These structures were taken as sanple substrates 1 to
S. Moreover, fdk é@nﬁaﬂ séRCla 6Z2iAFt BhERr Fdemvas esophntedmmeissalvydsol d
polycarbonate resin plate (made by Teij in Chemcals Ltd.) having no

coati ng fidt RBH & AEPEGE Wakepr éfas o, @ &G t1ihaniwag etaleeh las icenpaiative
substrate 1. [Evaluation test 1] 38 Sanple substrates 1 to 5 and

conpar at i \readailint Samé tiomge 5é tigac waputfurnhe raa8deghicbetéasbenaebal and
accel erated weathering test apparatus using an arc carbon |anp, and the

state of puetd omitey whs added eso maktd ugegbatiad § of, %éﬂt&;;ﬁ&b%&ﬁ%%oﬁ%géw
through visible [light including ultraviolet radiation was neasured. The .

testing grdpaas nnﬁﬁohﬂabﬁaﬁegoobﬁﬂEﬁedZQQOdDQHE§n8r2§909mﬂ8ﬂi§ water
(Eval uation nmethod and evaluation criteria) The eval uation was carried out

O o) CHER PO PSR e U D R O R
1nstllled1ntothesolutlontoadjustthetho7.0,wherebyanuxture

(- of zinc hydroxide and titanium hydroxide was precipitated. The
precipitate was continually washed with pure water until the
conductivity of the supernatant was not more than 0.8 mS/m; the
washing was stopped when the conductivity had become 0.713 nS/m,
whereupon 409 g of 0.48 wt% of thée hydroxide was produced.

Next, 25 g of 35% hydrogen peroxide aqueous solution (made
by Taiki Chemical Industries Co., Ltd.) was added while cooling
to 1 to 5°C, and stirring was carried out for 16 hours, whereby
430 g of a transparent yellow/brown zinc-doped amorphous—tyﬁe
titanium peroxide aqueous solution was obtained.

Moreover, 100 g of the zinc~doped amorphous-type titanium
peroxide aqueous solution produced as above was weighed out, and
was heated for 5 hours at 100°C, whereupon 48 g of a pale vellow

zinc—-doped anatase-type titanium peroxide sol with a concentration

of 0.96 wt% was obtained.

{(Working examples 1'-1 to 1'-5)

Themetal-doped amorphous-type titaniumperoxidedispersions
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+: Slight yellowng Hardly any yellowng (Test results) The results of
“evalluation test 1' are as shown in Table 1. As is clear fromTable 1, it
was found that the weather resistance to degradation (yellow ng) of the
resin through electromagnetic radiation including ultraviolet radiation
“for the polycarbonate resin (organic polyner resin) plates dropped in the
order saqple substrates 1 and 4 > sanple substrates 3 and 5 > sanple

subst r atRF P2 t He "R NhathmR ke sds ¥ dvnd thaereohpatad dor Substrate 1,
on which a coating filmof an aqueous liquid containing a titania-netal
conposi tat ak@®iCdi ndruso mrvelrigse mto rimpegriridim gvas a teate fronre o 1 thadimich

| ower weat her resistance than sanple substrates 1 to 5. 39 Mreover, a
sim|ar evabxide ofi st s ass carhii@s wsite ok kers WS tWatiesh greswd st 48 ed-ysi ng
each of the netal -doped anatase-type rather than anorphous-type titanium
per oxi detdli Eper.si ons, whereupon simlar results were obtained, with no
phot ocatal ytic function being exhibited. [Table 1] Sanple Sanple Sanple
Sanpl e Sanpl e Conparative substrate 1 substrate 2 substrate 3 substrate 4
substrate 5 substrate 1 1,000 hours - - - - - ++ 2,000 + - - - + + +
hour s

[Working examples 2] Application onto polycarbonate resin plates

In these ‘working examples 2’, the working examples 1-1 to
/ 1-5 prepared in ‘working examples 1’ above were applied onto
polycarbonate resinplates, and the evaluation test describedbelow
was carried out.

That is, a 6 mm-thick 70 mm x 150 mm commercially sold
polycarbonate resin plate (made by Teijin Chemicals Ltd.) was
prepared, soiling on the surface thereof was removed with alcohol,
and the aqueous liguid of one of working examples 1-1 to 1-5 was
sprayed onto this substrate with an application amount of 0.4 g
/ 100 cm®*. After the application, the sufface was dried, and then
heating was carried out for 15 minutes at 120°C using a
constant-temperature dryer. Structures of working examples 2~-1
to2Z2~-5were thusmanufactured. These structureswere takenas sample
substrates 1 to 5. Moreover, for comparison, a 6 mm-thick 70 mm
x 150 mm commercially sold polycarbonate resin plate (made by Teijin
Chemicals Ltd.) having no coating formed thereon was prepalred, and

this was taken as comparative substrate 1.

[Evaluation test 171
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3,000 + + - + + + + hours [Wrking Exanples 3] Application onto tiles In

t hese "working exanples 3', the working exanples 1-1 to 1-5 prepared in
“wor ki ng exanples 1' above were applied onto white interior decoration
tiles, and the evaluation test described below was carried out. That is, a
4 mmthick 97 mmx 97 mmwhite interior decoration tile (nmade by Danto

Cor poration) was prepared, organic matter on the surface was renoved by
cal ci ning at 500ERIF siPiicetend threr 2bRecaBbasas iveqslRsérabrel overe
wor ki ng exanples 1-1 to 1-5 containing anorphous-type titanium peroxide
was sprayRFlomis iREotd ISanglrie Hpabpprirebet Grreaimimted Weadhgringobeshp.
After the application, drying was carried out by heating for 15 m nutes at
80C, and apraraturs erxsgaxd endyecacpows lsaipyt bod bbéas etk mf diell ibiviggaof
coommercially sold red ink (made by Pilot) by a factor of 20 with pure

wat er wasthet@eappl aed detjrfaerat yoroof o leashbiicka twi $hr fic@pplriceth 9s appynt
of 0.2 g/ 100 cn2, and drying was carried out at anbient tenperature.

St ruct ur esi gt WRIK reX aMRires 131L tt 0ad1 Bt Y6H Sl Hyse B act vhedr o sThEge
structures were taken as sanple substrates 6 to 10. Mreover, for

conpari sqfimd haSamud it 8 B {650 WSkl Ng Lxml ey 3 a@sﬁgé@ggé@g% . this

tile was calcined at 500C to renove organic natter on t and the

organi ¢ dye, AqHA0Ns, SRLULdPy Se@aoﬂlal@qunggcrai;?elfﬁé)yi ng was carried out at

anbi ent tenperature as for working exanp i's was taken as
conparative Su}ﬁlter %tv%l%'at[ivo\bnr %J*ansg ceaxr%rg%lde%u% -]by eye. Observation and

evaluation were carried out based on the following evaluation
criteria.
+++: Severe yellowing
++1: Considerable yellowing
+:  Slight yellowing
-:  Hardly any yellowing
(Test results)
The results of ‘evaluation test 1’ are as shown in Table 1.
As is clear from Table 1, it was found that the weather
resistance to degradation (yellowing) of the resin through
electromagnetic:radiation.includingllltraviolet radiation for the
polycarbonate resin (organic polymer resin) plates dropped in the
order sample substrates 1 and 4 > sample substrates 3 and 5 > sample
substratg 2. -On the other hand, it was found that comparative
substrate 1, onwhich a coating film of an agqueous liquid containing
a titania-metal composite according to the present invention was
notformed,hadmuchlowerweatherresistancethansamplesubstrates

