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, when t he surface
clean self-cleaning, and/or anti-fogging properties are desired. Such coatings

can be pal'tieularly useful, by way of example, for application to surfaces
exposed fo the outdoor environment. Building structures as well as other articles
that are exposed to the outdoors are likely to come in contact with various
contaminants,; such as dirt oil, dust, clay, among others. Rainfall, for example,
can be laden W|th such contaminants.” A surface with a hydrophilic coating
depOS|ted 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-born 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.



cones in contact wth water, such as during a
rainfall.[0004] Coatings having self-cleaning,
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be advant ageous for application to surfaces that are
exposed to indoor contam nants, such as, for exan‘pl e,
kitchen contam nants, such as oil and/or fat.
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[09@@} i Ng A surface with a hydrophlhc coating deposited thereon may be anti-
fogging becéuse such a coating can transform cdndensaté particles to a
relativély uniform Vfilm of water, Without forming discrete water droplets. Similarly, |
a surface with a hydrobhilfc cbating deposited thereon can prevent rainfall or
water splashes from forming discrete water droplets on the surface, thereby
improving visibility through windows, mirrors, and/or eyewear. ‘

[0007] In view of these and other advantages, various hydrophilic coating
compositions have been proposed.  Some of these coatings achieve their
hydrophilicity through the action of a photocatalytic material that is dispersed in a
silicon-containing binder. For example, United States Patent No. 5,755,867 (“the
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(organopolysiloxane) or a p‘rec4urso.r< thereof. The photocatalyst méy include
' particlés of a metal oxide, such as the anatase and rutile forms of titanium
dioxide. According to these patents, the coating compositions are applied on the
surface of a substrate and the film-forming element is then subjected to curing.
Thén, upon photoexcitation of the photocatalyst, the organic groups bonded to
the silicon atoms of the silicone molecules of the film-forming element are
substituted with hydrbxyl groups under the photocatalytic action of the
photocatalyst. The surface of the photocatalytic 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
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[0012] United States Patent No. 6,303,229 (“the ‘229 patent’) discloses
another composmon that may include a photocatalyfnc materlal. The coating
disclosed in the 229 patent is formed from applying a coating composition that
contains a silicone resin, which acts as the binder and which is obtained by
hydrolyzing and condensation-polymerizing certain tetra-functional
alkoxysilanes. The coating compositions may also include colloidal silica.
Evidently, the coated film formed from the composition disclosed in the ‘229

patent can be initially hydrophilic. This initial hydrophilicity; however, is believed



[0012] United States Patent No. 6,303,229 ("the '229
patent") di scl oses another conposition that may
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limiting embodiments of the second layer of the multi-layer coatings of the

present lnventlon

[0017] Fig. 4 is.a chart |Ilustrat|ng the results of the durablhty testing

conducted as described in Example 2.

SUMMARY OF THE INVENTION

[0018] In one respect, the present invention is 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



[001 7] Fig. 4 is achart illustrating the results of
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respect, the present invention is directed to
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the second layer.

[0023] The present invention is also directed to methods 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 a
inorganic oxide network deposited thereon, the method comprising: (1) applying

to at least a portion of the surface a liquid composition comprising an essentially



conprises (a) a photocatalytic material, and (b) a
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(3) curing the second | ayer. [0023] The present
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[0026] In this-application, the: use of the singular includes the plural and
plural encombasses singUlar, unless specifically stated otherwise. For example,
. and without limitation, this'applicatic}n refers to liguid. compositions that comprise
“a photocatalytic material”. Such references to “a photoqatalyﬁc material” is
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 photocatalytic-materials. In addition,
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any nunerical range recited herein is intended to

having layainimum valbe eaygbto eugeaterdhendr antha maximuya vplug of

r fo to 10" is intended to include all
eq@ﬂgs:&gﬁ%s%sth%gﬁv(\)een (and including) the recited mninmum

10058 °F vt o5 rsibitrife et erertianiph Bttt e mphidRer

codtihsecoMmpriditidn( V)2d fifst Phyed @ophpristhPan livsrgahltedkid® network, and
[0028] In one respect, the present invention is

(2)@ sessnddayer apnlied-oveyat leasi e prfior efphe Bishdpyerawheeein the

sod by g SRIRA R gt SRR JBLIsbISUOT AL e
and keniprises ahasssentishecempletély hyeesigeed exndstlicaenosi t ed
fromat |east one liquid conposition that is

[00204 " ophi The nANELISRIFRIJEAGS B RS SRIBENINVEnEEORRORIRISE a first
: hydrol yzed organosilicate. [0029] The nulti-Iayer
layebthat sgmpsises e ippeganic okideaatwerk. cdapised diegein; the term

eS8 re PR i AR R R0 Bl P iégRed 7
[Odgz}af ;icgn et qrﬁ%%wdiﬁ{qg r,%lpjg{ipsft el %g#rl\%ﬁyl{i-?gy?’e?]colaﬂngs of

theBlekbnt iRVERtIGPRIASHBSIRH fidMe aRidPaStNitiom ¥8RpriShd & sol
eposited froma conposition conprising a sol

sontaming ainegwvarkdfermindmetalralkexidetsuchaskan iatkoxysiate ard/or an
n.al koxysi |l ane,_and/ or_ an_al koxi f anat her . al
 anfiR oM IR e e Ay RnRim A AfihT e
alkoxysilane, if used, may be an organoalkoxysilane, such as an: _
alkylalkoxysilane or organofunctional aI'koxysiIane.A The alkoxide may contain
aIle or aryl groups and may be in dimer or higher condensed form so long as

hydrolysable alkoxide groups remain.

[0031] In certain embodiments, the network-forming metal alkoxidé is an
alkoxysilane of the general formula RSi(OR’)sx wherein R is an organic radical,
R’ is selected from the group consisting of low molecular weight alkyl radicals,
such as methyl, ethyl, propyl, and butyl radicals, and x is an integer and is at
least one and is less than 4. The organic radical of R may, for example, be alkyl,

vinyl, methoxyethyl, phenyl, y-glycidoxypropyl, or y-methacrylokypropyl, among



al koxysilane, if used, may be an organoal koxysi | ane,

such as an al kyl al koxysi | ane or organofuncti ona
wa@bkdssaysss ane. The al koxi de may contain al kyl BCT/EE3005/018627

groups and may be in dinmer or higher condensed form so

| ong as hydrol ysabl e al koxi de groups remain. [0031] In

certain enbodi nents, the network-form ng neta

L |
ot B HIUEin mRllrBs SRt TRE opddten RRRZRE ocbffihg'to the
gemlab:ﬁa@ﬂoh setrfdrirebgoay prheea &, KR’ iang o&rd asvdsstritmed albove and
B_‘ al kyl radicals, such as nethyl, ethyl, propyl,
Y'Sdﬁés WYt adical s, and x is an int eger and is at '
| east one and is | ess than 4. The organic radical of R

pheny R &M@%&M&lﬁﬁ%ﬁﬁﬂ% FyR-

annngot i ncluding mxtures thereof. The al koxi de
} hydrolyzes according-to the general reaction set forth
re as descri bed, above and
Copdensation pi4he Bydlyatalkorae PR BroeaiTging e denetal
reathgpgnsation of the hydrolyzed al koxi de proceeds
according to the general reactions or + H20 Further
hydrol ysis and condensation follow [0032] In certain

TR L i LSOO ROOH

conponent s, such as ultraviolettiradiation absorbers,
organic fi | m f or i ng pol yners, d conponents to
“inprove flow properties, abrasi né}:& stance and/or °
durability. Nonllmtlng exan® ! QNPOSI (6] from
which the first layer of the m%lst!(l - a)lfler Jc)}gayl; ng@?of
the present invention nmay be fornmed, and nethods for
theg r production, are described in United States
Patent Nos. 4, 753,827, 4,754,012, 4,799, 963,

5,035, 745, 5,199,979, 6,042, 737 and ‘6, 106, 605, which

R SRR B, ﬂﬂ}kxs;(tm%_x_ JOH)y_{ + Hy0
O

- RySHOR Y —x— f(OH)p—1

FurtherAh'ydrolysis‘ and condensation follow.

[0032] . In certain embodiments, the firsflayer of the multi-layer coatings of
the present invention may comprise other compdnents, such as ultraviolet
radiation absorbers, organic film-forming polymers, and components to improve
flow properties, abrasion resistance and/or durability. 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, 4,799,963, 5,035,745,
5,199,979, 6,042,737 and 6,106,605, which are incorporated herein by

reference.



reference.[0033] In certain enbodinents, the first
| ayer of the nulti-layer coatings of the present
WO pwsnisien i s transparent. As used herein, thePCBURA2005/018627
"transparent” is intended to nean that the cured
coati ng does not substantially change the percentage
of visible light transmtted through a transparent

Ry Ter fiy 8&3%%143@3@ | né}{ﬂ% Ghe st TEVert tABRbUIEayelBatings of

thedpredigat ihkr@hmt;hﬁs ransparencasIuses hemfnr theetetrai “traderbareed’ is
condi tions which is expressed quantitativ

inteiedesbin aganaha fherurch Srehnd deds DAL SuBHaD FalwGHangs the

oo T A o G o
to @lich itmdyi e appliédy Thé tinfability oka &oa%gmalfanctlon of the amount
of Lt aha pyiiag EEAABPLURIFIEIAR HRUT6H conaianE WHTclbiee
exé,%lrs?&d %u'&lﬂtl&?i@@ﬁ/ éyg{s?% déé}teﬁlgﬂagétof'Ilﬂh?fraﬁémmé%l through the dyed

I"ayer coa resefit I nventron,
cohiunQBaTldé ltln)atahltgl ofal mtidgrcpndmamieagussl as deasnbaazhlnl lémited

StalpRaENNGr VRS ool JPR . e B aKBh i

mc@'r ﬁ-g?éocﬁ@,teﬁﬁ rgfe(pg,%‘é s avail able from SDC
echnol ogl es anong ot hers. [0035] The

ti-la [ e
ld@*‘éecondﬁ%f’éﬁé‘%b‘“ﬁﬁfsﬁ‘eﬁﬁy BYSPEIG coRRBHATE ARG Sfable
forfusesin dezppsrtmgﬂnerfesﬂayéreofsihe a:mmltHIay@'rcoahnge dshe present

fromat |east. gne |i Slt on t
inveEgah, 2151 6 WoRart ard SoyGAEIS 2eatio sahions Avaledls Jom PPG
lndifs‘f‘r‘?eQWHS' the hﬁ?ol@bfdduﬁfs%}é%b‘é FEeES lfgfr%térﬂeﬂ’to al, S.A.
npound "tont ai n gani ¢ groups bon to a si
andttbﬁﬂrhs;tal(gjnatéh pwd«gﬂm aaaltable Bom &b Teclyavlogiesi h'm eamong
i nclude, wi'thout |imtation, organoxysil anes

oth&dit aj ni ng four organic groups bonded to.a silicon

atomthrough an oxygen atom and or gangxysi | oxanes o
[0038]i ng a Tée xlihlayaaceatingsiof the presgnt iyverdioaGomprise ay

sefbnd £RRr 8bBITES gVa0aRadt S pORAAYIng PuAEy SO UEFeih hé B8cond
rough "an oXygen atom
layiar wdeposhtedanrem aatrlea$t01nd llqmd edmndltmythahodampases‘ an
esgent{gl)ly complete?y hydrolyzed organosnlcate As used herein, the term -
“organasilicate” refers to a compound contammg organic groups bonded to a
silicon atom through an oxygen atom. Suitable organosilicates include, without
limitation, organoxysilanes containing four organic grc_)ups bonded to a silicon
atom through an oxygen atom and organoxysiloxanes having a siloxane main

chain ((Si-O),) constituted by silicon atoms.

[0036]  The organic groups bonded to the silicon atom through an oxygen
atom in the organosilicates are not limited and may include, for example, linear,
branched or cyclic alkyl groups. Specific examples of the organic groups that
may be bonded to the silicon atom through an oxygen atom in the

organosilicates include, without limitation, methyl, ethyl, n-propyl, i-propyl, n-
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branched or cyclic al kyl groups. Specific exanples of

the organic groups that may be bonded to the silicon
wa@t@asiigisdugh an oxygen atomin the organosi | i BEl/@S2005/018627

include, without limtation, nethyl, ethyl, n-propyl,

i -propyl, nbutyl, i-butyl, t-butyl, n-pentyl,

i -pentyl, neopentyl hexyl , octyl or the Ilke

ouf 35 S Uy, Roehy oot AERHZSe ﬁrptﬁg
. thdseadivderaups, Ctol G alk'yﬂ@’@hb}é'ar@ bftbh&,léedk eExaTrhples of other
anosilicate may contain nore different k| nds

sw&atﬂe PEgaNIe SFRURsHay[indyde aade&ylvlb papBthyl prihe e T
org(%ﬁ%%t;ﬁ&h@%y%ébgﬂg lt@{)‘?{r?ﬁg@h% %}/ Seq'fﬂ g(ﬁwéﬁr & organic groups.
1odr & - BRBBE SR ARl EE B SIGAR erd8oysianes are
tetﬁaeﬁétﬂoﬁml@hbmetﬁaétmsu|éﬁé retra=repispossslians, :

tetraphenoxy3| | ane, and di net hox%dl et hoxysi | ane. These
tetepigpproRPXYsHanestetgyn-hutarystiang, dasaisobuipxysiane detrasest

oot KRGS e ORISRl Voo °

dinssthdrydiethesysikaies of hedworganbsilibateganby vetusddadlone or in
hydrol ysis and, therefore, can readily produce SI | anol
co @%@ms@n qf gorydyosydapre thereef. IAMPRY thegs araanesiligates,

o Y e o Dl oA RIS, el Rnop 2 hioh

ee o
reantigiy tonisidralysisend, shereforpacan ceddilylprodese sﬂancd(groulpss
certain enbodi nents, the condensation degree |i-es

[ooaa&n nt Bpecmegﬁ)mmmtmg@@mblby of bmtémblavg\am@qfsoomﬁ@ are
(ORy,wherein x is 0to 1.2_and y is 4 °to

COWQW%%OEW@YQ W@?”Pﬁ)’@ﬂ@)‘eﬁs ije WGIQS?HO%HGSF%W the
I 039
 orgipHRlcRls A nth pdMcliar relictad N erkIE riidineRls, the
cosdérmation.dédghen lieb evithir theanaagehepresented by thafolleriirgghformula:
distribution, the factor x neans an.average
condensation degree. ComBiONGRY,epresented by the.
. above formul a wherein x=0, are organoxyS|Ianes as a

WhERARAAS 0 B2 CARPYUEdH tERIAPAREGHoOthE @ReYFis 4; and R is
formul a wherein 02x<2, are ol i goners correspondlng

an QUgarEn oS Sbl@haasn@dkb@u@ﬁfyﬂl al hydrolysis
condensati on. Al so, compounds
[0039] The factor or subscript x represents the condensatlon degree of the

siloxane. When the siloxane shows a molecular weight distribution, the factor x
means an average condensation degree. Compounds represehted by the above
formula wherein x=0, are organoxysilanes as a monomer, and compounds
represented by the above formula wherein 0<x<2, are oligomers corresponding
to condensates obtained by partial hydrolysis condensation. 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)y, may be determined by Si-NMR as described in
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represented by the above formul a wherein x=2,
corresponds to SiQ2 (silica). In certain enbodi nents,

wo b@samsidensat i on degree x of the organosili caPer/usmds/018627
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 m xture

r [ b
Wi L
byPeferancéNo. 6,599,976 at col. 5, lines 10 to 4 1

i ncorporated herein by reference. [0040] As mentl oned

[0G40]! i er, Asheentigeabaatietahe dpdahdslidatd \wf the A Toipdisition
from whi ch the second Iayer is deposited is

frogy wigh thel %ﬁc@ﬁﬁﬂﬁéﬁ"# 99ﬁ9§li€td irRapentiglly semplatelyihydrelyzed.
AsyfEell nGBHE Hhe B REBRLSI ComAiSIP A Rfivzed Qraapsilcate”

refersgaﬂamyatgnaluplsemin tHeeorgeganyagrcbupsa@fethercﬂganosmcate are
subst anti aII repl aced by sil anol oups .10 an extent
subsiaptiaherapiacad By siand greuasio mext%@ﬁmaté he maatggalds rendered

hyﬁﬁfﬁl% A%‘ﬁsé& h elﬁ‘yt%qgm\ l“?ﬁdroggﬂies s tﬁgﬂhﬁﬁférﬁh has

an affinity for water. t o assess
anhaffilmibplor watet. yOoé wayntetassiesk the hydrdpi?ﬂimliy@f Bheatamai &cto

mh Ie of Cg@ﬁgﬁ@%léﬁw\mtm ”efg g?&%ﬁ{e materlal In

certameémwalmém@ of mm&.@sbhpmvéhﬁah Vt’ﬂb%rﬁé&nﬁﬁpﬁm WRIERthe

i's deposited conprises a hydrol yzed organosilicate
second layen is depasitedrapmprisesex hydiolyzes evgaopsilicatedbat can form a

P ke STREF bR Baigtirgd Bofl Aok, S50 84 b, "

" enibvliméhts, hbirhofyaal 4531 6r, iR yePs By eenbdM@EWS, ko more than
as illustrated bel ow. where mand n are

ol
10po§i/1ts dralysisenay preduas & naBVoRsROlYMER as illusirated beiow:
enbodi ments of the present invention, the essentially

con‘pletelyth@H/ dorganoschatels bl?_;,;ta ially

free of - r s determ ned by FTI r ot her
sui tabl hn| qud20[ 0041 g ult,, in
certai n enbo mengﬁs o¢ fhe presént invent bn 6 H
mul ti-layer étlng exhibits an initial wdter cntact
angl e of no CHhan 20 or, in sone emhofhrents, no

nmore than 15; or, i‘myet ot her enbodi ments, no rtbre
than 10, prior to phot oexci tati on of any

wheReh9aad & el gosiReaiimbelsiid ARY% Memore than'n. In certain
embodiments of the present invention, the essentially completely hydrolyzed
organosilicate is substantially free of -OR groups as determined by FTIR or other

suitable analytical technique. .

