MULTI - LAYER CQOATI NGS W TH AN | NORGANI C OXI DE NETWORK
CONTAI Nl NG LAYER AND METHODS FOR THEI R APPLI CATI ON
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of. United States

Provi sional Patent Application Serial No. 60/575, 438,
filed May 28, 2004. FIELD OF THE | NVENTI ON [ 0002] The
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that are exposed to the outdoors are likely to come in contact with various
contaminants; such as dirt, ofl, dust clay, among others. Rainfall, for example
can be laden W|th such contaminants. A surface with a hydrophilic coating

: dep051ted thereon may be antl-fouhng by preventing contaminants in rainwater
from adhering to the surface when the rainwater flows down along the coated
surface. Moreover, during fair weather, air-bom contaminants may come in
contact with and adhere to surfaces. A surface with a hydrophilic coating
deposited thereon may be self-cleaning and/or easy-to-clean because the
coating has the 'ability to wash those contaminants away when the surface
comes in contact with-water, such as during a rainfall.



exposed. to indoor contam nants, such as, for exanple,
kitchen contam nants, such as oil and/or fat. An
article with a hydrophilic coating deposited thereon
can be soaked in, wetted with, or rinsed by water to
rel ease contam nants from the coating and renove them
fromthe surface of the article wthout use of a
detergent. [0005] Coatings having anti-fogging
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[0007] In view of these and other advantages, various hyd rophilic coating
compositions have been proposed.” Some of these coatings achieve their
hydrophilicity through the action of a photocata!ytic material that is dispersed in a
silicon-containing binder. For example, United States Patent No. 5,755,867 (“the



havi ng a nean particle size of 0.1 mcron or |ess,
where the titanium di oxi de may, be used in either the
anatase or rutile form The coat-fornming elenment is
capable of formng a coating of silicone resin when
cured and is conprised of an organopol ysil oxane
formed by partial hydrolysis of hydrolyzable si | anes
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"WEKQB AkGiding to these patents, the coating compositions are applied on the
surface of a substrate and the fi Im-formmg element is then subjected to curing.
Then upon photoexcitation of the photocatalyst, the organic groups bonded to
the silicon atoms of the silicone molecules of the film-forming ei‘ement are
substituted with hydrbxyl groups under the photocatalytic action of the
photocatalyst. The surface of the photbcatalytic coating is thereby
“superhydrophilified,” i.e., the surface is rendered highly hydrophilic to the
degree that the contact angle with water becomes less than about 10°. In these



IS., the initial contact angle with water is greater
than 50. As a result, the coating is initially
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silicone resinitself. It is believed that the

silicone resin disclosed in the '229 patent is not
itself hydrophilic because the desired pH of the resin
is 3.8 to 6.0, which indicates that Si-OR groups

exist in the resin in an amount to prevent gellation
and hydrophilicity. [0013] It would be advantageous to
provide multi-layer coatings that include a coating
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[001 7] Fig. 4i is a chart |Ilustrat|ng the results of the durabihty testmg
conducted as described in Example 2.

SUMMARY OF THE INVENTION
[0018] In one respect, the present invention s directed to multi-layer

coatings comprising (1) a first layer comprising an inorganic oxide network, and |
(2) a second layer applied over at least a portion of the first layer, wherein the



second |l ayer is deposited fromat |east one liquid
conposition that conprises (a) a photocatal ytic
material, and (b) a binder that is hydrophilic and
conprises an essentially conpletely hydrolyzed
organosilicate. [0020] In still another respect, the
present invention is directed to substrates coated
with a. nulti-layer coating of the present invention.
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[0023] The present invention is alsb directed to m‘ethods for improving the
anti-fouling, self-cleaning, easy—tb—clean. and/or anti-fogging properties of an.
article, wherein the article comprises a surface having a coafing comprising é
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step sequences, except where expressly specified to
the contrary. Moreover, other than in any operating
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meant to encompass compositions comprising one photocatalytic material as
well as compositions that comprise more than one photocatalytic material, such
as compositions that comprise two different phptocatalytic-materials. In addition,



equal to or less than 10. [0028] In one respect, the
present invention is directed to nulti-layer coatings
conmprising (1) a first layer conprising an inorganic
oxi de network, 'and (2) a second |ayer applied over
at least a portion of the first |ayer, wherein the
second | ayer is deposited fromat |east one |iquid
conposition that is hydrophlllc and conprises an

essenti gl | cqQ letely olyz rganosi | i

i b neAiratiof HF B Bt o Higenua ap? B erssfially stated
bﬂ‘t@ﬂﬁée@ averpthough é'and/bl’rrﬁéy bk @xpﬁcrﬂwwedtmrwnmmmmes
i norgani ¢ oxi de network. As used herein, the term

[M?’j’or k" Apbershbgldde iinde?sten0 mtae@ rﬁJTrﬁderiba(D Farijeoepited
- of nolecules. (0030] In certain enbodi nents, the first

Ihgyedp ls;mtemﬁi@drmrtqlu ea9lé$uta—masgs§bavme#rﬁ@erﬁr‘es%%example a
59[@5‘&@%'1% %eiﬂféﬂdbﬁ% uL&;Bor |Fa5mpaﬂgfeb<%t§@aw Arid éluding)

cont ai ni ng m ng netal OoXI
e ecitad mmwm atablearfdll and the realltecbmwnw‘n VAR @‘eTO that is,

Zﬁ? &ﬁgﬁaﬁﬁgﬁ?@ué 8ggéﬁ%rtgt%£§¢#§b ggﬂ%g%ikoxya ag}—%ge of

29048l toordwss thbkyDal koxysi I ane or organofuncti onal
al koxysi l ane.. The al koxide may contain alkyl or aryl
joorgls andlrnme tBSpth meapmsenrinmrglmris dirediedse dnditiayer

o .on as E e al koxi, de S rena . .
Sedireishial § Lieblabatsnarning 4h 0 Eanikidk nework, and
, W@beéﬂd@éy&%agp‘ﬁeé%ve%k@ém bévtien oF tHdrspiiyer, awherein the

formul a wherein Ris an organlcral

Recerd kypeist omtreﬁ?frpﬁbatde@ﬁi Predididssamipsition Higt is hydrophmc
E%@%p@ffse&% %*seﬁd.égut ylnﬁsié%ﬁ) mdmuwo@%ln@sgﬂ.eaﬂe

propy and I'cdl s, “and s .an integer

| ?6?932 2o Tbig Ani-Rf/er 868 6fQﬁ% gFéL%Et ﬁ‘weﬂ—ﬂﬁ'! etl'irﬁﬁﬁé&a first

may, or exa

et thatepmprisep Baiydrganicghyds Id@wﬂi o&yuse@herem the term o
wé@a’?@%ﬁ%@ &4 deonRBRAT onBindlrofn of REIGKAIGRY.

i 93252 actg' it %ntg ot%g'rﬁgé@e‘?’tqgiwee ﬁ%ltﬁiay@a@at?ﬁgs of
xeShteSBhdinvymiRm is ’i:!BpBSltéﬂ)rémm corfiplysifivri compHsing a sol Lo
CoRtInG s revhdoRER Hp HESRIR RN SiaR GRE%SiRne andorar

alkoxide of another metal, such as zirconium, titanium and aluminum. The

alkoxysilane, if used, may be an organoalkbxysi!ane, such as an- _
alkylalkoxysitane or arganofunctional alkoi(ysilane._ The alkoxide may contain
alkyl or aryl groups and may be in dimer or higher condensed form so longas
. hydrolysable alkoxide groups remain.

[0031] In certain embodiments, the network-forming metal alkoxide is an
alkoxysilane of the general formula RySi{OR')s.x wheréin Ris an organic radical,
R’ is selected from the group consisting of low molecular weight alkyl radicals, _
such as methyl, ethyl, propyl, and buty! radicals, and x is én integer and is at
least one and is less than 4. The organic radical of R may, for example, be alkyl,
vinvi, methoxyethyl, phenyl, y-glycidoxypropyl, or y—methacrylokypropyl, among



2RRS1(OR ) 4_x. y((}|)y "R ST (ORMA_X_Y(OHy- i +
ROH O R>(S|(CR’?4 -y- i (OHy or

2RXSi (OR )4 x y(OH)y --->0,x SI (ORI )4-x-y/OH)y- i +
H20 0 RxSi (OR )4_x-Y(()—|) Y- | Further hydrolysis and
condensation follow [0032].. In certain enbodinents,

the first layer of the multi-layer coatings of the
present invention nay conprise other conponents, such

?Pqelnus ttﬁ@lﬁbfﬁ %lx}JrQQirl'%? 3’ h%baciﬁ’é)@&’é ﬁgdr% a&@@ 'aEcordmgftP the

mform
peneal rea;::trpn abt ﬁ:sbl'ld:relmm,SMMer,eR amdi/ xaraias dasdrible;i above and
Non-limti ?g exanpl es of conpositions fromwhich the
yil§ &8sy of the multi-layer coatings of the present

I nventi on may be formed; and methods for their

Nog. -4, T %ﬁﬁ*@”‘%@m&@%ﬂ“‘

5, 199 979 42,737 and 6, 106, 605, which are
‘Incorporated hereln by reference. 9 [0033] In certain

eIPaehSEYrSof thﬁﬁya eygﬁgdlaawdeoﬁmbssdwéédmﬂngxs&he gelkesral

coat I ngs of e’ pr I nvention Is transparent
eaniion8rein, the term"transparent” is intended to
mean that the cured coati ng does not substantially

chanethe ercentage of vi.sible light tra tted

t hr og Pms.aar o1“y1‘r§ t(&ﬁr h&-e—;&@ﬁ]yr-dh'*‘l R'OH
may be applled The tintability f a coating is a
function of the amount. of dye t@at the coating

ach|res under certain defined ¢ ndltlons which is

expressed quantitatively by tfe m t '
“transmitted through the dyed c%s ggET%e%% [ % abr I | ty

of a coating can be neasured as described in United
Statgg Patent No." 6,042,737 at col. 4, line 57 to col.
5, line. 8, which is incorporated herein by reference,
[0034] .- Exanpl es of commercial |y -avail able-

AR, SR 20 TR} SR SO OB 19870

present invention, are the Hi- dT™ and Sol Gar d(r)
coating sol utions aval I abI e fro PG

R,;SI(DR‘).;_x._ AOH)y_|

Further hydroly3|s and condensat[on fo!low

[0032]..  Incertain embodlments the ﬂrst layer of the multi-layer coatings of
the present invention may comprise other components, such.as ultraviolet
radiation absorbers, ofganic’film-formihg polymers, and components to improve
flow properties, abrasion resistance a'ndlor durabllity. Non-limiting examples of -
compositions from which the first layer of the multi-layer coatings of the present
invention may be formed, and methods for their production, are described in
United States Patent Nos. 4,753,827, 4,754,012, 4,799,863, 5,035,745,
5,199,979, 6,042,737 and 6,106,605, which are incorporated herein by
reference.



I ndustries, Inc., the Crizol(r) products avail able
from Essilor International, S.A . and the
Crystal Coat TTM products avail abl e from SDC
Technol ogi es, Inc., anong others. [0035] The

mul ti-layer coatings of the present invention conprise
a second |ayer applied over at |east a portion of the
first Iayer wherein the second |ayer is deposited

0B3F o) IR coftpernBidiahiR Rt B! Aol o™ fofios of

umecbréﬁrmmmrmbﬁ i$ Bansparento Asassdd fverein, trraaifetamS‘traus;mrent” is

mpound cont aj ni ng organi ¢ gr oups
JIntandgH ta faan b e La% sszw&ﬁ%@dm gﬂag jaly change the
0;5&%9&%95'0‘?@?5%?3 ] ﬁ’:'ti"eﬁ%m:fféd fHestigh é'trﬁh‘séérbﬁﬂpolymerfc substrate

or ganoxysi I anes contai njng four ‘organic groups. bonded
t o whigh itiroaybe @pplied. hrmgntabmw@@@atwwﬁactlon of the amount

LA cRBSHAP T LR e
%messedgqumﬁ?atwegpbtgmet?ggﬁhﬁ?ge bf Iagm tmemlttem brayighdhe dyed
coetiog, et = el Fan bB s Red sBeshifpd i United

CSﬁdtésPPéielﬁY Nod @457 375tel. 14, tineBanp ek 50finé Bewhichdsi ¢
gr oups that rm)éwbe bonded to the silicon atom through

alf CERpPERL fREeRRSyanosi | i cates include, wit hout

Iblmr&t flt hogtg)%%g %lﬁ of,géagl}/nerqalbp \?E{}Jl\éhl’ei cqgg ﬁ%ns tnat are surcable
NRPREL Y %ep&ﬁﬁﬂ&thqu%b’lby&* of R multicRy e%oaﬂﬂ@%ﬁ:ﬂ tifd bbé'sent ‘

gr oups, groups are often used. Exanple
oinventfoa, are thet b Gard gadiSoiGari@heoating SQMIQE'Q@VQH@tPle from PPG

e e

[Qﬁ@fﬂe CaseilCoat™ products hvai@bwmpISBCdTemnolbgmlselnc among :
t%I%noxysl | anes are tetranethoxysil ane,

Bet hoxyS| I ane, tetra-n-propoxysilane,
tetralsopro sfl ane, tefra-n-butox

¢ B33 <obit 38 EtilRyS padtings SLE® BGSU, bFoiies, comprise a
t Eéé d”a@é@j‘éﬁﬁh%ﬂ'o%? at leB&t! é‘ﬁ&ﬁﬁﬁb?ﬂ'lé fivdElaydr) herein the second

i ethoxysi | ane. These organosilicates may be
uaver isl daposied frnm auﬁwtmﬁ ligkidogorapRa gtk CRIFPESES an

g?&gﬁ% i%éﬁﬁgﬂa‘télgﬁﬁr%ﬁ v# ﬁ'a)f’/eS h@% usp c)l/ ?grem the term - |
cttmgammitome"trbﬁrrem amowoantl icghtainiegotdariic grougs bonded to a
rolysis,and.. there
SR B SRESF40H ot SRS RhoarBBALHES il ot
S limnitatio s o@gmswméscommmgmr organic groups bonded'to a silicon
atom through an oxygen atom and organoxysiloxanes havmg a sﬂoxane main

chain ((SI-O)n) constituted by silicon atoms. |

[0036] The organic groups bonded to the silicon atom through an oxygen
atom in thé organosilicates are not !imited and may include, for example, linear,
branched or cyclic alkyl groups. Specn‘" ¢ examples of the organic groups that
may be bonded to the silicon atom through an oxygen atom in the
'organosnhcates include, without limitation, methyl, ethyl, n- propyl i-propyl, -
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condensates of the above organoxysil anes. The
condensati on degree of the organoxysiloxanes is not
particularly restricted. In certain enbodi nents; the
condensati on degree lies within the range represented
by the following fornula: SiOx(OR)y wherein x is 0 to
1 2, and y is 1.4 to 4 with the proviso that (2x+y) is
and R |s an organi ¢ group,- such as Cl to C4 al kyl.