1 to 5.
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The sane white interior decoration tiles as for working exanples 3 were
prepared, and processing was carried out as for working exanples 3, except
that the aqueous |iquids applied on were made to be the aqueous |iquids of
wor ki ng exanples |'-1 to |'-5 containing anatase-type titani um peroxide.
Structures of working exanples 3'-1 to 3' -5 were thus manufactured. These
structures were taken as sanple substrates 6' to 10'. Moreover, for
conpari son, a ¥eksavativé SiBddest evaluadion tasd ewse wfrnimdkiovg exanpl es
3 was prepared. This was prepared as for working exanples 3", except that
an aqueo§sbisitgeite scoanuf achyrednstiageeaghe ft thameimlpeopxidden atod saopgce Wi t h
a netal was used. [Evaluation test 2] Sanple substrates 6 to 10 and
conpar at ina¢heubstreat e riants-gamel & ishsimatesrdXide dikipand gorpar ati ve
substrate 2' were each 41 placed under a 15 Whblack Iight (nade by

Nat i onal wherelbpanl @ iG] sgapedd tkl wadeabBlali Abd]15wi PRULS  pRMS£8LT ¥ g out
a fading evaluation using ultraviolet radiation(400nm or | ess)

(ul travi ehaktibadialing dyHigisiddy, 360 rim- 1200 pmcm 2). Furthernore, for
sanpl e substrates 6 and 7 and conparative substrate 2, a simlar

eval uat i Q098 gqrri ed out, irradiating wwth direct sunlight for 5 hours

i n Kyushu. )(O{Eval uati on nethod and eval uation results) Fading of the organic

dye was eyaluartegd Usinyg a _cotrprimefer—{vmn a CR209)—For—the -
eval uatiofp, the P di f| PEMBfRce b<a§%@'ﬁ bel $J”r“ép%1nd hPEeplet he iqopﬁtiﬁ'ﬁﬁeo* :
was neasufed, tjnembsiwhterl Peulsshsited)CesulBfrap®c N Sbkisdte at esubRGatEeAdur adhstraad
bar chart 51 \9&J § produced| The :
(o hours T N - - - ++
2,000 _
- ~ + — - | = +++
ours :
3,000
N — + + — + +++
ours .

[Working' Examples 3] Application onto tiles

In these ‘working examples 3’_, the v;rorking examples 1-1 to
1-5 prepared in ‘working examples 1’ above were applied onto white
interior decoration tiles, and the evaluati-oﬁ test described below
was carried out.

That is, a 4 mm-thick 97 mm x 97 mm white interior decoration
tile (made by Dantor Corporation) was prepared, orgémic matter on
the surface was removed by calcining at 500°C in advance, and then
the aqueous liquid of one of working examples 1-1 to 1-5 containing .
amorphous~type titanium éeroxide was sprayved onto the tile with
an application amount of 0.4 g / 100 cm®. 'After the application,
drying was carried out by heating for 15 minutes at 80°C, and then
an organic dye_ aqueous solution obtained by diluting a commercially

sold red ink (made by Pilot) by a factor of 20 with pure water was
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measurenent results are shown in FIG 5 for sanple substrates 6 to 10 and
conparative substrate 2. According t6 these results, it was found that the
col or- persistence drops in the order sanple substrate 6 > sanple substrate
10 > sanple substrate 9 > sanple substrate 7 > sanple substrate 8.
Furthernore, it was found that the test results also showed a simlar
trend under sunlight. Mreover, the neasurenment results are shown in FIG 6
for sanpRPiuBS ¥t EY poteocaghd onpatht #veppuidstatsian anoupkcof di -7y

to these results, it can be seen that in the case of using aqueous |iquids
cont ai ni ng Anhf@sentypad idratingmwrer edntd,eda Ritmatarnbdend tempere tease. of
usi ng anor phous-type aqueous liquids is shown, but the degradation

prevent i ot pecforaanck vics kielgt eramnp2 eVdr Kitng 3eanplrest s Applifeatbinrednt o
white tiles in layers In these "working exanples 4', the working exanpl es

1-1 to I1rbepeepateduris wor& tageexaBhas] &'s Ve twey 6 tappd | edigaigra)i te
interior decoration tiles in layers, and the evaluation test described

bel ow wasf &k raldbon , (MY KERE taXARE & ot-Wdrifi dly BBl ek Pifa BPrepdf S8
white interior decoration tile (nade by Danto rporation) was prepared,

[ f d b | cini at 50QQC | ,

and then Bt FaTe 45, S41C FRE AR R TEY T bGP St Ry s 2o SR
| i j t.,of 0.2 g / 100 _cn? d d_| f.th

Gaucous 1106rEESt St Kty B % 2Gleh s aPpE PR Fon dotied B L o

1 ne re. spr h ile., After th | i on,
00 c V‘@ry@lggwggecdarorqte% ct)ut? as: arn?blené ’gemlgegaggge acsa oroworking examples

(,"' | 3; this was taken as comparative substrate 2.

[Working examples 3']

The same white interior decoration tiles as for working
examples 3 were prepared, and processing was carried out as for
working examples 3, except that the agqueous ligquids applied on were
made to be the aqueous liquids of working examples 1'-1 to 1'-5
containing anatase-type titanium peroxide. Structures of working
examples 3'-1 to 3'-5 were thus manufactured. These structures were
taken as sample substrates 6 to 10'.

Moreover, for comparison, a comparative substrate 2’ as in

the case of working examples 3 was prepared. This was prepared

as for working examples 3’, except that an aqueous liquid containing

anatase-type titanium peroxide not doped with a metal was used.

[Evaluation test 2}

Sample substrates 6 to 10 and comparative‘substrate_ 2, and

sample substrates 6 to 10" and comparative substrate 2' were each
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drying was carried out at anbient tenperature, and then an organic dye
aqueous solution obtained by diluting a comrercially sold red ink (nade by
Pilot) by a factor of 20 with pure water was applied on uniformy with an
application amount of 0.2 g / 100 cnR2, and drying was carried out at
anbi ent tenperature, thus manufacturing a structure of morking exanpl e

4-1. This was taken as sanple substrate 11. (\Wrking exanple -2) The
aqueous | PYEFad wRfeY hd 7 ritblaglkerl kohl t Heede dvnd'ae@yratalofvitHe sthiuctur e

of working exanple 4-1, i.e. sanple substrate 11, 43 were applied on in
the reverg@porbidriraadiehed fhe éﬁéahp@rayetaqae@agrysalgupu@na\/\égdapgl i ed
on uniformy and drying was carried out at anbient tenperature as for
wor ki ng eguaphet doxd nstingsiInaraifiact el radiaaistrid®umec ol ews) kiulg rexwdnyiled
4-2. This was taken as sanple substrate 12. (Wrking exanple 4-3) Using

the sane thleaansianutastutingeprasedubeoapmyen?yorking exanple 4-1, 50 g
of the aqueous liquid of working exanple 1-1 and 50 g of the aqueous

liquid of workimgriexam e 1-fo Ml e & HRA8thels 6 8 1 hehdlodny8 WaSre
sprayed onto the tile with an application amount of 0.4 g / 100 cnZ. After

the appligabk@pPatdnyi é‘%l‘ﬁﬁﬁa%aé{réfgagygn vﬂals agpi-en4 Wfi&f‘é&i&mﬁ&%ﬁ en

the organic dye aqueous solution was applied on as for working exanpl e

4-1, thusy £E§H§ %Hiiqgt {9£t§UBEHE§ QL ﬁggghpg exanple 4-3. This was taken

as sanpl e i ng exanpl e

(Evaluation method and evaluation results)

Fading of the organic dye was evaluated using a colorimeter
(Minolta CR-200). For theevaluation, the color differencebetween
beforeand after the irradiationwasmeasured, the color persistence
of each substrate was measured, and bar charts were produced. The
measurement results are shown in FIG. 5 for sample substrates 6
to 10 and comparative substrate 2.