- [0041] As a result, in c.ertain' embodiments of the present irivention, the
multi-layer coating ekhibits 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 Composition 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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present in the liquid conmposition fromwhich the

second |l ayer is deposited, as described bel ow. The
wowrisnisient act angl es reported herein are a neRSTIUS200$/018627

t heangl e between a tangent to the drop shape at the

contact point and the surface of the substrate as

nmeasur ed t hrough the drop and nmay be neasured by the

anqﬁ% Sll%i(t:\}é{?%ﬁ 'éﬁt%n@?ﬁf‘@ﬂtpg g@gk/g P&ﬂt Qﬁ@ MEsurface
of thgsupsirdteras iImdzmeiréd eroGgh g dfopcang«b ma;n’ee meawrect by the
eSS PR CTRE USNa o apiGP BHle AndicaiE msbagured by
Loriﬁiﬁ\ﬂ?hbf:écﬂf ‘Prflc W@gﬁ)pé& wWRthAG5ErtR8r SE%Hﬂﬁc Pgﬁlofﬁ’ét&aéﬁncs

. ront source so t at t
The Barfaes $o be nieaepuredns placed etwadwcmmmaiq)asdmrafacnamgpward in

T N K T R T Y e
froft’ (ﬁC{Hétthf@OchQ%aRﬁfeeﬁrbﬁ%goﬂﬁé’ste%sfé Eroplcar‘i B@rv‘?ev{/éd and

seen hart reflecting an FTIR analysis of dry f
thefaoniact efngjm'ranaslmred hydiegrpas |tmr©ughttbemmomste|r $elescope Wthh

s eﬁ@@ﬁ?%%ﬂfﬁ«%&k 5B 81518880 and ﬁte s os
50-1 100.
0odgha, Wﬁﬁém{f%ﬂa{? e I4 pen @ TRBIEHRRING 7y FTIR

andly$i8 o@fa drgﬁhglrfBHﬁéd fr‘bﬁ’r?é@cﬁa t@ﬁ"r@&rﬁm eftéridlO %saérg}[ﬁé'rent

gr oups, evi denced sence of any subs
sigpifigantpeakscals e@nMehMeb&rOWMmﬂwwayemmeamch is 920-

' 004 I Q. nbod h Lal |
950, G BecPyOr Rt YR o st & E9FERN b £ thastier
hatd® PR HppaPent thafthehilfistsuestrtiany fleayst-OR gidips, where R
milti-1a ayer coating of the present invention is

repegRits CadoiG: alkiyl greuasaas evideneed huitiw pbpencs okany substantial

pedh SRR o AT R a0, e 1
[°°2é$3ﬁi e Sy R o AT e S o

orgafByiitateAnakidedah thy eémlp}zsg.lnaa RIS AHIY tHE Qé&bﬁdqfayém the
organosi l.icate. It is believed that the addition” of

muliylelyernfoating sftheepreseniinventtiamisatepasitedds the prieglct of the

B4 B el Wi mfpl SlnghF oPLAEPIR NG BREnbE o

an BERMeYHrolygis Citalyen dERs AL RIS Aty 188 cohdlidted wilhaRaler present
in agr:r gr%%int considerably greater than the stoichiometric amount capable of
hydrolyiing organoxy groups of the organosilicate. It is believed that 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 conducted 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
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[0044] The hydrolysis of the organosilicate nmay be

conducted in the presence of one or nore acid
whgasalsiss s catal ysts. Specific exanpl es of suPCHUE®05/018627

catal ysts include, without limtation, inorganic

acids, such as hydrochloric acid, sulfuric acid,

nitric acid and phosphoric acid, ampng others; organic

as?é()i{eﬂé ackl HEAS RS I@Sblﬂ étol'i’l? u‘ﬁ'ﬁchf 244 Cxﬁ&’]éjsulfomc acid,

uenesul fonic acl aci d,

etleyllbqrhzlmresaliensmlefomlbenaombcu@qmthalmc acuddmabéibl’a@id dormic acid,
mal. ei c .acid, form c acid, Eﬁltrl c acid,

citgg apad apdioxalia agieh 291ang qthers: iadhall calelysiss sych 33&9%71
hyﬁ% OXIdSXé’é drBﬂB@S@élb‘imwwgérBﬁo%eanﬁﬁbﬁi’a“%]gfi organic

ia; and organi am ne co

anting anmmnmkils; orgampmiaﬂis compueinal calrkebel dlskoxmuxcmnpleunds'
han t he n03| l'i cates anot

t . g.
ot R R Ordalios ieata, By Sraanatin comimauPe: Gy B cibyty tin
1288 by P B ard AP i btate AR

onpounds, such as al um num’tri s(acetyl acet onat e
comp;nmhdansuﬁh@aemlhauem(aneéylacstpeaml albaioamet at e)

e S SR S5 Bl e VB ARAE e
anﬂ@ﬁ%@ﬁetbbbéfét@ﬁldrﬁhhﬁkdﬁdpﬁ Mhé‘!éeb?ﬁ‘cﬁﬁamhh{ &6thpgBunds,
bi s(but oxy) - bi s((acet I;él acet onat e) titani um

sutcétaﬁéliamgmt@traw aceiH @e@m@) HiegHimmiYOHIBYIdS, such

b's'ggc%tgrat%oxy Cz ac e?j ac e ﬁw‘ﬁbgﬁgtz ISEJ éérﬁﬁﬁ}cgmum

com;mmpdepsxm ad zsémahyﬂeaekrsmtﬂhcenmdam)r zipcoriom bis(butoxy)-
‘'t etra-n-but oxj de, and boron corypounds such as _bor.on

blq(ﬁfpetutaﬁamat ZKReNigB} {ISoRIEPEXY )chis@cetylagaionaig) a1 zirgonium
tet?ﬁ F\ttﬂitaxﬁgbﬁﬁdi PR cg’h@%uh{j L{ih%&%ﬂ tHI b éﬁ@h& Boric

e second layer o ayer coatings o
acjih, @s ¢t likewventi on i s deposi ted may al so conprise, in
addition to water, an-organic solvent, such as

[0848Johol s In ekptaipl erdbbdim?énts( ethe liquitr esrapbsition fiesh @hich the -
ket ones, ethers or the l'i Ke. These sol vents: may be

segardilayes REt hﬁ- muiti-layer eaatingst ofthpinresent igyention iswengsited may

aléﬁ?&?n&ﬁ?é N Hgé@g\l ncvyagtg?cérf b@ﬁﬁmbm fapcﬁlag%hégrﬁls glycol

deneaﬂnms;ohydmwsmis estgys Oketongs, ethew@ﬂhedike ﬁl‘ Haseasudlents
i sobut ano acet %eton al cohol or the Ii

mapbe pped BAOGN PEBI m'&@frﬁ\%ﬁ”\}’é‘é"otqdﬁore thereof.

[0046] Specific examples of alcohols that may be used include, WIthout
Iimitatién,, methanol, ethanol, n-pfopahol, isopropanol, n-butanol, isobutanol,
acetylacetone alcohol or the like. Specific examples of glycol derivatives that
may be used include, 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 monoethyl ether, ethylene 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 include, without
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may be used include, without limtation, ethylene

gl ycol, ethyl ene glycol nononethyl ether, ethylene
w@bkyosaisindnoet hyl et her, propyl ene glycol, propyl/@amos/018627

gl ycol nononet hyl ether, propylene glycol nonoethyl

et her, diethylene glycol nononethyl ether, diethylene

gl ycol nonoet hyl ether, ethylene glycol nononethyl ‘

Iimgt%{??ﬁ t?ét?zte%etqll‘?éﬁ}%' '){?f k&%ﬁen@oﬂ(’fé %cﬁitﬂérhke Specnflc

ate, propylene m)nomaf er acet at
exarmptad drestgﬁsythet rrmyrbwumd ineluds, vmheuahmltetlom haethykacetate

f I f hyd b t t
CHR BRES, PPV Padl BHE Bl BeY S¢PaaBe hne.
acSREESERG, ity EEAECa Siing K, SRR SferfifRIR e Rtones
“thatehdny be arsetl ane@yde abgtonac etathy, etbyld@d)nea,aeemyblsobutyj/ ketone,
tate t t at th t
ccdlYPo el aukliSoBeTRSniSs et 1R 5 Gussr nouce.
wuthB@t ifrﬁttsﬂﬁﬁ étﬁ}ﬁtetﬁ@ly bQ?I 'é&?éf hféil‘\é‘;@ﬁetﬁ@ﬁbp fé@noﬂﬁéthéhol

ket one, et hy but y[ ketone, acetyl acetone

dlamneh&lrahkt@traﬂy)@@mrao C&fﬂh@rﬂikes of ethers that may be

used include, without limtation, ethyl ether, butyl
[0GtTler, mMdierigisetiitable! for até mxjheehqlﬂd @bmpzﬁsdmse‘rom which the

sectnd Biet f b MalteHer fdtinds AThe SRasemrmALCrvis depRated and
. métREdS fRSrAndir brvdRIctish ér@ Qebtibéd irﬁMﬁfteG @@éﬂeggsatéﬁt Kipe

present invention is deposited and for their
6,99%9(& at ool. 3r inel&d to cokdOi hnehBt momca'aw Imearhby reference.
976 at ,col | ine

NofEBRBG e BipiRe PLronal PRI ehiS8 e il A essentaly

cofpiatBlyasydrdl Qmé‘no@lllcﬁt@/ aindabhieh e guitable fohase & the
essential ly conpletely hydrol yzed organosilicates, and

commositions drosm whid) e sﬁcqmgéaver @fﬁéedawﬁdqur @asings ofthe

#n‘fﬂ‘n}elﬁ?o é:BQg% e h |s 'q%dBﬂMdéHare &ﬁ\g{_’sblngﬁo Slicates,

resen I NV eposit

avmtblé%m MidubShi Gﬁém;ill(zmpemtmv a"bkytbl Japfanpend Shinsui Flow
M t subi_shi Chemi cal Corparation,, Tok Japan, and

MSsi{2R siliceteveiakisdonaifaipippen Shikize aEFPEy‘P’r@ﬂan

Dai ni ppon Shi ki zai, Tokyo, Japan. [0048] In certain
[0048]odi nen sertaineembediments. the dirderds preraradiin proligage

orRRSR A o el ] Pl ISR SRR e
mentiohedaizplier] 13 richctady Witle Deteoh the presehdeysiran ysidshydrolysis
catalyst, such as any of those mentioned earlier, wherein the water is present in
an amount that is less than the stoichiometric amount capable of hydrblyzing the
organoxy groups of the orgaﬁdxysilane. In certain embodimenté, the acid
hydrolysis catalyst comprises an organic acid. In certain embodimenté,, 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 hydrolysis polycondensation reaction product.

[0049] In certain embodiments, the first stage of the multi-stage binder

preparation process is conducted at conditions that limit the degree of
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catal yst, such as any of those nentioned earlier,

wherein the water is present in an anount that is |ess
w0 bas/118163 st oi chi onetri ¢ anount capabl e of hydpol/ygiongo18627

t he organoxy groups of the organoxysilane. In certain

enbodi nents, the acid hydrol ysis catal yst conprises an

organic acid. In certain enmbodinents, the water is

cortt e‘?%%'ﬂbn QJLI‘ E)cﬁgwgé dfo?rtneﬁt a5 é%éh iPofhg! Iﬁﬂ{&?ﬁg rb&ction.

anount r ol ercent

Sucit gandmwns roannﬁcloﬂe ttbe ega@@rmmhbamg théheactizsutotbérm by,
the first stage is a partijal

for sxpyHIRRASHE @ﬁo\"@a@@ngﬁlllﬁeégéé@te %fcﬁswbt}on of theracid patalyst,
an&/BPeshg§ n;t; thle¥irsf étégé hi/ ﬁggs@fin fﬁ@s%&téhhaﬁ%@@nﬁé FtS’re

repar process ted at conditions t ‘
cor’nphate abbende)gmfmwérgan@mmlvem of Si-OH groups forned
as aresult of the hydrolysis reaction. Such

[0050di t i oS aGRBohd GladRs thd pért%*h?@k@s@pﬁlyt@hdieri@tbh&eactlon
reaction exothermb for exa external coolin

progieist isdhenregniacied aits aiarae @mcmm o watsie offendn &ha ab%nce of
an 3 I%éd r@ ?é‘&%cb@gt.t Jf‘f(?e o cint BF Wepggéooirg/tﬁbsseben& Reage is
substanti‘al absence

or conplete absenc
coridenaibly gMéw(@y_t“corhélﬂé@bly gremter aa tnedretdieat theeesulting

solffon rantaliha ek TPR YA SPUANaRSR LUORELE SBPyE
capdblé bf hggﬁcﬁmgﬁﬁg %fr%é}g)@fgrgﬁﬁé( 8f Ho/Siganeydilanst - The

anount e second stage 1Is

v[00°5q si der gbl ¥ SHERLAHHMNentROY BiRHEPIsYHE SFbtde:Sy sfa'itlﬁgSW|tha
Pyt hbrLlt fi¥ :

nt th e resulting sol on cont'al hsS no
tettadatho @i sm oﬁ@dmeh aoch s thbsé cbimonercidlly svailabie fﬂ:HthSﬂblShl

Cheus . padtemeratasmtr MG Siigaie bE-2r MRS 515 ms-s6
an® MRE Sty I\ﬁﬁgﬁd J]Qré’&e‘rﬁ‘arﬁstﬁltddﬁe*m%lflﬂﬁﬁ Chemical Corp.).

ol rgomer, such as'those commercially aval
Suth tasnu:bjlgsimer@h eeactad \Ambwr\patemmdthe pr@enca@é aarmeganik@cid

-51 Si | C Sili
el baalvat Feietydh Kar S Balse LSRR SRIA) 0L AR CHaRCagivent
whERSR the w@#@ﬂsﬁﬂe@éhtgﬁ 'éﬁraméuﬁtetﬁ‘éf %dcdﬁsﬁdbrté@l?/@reét’ér thEh the

presence of organi c aci d hydrol ysis catalyst (suc
stoighjiometriccamoep n’eq;amim ot hmnomzmw grganoxy gsegpRmokthe

sl ve wherein the water is present in an amount
etliaﬂg}xyﬁﬁar&%n& derably greater -than the st oi chionmetric

[Ooqﬁ?unt C?r? gglltgmoefmggg Fnoeln tﬂg o a r eﬁnoou |ca%nc thtalg(las
present in the liquid composition from which the second layer of the multi-layer
coating is deposited ranges from 0.1 to 2 percent by weight calculated as SiOz 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 the liquid composition from which the
second layer is deposited 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 amount of the organosilicate present in the liquid composition
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cetral koxysil ane. [0052] In certain enbodinents, the
anount of organosilicate that is present in the liquid
wa@eowsassiss on from which the second | ayer of theCT/US2005/018627
mul ti-layer coating is deposited ranges fromO0.1 to 2
percent by weight calculated as SiQ2 in the
organosilicate, such as 0.2 to 0.90 percent by weight
f [
fro3fch b beorkieFer BPIB A U SEoGATRES dekRBted & 408 T fined
by the propsrties d%i@ﬂdolbequcdrp@mtpdsnm the dammsmmmh t he
second |l ayer is deposited can range between any
[0068]Tbi natihQeridfin bh@oﬁﬂﬁéht@dthéarmﬁﬁlaybﬁ@bm%ﬁoﬁhet 8sent
recited values. It will be understood ose skilled
invemntionheoraptise Apecond layasappliod waéabbgahamm@‘a@é’the first

iyt BRI P e Bon Pl i FERERIeH At A Tethl  fefiq 28RSt

cord;ﬁi@mgrbr(agiagmo&ds@talyﬂoﬁﬁéteﬂal dael(b)ed birddre in these |
i ncorporated. into the conposition. [0053] In certai
embegigranterihe birdrr ishyerophiliseand sRMPHgEes ap q%énaalés@mpletely

hyqré‘l\gf‘%ﬁ ng{;éerET%ké esu%nsa%cl%g? 'd"f’é(:%sé‘@v\kb‘ég %’seuﬁsé%} herein, the

rtion of t ereint
terrhdpieder"sef@pds ist @shtinuous matéﬂalsm vaiieh Ipagticles of the

tion conpri a,(a) a photocatal ytic
ph‘ﬁ%‘%%?ﬁé %%SB 'S8€8r . In these embodinents, the

bi nder is hydroph| lic and conprises an essenti al I

[0056]Tp| et dnyh ﬁ?@ emtgozi@aem’e‘gmﬁwqr@al@&er W%éteﬂﬁm a liquid

con% ﬁ% ﬁ&gc?t% i'c%afe'?%{l1 neé(ﬁ@ itioh '&Sjﬁ{e
ers 0 |nuo eri al 1 particles of
hydrdxmltuhbtmieat alsyused nerear, itlad teine“mm@nmtalg/dc nmateH4l réfers to a

the second | ayer posite
malehia fiat i BBABeSF LAk UPHQteXESﬁHﬁ e &ng Bisereien o gadighion,
sudﬁﬂésean@b.duét &%bve%dta@.o @Méfoeatw iccm%kéma?r.s a/?ﬁ?terlal
used herern, the term™p oto atalytic materi al
that, cwruemaxmseail totlight haging mm«ametrg}ollmmﬁmem«gygapdoetween

the ZRBRERESH BahdBndine AR oL IR S hatbl Frlres e¥teRlon of
elefPI®Y indthetvaddncabaitl R¥Prodate taocddcﬁiféhoﬁ %Yédiﬂ)rhérﬁ@ ﬁafavmgda

energy than the energi;mga bet ween the conduction b
holahehtriseor thepadichlan yalsncetiansk \istegrtain emheslinegeis; the on

)hogé%%a@ﬁfg gﬁé’%pg C?tﬁlﬂﬁr%%ds F@%@Fﬁgggt Sudll 89 Y o%qde, tin oxide,

. ferric oxide, dibismuth trioxide, tungsten trioxide, strontium titanate, titanium .