%a&iﬁl@&l DYt Grmediod R, BboRBritACheRf dictytad the ke, of
. SheSEXGIRA PO (B 1T, K gfoumi BB toftéhausedb lExafmples biother

factor . means an aver age condensati
@@H@Uamm@am@émwwqgelmwv'e napm?wh@rat%ﬁﬁ Eeilhe
%neﬁﬂﬁ?eﬁée%ﬁ@** AR R Rind s rgA B ot

T e e
rtetmraethnkymilaby, bhaeﬁlmxyala‘ner tailaan-prepaxysilane ;

TREA SRSl o Gliaiibl haps desfiShBlcRy FEREC RN -
‘Ibmto)tybnarm estent-butongsilaretetraphendysilarmegmdof 0 to 1 2,
oxane

Amesexdelvariang, (hesp e elicAtdngY oF Useg alnte o

taRiedtion o'ffaﬂyéhh@‘tﬁ n&rethérof. Skﬂohgﬁhsfsé@ngahﬁsulcates
det er m ned Si-NMR as described n United Sta

Fb@tf%rnethmsysﬂenswd@r@a&t*alwvdr@yzqq sRncleNsates thareot show a high
raé ??&Flﬁfé i§lafd, fﬁéréfsfeebgﬁqﬁam{y%&‘dzceqﬁlmgmgasd

ear gan03| cate o IQUId COﬁpOSItIOﬂ

és 65 nltWh | chgbBEifis FBAL qﬁm{,ﬁ% g{(arréigg Sﬁ Qs o'r@anoxysnloxan es are

ially conple e used ern
tdwedeasates otherationkloyganoysitanssy TmQﬂdﬁﬂ%ﬂOﬂ degree of the

SRR o W TSR s, v

- Yohdbaddtionl degree eswithinitie sarigenepresentstby thesfollewingrformula:
that the material is rendered hydrophilic. As used -
herein, the term"™ hydropNSiO;(OlRE.ans that the materi al
has an affinity for water, One way to assess the

tskireiphi isictol 4.2 0andhy it drtpal wittstHeproulashite2ikhg is 4; and R is
contact, angl e of water Wltlé] ﬂEdry filmformed fromthe
it YERRIC Oroyp, stigh@si (m K¥fents of the ‘present

invention, _the conpositiaon from which the second"‘
189291 i s dabeéaeterj%%%cr@*e&@r?ﬁﬁdﬁ % (e gendensation degree of the
QISRARS | Whed e Eﬁtf% n%%hoﬁn%@ﬁr@lecﬂ(d\‘ vieig e RthibBiirs tl*’r’e factor x

“wat er .contact an no nore than 20, or, in oth
NG ARAYY AR @ondmsatnardegsee o@omiPﬁUSJ@? rejtreggnted by the above ,

$9RAAL WHESin X28, SR 6rgbii8kysilanes as a monomer, and compounds
represented by the above formula wherein 0<x<2, are oligomers corresponding
to condensates obtained by partial hydrolysis ‘t:on-densatEOn. Also, compounds
represented by the above formula wherein x=2, corresponds to SiO; (silica). In
certain embodiments, the condensation degree x of the organosilicate used in
the present invention is in the range of 0 to 1.2, such as 0 to 1.0. The siloxane
main chain may have a linear, branched or cyclic structure or a mixture thereof.
The above formula: SiOx(OR), may be determined by Si-NMR as described in
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10. This hydrolysis may produce a network pol yner, as
illustrated below CH3 QH CH30 Si-. CH3 H20 HO Si-O H
OCH3 LH Mn where mand n are positive nunbers and m
is no nore than n. In certain. enbodi ments of the
present invention, the essentially conpletely

hydrol yzed organosilicate is substantially free of
-OR groups as determned by FTIR or other suitable

Uhitstl $fhe PEERNE Eraa 016 4 ot R 1e FT 1 R POFELG Perein
dyaefergnexhi bits an initial water .contact angle of no’
nore-than 20 or, -in sonme enbodi ments, no nor-e than

10040) , | nA)se'hentidmﬁ mﬂtmganommat@ bPthetligal ddmposition

o or t E%{e%ﬁﬁcila:yg}' ls#e@g@o o H@a ni/sng ot °:§| iﬁér’épletely hydrolyzed.
@@w Ftér@fh iﬁé’!@é\ﬂ‘\*’fé%érﬁshﬁy é@ﬁar&ely ﬁg&fouyz%ddﬁ@%sm%te

as_ descri béd bel ow. The water con t angles reported
w@ieés tp @freatarlaim«ela tb@ OfgRNOXY Broting of tbepwéwsdﬂcate are

Suk ?%@E,aﬁﬁ%ebﬁcegr 'tﬁogés {rrd;%% %r eh?ﬂ? @5 Eﬁﬁsjﬁﬁl%ﬁdered

AydrophjlicoAs um‘sharenh lhe telm "hydrephilie” nheaps ﬂmtmwmaﬁenzg has

BoErhblGT wR (o R Sei 8 bRt RReAE! 4 Fierd i o

Beaasure (fjﬁe_cccgﬂ?d:tcangieeﬁf WEI' @dth a quylfﬂlmlfblfrﬁaﬁft rbmfthe material. In

neasur-ed. i ced-in a horizoptal position, facing.
GBI Embodimnsof top Prcent fiveahencab Amppsdion 4o whichrthe

\é%b@aﬁd Ia@epls&!-‘é?iésﬁéu b@fﬁﬁﬁéeé Qﬁyéwlfz%ﬁ%rbéhosf Il th%i c%t'i‘ form a

ght source so that the profil sessile

é’aﬁfﬂﬁé exhibileq “&mr coract @aalea@‘tn%wgr%thaea?&n el In ather
' @ﬁﬂf&ﬁrﬁeﬁt@r ﬁ%ré'@ﬁarﬁ%‘“’ 8F&h Szbt bRbP ERPRAINEHLS Mo tnS)Be E‘jan

g ed Wt clrcu priotractor graduati on's.

REF el hisriydnalyisis ey roduce ametworkspadyraer, as dhstrated below:
refl ecting an FTIR analysis of ‘a dry fil mformsd from
such a hydr oph terial. As is appar

signi ficant p observcej?l! ét the Si

wavenunb ' LSL: 95072Q@nd t d
vvavenunbgl‘:l?f | gF_lLs 18:8[9 1100 H-ZO ﬁ | t
IS apparent t

groups, where

wheré m and n are positive numbers and m is no more than'n. In certain .
embodimenté of the present invention the essentially completely hydrolyzed
organosmcate is sUbstantially free of -OR groups as determined by FTIR or other
suitable analytlcal technique. | '

" [0041] . As a result in certaln embodiments of the present mventlon the
multi-layer coat:ng exhibits an initial water contact angle of no more than 20° or,
in some embodiments, no more than 15°, or, in yet other embodiments, no more
than 10°, prior to photoexcitation of any photocatalytic material that may be
present in the liquid 6qmposition from which the second layer is deposited, as
described below. The water contact angles reported herein are a measure of the
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represents Cl to C4 al kyl, groups, as evidenced by the
absence of any substantial peak at the Si-OR
wavenunber, which is 2900-3000. [0043] In certain
enbodi nents, the essentially conpletely hydrolyzed
organosilicate included in the conposition from which
the second layer of the nulti-layer coating of the
present, invention is deposited is the product of the

ferbatibpn & taRleMIB 3G Blor ip8 A the oBntall HnCUIRL RS Biace
Bh&we‘smrsu‘atesas measu b thamﬂ;mdhedmp ahd wa:.tyebe preasersd by the
SR 9P B e Bl o o
Qb&ﬁmﬁufdc&ﬂi@ [Ad., dduipRld @M?Gabhﬁér Sbi%nﬂﬁtﬂ briGmete?loptics.

. such an excesslive anount of water allows S|?ano

Jhewpefape el bedaeasyred irnlassmsing m"wlaogﬁwaschlmpavard in
POk S 20808 Rl 51 T Ep o pucorn

gmtjptthe[lﬁhﬂst])urfb soltialrtbe peifite of thersessileydrapstan kaviewed and

R oS RIS Miholfid PpabtRRGn e 2R ithe P [ festibd whicn

tBbqligpsed withdirgdiar prétidetorigraduatioati on, i norganic
aci ds, such as hydrochloric acid, sulfurlc aci d,

m004d2]c aci ﬁeﬁrgnghownbcﬂig ., amgé is asemg ohaft?feﬂecmgm(rjﬁﬂﬂ
acl ds uc as acetic acl en nes ni.c .,acl
Bhnlsisad & a8 faamel o etBehvaBRpaG deenal AS i€ Shbrent,

%tdmldaﬁﬂﬁéélésaﬂefdbyeweacatdhe Bﬁ@?—Pbﬁn@Wa@en@thﬁWﬁch is 920-
-aci d efic.acid formc ac

§%81 aud the -0 mdde@nymb@rmlmph G %5%390 %‘dhe giher
%%ﬂﬁ Uills d%&iﬁd’r@ﬁf ) th@%@%é%@%ﬁlgﬂ&e‘d -OR %ﬂoﬂgé where R

anmoni a; organi c mne CO
memaaemtstcal toi G4 alkyigrounss as rewdenaed by o abaemqfcam@y bStantlal

BB 5t HRES-OfE wg\é%ﬁ@ﬁ‘% tvﬁjb.“f‘sﬁ%@f’%ge?z{ G butyt tin
BFE s, Mfetpid sk, Peestbfna i ERLIGe Ryl zed
@garnor?uﬁaﬁmmg?eenztmmmm%mw ﬁresecm;?dﬂwaf the
R chR RS bF ersaears isnlahis Sespsar e R aRiE of e
swaia)ws bf éﬁergﬁnosmbat@hh&( 21269 bafsin® BRwaler in iHerptesehce of

bi"s(but oxy z bl s acet_}/I acetonate) and titanium

weatacid Rydrotysis eptalysh dl he hystielysip somy bercoedugied Wit walercpresent
"ki;rl?g% aFrft%@'t Hh%lﬁéﬂéa%y ?%?fécttﬁ/érf"ﬁ%t SighBmetdd éﬁlﬂ[]hﬂ‘fﬁpable of

et onat e Zlrcont u
mvdmmrm&w)anbm glmmsxdf zﬂmaeorgaaoeijicatad Wi rbeheNasd#lat the addition

- of such an excessive amount of water allows silanol groups produced by

hydrolysis of the organosilicate to coexist with a large amount of water, thereby
preventing the condensation reaction of the silanol groups. .

“[0044] The hydrolysis of the organosilicate may be conduicted in the
presence of one or more acid hydrolysis catalysts. Specific examples of suitable .
catalysts include, without limitation, inorganic acids, such as hydrochloric acid,
sulfuric acid, nitric acid and phosphoric acid, among others; organic acids, such

13



tetra-n-but oxi de, and boron conpounds, such as boron
tri-n-butoxide and boric acid; or the like. [0045] In
certain enbodi nents, the |iquid conposition from which
the second |ayer of the nmufti-layer coatings of the
present invention is deposited nmay also conprise, in
addition to water, an organic solvent, such as

al cohol s, glycol derivatives, hydrocarbons, esters,

L 8 4 A 0 S i s,

?ﬁﬁwlbehmms‘uﬁohigw legmcfac:rlhgh&mpb asndofnaiéic @bial, formic acid,
+OFle-ARH. 570 g mok, anogg.athers: slkal eamlvids SO s sadym

' ﬁfjd?ékléé%otasﬂﬁﬁﬂWd?&ﬁd@%lcﬂrﬁWﬂfoﬁUe tgfmbhikeand orgamc

Specific exarcrjpl es of glycol derivatives that may
uaRing GRMRRINdsyprgabomataliig mp@mﬂd&e@wﬁ% elkgw@eaompounds

ebinst ?ﬁiﬁ t%bﬁ@énosﬂ%%‘eé 4 gﬁéﬁkﬁ[ﬂ cdthpil sQJ;I’Y?QHIbutyI tin

nonoe propyl el yco propyl e
nddwnﬁehgﬂbum tmnd;oopnaiderdmtgylyhsm:acmntﬁeprganoeanum :

BRI e S awr ST sy Bos st BhIhaRs 1S <
amehebeatylatétphatecbigleftnddcermateat), alehinem meetaylacetoacetate)
CPOBEIerisRek{He el malbapBPiets o qitaMagtiamnciinds,

e%t?dméﬁﬁtaﬁﬁmht&faﬂ%@é&&ﬂécétbﬁéte?ﬁ&arh@ﬂﬁ@(@ Xoi«rr,b -ude, -

without 14 limtation, benzene, tol uene ene,

k@ﬁ@g@wcqm?éﬁham titaniune tatragi-butgxide, gnd omzﬁpeglum
CEburdibuci e BFcd R (b akGRetyMcbhPidte), LRI DR putony)-

able(@ewlaqmrrqte) mmanfle(tsapeonoecv pb(a@éﬁaw@eatai and zwconlum

it PEAERS Bhbrct corBoleh” suclf B both (R EMo R boric

eatig orkhe dike, net hyl isobutyl ketone, acetyl acetone
or .the like. Specific exanples of ethers that may be
uED@dS] ncl ude certaint érmboditrients, dtié kuid ebmpbsitiohéom whichithe -

FRRERY 9% AR ORGSR eRties of MedbresaptdnioTicnas depgstted may
Salsb @Bh@n&@rmlawmoﬂ tb*watéﬂ awdiigmma@ﬁbht e06h s %lﬁdhblstlycol |
the second |l ayer of the nulti-Ilayer. coatings_of

pHbatives, rﬁ\Y@FRan?PﬂSs egigpb dietenesasitrersat edikes Jﬂ"eﬁﬁ épwents

pﬁ@gg%td;‘gﬁat CoﬁPﬁ%é %Hpghgéj?f%r%t% c?rﬁﬁ&u?thé\%of

RS S5 GECESE e 50 4 T it
elg'glgmqname}hanol ethanol, n-propanol isopropanol, n-butanol, isobutanol,
‘acetylaceto_ne alcohol or the like. Spediﬁc examples of glycol derivatives tha‘_c
may be used 'includé. without limitation, ethylene glycol, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, propylene glycol, propylene
glycol monomethyl ether, propylene glycol monoethyl éther, diethylene glycol
monomethyl ether, diethylene glycol monbethyl ether, ethyiene glycol
monomethyl ether acetate, ethylene glycol monoethy! ether acetate, propylene
glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate or

the like. Specific examples of hydrocarbons that may be used includs, without
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conpl etely hydrol yzed organosilicates, and which are
suitable for use in the conpositions fromwhich the
second | ayer of.the multi-layer.coatings of the
present invention is deposited, are MSH 200,
MBH 400, " and MSH-500 silicates, available from
Mt subi shi Chem cal Corporation, Tokyo, Japan, and
Shi nsui Flow Ms-1200 silicate, available from '
it
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h&&’ 'éﬁétdl'f% éRe |lk8r SﬁE@iﬁE eIaRBRS Stfetiidl8 that may be used include,

g oxysilane. I'h certaln enbodi nents, the acid
hautyimitations eihylsathero bityl gﬁr@ranettpghﬁif@r@bueahomﬂhaml