According to these results, it was found that the color
persistence drops in the order sample substrate 6> saﬁple substrate

10 > sample substrate 9 > sample substrate 7 > sample substrate.

8. Furthermore, it was found that the test results also showed
a similar trend under sunligﬁt.

Moreover, the measurement results are shown in FIG. 6 for
sample substrates 6 to 10’ and comparative substrate 2'. According
to these results, it can be seen that in the case of using agqueous
ligquids containing anatase-type titanium peroxide, a similar trend
to the case of using amorphous-type agueous liquids is shown, but

the degradation prevention performance is better.
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Using the sane tile and manufacturing procedure as for working exanple
4-1, 10% of the sane organi c dye aqueous solution as for “working exanple
4-1 was mixed into 100 g of an aqueous |iquid obtained by mxing 50 g of

t he aqueous liquid of working exanple 1-1 and 50 g of the aqueous liquid
of working exanple 1-4 together, the mxture was applied on with an
application anmount of 0.4 g / 100 cnR, and drying was carried out at

anbi ent tenperature, thus nmanufacturing a structure of working exanple
4-4. This mesktaken 44 as sanple substrate 1@ (Vbrk%no exanple 4 5) Usi ng

of the sanme organic dye aqueous squtlon as for working exanple 4 1 was
m xed into 50 ginfthdwm: agueduisid iegaimgplefs 4hor khegwexkipy eedadp leshd i Xcur e
was applied on with an application anount of 0.4 g / 100 cn®, and drying

was carri gdsqemiradrinenior k ehpenainglas thusboasufac wpplded attalcire of
wor ki ng exanple 4-5. This was taken as sanple substrate 15. (Wrking

exanpl e 414} eksbRgqbhera8MBnMBNUESCEHI | RgePBY haddasnkokvailsitignexaapl e
4-5 but with the aqueous liquid of working exanple 1-4, a structure of

wor ki ng exanple,446,uas,,Mauf agl-vied. ohpi s was taken as sanple substrate
16. (Conparative substrate 3) The same tile as for working exanple 4-1 was

prepared, this tile was calcined at 500C to renobve organic natter on the
surface, the organic dye aqueous solution was applied on with an

'applicatl?ﬁorking example 4-1)

(5 A 4 mm-thick 97 mm x 97 mm white interior decoration tile
{made by Danto Corporation) was prepared, organic matter on the
surface was removed by calciniﬁg at 500°C in advance, and then a
first layer of the aqueous liquid of working example 1-1 with an
application amount of 0.2 g / 100 cm®, and a-second layer of the
aqueous liquid of working example 1-2 with an application amount
ofO.Zg/’100cmzweresprayedontothetile. After the application,
drying was carried out at ambient temperature, and then an organic
dye agueous solution obtained by diluting a commercially sold red
ink (made by Pilot) by a factor of 20 with pure water was applied
on uniformly with an application amount of 0.2 g / 100 cw?, and
drying was carried out at ambient temperature, thus manufacturing
a structure of working example 4-1. This was taken as sample

substrate 11.

(Working example 4-2)
The aqueous liquids for the first layer and the second layer

of the structure of working example 4-1, i.e. sample substrate 11,
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anount of 2 g / 100 cn2, and drying was carried out at anbient

tenperature, thus obtaining conparative substrate 3. [Evaluation test 3]
Sanpl e substrates 11 to 16 and conparative substrate 3 were 45 each pl aced
under a 15 Whlack light (made by National) with a 10 cmgap and
irradiated for 155 hours, thus carrying out a fading evaluation using
ultraviolet radiation (400nm or |ess) éultraviolet radi ati.on intensity 360
nm- 1200 HFERPPPLEIEFHALAR ST TRIHGE AhdS By aPdat Oh L PE QI TR AGU6P Tthe
organi ¢ dye was eval uated using a colorineter (Mnolta CR-200) . As the
eval uat i oFOhethed, W hicakl b2 d (?F AEYIiee@ L Yo etk € Y& M@ Sa @ TS Ote at
irradiation was neasured. The results were as shown in FIG 7. According
to these amlsidnl tanpayad frmuad fdravonkihg tdxampehe épl i drhof neamflhe tawrkisigr at e
15, sanple substrates 11 to 16 had a lower fading rate of the red color

t han t he sospanatiuve sfibstrhirg eamtbhente2t hdaiel wasa fadmoprevmmie on
effect. Moreover, the order thereof was sanple substrate 13 > sanple
substrat esdBsPrsagpie. substrate 11> sanple substrate 16> sanple substrate
14 > conparative substrate 3, and it was found that with the structures of
wor ki ng exanples 4, the fading effect of the sanple substrates exceeded
the double of that of the conparative substrate. Modreover, it was found

that theregglska,s M 1Lrgnd, under sunlight. [Wrking exanples 5] Two
types of g?ructu eg%%r %anu?éctured as follows. (Wrking exanple 5-1)

Using the same tile and manufacturing procedure as for working
example 4-1, 50 g of the agqueous liguid of working example 1-1 and
50 gof the aqueous liquid of working example 1-4 weremixed together,
and the mixture was sprayed onto the tile with an application amount
of 0.4 g / 100 cm®. After the application, drying was carried out
at ambient temperature, and then the organic dye aqueous solution
was applied on as for working example 4-1, thus manufacturing a
structureofworkingexample4-3. Thiswastakenassamplesubstrate

13.

(Working example 4-4)

Usingthesametileandnmnufacturingprocedureasforworking
example 4-1, 10% of the same organic dye aqﬁeous solution as for
worgingexample4—1wasndxedinto100g;ofanaqueous1iquidobtained
by mixing 50 g of the aqueous liquid of working example 1-1 and
50 g of the aqueous liquid of working example 1-4 together, the
mixture was applied on with an application amount of 0.4 g / 100

2

cm®, and drying was carried out at ambient temperature, thus

manufacturing a structure of working example 4-4. This was taken
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The sane tile as for working exanples 3 was prepared, organic nmatter on
the surface was renoved by cal cining at 500C in advance, 46 and then an
organi ¢ pi gment (polyazo pigment PC-1T1070 nade by Sum ka Color Co., Ltd.)
was applied onto the tile with an application anmount of 0.2 g / 100 cnR as
a first layer and dried, the aqueous liquid of working exanple 1-4 was
applied on with an application anount of 0.2 g / 100 cnR as a second | ayer
and dri eds atRfiRhe Bgeebtate| 1 4ui d of working exanple 1-1 was applied on
with an application anmount of 0.2 g/ 100 cnR as a third layer and dried;
heating was then carried out for 15 mnutes at 100C, thus manufacturing a
structure of working exanple 5-1, i.e. sanple substrate 17. (Wbrking
exanpl e 5{¥)riheg saxanpleedalS) for worki ng exanpl es 3 was prepared, organic
matter on the surface was renoved by cal cining at 500C i n advance, and
t hen an aqueousudimmyiHechina nele bydmadunip dthe agueooasedigeiad fof waokkingg
exanple 1-1 and the aqueous liquid of working exanple 1-4 together in a
rati o of dxdmpBs app) itk O ehkheahkl 6ryhhhcadye appldaad i aiuntasofol. 2 g
/ 100 cn2 as a first layer and dried, and an organic pignent (polyazo
pigment Res 1104 O 0B OYs -URIHA miGRILH n€R- oLl MBS RRRIJAM 1aRA I be
tile with an application anount of 0.2 g / 100 cnR as a second |layer and
dried; h j carri.ed r 1AL . :
mant act ory hoea g 1 T Rk d e pEb TS APl Hl e b cation,
18. [Evaluation test 4] ( | uat bon_ et hod. and eval uat.i op r |t l, hi s
FUEE S0 e SRR et Ry g e S Sl

eval uati uati on

(. temperature, thus manufacturing a structure of working example 4-5.