_ dioxide, or mixtures thereof.

[0055] In certain embodiments, at least a portion of the photocatalytic
material is present in the liquid composition from which the second layer is
deposifed in the form of particles having an average crystalline diameter of 1 to
100 nanometers, 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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hol e behind on the particul ar valence band. In certain

enbodi nents, the )hotocatalytic material conprises a
woreaoal11s183 de, such as zinc oxide, tin oxide, fRCT/US2005/018627

oxi de, dibismuth trioxide, tungsten trioxide,

strontiumtitanate, titaniumdioxide, or mxtures

thereof. [0055] In certain enbodi nents, at |east a

i Pr-€ in

PR Befted SO LA AT REIR! hBnhliRak, ' 1

enfthepiraéehs substtahﬁalfycalhmfochenﬁrdtocétamb avategabis preserige the
crystalline dianeter of to 100 nanoneters sucthch 3
com@os@mém&mfsth%ecw layer tdenosiad duthaiarm ofs

oo 2L S0 By AORSE RTINS Rt Tie bl o

pah@temmaywwdQGMmledtbmbaﬁmm@ eldoeontmrd:romidpe&)r transmission
i ncl usi ve of t reci te val ue Lﬁé) erst ood
elegiorRissRseans Ahtaoyal ghase ﬁitsu%eam 'be determined

byg(; ay&Héd@Bndéé‘m%‘B\ﬁlh R tholE JRilich ﬁ't afgy be Se' ect ed

upon thepro ertrres desire e |ncorporat ed

OO, 0P T SRRSO g o

exposrerntd, amd bb@omoﬁnm ifor enahp&m qua\nhlet U‘H\S’ge,camuoi vigible
i.s.deposited.in the form of such

' cl
raoh%mraglg\ eorAalRn &mtrqsﬂém&naﬁxéta%iahmm@@r i 6132%&&'% tigre present
coﬁ’l‘lﬁhgélrhgteﬂéls%apéfet bl’fét@éxé@bl@Bg%'é%%ﬂ?éjoﬁ}ﬁe%?ﬂéﬁ%lsms.

ron m croscope or transm sSion el ectro-mcroscope
Exanmgplehef majertadd tha’nalsay bé usedrasppart otthesliquig chmposition from

o) Rkt o o Sl o bl ¥
depB&ifdd, Andl WKiEh Re @h@f&%@él;\i.deén @RQGS@R&F{@W eaa@no@mblude
absorption of, for exanpl & traviolet ("U/), and

withpst Einisatienitimtaxide, 2imc oxideannd éhe benatte: snatase and rutlle forms

o FAPFT AL, P4 3 Raldb 1 LB Deg HBpARS) et

cofPOBRIOMEFETA W IicH theEg@émidelay@f omerhulea¥émmatn@s dighe
used.as part. of the Iiquid conposition fromwhich the

pressgd mvanaye aredeppgitediand whighrare photorptalytic tpen exposu re to
s SR VLI o ARASHOR ool i ranhmgice

tltammhaii@xkie chemiidadly, modified vialBamai pyeolysis df, tltamdrrt llmetal,
brookite, anatase and rutjle forns of titani
nitepaien; dRREdaRyINE SioxXidaranst plasma treated-ditanium @9 8s

art of the liquid
[005 In certain embodlments ‘the photocatalytic materlal is provided in

the form of a sol comprising particles of photocatalytic material dispersed in
water, such as a titania sol. Such sols are readily available in the marketprlace.
Examples of such materials, which are suitable for use as part of the liquid - |
composition from which the second layer of the multi-layer coatings of the
present invention is deposited, include, without limitation, S5-300A and S5-33B
available from Millenium Chemicals, STS-01, STS-02, and STS-21 available
from Ishihara Sangyo Corporation, and NTB-1, NTB-13 and NTB-200 available

from Showa Denko Corporation.
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conposition fromwhich the second | ayer of the

mul ti-layer coatings of the present invention are
walesdigiexl, and whi ch are photocatal yti c upon BXPUS208018627

to visible radiation include, wthout |imtation, the

brookite formof titanium oxide, titanium dioxide

chem caIIy nodi fied via flanme pyrol yS|s of. titanium

[00'39 glt A dn e umwgh{§ Ig%g};?{% gﬂc% ﬁ%‘f.‘er@él%ﬂ?esent in

thee‘nrhngnf ra:mls;omfip‘rsm@?maeaygé tltamuahe:muité paﬁuctﬁswn a euxture of
In_the for or a SO rsi art

brogkise dées Mithanatare BPPANIPE B E%sf‘i) HHagure pde Rattsles
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tetmnhtcmidleamdm aestenraeomhhmns;fsuch@sl |sd|a|ulghtd1;mdnd;ed States Patent

e TR R B GRAEi Fes, S1E5t i
whlcﬂcérié%ltamé fop ke nh e éFés%ﬂt m%hﬁ@ﬁ'ﬁn(ﬂu”&’e S\ﬁltﬁ&ﬁ llmltatlon

‘avai lable from M 11 eni um Chem cal's, STS 01 |,
NTBrtl agi NDB-1B/titianiatsals avaitahle fiioha S@omﬁyd@@pﬁmratlobn
and NTB-1 , NTB-13 and NTB-200 avail abl e from Showa
[0058fko Colrpecerédin @mijdiiibéhtd, mhephbajoatdyrmmahmals;ommeses

endeefi s St dise, BaariHam oL A b e

sl e i e

al. vigffigient S%tvotocgmnycajaWatm* Snliéing by abﬁ/‘hﬁmmaﬂymcﬂﬂ@d n-TiO,,

sopbERAILVSAFA 251 0 AP I SR s ol

‘ hel\é,"h BY réﬁerérﬁk?@frﬁl%gérﬁdo;b‘@i gtahiln d)@d@frﬁﬁﬁlﬁactﬁ@dsas)ﬂescnbed in
hi s thy pe which are suitable for use in the present
8

' Unm&w Patapt Aprlicatipn Hyhlicetian 2R0PEH BORTEAT Eﬁn@r example,

ol 2R, N I DA B ronc ancor

plaghei @é@t@altuamomr@:bgrdeads desmribeskin Witsd Stitey PatetitNed
titani um di oxi | es of _such materials include

6,306:34 aheali insAe fomid e ABawhiceds ycarpeiméed herein by
ref n%LayS' s as described by Khan et al., Efficient ‘
hotochenmi cal Water Splitting by a Chem cal ly Modified

odtolos) bEReT Rl i of B pAOGEARAAR materia

thalgist pmgng popediguid esmnpositsh dmmwmmmws@ﬁ)n@aayer of the multi- .
escribed in
layer coatmg 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 solids by weight being
based on the total solution weight of the composition. In these embodiments,
the amount of photocatalytic material that may be present 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 amount of photocatalytic material
present in the liquid composition from which the second layer of the multi-layer
coating is deposited is determined by the properties desired to be incorporated
into that layer.
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United States Patent Application Publication 2002/01
69076A1 at, for exanple, paragraphs [0152] to [0203],
wovkiosh18183 | ncor por at ed herein by reference andPOr/US2005/018627
plasma treated titani um di oxi de as described in United
St ates Patent No. 6,306,343 at col. 2, line 49 to col.
line 17, which |s i ncor porated herein by ref erence.

l"@@t bcar A Sl LABORRIITET, e s BIRNEE rifteddand the,

ess@tﬁiauyldanqﬂefdwhydvbimdtd?gaﬁwMeIag@reséntﬁdnmem:dmd
| ayer. coatln i s de 05|tedran 005t

coméwn gqm. CW%@@% laygeis Oﬁezogltg 13 agratig 05&%%9@5 to
§|H gﬁelﬁh %th?%ﬁ'{hoeﬁﬁ&ﬁgb b'gbs OVWSW ghf‘%r in.
SO osSli

ota utron weig t of € COo
yei mhtah eaﬂaoeiwhedts;rﬁrﬂ 6.6 Ibynweaghburhn thﬁsepémbodmtentw the ratio of

mat erl al e esent an range en anvy
the BhetoRaaR DRiaTEL L B SeanoshaRe CHT AN Raiwaen Ay
coftihdtRA huacitdd vathbb. NELYIEISHOREEHRY idise Rl bed
I N art that t earmunt of potocata yth mat eri al

ungersteod by mmmsklllemlrdthecarbﬂ‘at theratior mhn’iocatatWe material and
seco er of the

orgaetatS e GmRatio b e Netongdarers defefiRad by The

prd;ﬂé?ﬁé@ aesteditd bé %éd??érdtéﬂ’ fito 14G3Yer Buste éfs Qh@ refractlve index
di nrents, the ocatal ytic materi al

deétggréfﬁrtamo;vrrmepim whightpay B;ﬂh@@rrmngdwghﬁi wari:@r@ﬁéeé@ éhe
suBSER8 UndWhiefi th b ihdsBRER 1 bR RddRE, 0. 68, 095 ¢

0054 & =’ ) Beffyarmbogiierts 86 1§ ne”b corBRgRRpRaRRL Which e
se@or?d Q}y@r BY theehit-layeP cd oﬁm@qﬁeg@mﬁnﬁveﬁm i‘s&iéyfbsﬂéd

the photocatalytic material to the organosilicate can

comphiges lechindenthah gxibitd iantitstalic propenies, é¢6i.ttag bindaiean form a

an {3l BB ey bieSibale ClRRpstalic Unhgd #E WA BB
apphsvistedtnyl thbseé sRilbrin the andons gaNasidssess thd anﬁhtat;c
osition of the second Ia er i1s determ ned by the

capaggfarqﬂ eRagrrialiety Meagerg %I?O?Lb'@}c@t registipity, ot ﬂi@tma@y@i In
Ceégﬁ;rr'{}%rﬁs |Pr?er{ fﬁ%c&ha& dfqgg)égﬁﬁ:dneg) V\/lftqh'er and laver, o
cotdmses Pasrhamral trmlrcawffonh a dy fiterthatexhibits asurfackeesistivity of
frorrP 9 5x‘%89 to 1.5x10"? ohms/cm or, in other embodiments, no more than
1.0x10" ohms/cm?. The surface res:stlvmes reported herein can be determined
with an ACL Statitide Model 800 Megohmeter using elther (1) large extension
probes placed 5 millimeters apart at several locations on the sample, or (2) the
meter’'s onboard probes spaced 2% mches apart at several locations on the
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.qg. silica-treated alumina known as alpha aluminum oxide), silicon
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[0062] Ip certain enbodinments, the [iquid conposition
fromwhich the second | ayer of the nulti-layer coating
w@booshes1ps esent i nvention i s deposited conpri SEGT/EHS2005/018627

bi nder that exhibits anti-static properties, i.e., the
bi nder can forma dry filmthat has the ability to
di ssi pate eI ectrostatic charges. As will be
: t i [
oS SHAREE s UPRRo Al B Ryt o, Senifrganic

paﬂe@meyt foe exanfpibe;e)e ausbsthniallyycaldriddse sueh esisilica, for
“ certain _enbodinents, the binder of the cogROS|t|on

example; solioigal siliea- §e%m%te§a'§ TRaY Fevide enh %rrfamﬂdascratch

resﬁ}étéxfie.lc)?u%:ﬂ%%@% gﬁéﬁggem fav \?éi'ﬁgé ?%Hﬁ:tlé %izﬁﬁ)’raﬂblnfgrﬂﬂ'l sub-
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* usg gpalatianotie OPORNOrSRa 18 ST R00 Negohme er
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[0064]| i net &t §ee§@aﬁmm IS, aﬁuchdz%ﬁ@@ﬁ§omprt8ﬁén@@@ppcepamcles

1 ) n
thef helvBart AfordBe IO 8ATERING AR CRARF iéds 6P REm 1 to 5
mi¢roaspries ¢t incorparation mtoﬁhelhqmdobdnemmbn olmuithier eheosliments,
coat ] qu% havihgg%a second Iaﬁer havi ng such antj-sta
|

( i C
the,patictes; raay 67)2average peEide 648 giogom iy l?ﬁﬁhﬁf‘ 1OOQ
naROMReSs! §dh &4 ‘?%“V@'O‘W%ﬁd?ﬁ oRRS Yrdinl @¥Riin @mBd¥ments, 5 to 50

mul t'i -l ayer  coati ngs e present invention is
nademedérseprierdn incorpheatidmiotaithe liquid gamposisiant ilolseme f or

erfg RS, Mokt a2 B AR LRI SR R rom 5 0
500%¢ 9% 25515“0%&16@;5}*@&0 ifcaBRioRUAto theufjuid B@l“n‘bﬁsmon The
nitride, and boron carbide. Such |norﬂ_m|c particles

partiple sizemax eangechetveen ant eembiation o thrseswives inglusie of the
i lica for exanple, colloidal silica. Such materials
re"ﬁf:%? ‘%ﬂ?‘é‘?ﬁf de enhanced mar and scratch resistance. Such.
ticles can .have av icle size ran
1061 <unih E6 BN &rRodmiests. 18 st pih Bedtesship Mg auid
coﬁf@o@]ti@h%&ﬁh JARENtHe SedtfNalBeorhe rHeie- IQW ¢(§eﬁfn'g% debosited

the conposition and the deSired effect.
in aremount can@ag from sp te deh pprsant @Néﬂelgbfrr@f freen n1ot0g*aﬁ|welght

e, & i thT e ey Péfe BaBRl bh tpR e e P,
colmpRgition! AtreoAmbohPoft peitied Pres@stmp ¢ise Hidein.- cdrﬁpdglﬂ’tﬁf can

enbodi nent s,
range between any combination of these values inclusive of the recrced values.