?&pggﬁé} f&%ofgt%%%gurah%‘g &£ is present during the

Stage’in a’st ric anount capable of -
hydregl yzi n r f
YA < A8 ARbleor b AR bR rord Gnich the
psedandl layerdf dhey mivtti-lagey caatings of theopreseatiniventiooris deposited and

.nb di
L ipeitios kiR e BB Reined 1B uleb St HiR et o
a@ wgmtatmﬁ 3 h??é 5 itoricdl, 108inkess, &ﬁcmborfhﬁed:bmeﬂbptefenence
gr oups orne resuy

r@aethnuwg exgibples eﬁeﬁ)mmﬁﬁ@a%ﬂw"‘ﬁ@%@@{ef\a&% Laf%?se%e"t'a"v
ext e ‘%W Hgdﬁoty%ea %?géﬁd%ﬂncat@%t Bﬁa WHih aref itaBRIoPLSo in the

ol 1'n controlling the rate of addition of

t ma@s:tﬂormir@nwmm ﬂl@rﬁﬁc@ﬂd dared of thengpuithlayer Goatings ghttie
lfibér]at'idﬁ |§|B§ SHRSL. 3RS MK QB? eM?gl-é%l? ﬂrﬁ%@%(ﬁ) %rllcates

anlé cosol ven n.a secon
saweglabletmnpmmuhmm Wm@ﬂmp@atlgn,omnséapmh and Shinsui Flow

a%ii#@@?mé’@%’déj&atﬂab%‘ Befiha Shlkedt o Mty
HORY 1 298 meraleiy e pRuplR Fhpblon a%ﬁl“%tage_

m@;éssi%amuu lﬁfaefﬁkteétage tari @rganexysulahatsmhmgmfuhosp
‘sol uti on. contains no nore than gﬂg soli ds han

sientenesheanipt inragekad Wih wakRTdn 81e RIRSPBFS 9 %EB'F'EB(HEB!WS
gggaga %hcﬁ g aﬂg%ﬂm%%émed dfErLivhbrsily Bie WhiRfis present in

binder Is prepared by star

tan amuabtt;as is lene than thestaich IQWGH'%@“PH@SC@P@BM%M&?'YWQ the
YRy anBRY SrJJpQ'BfMé érﬂg'nﬁ?ysnlane In certain embodiments, the acid

hydrolysis catalyst compnses an organlc acnd In certain embodlments the
water.is present during the first stage in a stoichiometric amount capable of
‘hydrolyzing 50 percent of the organoxy groups of the organoxysilane The result
of the first stage is a partial hydroly5|s polycondensation reaction product. |

[0049] In certain embodiments, the first stage of the multi- stage bander
preparation process is conducted at conditions that Ilmlt the degree of
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Chem cal Corp. under the tradenanes MKC Silicate
M5-51, MKC Silicate M5-56 and MKC Silicate Ms-60 (all
trademar ks; products of M tsubishi Chem cal' Corp.).
Such an oligoner is reacted with water in the presence
of an organic acid hydrolysis catal yst (such as, for
exanpl e, acetic acid) and/or an organic solvent,
wherein the water is present in an anount that Is

CRARRIEHER of S Fourl Bl e 250U Bt Ay AT RRbn.
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cnogmi@iguahsgase) ofsamrﬁgnlgcgswemi 90 percent by \/vel ght '
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PR Erasfer B oridirobly Saalhit S ey tat 8 Résuting

GofaipaTontaiAs Ao Mereahin 2% s$dlids) thamithe cswmﬂsmt-irmrarﬂ@mt
fromvvhlﬁy t.he secondlagr of .the nulti- II ¥
SEREPI LTy drRlyziRg CERRNOYY § ”é’rsrﬁfﬁ'é%lowof(l‘% 3BPoperties

1BBAT "Rt Aok BpbaN et the hkeh RMSBa(RUEY startng wih

Q%élﬁ&@sﬂéné Bfigdth8s 8iéh ak ﬂ'\tﬁﬁtddhﬁ}néﬂfﬁ??f'aﬁiﬁlléblé #oANMitsubishi
| ayer a over at | east portion of the f

|<3wmca @rrpeundeh@eéea@l@ﬁamleamc|%lt %ﬁ-ﬁédMKFoﬁﬂra@te MS-56

G S AR §3bbinafhs; pRIRIcK o Mttt Gherical Cor,)

@‘dmhchmalrgcsnemheeantenﬂwnh|V£ata|§ndrtbpprese¢lcamﬁan@fgﬂﬂleésid '
n sentl | | | et el dr ol l i

HeRe brfbut RS IT Apptle Reth Bl RBRRY b e sonven,

tvﬁ’fdtfeihltthé dfaftén; iﬁqfres?timam anuht mmstscomicllmabiy greatehihah the
articles of the c.material, are

R LES herotn cte syl FRomo S aiiersna

|- aiyBkokysitdg@osi ted froma liquid conposi tion that -

conprises a photocatalytic material in additi on to the .

NygssPhi 1 ¢n Eéﬂé*iﬁremb‘&jm’léﬁ@ fh%r Sthduntidf@rdAiddllicate that is

phot'ocatal ytic material"” refers to a naterial. that ‘
|P§€$ﬂft§t"bﬂ‘)a: ictLech p@mpaﬂhor@ﬁpaswh@httae seerndIB¥e gfithe mui-layer

'38liAY iPfeposited ranges from 0.1 to 2 percent by weight calculated as Si0; in ‘
the organosilicéte, such as 0.2 to 0.90 percent by weight based on the total .
weight of the composition. In these embodiments, the amount of the
organosilicate that may be present in fhe liquid composition from which the
second layer is deposited can range between any combination of the recited
,valués, inclusive of the recited values. It will be understood by those skilled in
the art that the amount of the organosilicate present in the liquid composition
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such as ultraviolet or visible radiation. A

phot ocatal ytic nmaterial is a material that, when
exposed to |ight having higher energy than the energy
gap between the conduction band and the val ence band
of the crystal, causes excitation of electrons in the
val ence band to produce a conduction el ectron and

| eaving a hole behind on the particul ar val ence band.

Yo SER9E) 581 5 SE, A oBRAS T Mrorminec
byitke propledies desinerlde bedhdorponatdd intd the cormpasitionst en

trioxide, strontiumtitanate, titanium -dioxide, or
10083]r es tImecertdin efrbodbherts, thenmmtl-ﬂam‘codtimgawfsthearesent

Bl o a8 & RSB B el Bl f e e
$8/ePWhérdirtthel secofg Ry IssdbpoRitbd erohPATTeaét g lidusd @émposition
havi ng an average crystalline dia &béer of 1 tg 100 :
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‘é RS di hder i€ hg ophffic %B nﬁfs%s a'nrbstsaﬁﬁﬁly cr?mpletely

|nents € -aver age crysta e di aneter

madmlyﬂed@rgampaﬂmag% sueh \aeéhowS@mdraemven P@fuaadd\erem the

i et o ook eteria Pl ERicis b

phetocatetytiegnateripbam dispersed.anet er of the particles may
- be sel ected based upon the 17 WD 2005/ 118163
[FE054)YS20051tha6e émbmdiments; the steend tayer is deposited from a liquid

e BaBReA S dophisel ARSATel Y Feteldl 15 30op fo e ¢

rma@:rphﬁic birsddt! Fsaided HerbinCthedtefMOphdtocatafytio mnambnalh réfers to a
second | ayer is deposited in the form of such

;s@atemahtagt is meto&aceﬂ%tg% URPY SXRPSUA &0, ANdhRksarPian ¢f, gadiation,
%heﬁ as %‘t?&aﬂ 15CorRéiBle! r‘aBraﬂéh dﬁ pHRAGLELEINES niFeridt & a material

eter scanni ng el ectron m Cr oScope or
thatnehes exp@Ser’lOellght baving highes peetgydham the-pyeroyigaphebecen

e e oabb ST B R BSETOE B el s gittion o

[d&ﬁﬁhshthmvﬁ!emmﬂambmodm a gonduativaréledteomand leaving a
e S5t pb the pEDies VaRNEs bany A pangfts the

r dgtorbtaMic haterRl é@hpnﬁmmmrﬂme sheh ab eireciids, tinioxide,

materi‘al's that are present conprise nmaterials

derEic gpisiee émmanmtewsqedﬁegﬁpn HREXOS StORHWR tmcﬂsnﬁgwm :
BRI, % nfiktufed §lekstfs that may be used as part of the -

~I'tqul d conposition from which the second | ayer of the

s8] | ayern csidih Btbodiméms, RNeK " porfi¥e Bf tH pHatocatalytic:
material is preéeht in the liquid compoéifion from which the second layer is
depos’ifed in the form of particles having an average crystalline diameter of 1 to
100 nahometers, such as 3 to 35 nanometers, or, in yet other embodiments, 7 to
. 20 nanometers. In these embodiments, the average crystalline diameter of the
particles can range between any combination of the recited values, inclusive of
the recited values. It will be understood by those skilled in the art that the
average crystalline diameter of the particles may be selected based upon the
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deposi ted, and which are photocatal yti c upon exposure
to W radiation include, wthout limtation, tin
oxi de, zinc oxide, and the brookite, anatase and

'WoheRnifhE® of titanium dioxide. Exanples ofpcrysagnsmisszy
materials that may be used as part of the liquid

conposi tion from which.the second |ayer of the
mul ti-layer coatings of the present invention are

PEARTS Hoatplin iR AlorBpraePd MO T Sackie it TnSRBR" ! b
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. |partld¢Sema¢|bmdmera1lBed by en@mmieg slpcan tigrosgope or transmission

BT TRogeobt 78 68 plstdl SRR ST Pyl Lo Figg may He B Bimibed
bgr)kfaypdilﬁmtlon,l:‘asakr[dvasbpfhmdm“mualhaihls whi ch are .
suitable for use as part of the liquid conposition

fease]whi c hAB Ineertioned dlbbas'.ecrertdln trizteriald maylbeyphotocatalytic upon

coatin inven io is d it ed .
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radiatic| | dor@in Mnbbémems @hé %ﬁﬁic%talﬁ'fﬁnﬁtbnafé'ﬁﬁaﬂ&e present
and STS-21 aval labl'e from|shihara Sang

cempasa majarialg fpt@resphotogxeitable BR@NRPEIE of {hgsesmeehanisms.
@ﬁﬁiﬁ?&ﬁn@@ﬁ% Fﬁfoxﬂﬁf( Pl é@pér@@ﬁlﬁb IthidCéﬁrﬁﬁéél'tlon from

I ment's tocatal ytic materi al present in
whecrr hersesond layer otthepnu&irlﬁgermqa@m of thppnsesentawremlpn is
GBEELER A2 e TS Bhon BB 5 NBBE ot
paﬂwbut:liraﬂat:cdl shpoxsledzmn mgeandmmamxite ar@tasmeand rutile forms

B B8 oY JERARTRS ol ek idlE b ey SR 84 G theiauic
Sbmp@sstiBﬂtfmm whigd.thé sé&@nd)ﬁa}rer Mh@hnulﬁ—lam@baﬂmgé eftthe
herein. r@)/epr ef erence. s o

piRent Inventien geadenositad, m\yemhﬁ arﬁvﬁﬁchatﬁ'ﬁmwxposwe to
‘Ms‘iﬂl? H"%cilléhc%’ﬂr h%fuﬂ@”mthéﬁ%ta%ﬁ NEBrdckife fbﬁﬁ'o@tlta’?ﬁl}rﬁ oxide,

aval Danko Cor por at i on.

dtanium rd:@fqumemna&w rrpde*ueshm temeayyalyys ﬁﬁtl’@ﬂlucm metal

| é@%ﬂsﬁeﬁm‘hﬁ* [pofatd bage st el bitRice.
BEDC Yo SR AT B | bnfrﬂw%d "
lti)e ﬂ)nﬁm‘ra srﬂlcbpnpﬁbm\gfpafnbles of ﬁlﬂotocaﬁalyan aete] rdlspersed in ‘
I\v{{%lé%:rggq 24 §3QRama sér?' guéhsséfg %9é2 ?'e‘advi{‘/1 avallab?e in the marketplace
Examples of such matenals, which are suitable for use as part of the liquid
composition from Wthh the second layer of the multi-Hayer coatings of the
present invention Is deposited, include, without limitation, $5-300A and S5-33B
available from Millenium Chemicals, STS-01, STS-02, and STS-21 available
from Ishihara Sangyo Cofporation, and NTB-1, NTB-13 and NTB-ZOO available
from Showa Denko Corporation.
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herein by reference, nitrogen-doped titani um oxide
manuf actured as described in United States Patent
Application Publication 2002/0169076A1 at, for
exanpl e, paragraphs [0152] to [0203], which is

i ncorporated herein by reference and/or plasma
treated titani um di oxi de as described in United States
Patent No. 6,306,343 at col.. 2, line 49 to col. 7,

17 h t [ f .
o, ol et oA RENE aRE ARBI i bl B8 iesent
ﬂfmfomacrfaal sal mnfmmgllﬁbct)weh@pe itibariureoaite pfaarttmlba or aq‘unxtlure of
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rraf eh af @ resent can ange between
mmm aratsuitableffor bee inctbé peesard invention mdluds, withofit limitation,

5 B33 bl IR A e
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gﬁmiﬁall?%ﬂcﬁftlétgﬁtemmmmdxhﬁ H)@nml@@efm&dng?dmrlialsadcmde

e | nNco orate er n, C

B QNS ChereioniomatRes Byt TAme aYiiVelR s esdTiped by Kian et
aﬁ SEfclek Pﬁomwelnﬁta? WatBb’QbﬂhH? 3 aom@ﬁra@mlr Mol - Fi0;,

present in IQUI 1.0N

ch the
Seiensa R@}@ﬁ V@ium@ﬁ@% pR2 3-324%€2Q92a>fwl00'@!§ M@O{%ﬁd
_ g %%b?%fé’?é Hltr%b 'dblp%'iﬁém@r‘ﬁ% A e aQ dﬂr@d Qs%s&ﬁbed in
' Unﬂed &ial&p Rﬁem&pphcamort Fleb!ecaanb @ODREI168076ALat, zf@ﬂ exagple,

 DarBB OGRS 0T Bl b AL RRRAT b R8T
ipmmstrmgdftnaﬂtnarg;cﬂ@xndedsvziebcr&xatdhuhtur:nteldlshtg?sstPaete?tal:ljo
Bt Setecl) 208 4040614 T d 7, WRISE B LP et ise by
fsFBRAet i on of the second layer is determined by the
propertl es desired to be incorporated into that |ayer,

Sﬁm as they ééﬁdlﬁéﬁ'ib\bﬁlmélﬂ@ﬁhe di'ﬁ&irft%ﬂtffé?ﬂihdtb@talytlc material

np05|t|on whi ch may be deternmned with reference to
that is prasent ixtbeligwid comresitiondrars witeh thegecpad dayepef the muiti- . .