This was taken as sample substrate 15.

(Working example 4-6)

Using the same manufacturing method as for working example
4-5 but with the aqueous liquid of working example 1-4, a structure
of working éxample 4-6 was manufactured. This was taken as sample

substrate 16.

{Comparative substrate 3)

The same tile as for working example 4-1 was prepared, this
tile was calcined at 500°C to remove organic matter on the surface,
the organic dye aqueous solution was applied on with an application
amount of 2 g / 100 cm®, and drying was carried out at ambient

temperature, thus obtaining comparative substrate 3.

[Evaluation test 3]

Sample substrates 11.to 16 and comparative substrate 3 were
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47 was.carried out as for evaluation test 3, whereupon a simlar
performance to in the case of using the organic dye was obtained. [Wrking
exanpl es 6] An anatase-type titani um peroxi de aqueous dispersion (B50 nade
by Sustainable Titania Technology Inc.) was sprayed with an application
anount of 0.4 g / 100 cn2 onto each of sanple substrates 1 to 5 and
conparative substrate 1 manufactured in evaluation test 1. After the

appl i cat i 8AChdPyrAgiviaRIRArE iled Wobit 2Bl hbalt ngrads byibakiipnedd withs0d0

t hus manufacturing structures 6-1 to 6-5 of working exanples 6, and
conpar at i ¢& gabsanrdt érjadTatedt fact UbeshoBry, t vhes Scaereitakent as Saiple
substrates 17 to 21. (Evaluation test 5] (Evaluation nethod) In this

eval uat i opvhdshtienalsuatd wht wasi chet rediaut cas 40drnm evaksat i an twestidlet
(Evaluation criteria) If the photocatal ytic function has a direct effect on

the resipagubstbat ensdhkaes, stdhemmpeabiong ey gkpudi ng of the substrate
surface will occur through oxidative deconposition; an evaluation was thus

carried oygvhyuBYeonf na¥ehdchangey(aallieskiragueffgct). +++ Couding and
peeling observed ++: Severe clouding +: Slight clouding 48 No changes
(Eval uation repyhis) of the organic dye was evaluated using a colorimeter
(Minolta CR-200). As the evaluation method, the color difference

'be_tween before and after the irradiation was measured. The results

were as shown in FIG. 7.

o

According to these results, it was found that with'the
exception of sample substrate 15, sample substrates 11 to 16 had
a lower fading rate of the red color than the comparative substrate,
and hence there was a fading prevention effect. Moreover, the order
thereof was sample substrate 13 > sample substrate 12 > sample
substratell>samplesubstrate16$samplesubstratel4>comparative
substrate 3, and it was found that with the structures of working

examples 4, the fading effect of the sample substrates exceeded

r/'.—\\‘

the double of that of the comparative substrate. Moreover, it was

found that there is a similar trend under sunlight.

[Working examples 5]

Two types of structure were manufactured as follows.
{Working example 5-1)
The same tile as for working examples 3 was prepared, organic

matter on the surface was removed by calcining at 500°C in advance,
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The results regarding the effect of blocking the photocatalytic function
on the resin substrate surface are shown in Table 2. According to these
results, it was found that the blocking effect drops in-the order sanple
substrates 17 and 20 > sanple substrate 21> sanple substrates 18 and 19.
Wth conparative substrate 4 in which the anatase-type titanium oxide
coating film was fornmed directly on the resin substrate, there was no

bl ocki ng 2p@FheRrEneEIaR 1P ITERELIRS D2 2pPRe s fid T34 R ARy PamskA| o
Conparative substrate 17 substrate 18 substrate 19 substrate 20 substrate
21 subst r@ekorCol,doud Howps appliedonto the thlegpth ap application ampypts
3000 - + + - -1 } -F -F hours [Wrking exanples 7] Filmform ng sol utions,
anti -soi lofig . 2vpl/udlivonnf est aTldéset heykingnéxdampdés the rasfuais @ igugd
third invention described earlier; filmformng solutions prepared by

addi ng a opotystires -apdigled -si kiagoappaseadncAdal th ien tapeEaicha tiforvakdoing
exanples 1-1 to 1-6 prepared in "working exanples 1' were applied onto

gl ass pl at esp amdg ppl vear bghate o %Zaiéﬂ&ni@i atSer and e RMalaat it a@sbus

descri bed bel ow was carried out.
liquid of working example 1-1 was applied on with an application

amount of 0.2 g / 100 cm®’ as a third layer and dried; heating was

then carried out for 15 minutes at 100°C, thus manufacturing a

( structure of working example 5-1, i.e. sample substrate 17.

(Working example 5-2)

The same tile as for working examples 3 was prepared, organic
matter on the surface was removed by calcining at 500°C in advance,
and then an aqueous liquid obtained by mixing the aqueous liquid
of working example 1-1 and the aqueous liquid of working example
1-4 together in a ratio of 1:1 was applied onto the tile with an
application amount of 0.2 g / 100 cm® as a first layer and dried,
and an organic pigment (polyazo pigment PC-IT1070 made by Sumika
Color Co., Ltd.) was appliedonto the tilewith an application amount
of 0.2 g / 100 cm? as a second layer and driéd; heating was then
carried out for 15 minutes at 100°C, thus manufacturing a structure

of working example 5-2, i.e. sample substrate 18.

[Evaluation test 4]

{(Evaluation method and evaluation results)

In this evaluation test using the organic pigment, evaluation
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(Filmformng solution manufacturing exanple 1) 0.4 mt% of a

pol yether-nodified silicone (SH3746 made by Dow Corning Toray Silicone
Co., Ltd.) was added to the 0.85 wt% copper-doped anorphous-type titani um
per oxi de aqueous di spersion nmanufactured in working exanple 1-1 and the

m xture was stirred thoroughly; this was taken as filmform ng solution
manuf acturing exanple 1. (Filmform ng solution nanufacturing exanpl es 2
to 6) 0.4%% FDFrie %Fyéf»'hé@rnﬁaﬂ%gl@mFeaﬁe3<sw|§?£8uﬁa’ae by HORE
Corning Toray Silicone Co., Ltd.) was simlarly added to each of the

net al - dopeel feronahoasta yipe thet aasam hasdnd éheqaseasiri dir 49s rREaLAE r ed
in working exanples 1-2 to 1-6 and in each case the mxture was stirred
thoroughly to obtain a filmform ng solution; these exanples were taken
respectively as filmformng solution manufacturing exanples 2 to 6. Each
of the solutions of filmform ng solution manufacturing exanples 1 to 6
was then brushed twice (estimated filmthickness 0.08 pm onto a 4

mm t hi ck R0 - phd dQ99npIrtransparent float glass plate and a 4 mMmthick 70
nm x 150 mm transpar ent pol ycarbonate plate, and drying was carried out at

Thi T X ol by si |
3er;E?Le;egPsgghg&ﬁﬁg§¥$%§t§?%gi1% m nut'es at §%E§ﬂ§$ﬁ§§gr _ ol

' - " i it h '
Faken as SETREY RN T, Sl e Oy kar vina P B S & o

Zﬁgf;;gf ?%%f??%ﬁh{%ﬁﬁ?ﬂ%un of 0 g Pllﬁtoegmpgn%i é:ebcl'?offi éépnﬂe Wostrates

i 1 to 5 and comparative substratel.manufacturedjjlevaluation.teSt

1. After the application, drying was carried out by heating for
15 minutes at 150°C, thus manufacturing structures 6-1 to 6-5 of
working examples 6, and comparative substrate 4. The structures

6-1 to 6~5 were taken as sample substrates 17 to 21.