[0066] - In certain embodiments, the liquid composition from which the
second layer of the multi-layer coating is deposited also compris'es an
antimicrobial enhancing material, such as, for example, metals; such ae silver,
copper, gold, zinc, a compound thereof, or a mixture thereof; quaternary
ammonium compounds, such as benzalkonium chlorides, dialkyldimethyl-
ammonium chlorides, cetyltrimethyl-ammonium bromide, cetylpyridinium
chloride, and 3-(trimethoxysilyl)-propyldimethyl-octadecyl-ammonium chloride;

phenolics, such as 2-benzyl-4-chlorophenol, o-phenylphenol, sodium o-
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the particles may have an average particle size

ranging from1l to | ess than 1000 nanoneters, such as 1
wo eooidB1nENONMEt €rs, or, in certain enbodi nent SPCHUS®OS018627

nanonmeters, prior to incorporation into the liquid

conposi tion. In sone enbodi nents, inorganic particles

have an average particle size ranging from5 to 50, or

a 1 {
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[0067] The liquid composition from which the second layer is deposited
may, in certain embodiments, include a quantity of antimicrobial agent sufficient
to exhibit an efficacy against microbes and particularly various species of fungi.
More specifically, in certain embodiments, the second layer of the multi-layer
coatihgs 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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1.0cpercantisy w@gmnbr tiry otifer @mbodicktd, @.1 &g Or8 peretht by aeight
to inhjibit mcr%blal growt h onasubtratet ted in
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en%gtg%rﬁn@ﬁ%?ﬁweaflquﬁg Iggpncpogﬁlomftrom Wathh e sclacorPJ ‘;’/gp E)f the multi-
layer coatings of the present invention is deposited may comprise a coupling
ageht, ‘which may, for example, improve the adhesion of the second layer to the
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 that is

present in the liquid composition from which the second layer of the multi-layer
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conmposition fromwhich the second | ayer is deposited
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0.1 to 0.5 percent by weight based on the total weight
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[0072] In certain embodirhents, the liquid compositioh from which the
second layer of the muiti-layer coating is applied also comprises a cleaning
composition. Suitable cleaning compositions includes those materials that
comprise a surfactant, a solvent sysfem, water, and a pH adjusting agent, such
as acetic acid or ammonia. A suitable cleaning composition 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

isopropanol, and a moderately high boiling solvent, such as a.C4 to C;; alkyleﬁe
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percent by wei ght based on the total weight of the
conposition, in these enbodi nents, the anount of
wa@omplisigs agent that may be present in the |i geeTUS2005/018627
conmposition can range between any conbi nati on of the
recited val ues, inclusive of the recited val ues. A
[0070] In certain enbodinents, the liquid conposition
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ph@to@é?a-lﬁ%lrnaferi‘éw 38, line 46 to col. 40, line 39,
whi ch "are both incorporated herein by reference.
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leasf 2} "R ReToerd 8 gu sbath Canps ah gt omenh pbreia Win
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tot wel ght “of solids in the Conposition. In these

[O(ﬁﬁg"d' e [ fosirkd eth@{lﬁﬁlﬂif c%ngﬁnBﬁ‘?Forﬁ%HM? tr?eg§éﬁor¥dh|§§/er of the

be present. conposition can ra
mulibtayee coatingscafithe rpxe sent mﬁenﬂw lseiapbededfabumpnse other

op APt et A G Peo SRYP Bl e EERl i
second | ayer. of the multi-layer coating is app
[00153 conﬁ%ﬁé‘@ﬁ'dac%mé%ﬂt'% frephpbigh ¢ytain. whwﬁwnts of the

se@or@apasoﬁm@nﬂgmt@g%}fgdégﬁqggmh% BRseiiRlRIHiBhSs Haggsiged,can

rrse a surrtac system water
" be pthdalby atvanigtyaglemiethadse Hnaeriaire tases dhel commmtmm! ia prépared

by B BG4 BaRURTRBIIIS MRS e b6 ) SSoFBLaly sompletely
ﬁy&bﬁ&%r&gér"?@l‘i}%t&,‘ Wherein the pH of the hydrophilic material is no more
‘han 3.5; (ii) providing a sol or paste comprising a photocatalytic material
diépersed in a diluent, wherein the pH of the sol is no more than 3.5; and (iii)
mixing the hydrophilic material provided in (i) with the sol or paste provided in (ii)
to disperse the photocatalytic material in thé hydrophilic material. It has been
found that liquid compositions made by this method can be stable for over 12

- months with little or no agglomeration or precipitation. The pH values reported
herein can be determined using an ACCUMET pH meter commercially available
from Fisher Scientific.

[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 hydro‘phili'c material comprising an essentially completely
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conprising a solvent systemconprising a | ow boiling

sol vent, such as isopropanol, and a noderately high
whoiosiimggexsol vent, such as a.G to C4 al kyl enegh@rok2005/018627

al kyl ether having a total of 3 to 8 carbon atons.

Sui table commercially avail abl e cl eani ng conpositions
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[0079] In certain cases, the liquid composition from which the second
layer of the multi-layer coating is deposited is produced by providing a sol or
paste comprisihg a photocatalytic material dispersed in a diluent, wherein the pH
of the sol or paste is no more than 3.5 or, in some cases, from 1.3 to 3.5 or, in”
yet other cases 3.0 to 3.5. In certain embodiments, the pH of the soi or paste is
substantially fhe same as that of the hydrophilic 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 édding
acid to the sol or paste untif the. pH of the sof or paste is no more than 3.5 or, in
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fromFisher Scientific. [0076] In certain cases, the

liquid conposition fromwhich the second | ayer of the
woositigieyer coatings of the present inventi onPCEUS2005/018627

deposited is produced by providing a hydrophilic
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the mixing results in a dispersion of the photocatalytic material in the hydrophilic
material. As a result, certain embodiments of the present inventioh are directed
to multi—layer coatings, Wherein the second layer is deposited from a liquid
composition having a pH of no more than 3.5, such as 1.3 to 3.5, or, in some
cases, 3.0 to 3.5. |

[0082] In other cases, the liquid composition from which the second layer
of the multi-layer 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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of the sol or paste is no nore than 3.5 or, in sone

cases, from1l.3 to 3.5 or, in yet other cases 3.0 to
w@2®5/11816xert ai n enbodi ments, the pH of the soPCDUS2005/018627

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 sol
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potassium hydroxide and lithium hydroxide; ammonium hydroxide; quaternary
ammonium hydroxides, such as tetraethyl ammonium hydroxide and tetraethanol
ammonium hydmxide; ammonia; ami'nes such as, triethylamine and 3-

| (diethylamino)-propan-1-ol; tertiary sulfonium hydroxides, such as trimethyl
sulfonium hydroxide and triethyllsulfonium hydroxide; quaternary phosphorﬁum
hydroxidés such as, tetramethyl phosphonium hydroxide and tetraethyl
phosphonium hydroxide; organosilanolates, such as tripotassium y-
aminopropylsilantriolate, tripotassium N-(8-aminoethyl)- y-

aminopropylsilantriolate, dipotassium dimethylsilandiolate, potassium
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to multi-layer coatings, wherein the second | ayer is

deposited froma |liquid conposition having a pH of no
wones/1id1en 3.5, such as 1.3 to 3.5, or, in SONBCT/ESES5/018627

3.0 to 3.5. [0082] In other cases, the liquid

conposition fromwhich the second | ayer of the

mul ti-layer coatings of the present invention is

| trirfleRgRiisfdtale b%.féi?grﬁgth%rﬁmbnwn@&irﬁéﬁgpsaaha@m@hibiki c

conprising an’essent al

tetrtapdin;ddatyuz@mnghm&thylsumtdmlamandltetrabmylammmum
hi | t I 7.0.t '

i Gy ngele: Sontisn Hselele <ol Sidee S instichipabppate; and
m,ﬁgf&rfh@}e&l spersed in adiluent, wherein the pH of the
or pastelsfrom70t085 and (iii) mxing the

[odé{" oPhi 14 E%H?ihecfdsggi ﬂ)ﬂreﬁ\ﬁ'ug)egoh ogftl)) rﬁvs% ocaﬁgﬁl ; ond

paste provided in | Sperse oh

Iaywbém@ﬂnulthlaybecﬂamgawﬁ thé @rﬁ@érﬁpm%nt&rﬁ@&ﬁbobmd is prepared

certajin cases, the conpositions from which the second

by Pﬂ?/‘@‘?'nSfa $PlOnRASS I'T%WQF“Q{ Wl%@%o@fsa 'Cﬂpégeéﬁf Slsper sed in
il

a JILAEWRBCITETAPSE [RfLo or pa8ie BTfom ) FIE B &l s 7.0 to 8.0

or, G Sphnet empodymmswem bﬁgarﬁo&l In cexttain emlecndamentshéh@ HH of the

solgar Bt (Y Susganal; HE sams s iat o1 e hydraghie mateHal"in
ceﬁ@ihte?hlﬂodim&ﬂé NRithsa sél%%a?sté‘%&@ﬁéd lg¥ firet 9Fd\ﬁdi|n?%uch a sol

obt ai ned by f iTst providing an essenti

or pgsteotyersin thegal dberedt i lesaiansthe dmrqﬂ-pfdfandrrgen adding an

eSB! oG R o Boolor P b Aot 1A 788 flon as

7.0 e8.phbroin édrﬁemaéé@mbni Vtstmaeerl al is from7.0 to 8.5,
such as 7.0 to 8.0 or, in sone cases, 7.5 to 8.0.

[0dg¥§84] | Ba@@éttﬁémaybedadaé@tté tné fs@l Bb/?éé?@hidmgfnsmg the

materi al may [uted with a | uen such as water .
ph@ﬁocatalsdngmﬂteﬂa @cp aémst thﬁemidrtbemé inchdie thmnofgar‘méabd%amc

ba BRI A B Ao il et i, thE base that is
add&d tRtHeosoldr gddite BQﬂ‘npfrlBin?&he [HoESdatdtie Mmdabaaltis @Hie §ame
be added to the c material to adjust the pH

base Eradds aﬂﬂ@dlﬁ@l@“%ﬁVWO@h@Qﬁn@eﬂabes and i norganic
bases. Specific exanpl es of bases which may be used to
[00&8]se t hdhpHiquid coraphgitionpfiom whinkt eiseicond layer of the multi-

layer coatings of the present invention is deposited can be made by mixing the
hydrophilic material as described above with the sol or paste provided as
described above to disperse the photocatalytic material in the hydrophilic
material. The mixing 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 6f the photocatalytic material in the hydrophilic
material. As a result, certain embodiments of the present ihvention are directed
to multi-layer coatings, wherein the second layer is deposited from a liquid
composition having a pH of 7.0 to 8.5, such as 7.0 to 8.0, or, in some cases, 7.5
to 8.0.
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include, without Iimtation, alkali netal hydroxides,
such as sodi um hydroxi de, potassi um hydroxi de and
wo 2aolitsehydr oxi de; anmoni um hydr oxi de; quat er PET/YS2005/018627
amoni um hydr oxi des, such as tetraethyl anmmonjurn
hydr oxi de and tetraethanol ammoni um hydroxi de;
anmoni a; am nes such as, triethylam ne and 3-

[Ofﬁgﬂft hyl R'é‘fé?ﬂ)\gdeﬁf‘Flgsob an}defar ttréfé’ ls%éeLo@'r 3 Sthematic, cross-

oxi des h as tri oni um e and
sectional kigw e enlaugedhydalemfabertaqualmodamgnuslmsm saceomd layer

of DA AR E e LT B SR8 ) L DU St
an@n%ﬂ?l%‘eh?ﬁf’é %b@énd A3 ﬁﬁhlﬁggé‘lsééé{mg of the present

yam nopr opyl si l'antri ol ate, tripotassi
invin{ior,-respecibtety: | As lgappammt &pm ElgsaﬂtandnB,anec;ertam

enioR T sttt By PLAERerauRier caatings afhe piRsentm

mv‘éhﬂ@ﬁ BVé ééF@ﬁﬂé&fréﬁﬁa lighiatnhFsSition AReRilh lﬂﬁé > photocatalytic
di net.h andi ol ate, and tetraethyl anmoni u

materiatis Hgspgrseﬁhtbirgtu@hmgdhe bl M‘@t kindeon dlindhese |emimd+;ments

theag&%gﬂd%xgﬂ éﬁhg?ﬂgﬁﬁmﬁpd c%gﬁ[?n%# f)ﬁﬁqtqfé?gagﬁtﬁ]t W@tenal in

thesemnaf ranpesized phbtooatdiyiic b@ﬂf elesCt®tin mﬁés@baﬁlbalar examples,
present invention is deposited is prepared b

th%PWP'@ﬁﬁ‘g’W& @bﬁv@fﬁ%é—‘é’f’@aﬂ'ﬁﬁtd'%ﬁtﬁﬁ NEeRoge than 20 nanometers),

ERCH BlrRlet el ety URpefsexffaihd e Byt binger,20. in
pastnurar,ass §’h®wnm gid) Hrthe partictese1 @awdonmg@oméraied 7, éS all or
o3 FOF WeLRRTGElsm s AN PR UBLRAL Y-8 hisTgted B the binder
rathe\.‘ld’lh%ﬁrﬁélh cHﬁib@ﬁ%di{o eé@ gf?\"eg a\/\‘fhl%rW&%é(]ﬁﬂ'ilﬁnteﬁLtﬁha@ heory,

or paselsotaln irst provi gsuc
it mbelpmaddhah é)ryecmnttdilmgaihetpﬁnétﬁe hwrbebﬂlctrhaﬁenahend the sol or

d dd | kal t
padgor oyt AV e (T Srle PR toDEE s ManFosin heprotpgtayti
pafiéfds ¢ He Ovéll(tl@pé)rséﬂ in ke ﬁ%pﬁﬂié?ﬁaﬁeﬁﬁmsﬂcﬁ th& 8. 0.
[0087] Bases that nmay be added to the sol or paste

agglomsraiomis prewepiest yductnraauits inatliguicatompositipn of law girbidity.

Thg%;,| é ttgg‘\f %’E\%ﬁdgﬁgn%@,@ﬁ@g@ %% ‘fnv%ﬁﬁj‘eg ﬁ'%n%ecco%%slgyer of the

mlﬁtﬂhﬁy@r aealing ist depdyited fidiata liduided/pobhionTeavid loW turbidity.

paste conprl sing the photocatal ytic material 1s the
- [o0DUTE One advantage of the liquid compositions from which the second

‘ layer of the multi-layer cdatings of the present invention is deposited, and/or the
methods of their production, is that they may form stable one-package liquid
compositions. Therefore, in certain embodiments, the second layer of the multi-
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 composition

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 comprise at least
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base that is added to the hydrophilic material. [0088]
The I'iquid conpositions fromwhich the second | ayer of

wo b@smdiss | ayer coatings of the present invenPCDUS2085/018627
deposi ted can be nmade by m xing the hydrophilic
mat eri al as descri bed above with the sol or paste
provi ded as descri bed above to dlsperse t he

RGOS T 1 o B0 D BB ore nc

hyarophitiplbisderd. by addwooosma‘nbne@ckquudwgompokmoqu bave a shelf-
. K th f skil th t, . t

e ghatipt uiprds: S aed perinohedpr e s (i ine

amBhebf fihe! tﬁat\ygén Wﬁt@@'c%?n‘?p&?érﬁé a8 cofibiried Sy Efngle

certalin enbodinments o resent invention are
comianmta@d the ammrencapéprmmmtatlogsqr aguboraerationdossecextent that

i) PSS R S BRIV SR
Iongéﬁﬁﬁm 4 1w haz8 fifm| Q@%@i‘taﬁeérﬂbbtlﬁﬂerﬁ@V‘thtecbrFé f5ck Rqwad

there is seen (i) a schematic crosssectional view
compoasitioas hargecshatfdife obat east 3imoethsati imesartainbthere

emPRGRcht ﬁ¥ﬁ§ﬁ§t??ﬂm‘f%§ rﬁfc?*ééqu%ﬁ SePiatipart fa et

o e St SR e BB i i ForiiPlch e
seédrféf‘lb?éﬂéf th% rﬁﬂl@i I§yer‘ SbARgE e Mrﬂﬁ%tloh he d8B6SIEH has

Iayero the multi=la rcoatlnso tepresent
a tunidityt ofae enoge thaioe0e B U porin @omeqcmstea; m’ptmre itlean 400 NTU

BRI R RIS S ABhE, ¥ e £ 36 cases, 12
Mot AT e Rirbidity Nl sRCiparicd)riredf cdmbe detdrininéy BY a

coating c rises a photocatalytic material in the
Turbiglimeder, M&%@&Eﬂ OQE)@nwmfaq:tyt‘e%bw&hab@né\éamefa(ctuﬁmg Inc, H.
F. 3Gsimdis Di \ﬁ%ﬁbﬁlusﬁgfgggﬁé%le EDSeR2bE b8 G5 &%@t%y 91 mmin

average crys er no nore tha

lengtinwitk tzeflat)botiom.c Moresvergiretérvaih 3emhmd|mremsq thl spesisthyer of
t hr oughout t he ha/ lg;o philic¢ binder 20. parti cul ar,

theQuEHEAT ?9@%9@ f3he prRsqsk inventien gedpw Haze. AS used herein,

‘Iowmzégﬁéyﬁ%rtﬁéfame ﬂlmenas Q'h'ag@ fof ?\%?ﬁbye fHan @B h?h? IQaze
particles are encapsul ated by, and separated b

ralbes deportext hereirt bam bbalatgrnoiost iwitkda hazeandzteqts}mh ashi | e

Haggbarh Pl g Rbedthe %I'@lﬂs‘?ﬁ{m atmiqsﬁiggﬂ*ﬁe&gafp%ﬂds'lver

spfiRg, mal or

| [0093] The present invention is also directed to methods of applying a
multi-layer coating to a substrate comprising 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 which a second layer is
deposited, wherein the composition of fhe second layer is hydrophilic and
comprises an essentially completely hydrolyzed organosilicate; and (3) curing

the second layer.
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paste of photocatalytic material, prior to their

conbi nation, the photocatal ytic particles can be well
wale@pargexl i n the hydrophilic material, such tPer/US2005/018627

aggl oneration is prevented, which results in a liquid

conposition of low turbidity. Thus, in certain

enbodi nents of the present invention, the second | ayer

th I '
o0gl L TR R e BTG ST AL
netabrk Aed the| upmpoemposfrdm oviich soch atayér is Idepsemdwmaydger
sofec B To T ) o S e R e s AT sor
as, fSr & khgér odctﬂpn}oﬁlt(%%{ti‘ﬁ OB i ks?grgcéétﬁi@ How coatlng,

conposu i on srefore, in gert di ment's,
brushingnend ayipingoandng othéts. Agrappicationgsush a h@mpoeﬂ;lentmay
i nvention is ep ited

be L dran e, feuireesifan foRLRli e hlenot the myt-

Iayéroéﬁé%ﬁfgtlb%poéﬁé@ hfayt S applisthidithecsitRtatd 88 avdtRitRinof solids
he coffponents conpr|5|ng the liquid conposition are

in amtammoptlatyew{@enu aueh 85 wgiter, @orrrarnisrsolyeydoar a migture

oS BBVl BeT PR P38 bnf e BAHRER 0 fEhRiting
to dléRfedtemperiuiay) sneREIgTe tat130e8Sbt Mo deripunent s,
i ncluding the preV|oust di scussed photocatal ytic