#Ret bSthg is deposited ranges from 0.05 to 5 percent solids by weight, such
as 0.1 to 0.75 percent solids by weight, with percent soltds by weight being
based on the total solution weig'hf of the composition. In these embodiments, '

‘the amount of photocatalytic material that may be present can range between
any combination of the recited values, inclusWe of the recited values. It will be
understood by those skilled in the art that the amount of photocatalytic material
present in the liquid composition from which the second layer of the multi-layer
coating is depbéited is determined by the properties desired to be incorpofated
into that layer.
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[0062] In certain enbodi ments, the [iquid conposition
fromwhich the second |ayer of the nulti-Iayer
coating of the present invention is deposited
conprises a binder that exhibits anti-static

properties, i.e., the binder can forma dry filmthat
has the ability to dissipate electrostatic charges: As
will be appreciated by those skilled in the art, one
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rta
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sample. As a result, the present invention.is also directed to multi-layer coating

having a second layer having such anti-static properties.

[0063] In certain embodiments, the liquid composition from which the
second layer of the multi-layer coatings of the present invention is deposited can
further include inorganic particles, for example, silica, alumina, including treated
alumina (e.g. silica—trea_\téd alumrina known as alpha aluminum oxide), silicon
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nanonmeters, prior to incorporation into the liquid
conposition. In sonme enbodi nents, inorganic particles
have an average particle size ranging, from5 to 50,
or 5to 25 nanoneters prior to incorporation into the
liquid conposition. The particle size may range

bet ween any conbi nati on of these val ues incl usive of
the recited values. [0065] In certain enbodi nents,
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to exhibit an efficacy against microbes and partlcularly various species of fungi.
More specifically, in certain embodiments, the second layer of the multi-layer
coatings of the present invention may be deposited from a liquid composition

that contains a quantity of antimicrobial agent sufficient to inhibit microbial
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[0068] In certain enbodi ments, the [iquid conposition
fromwhich the second |ayer of the nulti-Iayer
coatings of the present invention is deposited nay
conprise an optical activity enhancer, such as
platinum gold, palladium iron, nickel, or soluble
salts thereof. The addition of these materials to
conpositions . conpr|3|nge photocatal ytic material is
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[ | e

ft?egs%g Hﬁﬁ"tﬁ%ﬁ We@eh? Epg'fq o C?SIt Jrﬁ I|L| ‘tlﬂ?& rﬁgtgﬂgﬁl%hfé e
caraoumtgsf oot:calraetlpt)eemnanqentha’amayrbe sre@epb«sart wngedptween any

ggz&'ﬁta afi orbpfzt%&%&fﬁ%f\gé}#%sg 1@2&%%%&:%%\63&% Jneerain
tdrebsdimenss, the iquitl eoniposition drpewichahe |secamrplayedoi1hermultl- .
tIalyer coatings of the present invention is deposited may comprise a coupling
agent, which may, for example, improve the adhesion of the second layer tothe
first layer. Examples.of coupling agents suitable for this purpose include, without
limitation, the materials described in United States Patent No. 6,165,256 at col.
8, line 27 to col. 9, line 8, incorporated herein by reference.

[0069] In certain embodiments, the amount of coupling agent thatis
present in the liquid compaosition from which the second layer of the multi-layer
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first layer. Exanples of surface active agents
suitable for use in the present invention include,
without Iimtation, the materials identified in United
States Patent No. 6,610,777 at col. 37, line 22 to
col. 38, Iine 60 and United States Patent No.
6,657,001 at col. 38, line 46 to col. 40, line 39,

whi ch are both |ncorporated herein by reference.
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[0072] In certain embodlments the hqund composmon from which the
second Iayer of the multiHayer coating is applied also comprises a cleaning
composition. Suitable cleaning compositions includes those materials that
comprise a sxirfactant, a solvent sysfem, water, and a pH adjusting agent, such
as acetic acid or ammonia. A suitable cleaning compositioh is disclosed in
United States Patent No. 3,463,735, which discloses a cleaning composition

. comprising a solvent system comprising a low boiling solvent, such as
|sopropanol and a moderately high boiling solvent, such as a.C fo C4 alkylene
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| east 20 wei ght percent, or, in sonme cases at |east 25
wei ght percent, with weight percent being based on
the total weight of the liquid conposition. [0074] If
desired, the liquid conmposition fromwhich the second
| ayer of the nulti-layer coatings of the present
invention is deposited can conprise other optiona
coatings materials well known to those skilled in the

GRE0! IR effhdr h&&&r@nﬁoﬁ 5 3 o ato6h g&?ﬁét Sfatib ABme iy

of the ~ Secon
avaitablé elpeningcatripositions indsdeVWINBEX®, mmmeml!yngallable from

SChfinsot s@dson faf cAn agtrdih SAAAE SpBhE iine pesent
mivextich e dirdttet fwﬂqdld compesitiohs thatare kydrophitic and comprlse
essentially conpl et el | ydrol yzed, or anoa élca

&ﬁ)@%ﬁ‘iﬁ@‘ﬁ@"b@%ﬁ'eﬁ%xwa%ﬁﬁ organasijica () a6leaping -
cﬁﬁ\?}oéﬂén @ért)alrpérﬁﬁbaﬁhiw\téoﬁﬁchcﬁoni?&ﬁtﬁm%% E&nPseia

ocatal ytic materi al -di spersed in a diluent;
nheioeatalythenpﬂelrialt the sol is no nore than 3..5; and
(iii) mxing the hydrophilic material provi ded in (1)
{00731t he sl cananrpambedmms dhe claaning gompesitiprsigarezent in -

%ﬂ&ﬁ(ﬂﬁ{l %Sﬁ'ﬁa%s%éég bnngrﬁl Sﬁp@u ngﬂ%t fst%%&gm pérBent, such as at

| lzmspa:el weightpenseht, chylrtlé_.umtle casdwoat least z}ﬁawelghbpercent with
et m%qgﬁ? BhiMG phise) g sdie relgfr SEHe R @W@%ﬁﬁﬁ%

RTAGL o 1r et SoUr e imeRiRE T SR iR sBepic fayer of the

ffe-fayel B@alﬁﬂg&%f@h@?f&%@ﬁt iventidr sm sitdd taecompnssiother -
l ayer “of the nultj r- coatin wtyge resent

pRlerAlicentings Mafssls wdl kaowsm tRilcs Qﬂfﬂl@gaa”

hyd hi | t I :

WAool y The e 'rcgrr;pp@&’%%‘rféa'ﬁ %@?qrﬁ Gt oyherlments Rpthe
QEE&{d falEr HRAFE PRHi |I ﬁgdsaéf thé gFEée‘ﬁ? [entidiis &p’ésned can

one cases, rom I N yet ot h er
' baseade by @ vadety. af methods.eht @ertaue gaess, s cempeasitien is prepared |

- B RRNhG adBAols Yo Sonbli shssbrli ey
' %2¢Wz@dtd?gam&flmbté Iwhdnmdrtbe bH mfdheﬁyémghihcmatgnalas ao more

H d th ddi
HRF 0D PEYHIT A1) O Aestp combrsinech PlofeesBhie Srmteria!
ﬂﬁs?éféei‘i inisSdi@ntrvtréinane gHoof thé sol |§ rberﬁBrsﬁthaﬁSﬂ 5 ram (iif)
5 or, .in yet other cases

 Edngiias hyaiophils Mol Peayfled i (kI theyes o Apstecrovided in (i)

FREBof 41 GRS erb 8y A malb 1
foynl thet hqmd gompos:tions made by th|s method can be stable for over 12
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[0076] In certain cases, the liquid composition from which the second
layer of the multi-layer coatings of the present invention is deposited is produced
by providing a hydrophlli'c material comprising an essentially completely
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pH of 3.5 to 4.5. [0077] In certain enbodi nents, the
hydrophilic nmaterial nay be diluted wth a diluent,
such as water or an organic solvent, before the
addition of acid to, for exanple, reduce the solids
content of the hydrophilic material, thereby allow ng
for the formation of thinner filns. [0078] Acids that
may be added to the hydrophilic nmaterial to adjust the
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PDO7ehI |y dnserakusasps: e lGukkararosiion Bompwiigh Jiagscand
layer of the multi-layer coating is deposited is produced by providing a solor
paste comprisihg a photocatalytic material dispersed in a diluent, wherein the pH
of the sol or paste is no more than 35 or, in some cases, from 1.3 to 3.50rin
yet other cases 3.0 to 3.5. In certain embodiments, the pH of the sol or paste is
substantially the same as that of the hydrophlllc material. In certain
embodiments, such a sol or paste is obtained by first providing such a sol or
paste wherein the pH thereof is greater than the desired pH and then addlng
acid to the sol or paste until the pH of the sol or paste is no more than 3.5 or, in
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[0080] Acids that may be added to the sol or paste
conprising the photocatalytic nmaterial to adjust the
pH t hereof include both the inorganic and organic

aci ds described earlier, anong others. In certain
enbodi nents, the acid, that is added to the sol or
paste conprising the photocatalytic material is the
same acid that is added to the hydrophilic material as
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cases, 3.0 to 3.5.

[0082] In other_cases, the quuid composition from which fche second layer
of the multidayer coatings of the present invention is deposited is prepared by (i)
providing a hydrophilic material comprising an essentially completely hydrolyzed
organosilicate, wherein the pH of the hydrophilic material is from 7.0 to 8.5; (ii)
providing a sol or paste comprising a photocatalytic material dispersed in a
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conpl etely hydrol yzed organosilicate wherein the, pH
of the hydrophilic nmaterial 1is less than the desired
pH and then adding a base to the hydrophilic materi al
until the pH of the hydrophilic material is from7.0
to 8.5 such as 7.0 to 8.0 or, in sonme cases, 7.5 to
8.0. [0084] In certain enbodi nents, the hydrophilic
material, may be diluted wth a diluent, such as
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§.Besuniras 7.04enfdhpuin ﬁgmﬁd:ﬂsa% 7.2#a81. Jn ceptaiamBegiments,
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t basﬁetqwfnrmamm deducssthei safida serigntof fgedefﬂF&hlﬂlcu rpategal
afeﬂé? Sl A FO T FmaRBH of HutheteiRal Ner oof . [90D85] 1

case t he 0Sit1on fromwhich the

' aylﬂé bt tnﬁt il bl 4@8&0 %ﬂ@éhﬂé gﬁeﬁ@nal to adjust

p esent |nven I'on 1S deposi
pthevpH ithegeef inclide boﬂasmanbﬁmsesmﬂnmrganu bases Specific:
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sulfonium hydroxide and triethyl'sulfonium hydroxide; quaternary phosphonium
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phosphonium hydroxide; organosalano!ates such as tripotassium y—
amnnopropylsrlantnolate tripotassium N-(8-aminoethyl)- y-

aminopropylsilantriolate, dipotassium dimethylsilandiolate, potassium
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sol or paste is substantially the sane as that of the
hydrophilic material. In certain enbodi nents, such a
sol or paste is obtained by first providing such a so
or paste wherein the pH thereof is |l ess than the

desired pH and then adding an alkali material to the
sol or paste until the pHthereof is from7.0 to 8.5,
such as 7.0 to 80 or, in sone cases from7.5 to 8.0.

STt 5L i SR ARG A RGOS B,
pﬂatraatélw@anmonurmdmethyisﬂamml antatalraetlgdammonhm es

S ErERhe; B FoBRue DBl shEareF b Fghiup bigrbonate: and

paBtieres tigrebsi Nng the photocatal ytic material is the
sane base that is added to the hydrophilic material;
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Wﬁr@:@mﬂ 538%@;55&5% 1 &ﬁr‘bﬁéé@ﬁ?h@ﬁﬁéﬁal r’i‘lBtetriQ?dﬁﬁérsed in

aste provid as describ bove-
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a&gﬁg”éqﬁé‘ Errgfogiﬂnénﬁs nﬁ%lgﬁm Igol(b'n gfl c\ért%ln"érﬁﬁgdlﬂw'éﬂtmé)SH of the
ksubvm pastetis eebstaﬁtlailyl the sannetetsethat of thedagfdmpgnlmsmalehal In

P BB Hinbents iR Ay B8RS optaifed AL REEPiiipy Such sl

gcp'rptattmwhatnhﬁithele?ﬁﬁrlm@éoi isdesy thanthe UBM@H pldandrtieen adc(ijlng an

| cte l-1a n secon .
gl meorial e saior st 4Rl BIRE el s METH OHa B gigh as

pfo% 8b&rir@s&n@ce§é§hoﬁﬁ75t&8t03 8.0, or, in sone
cases, 7.5. .0. 29 [0089] Referring nowto Figs. 2

5[0@8?} t he%s‘e% tﬁé’ﬁﬂa)( bé aﬁdé@ RSt 4t of b9§t§ co?rﬁﬁ'fsirﬁrlﬁb

view'in an enl arg‘ scal certain enbodi ments

thotecaialitic majersia t@ﬁdiusmnath theyeof incude H@ ippraenis and organic
RS UoSLAMAT 08 ARl S AR, 8 tat o
cashaledrig the solwr pasts eornpiising ihe plnptocaakyacmatetlgl is the sane

BB O Jo PR par i el o F%Zd'o?e?thé
BARELY o TR B R R Sl Sk oot -
dayeerejbsﬁnlgs bf egiresénttimantiph idépdsited Dandrr mad® bl h6giAg the
donmatsrial B8 SRSTRSCARVEIWI erhol F paste prpvided as
described above to disperse the photocatalytic material in the hydrophilic
material. The h’lixing step is not particularly limited and may be accomplished by
any conventional mixing technique known to those of skill in the art, so long as
the mixing results in a dispersion of the photocatalytic material in the hydrophilic |
material. As a result, certain embodiments of the present iﬁvention are directed
to multi-layer coatings, wherein the second layer is deposited from a liquid

composition having a pHu of 7.0 to 8.5, such as 7.0 to 8.0, or, in some cases, 7.5
fo 8.0.
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the form of nano-sized photocatal ytic particles 10 (in
these particul ar exanples, the particles have an
average crystalline dianeter no nore than 20
nanoneters), which are relatively uniformy dispersed
t hroughout the hydrophilic binder 20. In particular,
as shown in Fig. 3, the particles 10 are

non- aggl onerated, i.e., all or nearly all of the
or |
PORSE! =2 RetoREIAULES, Do ATERA () Koneiic cross.