{Evaluation test 5]
(Evaluation method)

In this evaluation test, evaluation was carried out as for

./‘.H\.

evaluation test 1.
(Evaluation criteria)

If the photocatalytic function has a direct effect on the
resin substrate surface, then peeling or clouding of the substrate
surface will occur through oxidative decomposition; an evaluation
was thus carried out by eye of such changes (a blocking effect}.
+++: Clouding and peeling observed
++: Severe clouding

+1 Slight clouding
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per oxi de di spersion not doped with a netal was sinmlarly formed were taken
as conparative substrates 5 and 6. Wth conparative substrate 6, however,
filmform ng solution manufacturing exanple 1 was brushed on once as a
phot ocat al yti ¢ deconposition blocking primer layer. [Evaluation test 6]
Anti-soiling function evaluation test 1 (Evaluation nethod) One drop of a
comercially sold salad oil (nmade by Nissin Seiyu) was dropped in three

pl aces ont® eacHocofthsagplse substrates 22 to 33, and the sanple substrates
wer e exposed outdoors in Saga Prefecture, Kyushu for one nonth fromearly"
July to edEvglfadusi resbBJdlsuati on criteria) The nunber of days until the
salad oil marks on each substrate could no |onger be seen was determ ned
by eye. To det erheneeshétberegardinly ther e f\fastacfablockidpghaher was
sprinkled on, and if the surface was hydrophilic then the salad oil was

taken to bawedeeenlyelicTEnateson (&Y alnatian & %%&Hstts)atzhgufeaelet Sré Andie
nunber of days unti.l the hydrophobicity due to the salad oil disappeared

for each qf, heisanpl eAﬁloggahg% °6o E@ggeagogmfe | 9 Tabke Bundl th1R0L8e3]

Sanmpl e substrate hb22> nparaflve substrate
No26 No. unti m, nat ed, s >14 da 8 .days e s
evaluatiopqﬁéz Pgrﬁfgﬁc UEEPRT W s tEs dlgoﬁﬁap§9fﬁe

substrate 6; a simlar trend was shomm )
sample substrate 21 > sample substrates 18 and 19. With comparative

substrate 4 in which the anatase~type titanium oxide coating film
{ was formed directly on the resin substrate, there was no blocking

- performance at all.

[Table 2]
Sample Sample Sample Sample Sample | Comparative
substrate 17 | substrate 18 | substrate 19 | substrate 20 | substrate 21 substrate 4
1,000 ‘
hours o - : - - - T+t
2,000 '
R + + ~ - +++
3,000 i
N + + —~ + |+t

[Working examples 7] Film-forming solutions, anti-soiling

evaluation test

These ‘Working examples 7’ relate to the third invention
described earlier; film-forming solutions prepared by adding a
polyether-modified silicone as an additive to each of working
examples 1-1 to 1-6 prepared in ‘working examples 1’ were applied
onto glass plates andpolycarbonate resinplates, and the evaluation

test_describéd below was carried out.
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Intrinsically, each of the netal -doped titania filns does not have a
phot ocat al yti ¢ performance, but rather only conparative substrates 5 and 6
have a photocatal ytic performance; however, it was found that renoval of
organi c material beyond that through photocatalytic deconposition was
observed, and hence the netal -doped titanias do have an anti-soiling
perfornance Mor eover, even upon | eaving the pol ycarbonate plate of
conparatl&Eléﬂﬁg?F%%%gGS?%Ft%ﬁB RARTRACTHRENuBXRBLE fémai ned transparent
with no chalklng It was thus found that filmformng solution

manuf act uri ng eXehplté af magod yerthetraedaf ipdotkl hgonnel Siphth baads Hy iRow
deconposi tion function. [Wrking exanples 8] Anti-soiling function

eval uat i oforasng2Toragofnkicont| Yospl HE45D wasxa806dmimx tRemi. 88l ywpropyl ene
craft sheet (foamtype, red: chorine-free) was prepared as a filmformng
sanpl e subsppatedopad amas o dedypatd thhriee psrshods adquddls A speasgione
sections Al Band C. * Section Afilmformation: The sol ution manufactured

in fil mhenoragtepkdt i@ nydmBoin@ctirigite e e s iSnae 6eal d igred O
forma 0.16 g / 100 cn2 film and drying was carried out at ambient 52

t enper at Utﬁorouc[;ﬁfg; oy Pwhk| 2ok R f@@m fbimhﬁbw&m@ié@%@ﬁlﬁa@uﬁ%@

A using the solution manufactured in filmform ng sol uti on manufact uri'ng
exanpl e 1 Xgﬁgléaflng this as a first layer, a second layer of a 0.2 g /
100 cn? flln1mas then formed by spraying on an anatase-type titanium

per oxi de (B50 made by Sustainable Titania Technol ogy Inc.) aqueous

di spersion, and drying was carried out at anbient

(.- (Film-forming solution manufacturing examples 2 to 6)

0.4 wt% of the polyether-modified silicone (SH3746 made by
Dow Corning Toray Silicone Co., Ltd.) was similarly added to each
of themetal~doped amorphous-type titaniumperoxide aquecus liguids
mapufactured in working examples 1-2 to 1-6 and in each case the
mixture was stirred thoroughly to obtain a film-forming solution;

these examples were taken respectively as film-forming solution

manufacturing examples 2 to 6.

Each of the solutions of film—forming sclutionmanufacturing
examples 1 to 6 was then brﬁshed twice (estimated film thickness
0.08 mﬁ) onto a 4 mm~thick 100 mm x 100 mom trénsparent flocat glass
plate and a 4 mm—~thick 70 mm x 150 mm transparent polycarbonate
plate, and drying was carried out at ambient temperature. The six
glass plates and six polycarbonate plates were then driedby heating
for 15 minutes at 80°C using a constant-temperature
constant~humidity unit, and the glass plates were taken as sample

substrates 22 to 27 and the polycarbonateplates as sample substrates
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tenperature. * Section C (control): No filmwas fornmed. Filns were forned
as above by spraying, drying was carried out at anbient tenperature,

out door exposure was conmenced, and the anti-soiling perfornmance was

eval uated after 1 nonth and after 2 nonths. (Evaluation nethod) As an
eval uation of the performance against soiling through rain due to
airpollution, the color difference values were evaluated using a Mnolta
col ori met<® l‘(‘Cl'ﬂfi?fE.OO) The results were as shown. in Tables 4 to 6. 53

[ Tabl e 4] Col or data at begi nning: June 6, 2003 Average color section L* a
*b* L a b i1stlonenves. pdagessen 3duizh andhlan of a4 apptage go/regitenipg
44.43 50.23 30. 15 3rd tinme 44.55 50.08 29.93 1st tinme 48.69 43.11 21.13
"B 2nd tiperoxigly QlikG s Pin 204 8I@EHUIIiLTh 21metaldr gas similarly formed

were taken as comparative substrates 5 and 6. With comparative
substrate 6, however, film—-forming solution manufacturing example
1 was brushed on once as a photocatalytic decomposition blocking

primer laver.

Yo [Evaluation test 6] Anti-soiling function evaluation test 1

(Evaluation method)

One drop of a commercially sold salad oll (made by Nissin
Seiyu) was dropped in three places onto each of sample substrates
22 to 33, and the sample subétrates were exposed outdoors in Saga
Prefecture, Kyushu for one month from early July to early ARugust.
(Evaluation criteria)

The number-of_days until the salad 0il marks on each substrate
could no longef be seen was determined by eye. To determine whether
or not there was a mark, tap water was sprinkled on, and if the
surface was hydrophilic then the salad oil was taken to have been
eliminated.