00§§]eer i al Fh fBde W&h@@@ bf tHe &'e%@ﬁf ﬁwehﬁ‘or@c’lﬁé‘llhﬁiﬂl ccﬁh‘ﬁ&ltlon
-pack liquid conpositions have a shel

fromemlch thersaconrd layer issdepasitedimay bﬁeanpéusdwto éfrrﬁesm b$trart@ by any

of iRl 4588 4R EBHhe Benh B BB B Inbrlonep e
f
10088F ore ¢ icthepn nettiBs aFtre Biese b YaRNYS: the SRopit Rveris
curéHChe t Bﬁédtéwerqm%?ﬂnbu %t&% fiat lRRgeThbagamat b@MVg bound
aze il I'n certain enbodi ments, ‘the one-pack | id
by anyrﬂmry; ibissbelveddhath apen Icure ssime of thessitansl qrsmpﬁ@f the

ess%ﬁtiailﬂcg&%e%g& éﬁ.&ﬂeﬁ?‘g ment ﬁgﬂaﬁgéecf‘ %%g%t -:(]T'S-ti‘?bonds

arecrahhéu wmm B&mbositibhe It it Helidve® R shé bastehteBf e
the second layer of the nulti-Iayer coatlngs of the

groppe sshante fee dutability of tssecand Iﬁagr & thermvi§ilayergroatings of

neyiteSoRd B orae @%@ﬁﬁ%&%ﬁ%ﬁb P "3 Tontns, 6
[005951t hs, The Iiiqunds composatson from Wthh the second Iayer of the multi-
layer coatings of the present invention is deposited may be self—curmg', suchthat -
the composition may cure without the aid of any cure catalyst. Moreover, the:
liquid composit-ion 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 composition df the second
layer may be accomplished by allowing the composition to stand in air, i.e., 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 hours to achieve long-term durability. Such liquid
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nonths. The turbidity values reported herein can be

determ ned by a Turbidi neter, Mydel DRT-100D,
worovafissaszr ed by Shaban Manufacturing I nc, H PCT/US2005/018627

Instrunments Division using a sanple cuvette of 28 nm

dianeter by 9 1 nmin length with a flat bottom

Moreover, in certain enbodi nents, the second | ayer of

| r
collht M 4ARLRY Ry g TR TN 'S
ceftainrarhiadiments of thie m@santr iavehtion, dha Becane ldyer és ouleddsy

xaRG 130 21 BE aartii e 60 (B KES S3 IR rjoci00°C for

at e%@f"s Ragbhdg Scientific Conpany, Silver Spring, M.
93] The present invention is also direct ed to

hods | ‘
TR T e
PolyIriEsicy aeranaict Cmmreteaﬁemmf@%s:'vm@o@mapmr gramital subsieates,

comppats gjerals ot P ORsomateste e RO ke adRubsTates. In
cehéi)ﬁ‘jfarh lgﬁ&%bﬁEﬁent‘é’”ﬁ{eerh[]ItltlB9eF8<5ﬁ%91§stdeHe Bteddif invention

second ayer 1S rop I11c and conprises an
areegpplied tala pobrmquoestdisyraltwdkncmd evnlaedinsinkd, sath;polymderic

t he . I 94 t hods, .
sufsitatbs iy rorBres B RRRIT G GRiraGSPRE Sl Tl
suéids id@iselera s UniedfStamsbateht Nec B2, 2¥EEt £4. 6, line 66 to

deposited may be applied to the substrat e by any of

cok Relinas %d&hleé%l incereeratechhetelit Ry seieggnesy cli eastain or
orfPER . SR PoRRr e Sesialtn R0 Gpri ARLBRentae

matédiw suchhés fHdlSDl@bédﬂﬂi Upited StatesaPatenpNsl 6i0d2, 7687 abeol. 8,
t he conposition from which the

ured. For. exa
lm@ 3P40 cphylds lige 1 nghé’hl'ﬁh 'ts.mtpcapefate%a@r@fa hysrefRepBe® ed
may be agplled to the substrate as a sol ution of
[00.%5 i ds i pPefifiasyeomespbadiclasamon which the rmdtléayerawatmgs of

toe RS En G eyt AnPhett Mofde MRl b MBS ST

wirtls@icid € dn tRIPR0bIeY aBcraftudatarsrdiOand tHeKE; |fﬁdliorlaﬁdoodt@oor
hours. [0095] In these nethods of the present

mifreRse IANSE, eYGPQiaWQ:ﬁJ%OTb@ﬁﬁBB%'|"i!ﬁ¢ﬂfm6'h§3mﬁrcéﬁ0tt\4¢espmts
go@@%gnﬂa%ﬁé/ q{elﬁ]%t dRRRRA: LR s Yl or #3REh $80d Bishiy containers;

stra
glass covers; bu:ldmgs wal|s building roofs; exterior tiles on buildings; building

stone; painted steel plates; aluminum panels; window sashes; screen doors;
gate doors; suﬁ parlors; handrails; greenhouses; traffic signs‘; transpérent
soundproof walls; signboards; billboards; guardrails; road reflectors; decorative
panels; solar cells; painted surfaces on automobiles, watercraft, aircréft, and the
I'ike; painted surfaces on lamps, fixtures, and other articles; air handling systems
and purifiers; kitchen and bathroom interior furnishings and appliances; ceramic
tiles; air filtration units; store showcases; computer diSpIays; air conditioner heat
exchangers; high-voltage cables; exterior and interior members of buildings;
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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of the nmethods used in coating technol ogy such as
those nentioned earlier. [0096] In these nethods of
wo b@sprssent invention, the second |ayer is CUPETIS2005/018627
i.e., dried, after it is applied onto the first |ayer.
Though not being bound by any theory, it is believed
t hat, upon cure, sone of the sil anol groups of the
batﬁgﬁqulcﬁg B%%E#Tﬁbﬁé s are @ég ﬁefé;ﬁiﬁtaﬂﬂeéleﬁﬁ&q@%@ﬁﬂﬁéﬁt
sucloapoomiputer.disglays bel i eved that the presence of these
groups enhance the durability of the second |ayer in

[0100% nul tindeisn etfidiments) thd Bquitepenositivrefidmowhichthe
described in nore detail below [0097] The li qui.d

seeqmldawt 9 dhefmwmlmr&oaﬂnesaé%am inV@f‘t'PﬂéS Agpesited can
havéé Sery R %&%Ss Antbhe a@hﬁ?ﬁrﬂ{a@ Py bR Bﬁugﬁﬂméfigorlgs

curing, e conposi'tl o
basmid battie tdiel weidhbbf theycampesitiert.aCpaseqidntioeach atlhwid
qui.d conposition from whi chgﬁ?e se ond Ia er of rtt e
corﬁgpw'on&fﬂ@ ecdalied ptaxtremeely sethfim i & particular,

| {hedL rizRyY emfb%lrﬁéﬁtgmf eil&e BReddht %ﬂ/eg\?loﬁ “TP\'eq

npratures I'n ot her wor curing thellﬂia‘wd
cornpogpition tis applafd oie =t deastch ptaujnen afdiye Gest éayeawrip ke foroh dfa thin

firg i NS by ai e HERDe% Bf parnoiedaa Ahariaroge B 2"

mld?bﬁﬁ#é‘ﬁ;é bFWﬁ'%bh@embBGﬁéﬂ'é' 40 ¢9ADOFidnbfibtes @D OV
exposing it to air for to 3 hours at 25C to achieve

micropratersirioyet ptharteynmcump@tmﬁﬁm presertinesatian 2§-todiin

vl (5 O SRS BB B 8 3 5988 e

mutitReer BBALIRgPHf thegres@stdnventidreat suh, Iowl“fﬁmsthmkhésé agfbe
is cured by exposing it to air for 3 to 5 mnutes and

partigblerlyadvantrgeons in Prexidiggrn epticaddye filrp without sgsessarily
ma%&ﬁﬁ@ B rd990 A %te' cdng;%(c?glt d&fﬁ; fh%? of ﬂ‘fe ﬁr@?layer

I nvention

am c, ,concrete, cenent e
fEIA" supSTPaRETe GRTEUsy. idy B fomfhicn e
se&SritFlay8PbEtheadh6lti-lapé custitigsRFithé peesa? sivention is Heposited is
certain particul ar” enbodi ments, the multi-| ayer ‘

initiedlythysgephilic, that ipr epemapplication; and arier B:pgmlt@émﬂ@f@ny
Dhgtg)Pé@{%ﬁhgﬂﬁéi[ I‘pgtpgres%]@ .ﬁ‘%ﬁé %bfh %@H%W ﬁ?gé t?:reg(?]ri&ghr YSTy the
se€indliyeE 8khikits ba i/ tbdfvat@fr eﬂ‘hw xnltlal hydrophilicity can be
illustrated by 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 hthan
10°. Upon excitation of the photocatalytic rhaterial, if ahy,‘the second layer 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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such as is disclosed in United States Patent No.

6,042,737 at col. 6, line 66 to col. 8, |ines 34,
wovkiosh18183 | ncor por at ed herein by reference. | nPCEUSBNH018627

enbodi nents, such polyneric substrates may conprise a

phot ochrom c material, such as is disclosed in United

States Patent No. 6, 042 737 at col. 8, line 35 to co

fi 0 En el BB P ShLf . For pame
mamlatshthd’l@rmphbtodxauef upgatexplgsgm‘ tat \hetrl])w kghensuch as the
i nvention ied inclu Wi t hout
bropRiGHE? Ol MR SHRe P ANPL RE BT ek r erkpn doped tRAhium
dio eﬁﬂy"’ﬁé ei‘?@séd“t% éﬁ%ﬁsﬁéé;‘ﬂ%rﬁ{ | ca?e HEGHR aﬁ}lrré@'%ﬁon of a

enses,” eyegl asses or ot I nstru
wamlengkbt ofvat leasir4(d) nprymheters. rrﬁ)smthe dthenkand thelahatase and

roulh E3e o s o oS5 Ao o B BrofbesStea oy
exﬁds‘u?é lﬁf‘ré?ﬂéﬂncm agéwawlén@w af ﬁats@ﬂﬁan BR7 HABNBA], 413

p at es; al um num pane ;WM ndow sash es, Screen dOOI‘S
nargnneteaj@,o%% nanemeters.cargl 3Bananametersg respectvelys Suitable UV

reddifstivied Rand Gt et SratPetisiiadie sitprt.
limisfoN, 2 Uvaapnelish a8 that'sdié unaer ﬁé@éhé?r‘déflﬁm-%mfby the Q-
~aut onobi | es, watercraft, aircraft, and the |ike;

Pangli Gerspasyi of Sdavelaid, Qs haying @i istensity@f 28nwatts per square
1,,@&“@?, cystens and purifiers; kitchen
mege&'é at ra(t)g%rﬁgﬁ%"ﬁ od}g% urni shi ngs and appl i ances;

(BGAT , hbin BoddbR HR0 eIeB S B R
invEhiidh ¥hibRGEpisatbhEtRiity®f = léaut 0o it | uichrayT 2@ (easefl.0cm’
di ngs; w ndow panes; di nnerware; walI's in livin

mlgpald%@toagu\htrycf@fsbe rRValgptacsas H@§<Eﬁb€2§1 inrJduited Staies Hajent No.
6, O§9%%%Sat lfifgln%pf‘ﬁfé%swdlfﬁé@ \%ﬁ@') is ﬂﬂfoh% %été(l?ﬁgrekn by

Suth asin urina
reﬁa@dcéhe i ke; and el ectronic eqU|pnent such as
conmput er di splays. [0100] In certain enbodi nents, the

[o1bl4pu' d cpn@sdih 'e@rfbcfd’r‘ﬁ@h’e@"' &ﬁ@ mMuUME-IHRE @BEtihgy Bf t ihef preBent

ti-layer coatings of present i nventron is
inveletiors arectensiaied auper@ydmghmmwmexmsw@rw shnlight for a period of

G TR PSP Rkt e B Rr may

be sérdered supusdropmns Libbe expesurestodpyiraeition oeéhm@t@ﬂb&y of 28
W/mgtflomfhlolup t hi cknesses. In particul ar,

[0105] As discussed previously, the multi-layer coatihgs of the present
invention can exhibit very favorable hydrophilic, anti-static and/or anti-bacterial
properties, among others. Because they are hydrophilic, the multi-layer coatings
of the present invention may exhibit advantageous self-cleaning, anti-fouling,
and/or anti-fogging properties. The present invention, therefore, is also directed
to methods for improving the anti-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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according to certain enbodi nents of the present
invention, the liquid conposition is applied onto at
wo e@stiiggeporti on of the first layer in the forPeDUS05018627
thin filmthat has a dry filmthickness of no nore
than 200 nanoneters (0.2 mcroneters) or, in sone
enbodi nents, 10 to 100 nanoneters (0.01 to 0.1

thé?@re]c\%ﬁ trﬁétﬁég do?n%%tirr@:ﬁ&PQI%%%%Béf‘sto%pé@%n%ﬁﬁg Qlirfacea

hqu‘id @bmpeisﬁrom) cormppising atn és’sefnhauweom@tmdaw Hyalyelyzed t he
ti-layer coatings of the present invention at such
orga@wsﬁlpam @ﬁﬂ&%@%ﬂ@tm %@"BQ?'E'PE @PRKEY InaeRATgeous i n
provi di ng an optical thin filmw thout necessarily
[0108] chi ngAnather deatuce plthe muliiklayer eprtingsrgidbe miresentsnvention

s ained by FesdiUMa B bR eI fRitiabien e

su@ﬁ@ﬁ@cﬂdrabﬁity of stidrecaatings-dadytss meauredin ©fmb f the ability of
present invention is deposited is initially

thenjar e1fags te, maindeiniaconipeiangp |qveatlm#n<%ﬁf@0§elasatedd~eather
corﬁjﬁéﬁsﬁ‘t TR lcﬁxlon ¢ fd%?‘:ﬁég%%eh%% aﬁ@l@tth?ﬁé(alpﬁe Qﬁ%ﬁfé‘ﬁed By the

€ conposi € secon secon
samphi feistet] averdfrhe rmlrh)antbnar\mm;mng'ﬂycmst thd makre durabie the film.

_hydr.ophi licit be illustrated an initial water
S'Q@Rf‘%\g J%P‘aﬁ‘@ fﬁﬁ}‘“e?“‘t h%ﬁ%@n%q%q weahrEng Chambers
whrb'mﬁéluﬁsftﬁé CI&VeIRY Q)&E@ﬂs CQBIne’t @‘8? afbteuyv Tester

enbodi nents, no nore t Upon x atron of the
(prpﬁmte(wﬂ’dﬂe@%anﬂit@madany,|Glemi§lnd1@blcs)econd | ayer of
the nulti-layer coatings of the present invention can

[0107]r enderreebr‘ftaurwntbt)dimmts ItT\e photdaﬁltalyuc nfagebmams pgesent in
Xcl.tation of t tocat a t he con
‘thet'f?é“fﬁrﬁPmPOﬁﬁ%r qi'ﬁ@ &$e QT@’ lsyece erﬁv@dﬁi?%hcqe&wgs of

thephBeBfindelfST s, GBEN A3 dndint SHAENAB ogered il
Iayer(cd)aﬁn@gthalh engihtaircacahtest angle arigss thapr €8 dagrees, sheh as

t f h t ’ [
s g D B U P IIRS GV ST T e RHELFrRpSUeda 2
COMchARLEPTRAVO0 8LIrs FheRXMEPEEC 6Wérﬁbélalls~°o[5e|ﬁé‘{*edadt% vapor

phot oexci t ed upon exposure to visible [ight, such
teraperabuireaii1de° F (603 @¥ intart ladoqnambwnt@@wrasmmt whigh results in

ni.tro arb an doped 2
cofyhea SoniBhoRlrL P Ty bist Sl c e ap MeyRfeo by the

Exampicd hareimfit Bavaiseoosasdinat tH incRdn d08 phemeaeiificmaterial

On the other hand, the anatase and :
in certain embodiments of such composmons produced coatings exhibiting
dramatlcally improved durability as compared to compositions containing a
hydrophilic binder of the type described herein but no photocatalytic material. As
illustrated by Fig. 4, in certain embodiments, the photocatalytic 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 initial water contact angle (i.e., the water
contact angle is within 4 degrees of the initial water contact angle, wherein “initial
water contact angle” refers to the water contact angle observed after exposure to