Vidatienalodevio &i aiy ehlauecbslca‘ig ohiogriaih eavbodi nmentm af tlhmbecnmldayer

el ¥ eRbb B, BB e, AN BH oraph lustrating.

nart embedimant o segolid River @Dﬁ’ﬂ«\uﬂﬂay@ﬂ codtiry of the present
phot ocatal yti ¢  particles can be well dispersed in

HQE?'E&?Hr 9 eﬁ%\feéy i &F is apRatentfiam Figry 1 2#rd A« insertain - f
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owturbldlty In certain: ,
preerdion arend@npsmﬁd frcomlea ligstid nempegition wherein the photocatalytic

:;Pgh%b_gi. '?Wﬁeﬁ%’f irpp&f% Erféﬁﬂé)‘r?@u ifid ?Igbgb I'n%ﬂége embodiments,
atbe &atenyklagér mfrthelmujtulayamnpmg toropesds aphotucataltticamaterial in
er ¢

SF&S ol B A B 9 Wi b s,
cthe bbﬁlctesmmtm't hwdrage %rytsltb?llgnet diilmdl’ayn_r d fore ﬂ'ta@zbé@nanometers)
ositions er ef or

k
B %??Ewalyﬂgm%gmfx tﬂn@p%réegﬂuove!wt ta hyWiophilie pinder 20. In
|p%h‘l%‘ulé‘r06é shewRfin Fite 39{%&«:@@\19% %nlaanggﬁﬂ%téne?‘e all or

froma one-pack liqu onposi tion.

- tfw@rlv &l of *hﬂ@a'ﬁiﬁl@ﬁ are @up@p%tbafp@mamsewatattbm ¢heabinder
g thahepats coir B NBLA i, SAAREAGGInG RIREA BY Bl treory,
dids thelienad tha dWidontiollingrike phicif the hmdrnphmnmatenalcam the sol or

he d .|

Rl oAl ot el o rRCRReinGGH, e hORgntebae
_qrarﬂima:an B@uteﬂmsmli‘mmrthé hytlmpilhllldlrﬁgtehbﬁ gﬂélema@US| y

dl S Ssefj qrﬁgg%gggﬁtgﬁywbgbﬁegﬁg lggil,gﬁrq atgméoélgon of low turbldlty
crwaomldengnﬁerh%&m%rﬂ@ et fho dré%&t%vé&ioh %tse%oﬂa’ I’atyEF of the

As used herein, the term "she ers

antayes coatingeistiappsited fnava tiquid @@mwmﬁrnnshaam low turbidity.
~conbined in a single container and the occurrence of
$PRAWpi t at PHR asivahtpgentdhetiqw compasitions Snm whigh the hecond

AR e SRS L PR AR B! Bor o

. ¢rethadofdheio groduction, lsl’thatcthey paykoim gtahie on_elp}aomge Kjued
I&?ﬁlg)ogltrgnse ' rhblckSteOln it 8bodinients, e Wtond layer SAth mutti-

. layer coating of the present invention is deposited from a one-pack liquid

- composition. As used herein, the term “one-pack liquid composition” refers to a

liquid composition wherein the components comprising the liquid comp03|t|on

are stored together in a single container.

[0091] The one-pack liquid compositions that may be used to form the
second layer in the multi-layer coatings of the present invention comprisé at least
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enbodi nents, at least 6 nonths, or, in sone cases, at

| east 12 nonths. [0092] In certain enbodi nents, the
liquid conposition fromwhich, the second |ayer of
the nulti-layer coatings of the present invention is
deposited has a turbidity of no nore than 600 NTU or,
in some cases, not nore than 400 NTU (Nephelonetric
Turbldlty Units) after 3 nonths, 6 nonths, or, in sone

S5 maerlE Mg s R SPERRSIAR matrias anc
Ntyaﬂedaprﬁﬁ?:Tbmdél@D in mddiiibacsucteohdspadiniiduich ctm’poémonwhaw@a shelf-

6ot Btreast dibrins: e saheisyn. dhe e Snérifrefers athg
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prasdainer and, the eesHMBRGR of RRRCipiation aE agalemeration i an extepy that
_*‘xﬁg @mﬁ@ﬁ tﬁ@éémgﬁﬁuéﬁ In%kéé%%sg,ueﬁ%ﬁat%e Bemgesiﬁoﬁ k&R no

aze es reported herein can
dengenforred lawthaza filaz én nertain erstadimastsa the-enepactiiquid

oo yéle SnstfifRc ablehst  BEREH, I Bl per' ©

| erabodiments, &t Blasbe torties, e, insomes basts, af leappl Y moatiss.
mul ti-layer coating to a substrate conprising the

8[0092] of (I cepghyemisbdiments, mmmbﬂnpoéltlmfroh'ﬂwmch the

B favd obthe BofSRTR oSS rE e Mesn i flartER Y hidksited has

CRTRERItY bPAo hﬁaﬂum L0l0) Nﬁﬁ@;o fisdral @Bses, notl ARHE KRAF400 NTU
wherein the nposi ti on of t he second Ia er is

r{wpasmatac Ena:-dltyddfﬁlts)@@@r amebedt mens. @br’rBISEF@I gases, 12
wsﬁmm?@ tgmpﬂﬂr!]u CRpBited Merd Aﬁ)caﬁ%b'q&? Bggond

| ayer met'ho t he

cmmlmetgrdwodelcﬁ%'&ﬁmmmanufaahmdm%lmhmMenu%ctunng Inc, H.

2R PR e P Gl A orzD ARPOBIERA 1Y rom i

Ueagthlwltrc@ fiat botidne.c Moveogy, tawehta:raembbmmemsarrm eecond layer of

B \%‘Hﬁ a!lfte:’iggé‘t'ro” é\)@tré B&p{bﬁéy&@ Coagx%géed herein,

Afdv@haﬁé’ﬁheérﬂi fhabthesilfihad @ﬁﬁi@@f hé Afbrétan G.8%: UTkslhaze
For exanple, the conposition fromwhich the first

@y@s 9POKAA hTRIR Fan paylelermingd Wihiasharespeler W oRes de
Thaize g%?d@ MUAdH N F(ﬁti AL %v ﬁ-@thé&fb 8kieRfid @8mpaRy, Silver

opriate sol vent, u aswaer an ‘organi'c
SspringaMd.or a ni xture thereof. The soI vent may then
.be evaporated and the. coating cured by heating -
[0093] The present inventlon is also directed to methods of applymg a

multi-layer coating to a substrate comprlsm_g the steps of (1) applying to a
substrate a first layer comprising an inorganic oxide network; (2) applying onto at
least a portion of the first layer a liquid composition from ‘whfch a second layer is
deposited, wherein the composition of {he secdnd layer is hydrophilic and
comprises an essentially completely hydroiyzed‘ organosilicate; and (3) curing
the second layer.
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to el evated tenperatures, such as 80 to 130C for 1 to
16 hours. [0095] In these nethods of the present

i nvention, the liquid conposition fromwhich the
second | ayer is deposited may be applied to the
substrate by any of the nethods used in coating

t echnol ogy such as those nentioned earlier. [0096] In
t hese nethods of the present invention, the second

t[ﬁ%ﬁlu Lo ﬁg{hgge rﬂﬁt rth@ﬁrsb yte%%lgntuprrllgés Qﬁmdrﬁ?lé’ﬁkﬂe
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Wmlérﬁiﬂm@%é@;ﬁnéhéy@M%ﬁd&ﬁeﬁ PREROISS hppltedtﬁ thé solbktiate by any

air, he., air ACCOTIn to c

dry
o Mmetinds wied HEopHea BehnelRgk RUEG a5 Thoge 1 mreamrzfd earller.

osition is cured by exposing it tq air for
HQHS@J at Z%th@edﬁﬂﬁhéd% of g’%ﬂ?ﬁ%&r'@ﬁﬂtpf‘c e&ﬁ'ad iqyer 1S

NOWES 1160, dHdd, %ﬁ@rft?%”%x{)l@& Ot [byer. &!‘Fcﬁhgh'rﬂﬁl bdlné?oound

conpdasi t'ions’ ma e cured by heat drying
ebyearny theor; dds bel@laddhat; upoRicUres SR Ghihe §l|ajTOf gmyps of the

i 689{]?} | {GZ)FPW#Y%&Z%& ﬁ@\'agr afe/c ndeﬁgﬁg "Sﬁhen)ﬁl-O-Tl bonds
O%%SWQ% wﬂhm&ﬁ@cbmbb@ﬂ]ﬁnf itris bahe\iedatgat thepresande.of these
ti t t
' ,[q{QgpA pglp@eq%t gézlug%éﬁyggﬂ}aeoéec%gpjmr lﬁ t %@Eﬁ%ger coatmgs of

CAEPrédeMt irfVRRBOH, asiisstfbedNOfor@ el befyw.Net al
subst.rates, conposite nmaterials thereof, or other

nfebar] 2l S, THealqus AsmpesifireRomuisER Biesscond !amfdfmémultl-
parti cuI ar enbodi mants the multi-layer. coatin

tingennostings of thedesent mgﬁr@og@ﬂpg@pﬂpg rgaybgqa;g@- peng, such-that -~

SI:HQ%EJFI’%%IUO"\%&)?E&I@ VAHRITP Bl SR Biny TR R8IV BVIbfeover, the
liquid composifion from which the second layer of the multi-layer coating of the .
present invention is deposited may, for example, be cured at ambient '
temperatures. In other words, curing of the liquid composnﬂon of the second
layer may be accomplished by aliowing the composition to stand in air, Le., air
drying. According to certain embodiments of the present invention, the liquid
composition is cured by exposing it to air for 2 to-3 hours at 25°C to achieve
superhydrophilicity and 16 houirs to achieve long-term durability. ‘Such liquid
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substrates may conprise a solid transparent or

optically clear solid material, such as is disclosed
in United States Patent No. 6,042,737 at col. 6, |ine
66 to col. 8; lines 34, which is incorporated herein

by reference. In certain enbodinents, such polyneric
substrates nmay conprise a photochromc material, such
as is disclosed in United States Patent No. 6,042, 737

act,on?)]%51t|o$‘rsena£\§(1 Bobe &fted @ he%@dla)irid[" xa\éﬁ&& h?dc‘i’:rdmg to
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-heat exchah%ers |ngvo tage cabl es; exterior and

i inec3d tor caletibding 18k whigh |§|m¢g>§porawdn'a%quo% eference.
di nnerware; walls in |living spaces, bat hrooms .
ki0088Ens, (Rrssificaxampess! artisles sipn yyfichthe mobiirlgyer coatings of
I
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and purifiers; kitchen and bathroom interior furmnishings and appliances; ceramic
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exchangers high-voltage cables; exterior and interior members of bundmgs
-window panes; dinnerware; walls in living spaces, bathrooms, kitchens, hospital
rooms, factory spaces, office spaces, and the like; sanitary ware, such as basins,
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conposition is applied onto at | east a portion of the
first layer in the formof a thin filmthat has a dry
filmthickness of no nore than 200 nanoneters (0.2

m croneters) or, in sone enbodi nents, 10 to 100
nanoneters (0.01 to 0.1 mcroneters), in yet other
enbodi nents of the present invention, 20 to 60
nanoneters (0.02 to 0.06 n1cronEters) Appl i cation of

AR Mok L L P, SRSl nen.
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ess nanonet ers nanonet ers, 344
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UYO“ Upon excitation of the photocatalytlc material, if any, the second Iayer of

the multi-layer coatings of the present invention can be rendered "super-
hydrophilic,” that is, following excitation of the photocatalyst, the second layer of

the multi-layer coatings of the present invention can exhibit a water contact angle

of less than 5°, even as little as 0°.

[0102] The means that may be used for exciting the photocatalyst, if any
is present in the liquid composition from which the second layer is deposited,
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radi ati on sources for photoexciting such
phot ocat al ysts Include, without Iimtation, a W

| anp, such as that sold under the tradename UVA-340 by
the @ Panel Conpany of d eveland, Chio, having an
intensity of 28 watts per square neter (WnR) at the
coating surface. [0103] In certain enbodi nents, the
mul ti-layer coatings of the present i nventi on exhi bit

@gﬁ%ﬁ&%@&tﬂﬁbh%tr%ﬁétaﬂfticlgﬁé’t?ﬁaqu | VI 'tt'i'é 80&1 SHGR. PSr eimple,

- can evaluate
amsatgdals thalcareiphotvexcibed Bpm espdaalrem wstdnle hghtpﬂiqh?ﬁthet

" | i L
e ttahidrd cifSise. 38 el duet By bR dopeg gtapium
Qli‘dxidh mw;t be ekpesetiotanyl visiBle lighasoumes imdluding aRy ¢adiation of a
|nve rere%d red superhy ro hilic upon exposure-

tv»@vg atc Igas gngneters. | &oths( hand, the anatase and
Mg 'fdiﬁﬂsl t{ﬁtﬁmuht"'&oﬁ‘dbttm bﬁ&!@raﬁd)ﬁhb %Stﬁ!leantﬁEpﬁ’cStﬁéfdﬁed by

i nvention may be render ed superhydrophi |1 c upon
expesured)V sedigtionel 2wavelengthaf less télnsuasy rmﬂomsaterw AP3

r?%f\?ﬁ\eiﬂé}’s!r 344 ﬂ&%’lnet%?s ?:in? tso ll‘ec’ei "?)énlﬁc Suitable UV

-lTayer coatin esen I'nv
gadiation sounces fmmwbﬂmlthgchucb tphbtanataiyﬂts irtdl.u:td wvitaodt or

TPiteE65 B, B, SHADSH e Roi et s8e HEfiSname B §40 B the -
PaeeECbmipaing of 01&\;6@}(! Otid, méwr@%rfnﬂ@ltﬁ f28 watts per square
Frespe WD ot e CotigstitepRuent fon, t her ef or 01 & al o
ORI G, RLCEMTEE NG

_MveRabh eRAibRtfa ﬁ“btééét!vﬁi/ Bf at¥easen. Bcﬁthﬁtlﬁ“ tdueh@s, at least 1.0cm
ises a surface having a coating |ayer conprising

Tainy nol?@@maetmmc@a hecevebiatod ep sisscilpdiin UnitaccBigles Ratent No.
Y %‘Pﬁfejs 1 #, 'Tlgle 1 t@co?pﬁ YhE8s! thﬁ:h xe ﬁ'ﬁ:ﬁf’pcﬁaﬁﬁrﬁérg Rby

ace 'a nposi t |
'eefsmdeal I y conpl et eI y hydrol yzed organOSI I | cat e; ‘and
(2) curing the conposition applied in step (1). [0106]
HOi4}er fehlt certalmbrrtbbdnmﬂts,l thbamdtl-laymtaoa’gmgsocﬁf thapresent