(Evaluation results)
The results for the number of days until the hydrophobicity
due to the salad oil disappeared for each of the sample substrates

were as shown in Table 3.
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time 48.67 43.22 21.09 1st tine 45.58 48.51 28.46 C 2nd ne 45.66 48.50
28.36 45.65 48.51°28.39 tinme 3rd 45.70 48.51 28.34 tine [Table 5] Color
data after 1 nonth: July 6, 2003 Average color section L* a *b* L a b 1st
time t 45.02 48.17 28.22 A 2nd tine 45.26 48.01 27.86 45.16 48.02 27.97
3rd 45.19 47.87 27.84 tine 1st 48.68 42.73 21.31 tine 2nd B tinme 48. 46
42.91 21.55 48.53 42.89 21.48 rd 48.46 43.02 21.57 tinme 1st 44.36 45.57
27.18 timtT2Rde €ltine 44.21 45.25 26.87 44.33 45.46 27.02 3rd

Sample substrate No22> No23> No27> No24 > Comparative substrate 5> | No25> No26
No. days until eliminated {10 days 14 days —» 28 days

The same evaluation was carried out for sample substrates
28 to 33 and comparative substrate 6; a similar trend was shown.
Intrinsically, each of the metal-doped titania films does
not have a photocatalytic performance, bﬁt rather only comparative
‘substrates 5 and 6 have a photocatalytic performance; however, it
was found that removal of organic material beyond that through
phofocatalytic decomposition was observed, and hence the
metal-doped titanias do have an anti-soiling performance.
Moreover, even upon leaving the polycar'bonate plate of
comparative substrate 6 for two months, the substrate remained
trahsparent with no chalking. It was thus found that film-forming
sc;lution Iﬁanufacturing example 1 has a function of blocking the

photocatalytic decomposition function.

" [Working examples 8] Anti-soiling function evaluation test 2

A commercially sold 450 mm x 600 mm x 2 mm polypropylene craft

sheet (foam type, red: chorine-free) was prepared as a £film-forming
sample substrate, and was divided into three as shown in FIG. 8
to give sections A, B and C.

* Section A film formétion: The solution manufactured in
film-forming ‘solution manufacturing example 1 was spray-coated on

to forma 0.16 g / 100 cm® £film, and drying was carried out at ambient -
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time 44.43 45.55 27.00 54 [Table 6] Color data after 2 nonths: August 11,
2003 Average color sectionl*a*b* L a b 1st tinme 45.75 47.11 26.18
45.82 47.01 26.07 45.78 47.04 26.11 A tine 3rd time 45.78 47.01 26.08
1st tine 48.67 43.12 21.06 Bt 2nd ne 48.38 43.46 21.39 48. 35 43.44 21. 39
3rd 47.99 43.75 21. 73 tinme 1st tine 43.54 44.38 26.19 Ctinme 43.62 44.62
26. 22 43.61 44.52 26.22 3rd tine 43.66 44.55 26.29 (Evaluation results)
AL after tWBPRBAEHESfor section A exhibited the closest value to AL for
section C on which no filmwas formed (the control imedi ately after
comrencenemectininsBrebhe fopaptient i ddiAmbeas fomiatt apnfealr sletéongh iinshse
col or. Moreover, regarding the ,

the solution manufactured in film-forming solution manufacturing
example 1, and taking this as a first layer, a second layer of a
0.2 g/ 100 cm® film was then formed by spraying on an anatase-type
titaniumperoxide (B50made by Sustainable Titania Technology Inc.)
aqueous dispersion, and drying was carried out at ambient
temperature.

* Section C (control): No film was formed.

Films were formed as above by spraying, drying was carried
out at ambient temperature, outdoor exposure was commenced, and
the anti-soiling performance was evaluated after 1 month and after
2 months.

(Evaluation method)

As an evaluation of the performance against soiling through

rainduetoairpollution,thecolordifferencevalueswereevaluated

using a Minolta colorimeter (CR-300). The results were as shown .

in Tables 4 to 6.
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redness value Aa of section C of the red substrate i mediately after
commencenent, Aa of section A after two nonths exhibited the closest value
to the value imedi ately after comrencenent, and hence section A best
mai nt ai ned the original base color. It was thus found that for section A
the state before comencenent of the evaluation of the sanple substrates
was best nalntalned and hence the anti-soiling performnce worked
effectlve'1§a %hver for section B, chalking due to a photocatalytic
function did not occur. For section B, it was found 55 that filmformng

solut|onQﬁ%ﬁﬁeﬁﬂﬁﬁlaﬁyhﬁaﬁﬁﬂ%ﬁg.oJu@ﬁe6f|¥%Q3 | ayer bl ocks the

INLICT D

phot ocat gtyticdeconposi-tionm—funct+on—+NDUSTRIAL—APPLT-CABt H |1
titania-fetal cqnposite according to the presemnt invedfFrade ££-01

char act el iszedidnr| t hat | at [eghstl one *out| of bdppér, Anggneséa nickdh
cobalt, iron, Zijnggtahd conpoynds tnereoT coexifsts wthR tTitan um oxi dg
fine particles Havidg péﬁogg gr 34 | B ase that |an aqueous |iquijd or
di spersi ¢n cont di aRAQ| SUuch_a tltanla-netal co osite ils used with an
organi c fat €ti al| sueh| ad4ad? egi Pb28an $Dd§e43perf69ﬁ¥%ca 30. 15
degradatijon suchl asqd| Scoloratjiion or TAdi ng _caused by jenergy t hat

di ssoci afes nol gcilmy b&fhdeo i n éﬂb&ﬁic unds fromijul travi ol et

radi ati of or Vigihke [ight _fromsunlighf, an elfectromagnetic ra¢i ation
generatof or thq dinee| c4R $2 prekdedded, Bh bhrgicular, by using|this
aqueous liquid drzdgspersion [al one to Torn1a coating fiil madj agent toja
coating {il iR of |atiney gaﬁscm dye 4k 1§i grr_em-, 20y ué‘isné t Hi s4 qkjeo 12} |]cj|U| d or
di spersi ¢n to fdrByqal coating i1l mtogether With an organic dyejor pigrnent,
a drop im time | 48-67 43, 22 21.09

1st '

time | 45.08 48. 51 28. 46
2nd
time
3xd
time

4b. 66 48. b0 28. 36 45, 65 48. 51 28.39

45.70 48. b1 28. 34

[Table 5]

Color data after 1 month: July 6,'2003

Average color
Section L* a* b* AL Aa Ab
. 22| as.02 | 48.17 | 28.22
A |2 45,26 | 48.01 | 27.86 | 45.16 | 48.02 | 27.97
oo | 45019 | 4787 | 27.84
ot ] 4868 | 42.73 | 2131
B |20 | 48.46 | 42,91 | 21.55 | 48.53 | 42.89 | 21.48
| 25 | 48.46 | 43.02 | 21.57
oY) 44.36 | 45.57 | 27.18
C || 44.21 | 45.25 | 26.87 | 44.33 | 45.46 | 27.02
o | 44.43 | 45.55 | 27.00
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decorativeness of color due to fading or discoloration of a coating
material, a printed article, a building material, a fiber, an organic

pol ymer resin product or the |ike can be avoided. Furthernore, because such
an aqueous liquid or dispersion containing a titania-netal conposite
according to the present invention contains titania having peroxy groups,
a filmthereof. can be forned on any of various substrates, regardl ess of
whet her 5 T?P{ﬁﬂﬁ or inorganic; in the case of using with a substrate
having a substrate property such as hydrophobicity or water-repellency,