UV light for 2 hours as described in the Examples but before exposure to the
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rutile fornms of titaniumdioxide, tin oxide, and zinc

oxi de can be phot oexcited by exposure UV radi ati on of
wa2eauediengt h of | ess than 387 nanoneters, 413PCT/US2005/018627

nanoneters, 344 nanoneters, and 387 nanoneters,

respectively. Suitable UV radiation sources for

phot oexciting such photocatal ysts include, w thout

I I
cag EhabkORyoR s e i oA 198 o HimbREror 000
houilsi as désuribed atrmvenm/beaeaa/tflmfat%ng?todfa pﬂm‘tosata!ytle mateual
al the coati sur face n certa
Y'efé‘%’oﬁjpﬁﬁ?ﬂ% af geu a]ﬁ’LﬂQq m?'ﬁi‘&%P '%d%'i'?h‘@ét%mm?&t Bﬂé?e%#er
P BUEERTIPA0FnAI RSl SRS PERS es
illustaatetbatindhe atbsdnes oflagihdtbeatalytic Umteaall tBeamatad?zar@m of the
027,

sugre: Wl e 6 raar i daiperings ﬁhw]veéfcen GleAttseposure in
a (8 856 hedIsMBAithout l'S@ng’lHofu'nd' Sy fh‘é%h” g ﬁ\fer&&% believe

present Invention are ren ed s erh drophilic upo
thag fhpe surising rasnltiogntbe ettrllautpdrw@pamal crosslmhmoﬁthe

PG E s ks b o et aan s SRR Sigdor Bonak h he

codtifRPSHi&irlventdys bafiewd tHin s@fn@ﬁhdat@b%wtﬁ:mafer%tééle%ﬁ’pan in

for 1 hour. [0105] As discussed previously, the

sughgrosslinkjrg, wiie $9ge photecaialytie materialiesminsavailable for
Ph&épé% a%tl)&a{I&Y arag! ﬁepﬁ%@ LY G é@éx@sﬁ%ﬁc and/ or

Ct eria ropertires, anong Ot ers se they

ol cni Mg 8&9@3@%‘?’9& i ¥l 5B 588G of e prosent

inveRtidn MAaRRIMGiInAEdNthOLAMGE of@ﬁ@@ﬁe%@b*sa‘ﬁ%@kﬁ@sure to 650

properties. The present invention erefore, 1s also
howrsrie & @4V Tester aadisped withilnareseentinees (B313 sanomgters) at

a3 ool RS o 20RO My a

50%anr|ses a surface having a coating|layer conprising
an .i norgani ¢ oxi de network depositedthereon, the

[01@8) hod cmnﬁfratmgﬂme uhvéhu@wa}é/tﬁwonwmtg &:emfbled, warch' on -
of "the surface a |iquid conposition conprising a

howewem ar@noytommm@dmhmltmetbe mn\gemlogu tpitsir detaalnd
Jnﬂe%% o(ﬁli'élj\np&e nl?j?ca(fggpéiﬁ béﬁé’ gng%%lrée%qaégs 'FR fgl]rO\R/mg examples,

as well as throughout the specification, are by weight.

EXAMPLES

Example 1: Preparation Of A'Hvdrolvze‘d Organosilicate Binder

[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 (~0.10 moles) of 98% TMOS (tetramethoxysilane)
representing ~6 grams of SiO, was added to a clean, dry 1 liter glass beaker.
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[01 06] Another feature of the multi-layer coatings of

the present invention is that they may result in a
waewsnwibayer that is particularly durable. TheCT/US2005/018627

surprising durability of such coatings can be neasured

in ternms of- the ability of the filmsurface to

mai ntain a contact angle over tinme under accel erated

n 1K

3 Ao I A6 20 B e O s S plUeg IO LETIIOS.
coﬁt'rchthhmeomibermbywsmgwgn mz;a:balsh totrhaintain ¢hel teraperatyiedbelow

film SI atln ri hefl n be.. :
25t éﬂm BeipR o iy efidifn s Solai A Q?d’aa'mydm'yzed
te ) T r
e
290.81draind of ethanaliande2bbigramssyf delmlpenbwat@twelgﬁ mrxed and

thefiaddec]tosh8 sl izt i SHher SRE0RE ABtpongBig fime.

| Théﬁ?\?@bﬁﬁﬁftﬁe'd’lut%'atmﬁels%l&ﬁﬁp@r!ﬁg vdk a8 ugfawt@tpH~3 9 by
Icilent to pro uce a nul ti ger coatln
S

adqhmg .80 gsaras of gtasial agatic acist with strringanThe reﬁg@tﬁaé 4% Si02

bingS Rofih WEs R LBl RSV BleidRBNSiNY 200

[01*1‘.’2‘]Ir S, WagpRcdtim @Cfés@ géﬁbl%rwﬂtﬁ abpes sbtioatshawgesd wetting
enperature of 1400F i n.an i ndoor anbi ent

wntbmﬂ ¢mméﬂawmn@rpa8é§§|ﬁ%ﬂqw/@wwpéﬁﬁ mgittaining good
ﬂﬂﬁ-@ﬁgtl on on the test surface. |Indeed, as
UStT 4t ed by the Exanples herein, it was discovered
that the inclusion of a photocatalytic naterial in
Ex&fipléR NPrspediiore Of A\ d{deistedcorgarisiiicatssBindetduced
coatings exhibiting dramatically inproved durability
as conpared to conpositions containi ng[ a hydrophilic

[01d|3ﬂder oﬂSthrm@m&molg@mﬂ&&%ﬁM@ remsesentmg 6 grams of

LS BbEr BRI Pl SRgbbLUPEPGbRY bteEidter o blan.

dnpe I|’té?f@lél§éﬁ6eal{ért 36 ?ﬂaﬂ‘ﬁ@@lf solutioh rﬁomm@o eholed ef &aoq mehs
| ayer of the nulti- éer coati ngs of the prese

S|0W|1)(/ addediio the ?ﬂ@&% solbidonncenirelling fie exatheen @,ytthp(gate of
ad%?é?}f%g@fow i ﬁeée%’?émﬁ@rtahﬁ}%tat{g?rbé‘ﬁ alfs 'tﬁesaa{j‘lhBh Has

act COnt av
33Vd)t Upordthdemnesistion of the additiombf saltion aﬁoMmqjarlmwyl leydrolyzed

erein "initial water contac " refer
Sl S6lUBRR RS N PSR- 28 L Inca SRS plgan. diy beaker,

287 grams of ethanol and 290.5 grams of deionized water was mixed and then

added to the partlal hydrolyzate with stirring, after the one hour hold time. Then,
the pH of the dlluted silane solution (pH~5) was adjusted to pH~3.9 by adding
0.80 grams of glacial acetic acid with stirring. 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 mottling. 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 demonstratéd the observed behavior

upon application.
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W light for 2 hours as described in the Exanpl es but

bef ore exposure to theCCC chanber) even after exposure
w@booshesiedati ng to a CCC chanber for 4000 hourBCEHES2005/018627

descri bed above, whereas the absence of a

photocatal ytic material yielded a coating that could

not maintain its initial water contact angle after

apprOX|nater 2000 to 3000 hours of such exposure.

oSt ac iﬁg&%i?e%j 0. &Qear ' ¥>eofr5§%/e T&ngs%ﬁgtpaﬁa'e Gryallane)
rep\ﬁé{; | e\%; JtDE agtﬂ d%%:?é“é‘d&&?ﬁf X cléé?\e d'r)EWfPérog?léss beaker

IS surprising result can be att
3.8 gramspaf $dlaﬂ10rcAds@lZO1k10dg}s off HiOpwas stayvdytzaidedito the TMOS,

ool e Hhet SR R AL oo

terﬁﬁ@f‘a % dﬁé&dﬁ%@fh@éd&l%ﬁ%&f&%d 0."UpHR the completlon of the

Cross I'e sone photocatal ytic materi al
additiomiof sOMAanIPakihl@ gastialhhloydrolyzed wilage sotutipatwas helddar one

ol TRt 'S Phardle HEsEHBoRG, R0 Sratrh Srb@d and

290 TEVQ?BMS%T de@ynized WaabNwoards Akt an@idread@ded td thebpartial
rees after exposure to 650 hours in_a QUV Tester

hyrér zpt%untwﬁtlmng,mgh%ﬁﬂeﬂlspyégomms J&t%hﬂieepbl)oféhe

B IR ABh e TEECS) S Bl 2R 9B 90 qrams o
- glaichy aﬂétlcoacnﬂr\mth b’&rrhhgl IThe 1% SiChbineer swlutioh wasoakowesd to fully

are not to be considered as limting the invention to
hydiebize Quaraight WithftigdRg-ot her wi se i ndi cated, all parts

[0 _Per CABLAGAR &h 164 ol ﬂbls%wabsg@gelﬁan showlbliefifg

oughou e speci tion, are wel ght .  EXAMPLES
prdbtemp ivathimoRfieg.daf fat test re}uﬁltsl-wggelst/m b@rrglim:ostrblllogttlee

exoibpan A ToWad s iy diin RS bo ipatadfc
res@ﬂ‘t‘éblriﬁ a/mBdem h@t@ﬁje@{ﬁ@' BF SO deHbatBh 86 fdien ﬁlgchleea;ble&mm

 on cont ai ner stirring, 1.0 gram of
wergrttrqllgoamrsjwmm demedstiateddbe abseed behawor upon .application.

Example 4: Preparation Of A Hvdrolyzed Orqanosilicate Binder

[0117] Methanol and deionized water were mixed at 1:1 (w:w) ratio under
: étirring. The mixture was cooled to room temperature. 10.0 g of MS-51 silicate
solution (Mitsubishi Chemical Corporation, Tokyo, Ja’pari) was charged into a
glass reactor, followed by addition of 504.8 g of the pre-mixed rhethahol/water
solvent mixture as one portion. The s‘olution 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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[01 11] 15.5 grans (-0.10 noles) of 98% TMOS

(tetranet hoxysil ane) representing ~6 grans of Si Q2 was
wa@adwsdigies a cl ean, dry 1 liter gl ass beaker. 3. BCYUSI085/018627

of solution A (-0.20 noles of H20) was slowy added to

the TMOS, controlling the exothermby using an ice

bath to maintain the tenperature bel ow 25C. Upon the

EXGRERL 8! PRSLRLubR ®r 2 bl 0- &l POl RSBy dus

SO1 O Was N or one
[01u8]r at - +37Cpahol mdsee@mtea wb@amrdmyixé@@kem (W99 ratio
una@ams of et hanol and 290. rans of dei oni zed water
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colfe R g s Bh BEo R 098 PRl T R e
acm/tviﬁlh-le? .(Bg by 1qstdpagoldwéier sobest nfixtgreacb @ g af MS-61 aad:hddate
W stirrin

SoMHSN A4S RIOB N1 GIaRs aparpsdolRmes Pgiﬁ%%w?rqrﬁg 3.7gof the
preg-ﬁ?lf(éd W%ro&%@at Bbivest h%uﬁ;aé &AL RIS ST r?’éaéautgﬁg\f\%s

sol uti ol show good wettin no o
stiped ¢ 20522 10 tod/Sdminutes] "élsemrmtng af prexpreperdd acetic acid

TR0 M o B o oA O
kepf sthfed é't'\QﬁbieﬁP f&%lilé}%l 246th! ra! ”’ﬁhé’fméi' %zad&t&t%f the

grams of drous net hanol (cosolvent) were ad
Soutl@néﬁaﬁﬂ%rwlﬂlalnl'd of 4gl.ass beaker. 3.6 grams of

solution A (-0.20 noles of H2O was slowy added to

the TMOS solution, controlling the exothermby the

Exafighe 6f- Ridghtdtion offLigoidutompoditionde peak tenper at ur e
attal ned during the_addition was 33C. Upon the

0t ! et i bisiug compogiignsiAthrepgl & thameA werg grepared as

oI g bR AL S M o
magnetis sd:frget @gaﬂe lra]wgggggpfroag{tﬁnadg?? :ﬂlaae Omdmdnmgtarto the
vequf @wgﬁﬁ?P% gingy Q'QP:Z@HéN%;ﬁét%gl‘?PVQ%?EUW%%a & Q‘fh?epH of
the{’l’?nﬁ&%ﬂgs fdég&ﬂjtosﬂ sag)gaaelngszr@p él@é’ﬁ@rlc"?&d %Hﬁéggatlon

ding 0 gra l'aci al” acet’ic ac
until thie dﬂswedlpﬂrgwaﬂwhl@sad ti ng 1% Si 02 bi nder sol ution

al l oyed to, full e overni ght wt
10884, 7§ g CRPE H Vo, BIERAES i ot S b RtP el eoinpegth 2
magleiitisBfreP NMPRaMEER Waladded 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 compossitions A through G.

TABLE 1
Composition | Silicate/TiO,. | Binder' | DI Water | Titania Sol* | Titania Sol®
Weight Ratio
A 0.5/0.3 500g | 480g 209 -
B 0.5/0.3 500g | 480g 20g -
C 0.4/0.24 409 | 58.4g 1.6g =
D 0.31/0.19 319 | 67.79 1.27g -
E 0.25/0.25 259 | 73.39 1.67g =
F 0.9/0.1 479 2 3g 0.33g -
G 0.5/0.3 25¢ 24.5¢g - 0.5g
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problems with nottling. The test results suggest that

the inclusion of cosolvent provided for a nore
webdosaisant hydrol ysis and correspondi ng condenBert/US005/018627

form hi gher nol ecul ar wei ght ol i gonmers which

denonstrated the observed behavi or upon

application. Exanple 3. Preparation O A‘Fwdrolvzed

% st é%b‘lﬁ. 1{934%540“&53)@3%%% i ?&a..;&ewgmtsub,sh,
38%%%1'&%%%%“&%%? M, %g e, fl%n?nzﬁi\l]@r o k k 'f'cﬁ{;/ .

con e exo ‘herm
by the rate of addition of sol utlon A The peak

t enperat ur ttai.rnegl dgr' ng t he addition was 400C.
E—*@@&%—khﬁ%&@ﬁk&i@ﬂ—ﬁk@—éddl tion of solution A
[o1tzhls par trhé@uwaewéff@*’ %z fRiat gré%s%@éttgub%ﬂav@éwepé Brepdired by

hour C. In a separate cl ean dry
cleaemlgsthgrmtrate withardiluted EDazthﬂ stgluann (edmereircially awailable

frof RIS D e e e Carint ) e PaRidy fihg, Rhcsnfates Rart 210

with id8oniZéE Watérsd Midt Ge sblatich Ihua%dc@ndeam@t@ﬁldﬂaweo 10% Dart
pH-5) was adjusted to pH-3.9 addi ng 0. 80 grans of

21 é)l abea@ubgtrate waadhen wnserd wathrhqtrﬁ@p weher ang thempdeippiged water.
Thé ?éé{téu%@tr wag bs?\‘%eof Rith \H/u'n)ﬁei?@éda[ e Fp%do W{rg?fyaw‘& Bowel

ITring I catl on on pane
(Kamyce MmtarmnysdnmNadb/\fecbml Mmbmﬂytmlams Cairp /). not t | | ng
The t est Eez,ul ts su% est th control i ng?
[0122dt her mT Bdiadid e %s't'%sp Qi% &Vese §ae8 applied tO a test

su%%tFHtQ' oér? i€&Gch usﬂ@oac?or 3 @ PFbt?cﬁVéclhaﬁ“ gher

gree-o ensati on er nol ecul ar wei ght
corahggoially savailmbie frbembirsher aomhtlﬂbe T(btesmd/ wadsheiagpiedaround the

foafy appficaen” hen ool the AYAEMIE cequlivaness appiied to
thedSa® ns%@daﬁ@yéardﬁfe? o%wlc%tﬂe with 4 #oppet kéh. UTHST

stlrrlng he m xture was cooled to roomterrperature
comooeltlgnawem;ilsqn appliechby centagting the met padiwith thehglass tgst

sutfGERRAT APiodC HGhny SRl SFORS i bR BafbR the
subStRatEWeRAaIBRI StRROG VR IrebrrSehysirhtute Xéatdeast 2por to testing.

portion. The sol utlon was stirred at 20-22 0C for 15
?esults are summarized in Table 2

TABLE 2
Composition Ti PCA (cm™min™)* | Surface ReS|st|v1ty Haze*
(uglem?)’ (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 -- -
D 0.5 1.3 - -~
E 0.7 2.6 -- S
F 0.4 0.6 - -
G 1.9 55 - -

1 Sample analyzed using X-ray fluorescence analysis.

? Photocatalytic activity was evaluated as described in United States Patent No.
6,027,766 at col. 11, line 1 to col, 12, line 55.
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m nutes. Then, 5.2 g of glacial acetic acid was added
into the reactor under agitation. The solution m xture
woRrmsHesat3 stirred at anbient for additional 24PEIDUSBING/018627
The final SiO2 content of the solution was 1% wth a

pH of 3.5.Exanple 5: Preparation A Hvdrol vzed

Oranosilicate Binder [0118] 1-propanol and dei oni zed

‘érreé’fﬁrvﬁy Wa§ %Qagaeﬁ ith dnA &) sEAkibe M&‘J@PéOC?MbééHrﬁ‘&er using
elth %ﬁ defl 5 MR t@r@%’éﬁ L EEverhiNotions on the
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owed “by tlono : gof the pre-m xed
1- pr opanol /wat er | ven L Xt ur portion. The
sol ution was stlrrﬁﬂ-&w Al gst

m nutes. Then

[0112? g of TesEsulstRASEoMea Wit Ritid coRlpdsitonsRandiinere
o the reactor under agitation. The solution m xture

plagad i aitleveland deprdensatior Gthamaheranaratingat 148°MEA°S). Each

tesglsﬁla t@gi/vasé %{ﬁﬁ%ﬁfr@% Al rci'%grpbse%qlvg%él@g aﬁ@ %té?j%tdlét&mme
theGRaresbhiabanpll Ite bhqﬁaﬂadtmmmﬁetdomﬁosmdmwas gletépniined by
Table 1 were prepared as follows. Charg

megsUfiag &he Water eankact angle giffesancabefere @qq@iﬁ% @xapwezpf the
sutggl?ﬁég(‘?fté QJ\/Sﬁ ﬁtr e[r s%‘?e IntéR3 ngt ﬁ@@rsgéieﬁngﬂé Rftnp

er mate vessel
su ptﬂledrb)zm Mmelt@nmpmwe{s@wvelﬂm Ohagior direohsurligat.pFhe

ted t ddi ng 2N :
waf%r Sl srane e s et ST e ToseiE Budl methog eing
flé& Eégwéibumé%ﬁ&uc%rn%dfécm@éd BY €Bfd Rfhrivfadufinganc.,
ass contal ner equi armgnetlc stirrer.
eqmppad MathseartmasSamaﬁc gomonneiex/estmi ‘Binel suﬁecwp basgneasured
4 g, 2N hydr ochl d
wal e BdsantaladGiad dadha iad Horfe o & r Bgifaa A
ses\@é drbs Bf %ﬂs.dwua ‘ﬂﬁéce@%ﬁ fp GMthbGudaBEJR flont Bf et 8ource

01yp lic compositions A through G TABLE
STo) 1i1a¢/$he pofilepiithe gessileshrgamosld be siewqdignd the eentact angle

meég%ec{ gltﬁ?é(é{éegglﬁjygaﬁ jg%fghﬂf&%téﬂé?ésﬁgpe%ﬁ%(@ eqmpped with

sircular protractor graduations. Results are summarized in Table 3.