BBRARN ptd ekl syaenidtBbulif Gof RhabSBE LS syflibrifor a period o

quo 2rhairsg A@tsmﬁvélyt ﬂﬁe%ulﬁﬂé\kr%@hhﬂ@ﬁf marprbaemwneﬁl may
‘hﬁterms of the abil he filmsurface t
|

THRETR FUPBDARP RGOSt 10 Ui derialier ef ah tensty of 28
Wai2isF 1 he@pdi tions. The |ower the degree of cont act
‘angl e.that can be maintai ned by the

[0105] As discussed previously, the multi-layer coatings of the present
invention can exhibit very faverable hydrophilic, anti-static and/or anti-bacterial
properties, among oth_ers. Because they are hydrophilic, the multi-layer coatings
of the present invention may exhibit advantageous self-cleaning, ariti-fou!ing,
and/or anti-fogging properties. The present invention, therefore, is also directed
to methods for improving the ariti»fouling, self-cleaning, easy-to-clean, and/or
anti-fogging properties of an article, wherein the article comprises a surface
having a coating layer comprising an inorganic oxide network deposited
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sanpl e tested over tine or nunber of w ping cycles,
the nore durable the film Sinulating weathering of
the filmcan be obtained via weat hering chanbers,

whi ch include the C evel and Condensi ng Cabi net (CCC)
and QUV Tester (products of The Q Panel Conpany,

Cl eveland, Chio). [0107] In certain enbodi nents, the
photocatal ytic material is present in the liquid

PR, kiedet 8ot iiehd: 1) AsHipRd 1o, & Bheth ppidinicg the surtace a
dmgpmlsa:ampbsmorammpﬂsmg ansustsémwrvommetarmymmdml ti-
E?t mal ntai ns a,contact .angl e of |ess
Lﬁ‘grag’@'s( Suing the composition-applieddyplepdThnd/ or a
&Hi ?t If \élﬁt Hloﬁfﬂ fg@ﬁﬁ?gsoftlnﬁ@@ﬁ-ﬁgte%rf@g&?géfﬁbt@grg@n%enﬁm
. APEiaR YRS Rby FestdiAfa sécﬁjﬁa% rith&t rQEa&f&gﬁrI&%leénTﬂg '

i ndoor anbi ent envi ronnent const ant
VeIrisingdherehitise ofsuchreoatings can be measteed indeoas of the ability of

(AL B o SR DB e 8 AL BRI Shaer
oendiions.efbe d:bw?ﬁhe degreawcrrccnmm anplel thBBcagT geimag@tamed by the
38RMol 0 e Bl thnd e oG BERY viBincevieliRy e TSR G the fim.
kﬂlm:jgbgnggﬁmddtleeﬁngti?' tﬁl@ﬂﬂh icae @eftﬁiltﬁigte? g{atéva’@éthermg chambers
e hakdeiha iamand Eandaming Cabiel (oCCNaRB ALY Toser
hgrodueslosdee mipénté?ceﬁmﬁyl GFeQBIaBHOQgP)UP' ch the second

ayer of the nulti-layer “coati ngs he present

|
I[mmt ion lrﬁc&%@%h{b%élméhtérlhé id r?lbfé?f;al fsopresent in

a nultj-layer coating rraln ains It
it ¥quid coppesitien ioae whishdhe secomd layenef thatrauiti- lwnaahngs of

ww%sbm%ﬂdﬁ 4 SEBPERS (R B BRI G
ﬂayer heating that mantams aecugitact cngler afdelsafrﬁam Oedeapress,such as
DR et ISR APt A e O Bt o
@Ql?)sualgbgf for BO00 mngs; s\gfe@e mﬁm ;‘f; gggégé%t a vapor
E?TBIP%{@EF%P? ﬁﬁé“'-*?rﬁqdoeﬁa i an {ndeppambient saYiromMentwhiel msylts in
'ﬂ@iﬁstﬁﬁﬂ Wtk Bohdé'aéaﬂbﬁ 'm’a\'th&f?e{1 %uﬁé’(% amHe BLNEdEREd by the

ppr oxi mately 2000 to 3000 hours of suc ‘exposur e.
ﬁﬁﬂ'@é’lﬁs heareinit avas discovergdthat thedineiwaioniaf atprwtmammatenal

e B ROBAYS f o001 S5O S04 o3I it
deamatically ingproved derability as eompaned to @OGhdsiion3Sfitdiong s |
E&c’rﬁé”ﬂlc Bfﬂd@g on?\lé'\gpg %eggﬁﬁedq%%% butt Iag ﬁhrc])\(ocalieﬁytlc material. As
illustrated by Fig. 4, in certain embodiments, the photacatalytic material can be -
included in the composition from which the second layer of the multi-layer
coatings of the present invention is deposited in an amount sufficient to yield a
multi-layer coating that maintains its inftial water contact angle (i.e., the water |
contact angle is within 4 degrees of the initial water contact angle, wherein “initial
water contact anglé" refers to the water contact angle observed after exposure to

- UVlight for 2 hours as described in the Examples but before exposure to the
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that this surprising result can be attributed to a
partial crosslinking of the photocatalytic materi al
with the organosilicate which yields Si-OTi bonds in
the coating. The inventors believe that sonme
photocatal ytic material takes part in such
crosslinking, while sone photocatal ytic nateri al

remai ns avail able for photocatal ytic activation even

S o AR U BRI IME gl 1% L, oI lrlor acco
: |hmuwas d&sumpdwmveawhemasdhe abtrs]emegdzf_ea piﬂotﬁcatalyﬁc material
to .650 ina ‘
S8R R e e’ Pl b s A it
p%?dmﬁﬁf@']r 2080 REBEO0hEurSiof &Bck @xﬁ&ﬁr@n thdeédeher Examples
condensi n% humdity at_ 50C [0.109].1llustratin
Hiigirats thetin berabsonos pﬁwmgt@ﬂ&ahmcergatem bR, con;ﬁ;g@oahe of the
uﬁa@@@t{rg?%& ’E)Ci'!%"a'rlg?ﬁl%@ tﬁ‘ﬁeé 8 ihtiBCodridet! 'aﬂkj@“‘%ﬁéﬁéxﬁ:@su fe in

elr erw se |1 ndi cated
amGCﬁ.‘efoc 850adesrs. Witheutrhsing ourd by any theory, dhe wmantcus believe

E%ﬁﬁ%éﬁpﬁﬂﬁﬁ%@ﬁ%aﬁ Ft}%a%tg Hied o 'é% ﬁ%@?gﬁnkmeodof the
Wﬂlhsiﬂglﬂﬁﬁfﬂmg?ée ﬁﬂgﬁgiotsgoamogdcﬂﬂygtdsﬁo&@sﬂ bonds in the
cRa?"éwaé-hEr"é &t bﬁ!’ §0Ffl dﬁ\g‘i Icomatfélia k?g part in

vakﬁrcré@uﬁkuﬁ S@hile Sbrte PhofilatdvticRatetian@maiNg bVailable for
stirrin gramof 70%nitric acid was added and

Jhotogaia glat«;c acfttymr} eyen 5%?%%0 powrs o GG swowe%%
TMOS (tetranethoxysilane)  representing

6
PEBhes nimiBertaln nbadiaRntsqip MulHevr tgeiads phlegesent
IvehtondhayTeiiafid iriat dhe Or S8, 6 ?“éﬁfeaf‘eéﬁo@%‘ péstiro fo 650

erum@lraa] QUAA Teatehequipped mithi fivorersentiwbes éB&‘r%n@@q»rvﬁterS) at

Hiecis g0 o parBRIB P PO P B AR Bihyinshi iRl 1

fa,Cone hour at -25C. In a separate clean, dry beaker,
290. 5 grans of ethanol and 290.5 grans of deionized -
o169] were IImsh'athglthé intévstivnearedhle fallowireg erearhples, which,

el ot b obbord aTrifla e R 3B el et
( FheSs oﬂ@ﬁu@dwﬁéﬁéd L) pamtsdard P¥rce @%bﬁﬁh &e&ﬁll@ﬁﬂ?‘éxﬁfmples,

gl-aci-al acetic acid W th stirring eresultant Yo
gsqayell as throughout the specnf ication, are by weight.

EXAMPLES

Example 1: Preparation Of A'Hydrdlyzed Organosilicate Blnder

[0110] An acid hydrolysis catalyst solution, referred to herein as solution
“A”, was prepared by adding 7,000 grams of deionized water to a clean, dry 2
gallon container. With stirring, 1.0 gram of 70% nitric acid was added and set
aside,

[0111] 15.5 grams (~0.1O moles) of 98% TMOS (tetramethoxysilane) |
representing ~6 grams of SiO, was added to a clean, dry 1 liter glass beaker.
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bi nder solution was allowed to fully hydrolyze
overnight with stirring. [0112] Application on test
panel s with above sol ution show good wetting wth no
optical flaws and passes 50 flood/dry cycles

mai nt ai ni ng good hydrophilicity. Exanple 2:
Preparation O A Hydrolyzed Organosilicate Bi nder
(0113) 15..5 grans (-0.10 nol es) of 98% TMOS

EROETROL! Ay 028 Abies o PR3 Vs g =REBAE fro TwOS,
dontrdlling thee egdmaesn bg aising. arsicé hatlatosmaintaiolthe tesnperature below

G aeh S S B e SBHP IR RS rorozod

afldhé somitioh werl Heid it ofe th@ apeam:t efine Befbarata deamldrgdbeaker,
during the addition was Eonthe | etion

{298 2 geAres 6hothanalAnG: 490 Afaff‘ﬁp dﬁamzreﬁmag} rhwledm%fe&'"d
?é%@rgg é&"tc’f" ﬁ%rﬁ@%yﬁ?dl é’ﬁvttﬁ%?rﬁﬂbu%ﬁéhhe?&@ hdut Hid time.

beake grams of ethanol and
TRrersthgpdhef e ctiutedmllaea smnen (D\Hs5hwa%§dﬂﬁtﬁdttﬁd}ﬂ”3 9 by

el D B0 AR 3 glele) BESG0ate Wiy . ST Fedtlan€idesion
Sihderesohutiontwas allgwedbio fulls hgdtpiyze evermightwithostisingyddi ng
3528 g APUe bRl Sandp BithapaSolitB b grolweting
fwutH Mo Pdeal IfeaR Mdeiassad 50 lobl/ddY tydles airtaihird good

ion on test panels wth above sol ution show

déﬁé@ﬂh' Y- probl'ens with mottling. The test results
suggest that the inclusion of cosolvent  provided for -

RN Se®: Hreh s tiot W AL Y L) Qﬁéﬁlﬁ%@!‘ﬁiﬁ&ﬁr
CO”dEﬁSHT Ll §h'§% 119] gcul ar - Wel ght

ol i gomers which denonstrated the observed behavi or
Uean3pppl i s gramsse-mn';ﬂlas)gfga%ew&& represemting ~ 6 grams of

L BT S 96500 o,
rdrpreIRengliasg beakefr & @ nes ofSdiatiommA a@ld@dmles af t@awas
AN CACEE A AT R
CéHHlﬁdH of étﬂuﬁd?\eAemé besehperbrs attginedl dadnd thepaddiﬁon was

sol ution A peak tenperature attajned duri

2T | Ypomihe cmnpleum)ﬁf theaddifian afisoltiopA. thig Paﬁgqilmygfplyzed |
oélﬁaﬁgls‘é‘dtf&ﬂ \ﬁ%s %H ?orpcﬂ'[)eltn Ig(ﬁj r:% J?ﬁdé 0 IIﬁ/ & %@p§%ét§8|?gn dry beaker
par at e

c263agramis gf dtbakelrandZ80. Sgtanasref @euomzn@materams mixed and then
added to the partlal hydrolyzate with stirring, after the one hour hold time. Then,
the pH of the diluted silane solution (pH~5) was adjusted to pH~3.9 by adding
0.80 grams of glacial acetic acid with stiring. The resulting 1% SiO; binder
solution was allowed to fully. hydrolyze overnight with stirring. '
[0114] Application on test panels with above solution show dewetting
problems with mbttling. The test results suggest that the inclusion of cosolvent
provided for a more efficient hydrolysis and corresponding condensation to form
higher molecular weight oligomers which demonstrated the observed behavior

upon application.
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290.5 grans of deionized water were m xed and then
added to the partial hydrolyzate with stirring, after
the one hour hold tinme. Then, the pH of the diluted
silane solution (pH5) was adjusted to pH 3.9 by
adding 0.80 grans of glacial acetic acid with
stirring. The 1 % Si 02 binder solution was allowed to
fully hydrolyze overnight with stirring. [0116]
Application on test panel S W|th above sol uti on show

"o I L ﬁrﬁe@agfe%r@b% (hiilionn

tr%pfé%%ﬁ’mi@a eg@?raﬁﬁé @%ﬁbafwasvﬁhﬁhttofd ¢leam&rr§s 1V|If¢|0§Iass beaker.

denonstr

5 rapais of SiLEpa AE0G0 B0l AHpOS PR eked o 8RT O,
Rffeling e hotferh i he fa d?%HHﬁibﬁ%?'sthﬁ AV iR paated

rati o un stirrin m Xt ure was
cteripetature attained duprg theuadditidrowas gocﬁ Mpop the cpmglatien of the

At ok B R B 3ol ER8 QR St WO ho for one

asslirtat e@50C. HDd s8pgraté clean, qhv&;emgeagﬁﬁgmm ofvathanol and

Sféoﬁ? SEPrEs OheiSnRad preRgbre Piker 200 Bah AUUEE 15 Bi® partial
ataGAth ét.rg«ggf Chﬂéﬁl%h@dﬁ@ﬁoum@d tuhe rafmt thie pAdAthe

a%bﬁ@qhsﬂmsowm bty wag achsuecs o WS B ycaddn 9.0 grams of
FE e g 18730 o
E!nyth‘eﬁyzg OSthsjghimthcqijm and dei oni zed water were

‘\mfﬁghgf o (11 Pﬂp&‘llﬁ%@m omés‘f Paﬁglgglthséﬂcfv'e' é?:%tlo-ﬁhﬁ\ow dévteing

: Cprlmbmmmaw:th mnitlmg e ﬂeS osults suggest tlpatdpamaid:on;rolllng the

i 1 aci al ace C 0 f
Soxatheiand alodindens inbatde o e nfbRsitd feath 0486,
Sifésuﬁéd M a ﬁﬁlch%?ﬁbﬁ@r@élaf @ﬁfdﬂeh@éﬁbrﬂto@fbﬂn almmmmecular
foll owed by addi .

wpicbbebaI e ich Spmenstaibg dhd abservembeRaror uitn spplication.
solution was. stirred at 20-22 C for 15 minutes. .Then ~
1 4.9 of pre prepared acetl c aci d soI ut| on was added