i .e. an inedRpatrbr| rEYeRi 2heREDSE opEPEPES1dF RAPSr, by adding an

al cohol ;
di spersi on—filmforngtion.bhecones easy and equver § £&or
per f or mancteakiem| ant i -|soi | Ly, | anta ¥ mi ¢r obitalf, lantital gal , A antil- rgbbi ng

and hydrophiTic fungfijons. can pbe obtained. 57 QCATVS 1] A titani a-neta
conposite not havikhged p tlocat aftyt 1k acﬂ“%ﬂgy, characteri zed by contaihing
titaniun1oxig$ f{Tehg paril cl €s| doped wiith _at TIeast one out of caqpper
manganese, A ckpkimsqba?- 8% r bnd7z0hc,| 2% 0¢onpol®d® t hertdob4d 2. 2nbl
titani a-netal cojmms tfe not_ hayving a phmotocataliytic activity agcordingto
claim1, |charactkeized i4p-t18at | s4Fd01 tift &% Gfh oxi de fine particlles are
anor phoug-type ahdiser | anat aseftype. nodi 11 ed WI'h peroxy groups. 3. A
titani a-netal cophpesste HottThayi Ad- 2 photdelPallytic activity dilspersioh
characterizeg by Qgﬁﬁalqin% the

time 8.38 43. 46 21.39 48. 35 43. 44 21.39
s 3rd
o time | 27-99 43. 75 21.73
1st
time
Znd
time
3xd
time

43. 54 44. 38 26.19

43. 62 44,62 26. 22 43. 61 44. 52 26, 22

43. 66 44, bb 26,29

{(Evaluation results)
AL after two months for section A exhibited the closest value
to AL for section C on which no film was formed (the control)
immediately after commencement. This means that section A best

maintained the original base color. Moreover, regarding the

o
P )

redness value Aa of section C of the red substrate immediately after

commencement, Aa of sectionA after two months exhibited the closest

value to the value immediately after commencement, and hence section
A best maintained the original base color.

It was thus found that for section A, the state before
commencement of the evaluation of the sample substrates was best
maintained, and hence the anti-soiling performance worked
effectively. Moreover, for section B, chalking due to a

photocatalytic function did not occur. For sectionB, it was found
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titani a-netal conposite not having a photocatalytic activity according to
claiml1l or 2. 4. Atitania-netal conposite not having a phoftocatal ytic
activity dispersion, characterized by containing the titania-netal
conposite not having a photocatalytic activity according to claim1l or 2,
and a prescribed additive. 5. The titania-netal conposite not having a
phot ocatal ytic activity dispersion according to claim4, characterized in
t hat sai d tAddi thida-iforaigid isedid ionl mehugagitird e egrmplenddpfi e stitsbne
havi ng an al kylsilicate structure and/or a polyether structure. 6. The
titani a- métealerc aniposid & notphvdviaad ad yphet aeataalpds ick i @actfwidiyich sper si on
according to any of clains 3 through 5, characterized in that a sol vent of
the titania-nmetal conposite not having a photocatal ytic activity

di spersion conprises water and/or an alcohol. 7. A nethod of nmanufacturing
an aqueous liquid having a tiNmyEeem ArEeomositerynot having a

photocatal ytic activity dispersed therein, characterized by reacting a 58
tetravalent titaniumsalt solution and an anmoni a aqueous sol ution
together to forma titaniun1hydroxide, peroxidating t he hydroxide with an
oxi di zi ng agent jt r furt her

carryi nggou? hea |ng ﬁe@%ﬁ%?gt@%é{ﬁger‘%é ﬁln%%%tgé% f/apsee q’ %Y\?Ibn%on

er oxi de, and in_one af t ese cess X in_at Ieast
P Ccharacterize tB % al‘S: feag}: ong out of copper, manganese,

nickel, cobalt, iron, zinc, and compounds thereof coexists with
titanium oxide fine particles having peroxy groups; in the case
that an agqueous liquid or dispersion containing sucha titania-metal
composite is used with an organic material such as a resin or an
organicdye, performancedegradation suchasdiscolorationor fading
caused by energy that dissociates molecular bonds in organic
compounds fromultraviolet radiationorvisible light fromsunlight,
an electromagne_tic radiation generator or the like canbe prevented.

In particular, by using this aqueous liquid or dispersion
alone to form a coating film adjacent to a rc‘oating filmof an organic
dye.or pigment, or using this aqueous liquid ox dispersion to form
a coating film together with an organic dye or pigment, a drop in
decorativeness of color due to fading or discoloration of a coating
dlaterial, aprintedarticle, abuildingmaterial, a fiber, anorganic
polymer resin product or the like can be avoided.

Furthefmore, because such an aqueous liquid or dispersion
containing a titan.ia—m‘ertal composite according to the present
invention contains titania having peroxy groups, a film thereof

can be formed on any of various substrates, regardless of whether
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one out of copper, nmanganese, nickel, cobalt, iron, zinc, and conpounds
thereof. 8. A nethod of manufacturing an aqueous |iquid having a "
titani a-netal conposite not having a photocatalytic activity dispersed
therein, characterized by peroxidating a tetraval ent titaniumsalt
solution, reacting with an ammoni a aqueous solution to form a hydroxide
and thus form anorphous-type titani um peroxide, and further carrying out
heating t PE&EFER OFol kPR ICI Ao thataze afypeinptahtium spesbxpte, hantngn
one of these processes mxing in at |east one out of copper, manganese,
ni ckel , cebabbstirats, property ssuklc apbyddsphhbiedfty Or wainst-hozpballency,
manuf acturing an aqueous liquid having a titania-netal conposite not

havi ng a phet.oeat dhybinpatddtilditlyywditapernsegdrbpereins chanacé ey izghdying
reacting together a tetravalent titani umpowder or titanium oxide powder,
hydrogen per aicddolangd S smutie, JGUEAUSa SOl r 10 GRKEY 104t afbha&ntgm
hydr oxi de formati on and peroxidation sinultaneously and thus form

anmor phoushhei §hEABEHR) A0S Hfa t AN bERLHRE! e £84 | YinRh P o-REALI NG fac

treatnent to convert into anatase-type titani umperoxide, and in one 0
these procesSeS 19 HNG, 4 .east. 0 f_ Qggﬁyu ne ni ckel,
cobal t, i r%on, zin{r?é%eeg%(ileglo%lg:l&n%llﬂﬁlglfe%#tqléﬁ ﬁ%%’?%lr ma F% anlvé't hod
using a ti i_a-et.al  co site nat . having.a photocatal ytic acfivity

di sper si or??l%crlh%ruac lgqu ?élg‘p%gftrgﬁgﬁléilﬁg tuﬁlé:%tliotne?‘nic .f’ng?tem‘%& ‘te not

havi ng a
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photocatal ytic activity di spersion according to any of 59 clainms 3 through
6 onto a substrate surface to forma coating filmon the substrate
surface. 11. Afilmformation nethod using a titania-nmetal conposite not
havi ng a photocatal ytic activity dispersion, characterized by perneating
in the titani a-nmetal conposite not having a photocatalytic activity

di spersion according to any of <clains 3 through 6 froma substrate surface
to forma coating filmon the substr%ﬁg ﬁgrface 12. A substrate
conprising an inorganic material, char ized by having fine particles
of the titania-netal conposite not having a photocatalytic activity
accordi ng tlo cl ai niflarora-Zetadrcdrpe stittbanda-mnstialy aomhnﬁﬂdaaamgtihaving a
photocatal ytic aaetimi,y c@le@Q@Ee&l&rédaggo&&amntlggawtﬁlu@[ﬂ 8kMBe 3r {4y ough 6