TABLE 3 -
Composition A Composition B
Hours in Contact Contact Contact Angle | Contact Angle
CCC |‘Angle Before | Angle After Before After
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 - -- 19 4
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2 NTB-1 titania sol commercially available from Showa

Denko K. K., Tokyo, Japan. 3 STS-O titania sol
weeowaisisal | y avail abl e from | shi hara Sangyo Ke@EO82005/018627

Ltd. Exanmple 7 - Float G ass Test Substrates [0121]

The surface of 9" x 12" float glass test substrates

were prepared by cleaning the substrate with a diluted

Dart 2 10 solutio ' l-abl e from
Madi son Cheni cal ??od'% i nSfé%E e%ax tbz; di | uting
[01Q¢IPC€nt r dhe duBRsbility 2 Ge st substiatescaatdd withdiquid cotmpiositivas A
ution had a concentratjon of 5%to 10% Dart 210.

thraugh Gnas fested Rydneasiying thesvalsr cantast apgle alarexpesure to

d
val\lnl?%%i‘q a%@’ﬁ%@"x"?&f alg’ﬁgé\%ut -éQSr fosahcérﬁnggf frgl‘hg @@éegmaav e
CotdayshtiphrGhambeer Ehalslayneama&nétahés wfelre mmm plzeetyin GieaCICC as

p..) 0 The, | d co itions of anpl e 6 '
desgaitg ey edgnrt East 8O houfs S Beniemaged,i fas Substhates were
. I »
iy e T - e yeater
cowbastawgi@p%saﬂsmnelsuhﬁnamd pabledt or. Then, 1.5

granms of the hydrophilic CO%@?— on was applied to
the pad using an eye droppe E:)astic bottle with a

dr opper Ciopiposifitth CONMPOSChhiies AMBIeE T hednaRRArRIE Riter
contlacting the wet p
with straight, sllgh
applpeat+om,—the—stub
ten”pmﬂf"rﬂAfnr at—least p-+-ef—totestirg—Resuts
ar e [summmari de in Tapble 2 1Sanple anglyzed i ng X-ray
f1udrescenc€ analysil. 2 Phddocatalytic actid4ity was
evalluat ed a® described in Ufhted States Patedt No.
6,027,766 aE col. 11 line 18to col,|[ 12, |in2 55.3
Sur flace resipstivity was evalgiated with an AGh
St at[itide Veglel 800 Ivegohnetgr using/ either § 1) Targe
ext ensionprobes ptaced S5 nirtimeters apart at—several
" locations on the sanple, or (2) the neter's onboard
probes Spaced 23Amnrd1ﬂﬁtya'pesting\t-'sestei al locations on
was eval uated with a Hazegard(r)

t h
[0 1M§_§e| %Th&Quﬁblﬁtyrﬁieswb@#rat%%at% ety ‘FQJH’P@%!EPW gfthe
sresehflMvEhtién WRSRASY corlgatéd toBlibdtratedoated with compositions

somprising hydrophilic organosilicate binder but no the photocatalytic material.

Hydrophilic compositions B and F of Example 6 as well as a similar composition
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
removed and ekposed to UV light as described above. Comparative
composition A was Shinsui Flow MS-1200, available from Dainippon Shikizai,
Tokyo, Japan and comparative composition B was MSH-200, available 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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Durability Testing - Test 1 [0123] Test substrates

coated with liquid conpositions A and B were placed in
w@2@savaband Condensati on Chanber operating atPAH08#05/018627

(600C). Each test substrate was renoved fromthe

chanber weekly and tested to determ ne the water
cont act angl e.

The phot oactivity of the conposition
¢ 0 at er contact angle

v ' yosure of the substrate
W i quuud &dammsmoﬁyrwanm werélprapared it marmw

340 | anp supplied 8 Panel Conpany o
@*CQﬂtlﬂe%ttWéNﬂ Pones l”ﬂ’i@%t"’eﬁhe&%‘ﬁ%ﬁmon In

i (PRSI, 190B SERT A IS o s oo

adjustad & bt forthliy Tlablel 5 VaThe! @sl:rtabmtwgf thbse conqultimfstas then
with Gartner Scientific ganiongter tics. The surface

anglyzed inihiesmaenenaesgsibsddh [PlHaQ'“%T?% alTesbd (Resylts are set

[ ward, in front of a light source. A sessile

for{jrﬁg‘pﬁ%qlg\%ater was placed on top of the surface in

front of the Ilght sour ceTABLEHMHat the profile of the

sessi | dron_coul.d ha vi auwed nd-the contact—angle

rreasurecaomﬁoa'gape*eg 'ﬂqﬁt%ﬂ-‘ég-?t he gnng 1e ;A'T‘QP@@’@

“whi ch |lis_equi pped WeightRatio| aBingei(liQet hr WINDEX

gradudti onsd Resul t 9.356.28immr i z8®di n_Thbl 8.931.9 TA

3Durahilityl Testijng 0.35/s25 2 | 01240gThe dur 828g ty

test substrates coated with [iquid conpositions A

through" G was tested by neasuring the water contact

angl e af ter exposure to LI,ABI—@Q as descri bed above

[oml
deggribed inrkexanaple

e

BLE .
of

OB i NSNS 1 T
Ef%sgg de p\ above 10‘3%“? ) elast thours Liogtact
t rerf giore upsfpgiecafteler ilnﬂ f958sie dA %Ielﬁ\ﬁer
light as SHéQj aboEXPASYS est e EXPPSHE]

wat@r cont act 4angle.| Resul4s arel sunmdYi zed |in Talﬂe
4.3300BLE, 4 Dup@bility Test2ang - [Test 31[0125] The 2
dugmpility of {best substrates cofated ghth conposi tad ons
0b3b0e 26 3 23 5
3374 18 3 16 3
4022 38 4 - 32 11

Example 9 — Turbidity of Liquid Compositions
[0127]
descrlbed in Example 6 except that the pH was adjusted to the value set forth in
Table 7 and the Binder/TiOWeight Ratio was as adjusted as set forth in Table 7.
Liquid compositions N, P, and Q were prepared in a manner similar to Example

Liquid compositions K, L, M, and O were prepared in the manner

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 |l was
not adjusted and Charge Il 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, manufactured by Shaban Manufacturing
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Dresent invention was al so conpared to substrates

coated with conpositions conprising hydrophilic
we@e@anodss i cat e bi nder but no the phot ocat al yt PCT/US2005/018627

mat eri al. Hydrophilic conpositions B and F of Exanple

6 as well as a simlar conposition having a binder to

titaniumdioxide ratio of .95/0.5 (conposition J) were

e s DA IR RS et o
mriih lenglthi weth diftachotbed. ®usvits afe spforth METalgPosi tion A
was Shinsui Fl ow Ms-1200,_avail abl e from Dai ni ppon

Shi ki zai Tokyo Japan anT:IABbﬁﬂar ative corrp03| tion B

wasS IVDﬁTLUU d.Vd.l | dUl € | T L|||—|V| lSUU| l"urb { ll\ﬂt{lj
C\B’F“C{A‘f Y/ Janﬂn 6 UUD ﬁ
Compgsifipry 5‘(}3&{ Y(éﬁnt gn I'galac de EE i bed ‘étl‘gjovj 6'months
|

Results WE'Q’P dati® At ed id Fig ~ rpont

Pr Kpar at onO&/OLl’t quil d186nos#90 ols PB826] 1 F6Yii 652

cotposi t|] on§.50ad | hE7e |pr4&dhr dd Bh2t he nBbher 653

deperi bed im36xmAP! ¢ 6.8xdep321 hat BBBDEX was3i n¢l udid® -

I NN he co_rrng)l_35p‘0_2n | n3idme |anpsipt I danpi f1 ed3gs Tabl e

ang, The Briglayd 3508 ‘9'1%“ Raj{® Was4g8 afi Us ed as S5

fopi T Taptaos e 2yrabTiagy [of 1y 3TSE CaRgos T oy

 Dulabitibe B0y | a3 48e d ¢ 448 ol sod 4B ordp 162
Tabl e 6. TABLE 5 TABLE 6 Exanpl e 9 - Turbidity of

Ex .IIDIGEQ% d%@%té&%]’l A‘Pfggtlg L(é?.&pOSItI ons K, L,

WV arnd € prepared rim tie manner described in

[0R28]npl e 6 h&emhptehatmtehde@td) iNastraty th’@twdl-faggir‘rgapmledes of
setfothl 7 and. .t he Bi de/T

theissat ypnloea herdeblass PRVERMRTaE oses figh were préviously
r
coSRARRPHG AIRDIEK wilh £Ach nisHE nBIRRat tonfex® FRIE.. |
commmmilya&pdabled‘romr@brﬁhn@mcsl Inggswerenswfagectredted HDey
ta nlzﬁésol and, dej oni zed an anount

washirf et RBap 2, Wiled Wity Wit HeidBzpt pRER: S isoopropy
aldoRoR ¥neiodit dEying.t TheebmtisapsreibArpladiia tiRidted. @baég@mble 10A

was nhot adjusted and Charge Il was added to Charge |
notaglditigioal caating msdapplled to the lens. For example 10B, the plasma-

surface treated lens was coated with MSH-200 hydrolyzed organosulcate (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 d|p coatmg at
an extraction rate of 230 mm/min.

[0129] Fogging property was evaluated by placing the lens over a cup
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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conposition. The turbidity of these conpositions was

then anal yzed over tine by a Turbidineter, Model
wORNsA00Es nmanuf act ured by Shaban Manuf act uri nEECTYTS2005/018627

F. Instrunents Division using a sanple cuvette of 28

mm di anmeter by 9 1 nmin length with a flat bottom

Results are set forth in Table 7. TABLE 7 Exanple 10 -
,f‘ .Resistal ) Lo‘ﬁ(} % Sglg?ng
~ [omqper ti Eﬁ:@Ex&ﬁ@l@rsaamedrtmelmgtme tﬂélanmnﬁ@t dpr@pertles of
pol ycarbonate | enses that were preV| ously coate

th@ RECSOTb FVEBHOR TRV kRO RllgR| weh wﬁmaqe@efmrex( r) i
D Phpa BTt BN B BER 650D Flolid B, The

- wheglewerd installed on bh 996 mbdéle(dhmtarJeepCCh@@kaé QmH one wheel
'31%113 and air dry| ng The | enses were then pl asna

(Wﬁe@ deing nsialladvie the tiantpassedoer sidg apddbe péharxheel

(wgﬁas nédoél Hé‘f‘alle‘:t‘f‘én gf#’froﬁf(mr% $98 Pridf 1o installasion, the five

sur treate ens was coafed wth
arégslobeycheof whgelr#fbahd odtee! (2 Wéredtealsd asdoiews.i al | y
avai l abl e from M t subj hi lgm’ cal .. Corporati on, Tokyo,
Japan. For Exanple 1 Uy f ace treated

[04 31 was P‘%,@?tt@ﬂ"né@éﬂého% Mm&@éﬁlélentﬁéffl\iéqﬁréaﬁéﬂﬁ wheel #1 were
described in Exanple 6, conposition by dip coating

treatechas éollowsc tNowoating wifs @3uiedripriiraa ’{ o&m 2 pagotaaged with

HiIRSSRE et an SYSanRlER e ot B et sl g B Heim PPG
lnmreé hec.§BY icuetadt e@aﬁﬁgﬁnﬁaﬁ a Whsh befik, air cﬁym@ﬁb%lﬁxﬁutes
ed over 50-60% of the area thereof. The | ens of

angggﬁ&agmm U5 Fr{d 6f ehgr Sghast m_reg &wag goated with Hi-Gard
1O RO tof 55131 AHGE bEREECLLE9 it cogtea i

M$H-200 Iu:ﬁirolqnzedtdngamrtmeaftewﬂ %r@lﬂsppemmmlamg/ avattable from

Nt i nvent| on. Two- al um num al ] oy wheel s purchased -
MiESubis hemicak{r9mosation rlokypy JaRan bYMePe pocrelisatian wils a

SIS 1805020350010 58010 B 4 - Soncons

Ar(awlzte&das godtepdbeitn liiGertdal 080dade sdribeldr abuvepfas feeg @r After
ang the other wheel el ng I nsta
peiies ReSh Ao aoatbaill S ol S hetiad Rebaha niExample
0, fcbifh%osmon E and a mixture of deionized water and ethanol (50/50 weight-

ratio) by wipe-on appiication using a soaked sponge. Area 5 was coated with 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 resulis are summarized in Table 8.
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areas of each of wheel # 1 and wheel #2 were treated

as follows. Wieel # 1 Preparation [0131] Prior to
wo pwsaldiet i on on the vehicle, the five areas oPCWIS®IS/#8627
1 were treated as follows. No coating was applied to
Area 1. Area 2 was coated with H -Gard(tm 1080 (an
or ganosi | ane-cont ai ni ng coating solution avail able
from PPG | ndustries, Inc. rtain coating using a
wash bottle, air dry| ng f%AgléE%Jnut es, and the baking
at 2400F ( 1 18f9a for 3 hours. Area 3 wagieadiregswW th
H-Gard 1080 as{described apove Tor Area #2Z. AT Ter

aroanact l i erat o = 10 ol AeN loavrmeroaraol l vy Aviar

Sl
6+-ga oSt cate S 1+%5-sot+ uo/ comerciaH 4 uva8| abre
fromMtsubishi“Chemcal Corporati on-— Tnl(\/n 1:\pnn h\/

orTe TG &

wi pe on appli rm4| on with a goaked sponge Th1=0 NSH- 20£L
was t hen aI | owe® to air dryland self-condens‘eQ Area 4 -
was coated with Hi-Gard 1080 as descri bed above for

Area 2. After baking,,, Ar was rtoated with a
conposition of the %ﬁi&é—ﬁ@@m Exanpl e 6,
[0%05' tpABr B ﬁh@féu@nﬁh Bnthe v%hdl’@' tﬁ@'fK/%darlé@% Bf w%@l #2 were

nol (50/50 wel ght ratio) by wi pe-on application
treatedras followak dNb spating:wasapplied imdreadt Areai2 waa coated with

' f th bed .
SoftHREs30 St [alskRealiriEh RBining so3RRY sflufigp aypiiable
frofERRG INdB8Sies, iy, omgbuaiffcoalinglusthgla Wb, air drying for 5

si gni fi cant di fference i n cleanliness prior to a water

minytes eanchthechalifeg @y 260 s £t GY3) ok herrs. r Bras3 yasdaated with
f
i S3R 10505 O SRR TRy o 2. AT el A e

coatetilveitt M8H-200/hsainslyzed ofgarsilithte (166 ls;lotlds)arcﬁnmermally
sunmari zed. i n ﬁbl e 8. TABLE 8 Vsheei €2 Preparati on

avaitgpisirop} Misubight Gaeayqal Gaspowiiopp &o ,J@p@n BYhwipe
eGSR e TSRS, o ot et

an&sklBmod(iehs&30red dtwamchated wittaHeSdrd €80 ast desuribgd above
for b RS A0, 43 ST RS2y TS
de&rméa%%(arﬁ;ﬂ@ g, *&%nﬂﬂ@rt% Etanadé)m:xtﬁrelo’rl@&bnfz% water and

hours. was coat ed
sthanol (50/50 welght ratio) by W|pe-on appllcatlon 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. Areaé 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 resuilts are summarized in Table 9.
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Hi -Gard 1080 as descri bed above for Area 2. After

baki ng, Area 3 was then coated with MSH 200 hydrol yzed
wee@anodsd i cate ( 1% solids) conmercial |y avai Pebis2005/018627

fromM tsubi shi Chem cal Corporation, Tokyo, Japan by

Wi pe on application with a soaked sponge. The MSH 200

was then allowed to air dry and sel f-condense. Area 4

was coated with Hi -Gard gﬁ%nggdescrlbed above for

Area 2. After baking, coated with a

conposi tion of Atdze type desdri bed 1 n Exanpgl&nfiness
conposition E agd a m xture [of defoni zed watey and