: 2 Y Y prijaeh m xture '
F7F S4B ORI o

péfirdfg.4THe mixture was cooled to room temperature. 10.0 g of MS-51 sihcate
solution (Mitsubishi Chemical Corporation, Tokyo, Ja'pari) was oharged into a
glass reactor, followed by addition of 504. 8 g of the pre-mixed methanol/water
solvent mixture as one portion. The solutlon was stirred at 20-22 °C for 15
minutes. Then, 5.2 g of glacial acetic acid was added into the reactor under
agitation. The solution mixture was kept stirred at ambient for additional 24
hours. The final SiO; content of the solution was 1% with a pH of 3.5.
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Exanple 6 - Preparation of Liquid Conpositions [0119]
Li qui d conpositions A through G n Table 1 were
prepared as follows. Charge | was prepared in a one
liter glass vessel equipped with a magnetic stirrer.
Charge | was prepared by adding the binder material to
the vessel and then addi ng deionized water to the
vessel under agitation. The pH of the m xture was
linbe: roderiby GHHHIA AN I GHARBLRLHE el L10c!
quarigg |1 Whprgpaepbaredi deionized waater wersmixedratdi: h éw:w) ratio

© s g, e ol s odd f5 o OeReis °in £ S8papate
byortditen ticatic Ayirsenitlodr was pasparethBie tihaingt £0.0 @rbftglddlél acetlc
the desired pH was achi eved. Charge |1 ci

uaeid with#q-4g Qfﬁl proPenayyater £8 VBFUHB‘BEet e gm/&’?%?ﬂ.sr icgte
S&’c’ﬂﬂcat g%g%@eg %Légﬂla% @%ﬁf&lteﬁ%ﬂﬂﬁé&dlﬁﬁh of 253.7 g of the

Water Titania Sol Titania
Spte-mineidghprapanpliwater solyest mixdurecaEgonesprtiongThe sg;ution was

b 295890019 4 £ o) iy ok

1sdldtior-was sdded irda ti3e &gacmoraBgier agiGibns T he%onﬁaoaztnﬁture was

CkSHEreH A PR o AR TA2ATEL o 1 i et S e

C@mla@é@meﬁ% Wit ¥erpH bftgan. 2 NTB-1 titania sol _
commerci al ly available from Showa Denko K. K., Tokyo,

Japan.
Exam Ie6 Preparation of Liquid Compositions

[0119] Liquid compositions A through G in Table 1 were prepared as
foliows. Charge | was prepared in a one liter glass vessel equupped with a

magnetic stirrer. Charge | was prepared by adding the binder material to the
vessel and lthen adding deionized water to the vessel under agitation. The pH of
the mixture was adjusted to 1.8 by adding 2N hydroch!oric acid under agitation
until the desired pH was achleved | | '
[0120] Charge Il was prepared ina4 oz glass container equipped with a
magnetic stirrer. Titania sol was_added to this vessel and the pH was ‘adjusted
to 1.8 by adding 2N hydrochloric acid under agitation until the desired pH was
achieved. Charge Il was then added under agitation to Charge | to produce the
hydrophilic compositions A through G. ' |

TABLE 1
Composition | Silicate/TiO2. | Binder' | DI Water | Titania Sol* | Titania Sol®
Weight Ratio_|. : -
A 0.5/0.3 500g | 480g | 209 -
B 0.5/0.3 5009 | 480g | 20g -
C 0.4/0.24 40g_| 584g 1.6g -
D 0.31/0.19 31g 67.7g 1.27g -
E 0.25/0.25 259 73.3g 1.87g : -
F 0.9/0.1 47g 2.3¢ 0.33g -
G 0.5/0.3 | 259 | 245g = 0.5g




3 STS-01 titania sol commercially available from

I shi hara Sangyo Kai sha Ltd. Exanple 7 - Float d ass
Test Substrates [0121] The surface of 9" x 12" fl oat

gl ass test substrates were prepared by cleaning the
substrate with a diluted Dart 210 sol ution ‘
(commercially available from Madi son Chem cal Co.,
Inc ) prepared by diluting concentrated Dart 210 wth-

ng& “;@P}(ferd o f@,ﬁ} g)%/bga[du %n&?rﬁ Iiavaliable from Mitsubishi
BL@8nik 'sB&GT r?ﬂé EII éb?@ﬁ%%[)wg nkdRTK. Stk SQ ié%ﬁ% _
weiTsios e §s$l%3ﬁ1nf$ %’a aifab Rhgrl s BK\éYs £ |

d wped dry wt
comrerm ally avail abl e from K| nberly Clark Corp ).

%ﬁﬁie%q:lbétqﬂfags q-gg-gg@gﬂ.aqﬁ of Exanple 6 were-each

y wipe application using -
40 R JODBL CThersutface bf/g” A" float glassrtestsubgtratesi wers! p:repared by

S RSP o S5O i e

erdsgﬁ”mm{?ﬁog’o aﬁ)e prepalhe w,adnmmg:ua:tngenwated Dart 210
S oniee Bl <o hAchecsopiobchas Eomentating of At (9ct0% Dart

md WHehsubifrattl was tHethﬁnse‘élWﬁ'F ﬁé!ttﬁp Weltér Sid e rHelcn]qzed water.

sllghtly over | appi ng strokes. ter application,

Jiissesliubsitale was sikved dwf@rwmex@oand vipegdeinamithe paper towel

a#ﬁ@@%@@é%ﬂytzﬂ& rrpcé)zrll&?‘? lémlﬁ?éer%% ]?CI’]I rrrrar ' zed

MZHC e Redhediguidtopmsitions jof Example6 weseé each Epplréd 2 a test

Befstath By Wpd sbifoston ubinl & ER OPLOC Péectyd ag "

| cenﬁaerph erpially a:maﬂabteaﬂomsmalgemmarytrffcl }]Weqsatﬂvd ag maﬁbetﬁamund the
Phot o ata i Vit S ,eva fed as descri
Torepplced s, A avem ot he 45 e lscrnibastifon was Sptied to
khepad ubiﬂg*"a(ﬁ eyé&opbém Mastic bottle with a dropper top. The
compositions were then applied by contacting the wet pad with the glass test

' substrate with straight, slightly oVerlapping strokes. After application, the
substrate was allowed to dry at room temperature for at Ieast 2 prior to testing.
Qesults are summarlzed in Table 2 '

| . TABLE2
Composition Ti PCA (cm 'min™)* | Surface Resustlvity Haze*
(ug/em?®)! : (ohms/cm?)® ,
A 1.2 3.9 3.84x10° 0.1%
B 2.3 8.1 6.25x10° 0.2%
C 0.7 2.1 -- L -
D 0.5 1.3 - ~
E 0.7 2.6 — -
F 0.4 0.6 - -
G -1.9 5.5 - -

1Sample analyzed using X-ray fluorescence analysis.

? Photocatalytic activity was evaluated as described in United States Patent No.
8,027,768 at col. 11, line 1 to col, 12, line 55.
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41 3Surface resistivity was evaluated with an ACL
Statitide Model 800 Megohneter using either (1) large
extension probes placed 5 mllineters apart at severa
| ocations on the sanple, or (2) the neter's onboard
pr obes spaced 23/ i nches apart at several |ocations
on the sanple. 'Haze was evaluated with a Hazegard(r)
Model No. XL 211 haze neter, available from Pacific

Saiuaaed rfe.lsg
it o EZ@%%Q%%W S e
é edo i th a‘% i 8Everal focations

c.Condensat i on oper at | ng

¢ %Q wa @@é?uaté&ﬁlﬁh § ll’-lé%&dm"&@ MeaSI N RvEd I'Ta&Q metté’reavaslable from

b StiewRlComping, $ivet Sehigomdet er m ne  the wat
contact angle. The phot oact | Vi ty of the conposi t| on

was determined by RaasiittTebiRgWRF&dt £ONt act. angl e
di fference before am—a'rgwrimg—rw the substrate
181231 | i ghTestubsiriassinated witk liquid campasitions rﬁsamchaNere
e o ColelahH RRneEAsorl ChabEROSrRERTBE RO ® (601G, Bach
ae\sjlsabstrapovasermww frera she eldarbbertoeeldy aad tested tpdetermine
T3k e 5 oo AR B Y oMb tgnes
\méegsuﬁﬁg e waberi contact i :aﬁgl@cmﬂfd érﬁﬁéﬁ beﬁ:l?é afaé Fﬁ@h@xmfﬁﬁﬁthe
e aced .in a horizonta

E%tnﬁaw Lsgcht e XPREUTSHNIEIYa! Wae ShRKrEdo BAVAG

%hsﬂséb’ by \HeR0- B Blofisih g‘?:ﬁ' dlé%léﬁd tdrﬁo aHafréft%uhnght The

front of” the |ight "sourc so that profi

seater cantapt @pglasieaoned weesmgasued: bseth@caﬁsadﬁ dmwgnethod using
ﬁéﬁﬁ E&g cgﬂtb\féeﬂﬁtg:ﬁé JrH;kEa%ﬂﬂaﬁ ecRnsH ?%@ﬁ%ﬁmﬁ, Inc.,

I‘CU ar -pro
gquippad mﬂrsGaﬁﬁedenenﬁ‘mgcmmmeﬂer pptics. nTHabhréace to beBnEasured

- osition.A st Hours, i.n tac :
hsiRestii Bionte Posh taoPamtatt e orkip d6bisopree. A
Aesén@ dkbp of wa@‘f\m&plé&é@ bn tcﬁxomhursarféné @sfmﬁt &bthe fighitesource

Qosu f% % é98 14 é% 38 3,37 3
so that the profile of { e sessﬂe rop could be Vlewe an the contact angle
measured in degrees through the goniometer telescope whach is equipped with
sircular protractor graduatlons Results are summanzed in Table 3. '

‘ _ TABLE 3
: Composition A = . Composition B .
Hours in Contact Contact Contact Angle | Contact Angle
CCC ' |'Angle Before | Angle After Before Aftér
: Exposure | Exposure - Exposure Exposure
0 20 : .3 12 3
498 14 3 12 3
1062 38 3 37 3
1535 32 3 27 3
2221 18 4 9 3
2573 30 3 26 3
2975 30 5 33 4
3565 -- - . 30 5
4040 | L - - 19 4
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1535 32 3 27 3 2221 18 4 9 3 2573 30 3 26 3 2975 30
5334 3565 - -- 305 4040 - - 19 4 42 Durability
Testing - Test 2 [0124] The durability of test
substrates coated with |iquid conpositions A through
G was tested by neasuring the water contact angle
after exposure to, UV light as described above but
prior to placenent in the Ceveland Condensation

Chanber. The sane s | aced in the

CCC as descri bed ag:g@l@ﬁl %f\gﬁpgasfg%o hours and

t[bﬂM] enoVv dte dUrshiktyls testisabsirates coamrwlﬂ'xm@ dompohﬂions A
ght as descrlged above aqg te ted %ﬁ %?‘8

vta'foékgh (@ wire dested by racaging s ﬁns el expppwe to.

LHN T@ﬁ-ﬂcs t?'es(éﬁﬂ'@@ %bbbé’ BufﬁfﬁﬁBW&t QPﬂ'FeaGfev@f%ﬁH e

ore urs osure
zCor(clemsatlonijambeE Ehg same ssjbgtra'@sarvqe them gtgqeptuythe CCC as

S&%@bﬁ%{ ng Slor gt {e%fééod_ HSur‘gLé[nﬁtheh tr%(m?{geci e?ﬁe sub?trates were

h™conposi
‘ |thm ekpmd/taw\alhgm andesaribed tabose Aat tested by oacamiirmg the water

2R ol el Sn BRI dopletar o o7

Hydrophl lic conmpositions B anpaABLB4 Exanple 6 as wel |

as a sjmlar conposition.
Compt:sntr on *Contact Angle | Contact Angle After
‘ Before CCC 4000 Hours CCC
Exposure
A 3 : 5
B 3 4
C 5 4
D 5 3
E 6 2
F .5 9
G 3 3

Durability Testing — Test 3 .
[0125] o The durability of test substrates coated with compositions of the
aresent invention was also cbmpared to substrates coated with compositions
somprising hydrophilic organosilicate binder but ﬁo the photocatalytic material.
Hydrophilic compositions B and F of Example 6 as well as a similar comp’ositi‘on'.
. having a binder to titanium dioxide ratio of .95/0.5 (composition J) were placed in
the Cleveland Condensation Chamber as described above a periodically
" femoved and éxposed to UV light as described above. Cbmparative
compositibn A was Shinsui Flow MS-1200, available from Dainippon Shikizai,
Tokyo, Japan and comparative composition B was MSH-200, avaifable from
Mitsubishi Chemical Corporation, Tokyo, Japan. The test substrates were tested
for water contact angle as described above. Results are illustrated in Fig. 4.
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having a binder to titaniumdioxide ratio of .95/0.5
(conposition J) were placed in the C evel and
Condensat i on Chanber as descri bed above a periodically
renmoved and exposed to UV Iight as described above.
Conparative conposition A was Shinsul Fl ow Ms-1200,
avai | abl e from Dai ni ppon Shi ki zai, Tokyo, Japan and
conparative conposition B was VBH. 200, available from
h kyo, Japan. The

W&t er contact - angl e

3&1 ﬂep Cri bemiqm@ @Mmpoﬁiﬁen& HSar&f lewedel prepamiddn thexnfainger 4.

| -
d5ESEpoR InEremelerfBaRt O”Vﬁf%ﬂwm%%@&#\sﬁwwﬂwn n
tths € ol Cflerﬁlﬁé& I b@ae'%@mﬁd&m ghitiRetioW AR

he conposition in e anount

i adelmted iag et forthdb|Tabk: &ndhearability of IhﬁS@zongmtmatwaﬁ then
5.

e he PieFfef SobelH Himatifty Y8Rl 2 TellE, Resyis are set
tfoethimTable @lescri bed in Durabl lity Testing - Test 1.
Results are set forth in . TABLE 5 Conposition
Silicate/ Ti 02 Amount_of AOBH T ve ght Ratio
Bi nder / T €BmpAERIORY STiderdics: 25 ATRGuRt.dI1] AmBumkdio] 25
309 6. 26y TABLE 6 deEf@nttRéTﬂb H Biagegsio.! onWINDEUr

i N Cont afT CORTact [COTY. §%7H. 760N [act 38gC ANG! .98 OB .
Angl e -Af [Fer—Anyte er Q% AR g@%ure
Ex osure txpuiw e ?ﬁ;ll-r 33 2783' 31
2 2390 26 3 23 5. 3374 18 3 16 3 4022 38 4 32 . 11

[y

TABLE 6
CompositlonH Compositionl '
Hours in Contact Contact - Contact Contact
CCC Angle Before | Angle After | Angle Before | “Angle After
' Exposure Exposure Exposure | Exposure
0 4 - 4 5 - -4
- 330 . 27 2 21 2
834 18 2 31 2
2390 26 3 23 5.
3374 18 3 .16 3
4022 38 4 - 32 11