m xed therein. éQr@fbf&éb%%é&ewf&”Br ?!eggt acfhe! %%989'80 E‘erfnﬁ]lé

characterized ce {hefeof Usi ng

a.coatin
t he titania-net5¥ %%bég%?é ho?“ﬂhv@ﬁaca %%ggﬁ?ﬁPHP§ﬁ ierEetivity
di spersion according to any of clainms 3 through 6. 14. A substrate
conpri si ngzan orpantttdmbenkod]l poacterngehinhayigptcatapatid cl es of

the titania- ”Etébt1§9ﬂp%%bbgdﬂﬁitﬁﬂ%hagmalphﬂkﬁ%éEéiﬂ%éfaﬁpkhxtt%xﬁﬁcord'ng
to claim1l or t he tlta

photocatal ytic ﬁCFIVI%m qgls eril(NQ agécgﬁsrfr%<§m0r§ O%s Egpg andépﬁl1rough 6
m xed therein. 82 %%Wﬁrﬁ?@@@ﬁpf"ﬁ%bn@eﬁqﬁoﬁﬁ%i’% material ,
characterized
3. A titania-metal composite not having a photocatalytic
activity dispersion, characterized by containing the
titania-metal composite not having a photeocatalytic
activity according to claim 1 oxr 2.

4. A titania-metal composite not having a photocatalytic
activity dispersion, characterized by containing the
titania-metal composite not having a photocatalytic
activity according to claim 1 or 2, and a prescribed
additive.

5. The titaniz-metal composite not having a photocatalytic
_activity dispersion according to claim 4, characterized in
that said additive is a silicone oil of a silicone or a
modified silicone having an alkylsilicate structure and/or
a polyether structure.

6. The titania-metal composite not having a photocatalytic
activity dispersion according te any of claims 3 through 5,
characterized in that a solvent ¢of the titania-metal
composite not having a photocatalytic activity dispersion
comprises water and/or an alcohol.

7. A method of manufacturing an aqueous liquid having a
titania-metal composite not having a photocatalytic
activity dispersed therein, characterized by reacting a
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by having a coating filmformed on a surface thereof using the

titani a-netal conposite not having a photocatalytic activity dispersion
according to any of clainms 3 through 6. 16. The substrate conprising an
inorganic material according to claim112 or 13, characterized in that the
substrate conprising an inorganic nmaterial is any of transparent or
opaque gl ass, netal, a ceramc plate, stone, and concrete. 60 17. The

substrate conpr%g%qgfﬁ?n%rgagic.nateﬁlal fqgordin to cIaLn114‘§;515,
characterized i A thal> the StbatHat 82 EoRpri Si%hg 28R oF FARICE Rt T4 i's any
of a nol ded art Feietior,; tRgatRer it ffREB, 2 a2 18ReBYIESHSIS si ng an or gani ¢
pol ymer resin. p¢8oxifsdingbtshe dtydrogipei ity aanonigbming meesti B¢ feador di ng
to claiml5, chasagicers-zedei titdratunt bersxikt,r ahe conptdrSicagraing augani ¢
material is an aeghidLerdbdhe®f & \dohveRYi NRQY LAdtasealjRO thBs LNl . 19. A
filmformation g@l-&?l &ISLAY fntér{ea%'fa'tHEéé"pr%%@Bgéétlﬁi;{}% ifayinga.
phot ocatal ytic activity dispersion, characteriz q¥ oﬁhlng an,
i nternedi ate fi PAT cCBHpPisFREPSE: I"ERIE B dithegf %3 dones s $1%%ne oil's
and silane conp8ifdeBetREenteredating fil mformed using the titania-netal
conposite not having a photocatal ytic activity dispersion according to
any of claigms 3at REOUGH & RARAuENGBealy P IRILNisah i qREEHMiiRg 40 claim18.
20 A Tilmformaion Method Ushnda.dl Lbani & ie! 8l FOMPOslfgefgt  having a
phot ocatal ytic ac [vf} ﬁlsper§?on, cﬁarac erirzed® , ,
activity dispersed therein, characterized by peroxidating a
tetravalent titanium salt solution, reacting with an
ammonia agueous solution to form a hydroxide and thus form
amorphous-type titanium peroxide, and further carrying out
heating treatment to convert into anatase-type titanium
peroxide, and in one of these processes mixing in at least
one out of copper, manganese, nickel, cobalt, iron, zinc,

and compounds thereof,

9. A method of manufacturing an aquecus liquid having a
titania-metal composite not having a photocatalytic
activity dispersed therein, characterized by reacting
together a tetravalent titanium powder or titanium oxide
powder, hydrogen peroxide, and an ammonia aguegus soluticn
to carry out titanium hydroxide formation and peroxidation
simultaneously and thus form amorphous-type titanium
peroxide, and further carrying ocut heating treatment to
convert into anatase-type titanium peroxide, and in one of
these processes mixing in at least one out of copper,
manganese, nickel, cobalt, iron, zinc, and compounds
thereof.

10. A film formation method using a titania-metal composite not
having a photocatalytic activity dispersion, characterized
by applying the titania-metal composite not having a
photocatalytic activity dispersion according to any of
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by formng an internmediate filmusing the titania-netal conposite not
havi ng a photocatal ytic activity dispersion according to any of clains 3
through 6 between a coating filmhaving a photocatalytic function and an
organic material substrate surface. 61

claims 3 through 6 onto a substrate surface to form a
coating film on the substrate surface.

11. A film formation method using a titania-metal composite not
having a photeocatalytic activity dispersion, characterized
by permeating in the titania-metal composite not having a
photocatalytic activity dispersion according te any of
claims 3 through 6 from a substrate surface to form a
coating film on the substrate surface.

12. A substrate comprising an inorganic material, characterized
by having fine particles of the titania-metal composite not
having a photocatalytic activity according to claim 1 or 2,
or the titania-metal composite not having a photocatalytic
activity dispersion according to any of cilaims 3 through 6
mixed therein.

13. A substrate comprising an inorganic material, characterized
by having a ceoating film formed on a surface thereof using
the titania-metal composite not having a photocatalytic
activity dispersion according to any of claims 3 through 6.

14. A substrate comprising an organic material,
characterized by having fine particles of the titania-metal
composite not having a photocatalytic activity according to
claim 1 or 2, or the titania-metal composite not having a
photocatalytic activity dispersion according to any of
claims 3 through & mixed therein,

15. A substrate comprising an organic material, characterized
by having a ceoating film formed on a surface thereof using
the titania-metal composite not having a photocatalytic
activity dispersion according to any of claims 3 through 6.

16. The substrate comprising an inorganic material according to
claim 12 or 13, characterized in that the substrate
comprising an inorganic material 1s any of transparent or
opagque glass, metal, a ceramic plate, stone, and concrete.
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17.

18,

19.

20.

The substrate comprising an organic material according to
claim 14 or 15, characterized in that the substrate
comprising an organic material is any of a molded article,
a coated surface, and a sheet comprising an organic polymer
resin.

The substrate comprising an organic material according to
claim 15, characterized in that the substrate comprising an
organic material is an architectural or civil engineering
sealing material.

A film formation method using a titanlia-metal composite not
having & photocatalytic activity dispersion, characterized
by forming an intermediate film comprising at least one out
of silicones, silicone oils and silane compounds between a
coating film formed using the titania-metal composite not
having a photocatalytic activity dispersion according to
any of claims 3 through 6 and the sealing material
according to claim 18.

A film formation method using a titania-metal composite not
having a pheotocatalytic activity dispersion, characterized
by forming an intermediate film using the titania-metal
composite not having a photocatalytic activity dispersion
according to any of claims 3 through 6 between a coating
film having a photocatalytic function and an organic
material substrate surface.
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