— Bttanot—(50750 y.—:l ght—Tati o) by wpe=on drper'r%ati on
cpnalcad Sranaae- Ay o . 1
USi Ilg A SUARNTU pUIIgC N jJ Vv
——eenpee#L#en—eL—Ehe—Lype—desfr-heﬂ - Fvnnhle1

conposition FE ﬂ01?4] The vehicle was _drivenfar_one

week. Areas 1 tBrough 5 of wheel # 1 showed A6

significant difference in cleanliness prior to a water
[0135]se. Afitwill Heeieadlily mppeatiated hywithbsee skiilem ia thmaddhat

S BT T b eSS S et
discRide®Ghithe f&e@bﬁ@“@éec‘ﬁﬂrfléﬁcgucﬂ_%d' ﬁi%lﬁo% aﬁ‘é % be considered

sumari zed i n Tab ABLE 9 [01 35?
as firclddeq wWihpr the f@tl@wnﬁwlalm;senlelss the:glaimsi lhsethaant Iangaage

oSSRl O BnlRR. "EsRRiiol” i< ErbBURbAR YRR I prp

hetkin afé mulscretwé@my araig ﬁ@ttlln@mﬁga@ thd echise 6PN ifestbn,
as included within the follow ng clains unless the

whighaisig beog'V?ﬂéh‘? fyllhrgadieot thgmrpeadgdaims andanyease all
eqﬁﬁﬁﬁﬁﬁé the enbodi nents descri bed in detai
erern are P Iustrative only and are not limting to

the scope of the invention, which is to be given the
full breadth of the appended clains and any and al
equi val ents thereof . WE CLAIM 1. A nulti-layer coating
conprising: (1) a first layer conprising an inorganic
oxi de network, and (2) a second |ayer applied over
at.least a portion of the first layer, wherein the
second | ayer is deposited fromat |east one liquid
conposition that is
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hydrophilic and conprises an essentially conpletely

hydr ol yzed organosilicate. 2. The nulti-layer coating
w@booshasins 1, wherein the first |ayer is deposiPeriusz00:018627

a conposition conprising a sol containing a

networ k-form ng netal al koxide. 3. The nulti-I|ayer

coating of claim?2, wherein the network-form ng netal

weldoxpsie conprises an al koxysilane of the general

ornu a RxSi (OR )4-x wherein Ris an organic radical,

is an al kyl radical selected fromthe group
consj st i n of neth et hyl, propyl, and butyl :
rad&ﬁ]@"%ﬁﬂc?af'ﬁgﬁﬁmipﬁ'ﬁl@@ér and |l ess than 4. 4. The

| ayi‘”é Frlafgd &.&ﬁ%gh%&ggn,mﬁg.n&\w& {ahast

r |strasaren ayer coa
- ¢l ai(?) 4 seabed daayertdwhed qQuédattleapos lpbrtmn 6frthmfmﬂ Iatheﬂ, Reherein -

d d d h
the RERORhERPY 13 (SRR A o8 loBsh anplLId Fepeps Bathalgsof
hy@f&ﬁﬂ&an%@ﬁ?g@e&%@n &‘égﬁﬁnﬁﬁ/t r?ﬁéfe@élk/' t | k%é?;?ﬁgfﬁ”'g?}%%ate-

to 35 nanonet Th yer-c
-5, wherein the photocatalytic material is sel ected
fro t he of the br

2.1 1 v e e B BYPuESRHEY AT o whprh SR L 1Ay " daposita from

a ddmpdsHIGn BYRPrsHicFa sl édr@giﬁmgd@ h@ﬁbvéﬂkt@ﬂhma et idi®xide.
plasrratreatedtltanlumd|OX| e, m xt ures

t hereof . 8. "The nultl-layer coatlng of claim5, wherein

3 Lo TRROROTARDY AL IAPL AL inBF T B pb i ghhil e
alkoxideecdmphiseet al lﬁikd)@sﬁzm@@f theeydredral fowauhR, SI{ORNE, wherein
conposi ti on i -layer coating of:-claiml,

R jast efqane%@%fﬁﬁaﬁo% an %'§Y|efagf03! felectagLiremdbmsaseup consisting
of ﬁeg}?‘xly’ﬁ%h?g rﬁ gylssﬁa B ’f‘a‘((ﬁé I&Saﬁﬁ Q‘E 'amﬁtég%r SRHGELEthan 4.

tonsi st ng oF
or ganoxysi | oxanes, and n1xtures thereof mhereln the
organoxy3|lanes are selected fromthe groups

sting of tetranet si | ane ane
4. o R Buss SoRREer Gty L EBgten Bie Bt et s baNSsarent
tetra-n- but oxysil ane, tetraisobutoxysil ane,
tetra-sechut oxysil ane, tetra-t-butoxysilane, ‘
S. t et ThpHeulbixayer @mai;ngowfméalhbi(ywhetaumﬁ}esIlqtade:onmltlon from

whirﬂlf(@\#r o oﬁ]\ﬁte] g&r is é%r?(?ﬂ-{?‘? tr:c'glnbr? Esrfgfﬁog %aPaIytlc ma{gnal. :

6. The multi- Iayer coating of claim 5, wherem the average crystalline

diameter is 3 to 35 nanometers.

7. The niulti-layer coating of claim 5, wherein the photocatalytic material is
selected from the group consisting of the brookite form of titanium dioxide,
titanium dioxide chemically modified by flame pyrolysis, nitrogen doped titanium

dioxide, plasma treated titanium dioxide, and mixtures thereof.
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the liquid conposition fromwhich the second | ayer is

deposited in an anount ranging fromO0.1 to 2 percent
whyoosaigght cal cul ated as Si 2, based on the topel/US2005/018627

wei ght of the conposition. 11. The nulti-layer coating

of claim1, wherein the pH of the liquid conposition

fromwhich the second |ayer is deposited is no nore

t ha . i L.
8. nar T2, PulteEye Bath 6 Ay 5 whBRlA e BhoficBldtl: meterial s
present e tfmnhkqlhd)oempcmtdnpnsart amioust fanging front 0.180%).78 percent

A supstra C mul ti -1 ayer coating of
byavsioh Basedion fi fabiusal &Foe campesidl. wher el the
substrate conprises a polyneric substrate. 15. The
substrate of claim 14, wherein the polyneric substrate
9. confitiesrmslitilayet coatingaoispaine hf wberaipthe arg@naslilie:ate sithiediquid
mat er.j al . 16. Th subst r of. claim.1 reip. the
cofcpiion EoBlER 47e Seinr Byt s OGiaRGis SHRchirbMige group

coﬂiglstlﬂ_@ %f %édox&éﬂféﬁesc Q?drﬁﬁ( Q’im@n{@:s??nﬁcii m?gﬁ{l]'gi ghégeéf wherein

secon ayer 1S ap
the orquaai{awrg sei@:teq“rfr@mrthet gmuayeqon@@émgr@ of claim

totfamREG fars e PGB BRALE RO BslE o 51 ng

tetféné@;bro@bﬁ%la\hbetéirdlnd)LW@Eysﬂahe ft&é&é@ob&t&ysﬂane tetra-sec-
oI ycondensati on reaction product is forned

ét'ﬁ“ﬁ%; tahadrydemsilane atﬁ@’aﬁb@@?XMSHaBﬁed'mféb@mjéefbﬂxléﬁilane

anﬂ%&tdﬁé@tﬁé%ﬁﬁ catal yst, wherein the water is present
anount” that is less than the stoichionetric

annunt capable of hydrol yzi ng the organoxy groups of
S|I|cate and a second - st e wherein

t he n he .
100ar TNGTH AU, ORGP L b WaE T e aRianas I alsisaresent in
thé ﬁ %%;f&‘ﬁldﬁ fr nﬂmb@ﬁ 9Re § (?%:rY@Bgﬁo idd AR %8unt

Lent i al

y conpletely hydro yzed “or ganosi |l i cate,
rarqgjmg ffreae Oi ‘hip 2 peeterd biykesighi talodatdd ao &@z,vbasled\mt the total

resenc of an organic acid hydrolysis catal yst
Weéé}glcgﬁhgﬁompé)é 1°0-sol vent, wherein the water is

11.  The multi-layer coating of claim 1, wherein the pH of the liquid
composition from which the second layer is deposited is no more than 3.5.

12. The multi-layer coating of claim 1, wherein the pH of the liquid

compoéition from which the second layer is deposited is from 7.0 to 8.5.
13. A substfate coated with the multi-layer coatihg of claim 1.

14.  The substrate of claim 13, wherein the substrate compriées a polymeric
substrate.

15. = The substrate of claim 14, wherein the polymeric substrate comprises a

solid transparent or optically clear solid material.
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aresent in an anmount that is considerably greater than

t he. stoi chionetric anount capabl e of hydrol yzing
woe@anosdy3 gr oups of the al koxysilane to form aPCT/US2005/018627

essentially conpletely hydrolyzed organosilicate. 19.

The multi-layer coating of claim18, wherein the

bi nder is prepared by the nulti-stage process. 20. The

mul ti-layer coating of claim19, wherein the water is

present during the first stage in a stoichionetric
16amoThe stbptrhteobilainy d6pivheraiy tx ppBneaid sulfstidte comprises a

or ganoxy groups of the organosilicate.2 1. The ’
phatechramigyBates@ht i ng of claim 19, wherein the first

stage is conducted at conditions that -limt the degree

.of condensation of Si-OH groups forned as a result of
171 heTlhgdnolltNaysr castity afrclaigl, whereinikhe séeyret lagenisi applied at a

of claim?2 1, erein the conditions that limt the
d%@g}%‘%ﬂ%ﬁé&f@&@aﬁd BAYNCErS. 04 groups. formed as a

result of the hydrolysis reaction are selected from

controlling the reaction exotherm by external cooling,
18confThelrhultigayércoaiing affclaiodi { wberei thenbinder i prepargdby a

and/ or cqnﬁgﬂ*cti_ng the first stage hydrolysis in the
ProGRsSSeIRGeY ™Meence of any organi c cosol vent. 23. A

et (och i sEYOpioRess BEmphiking’ # it Rtages whbrdih @asirigl

easy-to-clean, and/or anti-fodging properties of an
hydiiolysis polyahedensationceaction peo fosmedDysigectiag an

orghelRett B3R e Bl SerkR BTl B A3k 8RR et gt Hfein the
wasdrap predent(id ah @polit thet sdesd tHareidle stojebidmetficeimddre capable
surface a |iquid conposition conprisjng an essenti al lgge

of Byreling thengi@RhPYy SiPunsRifbsiaroeReEticaindane p segPnd §t

SRR AR ATRL St B S Lok Proda TEbhaticn
wittiry lange aBiouritloé watéhtodonh arl essantially schmpéetalyt helrolyzed

coating. layer conprising an inorganic. oxi de network
or |!°%B°s %‘c{]etv\ork form ng nmetal al koxi de. 26. The

met g@dr ktifig 3l tBtraadikofSapkbligBMeIShiiPWatdrah Thé Bréeindk of an

al koxi gg éo %ri sres kg)r%%gl ony@i Fnane 'of wtéhe genergal O,
ordanicratid RydBolyeiR gatalysirvied/er anRrganiarsolvent, wherein the water is
sresent in an amount that is considerably greater than th'evsto'ichiometric amount
sapable of hydrolyzing organoxy groups of the alkoxysilane to form an

essentially completely hydrolyzed organosilicate.

19.  The multi-layer coating of claim 18, wherein the binder is prepared by the

multi-stage process.

20.  The multi-layer coating of claim 19, wherein the water is present during
the first stage in a stoichiometric amount capable of hydrolyzing 50 percent of

the organoxy groups of the organosilicate.
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organic radical, R is an alkyl radical selected from

the group consisting of nethyl, ethyl, propyl, and
whadogliisiasli cal s, and x is an integer and | ess POBEDNS205/018627

27. The nethod of claim 23, wherein the |iquid

conposition applied in step ( 1) further conprises a

phot ocatal ytic nmaterial.28. The nethod of claim 27,

wherein the photocatalyti.c terial L ses

2135 dpedubBeUr orgoit i T Bhh i BRTSL ey BB Blited at

coRditigAs thatnindix tHiededreerdf copdeaEatioh & SINOHNgroupeXorited as a
tungsten trioxide, strontiumtitanate, titanium

reghlioef the hyglrelyaisxeaetian.t her eof . 29. The nethod of claim
27, wherein at least a portion of the photocatal ytic
material is present in the formof particles having an.
average crystalline dianeter of 3 to 35 nanoneters.

2230. Tﬁ_@eru_ﬁit-lhsiéll' cdattH ;cfmlﬁih %Nwheidm tl’méccpxhw;imtr]‘fdtﬁtﬁitthe
material is selected fromthe groyp consisti t he .

degrasl sendenealion of Si-aill GTRURSTEd 2 & Hf s he vdEslysis

el f : H . .
e e R o Sp ol e P MoKl di bg SRrRan g,
contralling dse raterafafdditbrlof theecitb catatyshfardd/af corRiuctingdhefinst

oS5 oo A Sl

fromO0.1 to 0.75 percent by. weight based on the total
‘wei ght of the conposition. 32. The method of claim 23,
23wherfemethebfarigwnedng thmaeti-foulinge seifgleanirmpasyrioraean,

anPit ariFoRgirks Fpstics o SIEE. SherEhihb itk Hlwrisesp
suffasé Waomd A ebafig [a3@r cdhpriskighatlindrgahiaioXidSnetwWerk eeposited

the organosilicate is present in the liquid
theseppothe methathepmetising tae sfers19f: i n an ‘anmount rangi ng

fro near, t AT ted: QR
 bastl aP e RPN A BN e e SBGCE 2 1B RormhBiion
coffirising ah eskantialBcompletety hydifotyzeld agahosilitatguand
-conposition applied in st eﬁeél) IS HO nore than
3. 5.(8bcuring:thaseormpogition ppPHeD B SIRRLARi n t he surface
conprises -a solid transparent or optically clear solid
material. 36. The nethod of claim 23, wherein the
24s ur flaeemethgr ofelaina 2Bhwherdin stgr(2) is accomplished by air drying.

25.  The method of claim 23, wherein the coating layer comprising an
inorganic oxide network comprises a network forming metal alkoxide.

26. . - The method of claim 25, wherein the network forming metal alkoxide
comprises an alkoxysilane of the general formula RSi(OR")sx wherein R is an
organic radical, R’ is an alkyl radical selected from the group consisting of

methyl, ethyl, propyl, and butyl radicals, and x is an integer and less than 4.

27.  The method of claim 23, wherein the liquid composition applied in step (1)

further comprises a photocatalytic material.
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material. 37. The nethod of claim 23, wherein the
liquid conposition applied in step (1) is applied at a
walegosfiigias t hi ckness of 20 to 60 nanoneters. PCT/US2005/018627

28. The method of claim 27, wherein the photocatalytic material comprises a
metal oxide selected from the group consisting of zinc oxide, tin oxide, ferric
oxide, dibismuth trioxide, tungsten trioxide, strontium titanate, titanium dioxide,

and mixtures thereof.

29. The method of claim 27, wherein at least a portion of the photocatalytic
material is present in the form of particles having an average crystalline diameter
of 3 to 35 nanometers.

30. The method of claim 27, wherein the photocatalytic material is selected
from the group consisting of the brookite form of titanium dioxide, titanium
dioxide chemically modified by flame pyrolysis, nitrogen doped titanium dioxide,
plasma treated titanium dioxide, and mixtures thereof.

31.  The method of claim 27, wherein the photocatalytic material is present in
the liquid composition applied in step (1) in an amount ranging from 0.1 to 0.75
percent by weight based on the total weight of the composition.

32.  The method of claim 23, wherein the organosilicate of the liquid
composition applied in step (1) is selected from the group consisting of

organoxysilanes, organoxysiloxanes, and mixtures thereof.
33.  The method of claim 23, wherein the organosilicate is present in the liquid
composition applied in step (1) in an amount ranging from 0.1 to 2 percent by

weight calculated as SiO, based on the total weight of the composiﬁon.

34.  The method of claim 23, wherein the pH of the liquid composition applied
in step (1) is no more than 3.5.
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35.  The method of claim 23, wherein the surface comprises a solid
transparent or optically clear solid material. '

36. The method of claim 23, wherein the surface comprises a photochromic
material.

37.  The method of claim 23, wherein the liquid composition applied in step (1) ‘
is applied at a dry film thickness of 20 to 60 nanometers.
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