Examgle 9 Turbldlty of Liquid Compositions .
[0127] Liquid compositions K, L, M, and O were prepared in the manner

descrlbed in Example 6 except that the pH was adjusted to the value set forth in
Table 7 and the Binder/TiOzWeight Ratio was as adjusted as set forth in Table 7.
Liquid compositions N, P, and Q were prepared in a manner similar to Example
6, except that the pH of Charge | was not adjusted, and Charge |l was a mixture
of the titania sol and deionized water in an amount sufficient to dilute the titania
sol from 15% solids to 2% solids with deionized water. The pH of Charge Il was
not adjusted and Charge |l was added to Charge | to make the liquid
composition, The turbidity of these compositions was then analyzed over time
by a Turbidimeter, Model DRT-100D, mahufactured by Shaban Manufacturing



Exanple 9 - Turbidity of Liquid Conpositions [0127]

Li quid conpositions K, L, M and O were prepared in
the manner described in Exanple 6 except that the pH
was adj usted to the value set forth in Table 7 and
the Bi nder/ Ti Q2Wei ght Rati o Wasps adj usted as set
forth in Table 7. Liquid conpositions N, P, and Q
mere prepared in a manner simlar to Exanple 6,

cet that the of. Char
oF 1 elurREg Dy R U8y & oS el Bl fuisfiier by o1
dmw leegthwaittea flahboltora"Re8UIts aidf satifertit it Dablel7ut e t he
titania sol from 15%80|Id§ % é%sollds w th
dei oni zed water. The pH of was not adjusted

md—Charge 11T Was~ added 10 (marge I Tqursid®y INRUY 1 qui d

S o e N

o0 i0g 0k AN M SRR T

Lt 28l o, dlil e 1’1‘52;9"”438::1;'; 5%-7;";,"‘;5*7::‘ * %53
att d¥h  Redul 9‘35AQ set 58, in 32r1 :ahl TA& L_? 442
TurbiNity (NTOWB5G8rpos8250n 454 cht 412 @ pBBPni i 21125
1 3 Onont hs 0v0.26t Ratli® norft1$ nont488 K|Q. 610, 3|1, 963
o0 5B8 569 69R5/0L10.%/ 3.8 1. 5145438 5BE3 567. 1483 -1 M 153
0. 35/Q. 2 1.8 329/03B3 393.1442 M. 5/ 3. 284854 (41462
85 425 0 0.470.25 1.8 415 488 511 573 P 0.5/0.1 3.1
145 143 145 1.53  Q 0.9/0,1.3.11 149 143 145 162

HU e .l r’l.’n a . -a "‘I'.;A!h; A ' j.l -._Ja (1] ast | C L-ens
[ ﬁﬂﬁﬁ; Th' 3!' 11X 3%BMPld B uht@ﬁ@ét!jﬁﬂlllﬁétrdté Itl‘l’é;élﬁtﬁi-\'c‘:'t_*.jgiri“g‘ipropertles of
ant i - properties of the present invention.

m@rnraw smvantpm ydermeplastic peliearbonaigtengasdhat were previously

PEGHE 17 e sARIF A LORIRBR ottt Schrapbipy o0

f cmnn@emawa@bbmsfrom@emem@:ptacs Un¢.here sedacsaitregted by

M?Q?'"ﬁﬁ"é*h. @@?)ga?rgjp {jerfvms?ng with B8loRfel idtePShe R3Sy -
alcohol, and air drying. The lenses were then plasma treated. For example, 10A
no additional coating was applied to the lens. For example 10B, the plésma-
sui'face treated lens was coated with MSH-200 hydrolyzed ofganqsiiicate (1% |
solids) commercially available from Mitsubishi Chemical Corporation, Tokyo,
Japan. For Example 10C, the plasma-surface treated lens was coated with a
composition of the type described in Example 6, composition E by dip cdat_ing at
an extraction rate of 230-mm/min. . o '
[0129] Fogging property was evaluated by placing the lens over a t:up
filled with hot water. The lens of Example 10A fogged over the entire area
thereof. The lens of Example 10B fogged over 50-60% of the area fhereof. The
lens of Example 10C has not fogging on the surface thereof.
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al cohol, and air drying. The | enses were then plasma

treated. For exanple, 10A no additional coating was

applied to the lens. For exanple 1,013, the pl asma-

surface treated | ens was coated with MSH 200

hydrol yzed organosilicate (1% solids) comercially

avai |l able from M tsubi shi Chem cal Corporation, Tokyo,
Japan. For Exanple 10C,. the pl asma- surface treated

Fe z g% oat i ng
a[0130]l ext f'ﬁﬂé Eﬂarrfpl?é B iﬁt‘enaa@ thmiJﬁwate the bﬁﬁ&@&hnﬁmp@ﬂes of

property was eval uated by placin the | ens over. a cup

e
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t (whedl ¥2) being installexhon trfa)ﬁndmtrmwpfsapldet iRrior 46 instaliation, the five
present. i nve

I h d
AR bl SR CERa BBl bk el ol
areas usi ng maski ng t aggheel e P%Q@ghsnwere installed
on a.1996. nodel Chrysler Jeep |io ee_Wth .on V\,he?#
(BT 1) Riaritg mstallationain 1R VERISIS, Ham Ve, atess, ayheel #1 were
Str@?ﬁd%q‘oﬁ&f‘s 0NB%aﬂﬁ§ Was e(dﬁhé‘tﬂo Krda PLiARéh D Wilsadoatst with

front driver's. sid Prior to installation

t HeGard® 10800 Qrgamhnefcontmng soatingisqlutien ayailahle feom PPG

) i 08 e SR A3 1 e,

ware thefiakiag at 240°Fa(ﬂéﬁ°@)sfof alhouvss Ada &wasmgtamsnh Hi-Gard

0880 88 oG bicRanta1or Redh 7S AT Be o B cBMea wit

awesH-200 hyﬁfdﬁeﬂﬁﬁgahtﬁﬂﬁtﬁté (% solldK) c)onhnemmwavauable from
a wash bottle for ut es

awattsLE%hlus' i aLE Smpsatiom Tekyt rapan dfipe onshaloaigrgth a
lféijeér/ﬂ b? Hrm@%éH éétﬁwaa%éifamw&e% é:hb@r\yearfdc%elféémense

was then coated wth

- hﬁmaaﬂ wgéd:oat Witk |HI1Gﬁ'ﬂé0§Q%§§1ﬂSFUBQd éa@h‘fbf%#‘dea 9 ‘After N
alﬁéklhab@%aftf \ﬁgé c%feﬁ%ﬁa'coﬁbﬁgi{tlﬁglr?f %ﬁﬁé %‘eLs@ﬂ?(ed in Example

s 50c@npos‘ﬂﬁm1 E/&Hd%)mmtaﬂe d:frdmomzécbwewrtand sthantd y5G(Hd weight:
se

3 :;u o) f,g%ﬁ%ﬁﬁ\?gpf‘r%qec%&f%s‘iﬁ‘gia %ﬁ?@%?s;%ﬁdé e Qaégggteaswath a |
composition of the type described in Example 6, composition E.

[0132] The vehicle was driven for one week. Areas 1 through 5 of wheel
#1 showed no significant difference in cleanliness prior to a water rinse. After
being rinsed with water from a garden hose, the cleanliness of Areas 1 to 5 of
wheel #1 was measured on a scale of 1 to 10 with higher number reflecting a
cleaner surface. The results are summarized in Table 8.
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baki ng, Area 4 was coated with a conposition of the
type. descri bed in Exanple 6, conposition E and a

m xture of deionized water and et hanol (50/50 wei ght
rati o) by w pe-on application using a soaked sponge.
Area 5 was coated with a conposition of the type
described in Exanple 6, conposition E. [0132] The
vehi cl e was driven for one week. Areas | through 5 of

wheel #1 showed no si gnifi&%@ifference in
cleanliness prior to a wat inse. After being

rinsed W th wat esrelar om a gar den hose, the(ldginbssness -
f Areas 1 t0 5 0§ Wheel #I Wwas neasured on @ scal e

£

0

of —Tto IO W th hHgher nunberf TefTeécti Nng a Ccgeaner
S : ' ' 46
T .

r t
I L
el H2
as follows. No coating-was applied

was coated with Sol GyyeEe) s8Rk fdnNg can
anosi | ane-cont ai ni ng coat néuso uti on avail abl e :

HRIPPG | Fagstor instaflatioreon theyvehieleaihs fivearpagoliwherf #2 wer
SR 1wy No Eoafirfivad boplied To MEET: 8 2V adteliitn
I30lGard® 388 coatingi@nmrgbrasilabewentainingwceatiry seltitien available

i s \Lh ' .
1t Bt DBripan Bl b et B ettt AWt b, i gying for 5
«’miabte@ghﬂd tiveobalihg at 24CF (106T) f_otaﬁ Hoars oA&Ié:i dwas Tokied with

n e.on ., a | call W oaKed ,.Spo c.
1Bt el B s ey 2 g KOl 78 3% then
%&ﬂ'gg abg\?g_ ?pr Ar ea I’gaﬁgﬂbgeggﬂg%@zbggﬁgﬁﬁ -
@vailehle fiomMitsubighidehemisal Gernoratian, Jekygielapan byvipg on

IS S 1 8 90 200V iy
amdl seffetdnoienss. Agead svasicadtedhwitly éli-Gard 4080 as described above
for Area 2. After baking, Area 4 was coated with a composition of the type

P
b

described in Example 6, composition E and a mixture of deionized water and
athanol _(50/50 weight ratio) by Wipé—on application using a soaked sponge. Area
5 was coated with-a composition of the type described in Example 6, .
composition E. - | _

[0134]°  The vehicle was driven for one week. Areas 1 through 5 of wheel
#1 showed no significant diﬁerence in cleanlinéss prior to a water rinse. After
being rinsed with water- from 'a.garden hose, the cleanliness of Areas 1 to & of
wheel #1 was measured on a scale of 1 to.10 with higher number reﬂecting a
cieaner surface. The resuits are summarized in Table 8.
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5 was coated with a conposition of the type described
in Exanple 6, conposition E. [0134]. The vehicle was
driven for one week. Areas 1 through 5 of wheel #1
showed no significant difference in cleanliness prior
to a water rinse. After Dbeing rinsed with water
from a. garden hose, the cleanliness of Areas 1 to 5
of wheel #1 was neasured on a scale of | to. 10 with
hi gher nunber reflecting a ég er surface. The
results are summari-zed in. :Ir L? 47 TABLE 9 Area
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of the coating |ayer conprising an inorganic oxide
network; and (2) curing the conposition applied in
step (1) to provide a coating layer that: (i) has a
dry filmthickness of no nore than 200 nanoneters, and
WEHE CLAI: substantially free of Si-OR groups, where R
represents C, to C4 al kyl groups; wherein the pH of
the liquid conposition is no nore than 3.5 or from

|.qu&3“%g§85§{ IonV@ttBE%rn‘?Efgﬁl S'Qéeif'-%é‘@ﬁhg{ a){lﬁ?-c!ean and/or

antkicgygird proberfiéeofan hdd:l@,fwhéremnhé amhler-mpmies a surface having
photocatal ytic ppteria |S|nx&reformof g&ﬁg_@
aﬁaetmgg!aarﬁrsompa@mgcwmwnlﬁ@ Rehwark gerq reon, the
The nethod of claim2, wherein the
m mﬁéﬁyp c material is present in the Iliquid
conmposition in an anmount ranging from0.1 to 0.75
percent by wei ght based on the total i,ght .of th
conpdsiappb q'qﬂ*H’eC?mPH SpeopRkRintia NHEBRNIG yagelied
or
gaé'&%rhllaﬂ fﬁfﬁlr o?%y%&ib?%arldsﬂléa@e dff& ét'l@ﬁst a portion

in an annun 2 percent wel ght
cal cof taeenbamsg Iééydm;onhmmut; an indrganicteidevaetyerkoéndhe
conposition. 6. The nethod of claim1, wherein the dry
filmthi ckness is 20 to 60 nanonmeters. 49 7. The

met h?g m@'t szHfdn%pli%@rmrstéj &Y t@ nedAde Rocddting layer that:
hi unge

hydr | ed essentially conpl etelg
hydr ol yzefl) bagardry ffilr dhickness of no oose thane20@ nanomiateis, and

(5 & 015 SaR s SPEELLR) e, it Afoserts .

reaction gy odufidyl foupal Wherdi the priofitEe diGuid composition is no
organosilicate i'n_water in the presence of an acid

hydr ol ysi motatharys:d or fiwerel o Bde water is present in
an amount that is less than the stoichionmetric anount
capabl e of hydrolyzing the organoxy groups of the

201 gaTRé inéthal ®f cRivf B vivsremdthetlip®l ebrapesitioh ferther coraprises a
hydr ol ysi s oI condensati on reaction product is

phatacalaldie mp ter to forma hydrophilic ungelled
essentially conpletely hydrol yzed organosilicate, and
(b) reacting a tetraal koxysilane oligoner with water

3i n tTike prigthod of cizfimad) wherein the photocatalytic material is in the form of

particles having an average crystalline diameter of 3 to 35 nanometers.

4, The method of claim 2, wherein the photocatalytic material is present in the
liquid composition in an amount ranging from 0.1 to 0.75 percent by weight based
on the total weight of the composition.

5. The method of claim 1, wherein the organosilicate is present in the liquid
composition in an amount ranging from 0.1 to 2 percent by weight calculated as
Si0O,, based on the total weight of the compaosition.

6. The method of claim 1, wherein the dry film thickness is 20 to 60
nanometers.
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organi c acid hydrolysis catal yst and/or an organic
sol vent, wherein the water is present in an anount
that is greater than the stoichionmetric anount
capabl e of hydrol yzi ng organoxy groups of the

al koxysilane to forma hydrophilic ungelled

essenti al If\{ conpl et el ¥u hydr ol yzed organosiljcate. so
7. The method of claim 1, Turther compnsmg preparing the hydrophilic

ungelled essentially completely hydrolyzed organosilicate by a process selected

from:

(a) a multi-stage process comprising a first stage wherein a partial
hydrolysis polycondensation reaction product is formed by reacting an
organosilicate in water in the presence of an acid hydrolysis catalyst,
wherein the water is present in an amount that is less than the
stoichiometric amount capable of hydrolyzing the organoxy groups of the
organosilicate, and a second stage wherein the partial hydrolysis
pdlycondensation reaction product is contacted with water to form a
hydrophilic ungelled essentially completely hydrolyzed organosilicate, and

(b) reacting a tetraalkoxysilane oligomer with water in the presence of an
organic acid hydrolysis catalyst and/or an organic solvent, wherein the
water is present in an amount that is greater than the stoichiometric amount
capable of hydrolyzing organoxy groups of the alkoxysilane to form a
hydrophilic ungelled essentially completely hydrolyzed organosilicate.

50



