MULTI - LAYER COATI NGS AND RELATED METHODS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wa@ppbitcsaed on cl ai ms the benefit of United StatB&I/US2005/018509

Provi sional Patent Application Serial No. 60/575, 436,

filed May 28, 2004. FIELD OF THE | NVENTI ON [ 0002] The

present invention relates to nulti-layer coatings that
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properties of coated substrates. BACKGROUND OF THE
' NVENTI ON [ 0003] Hydrophilic coatings are advantageous.
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Thﬁgfré%éﬁ iNidrition I8 WHPRREALEE 16 ARsthods BEPRASOVRY thearieaing
y be anti-fouling by preventing contam nants in
prapeirtiesokeodted substaieisng to the surface when the
‘ rai nwater flows down al ong the coated surface.
Moreover, during fair weather, air-born.contam nants
nmay come in cOBAGKGROUNDOF FHEINVENTION aces. A
surface with a hydrophilic coating deposited thereon

[0083] be sblydraphiheorfingscaesadvaRiadeons iR CRARIN GRating
oo, SGHLEE R SPaRR AR DISHRY MBS caoy-o-
clean, self-cleaning, and/or anti-fogging properties: are desired. Such coatings

.can be parﬁcularly useful, by way of example, for application to surfaces

| exposed to 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, 6il, dust, clay, among chers. Rainfall, for example,
can be laden with such contaminants. A surface with a hydrophilic coating
deposited thereon may be anti-fouling by preventing contaminants in rainwater
ffom 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 because the coating has the ability to
wash those contaminants away when the surface comes in contact with water,

such as during a rainfall.
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such as during a rainfall.[0004] Coatings having
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article wwth a hydrophilic coating deposited thereon
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ows, mrrors, and/or eyewear. [0007] In view of

R, 57 B G st gt oy o -
foguiag ibegause Buelva aoating can transform condensate particles to a
relatively uniform film of water, without forming dlscrete water droplets. Similarly,
a surface with a hydrophiiic coating deposited ’_thereonAcan prevent rainfall or‘
wafer 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

‘867 patent”) discloses a particulate photocatalyst dispersed in a coat-forming
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hydrophilicity through the action of a photocatalytic

material that is dispersed in a silicon-containing
whemwdarg72For exanpl e, United States Patent No.PCT/US2005/018509

5,755,867 ("the '867 patent”) discloses a particul ate

phot ocat al yst di spersed in a coat-form ngel enent. The

phot ocat al yst preferably consists of titanium dioxide
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[Omoglfml umUtitexi Sates\PatandNog. 6013342 apdG09Q@,489 iisclose
oatin
BRI R ETD N TERTRAREIN TN o)

B dlsgﬁk?{;%cggfg fltrgifSHﬁlegelem@ﬁt‘of Waited tpipResdliyi alredBiliebné he

organi c groups bonded to
(organopolysnloxane) or a precursor thereof The photocatalyst may include

particles of a metal OXIde such as the anatase and rutile forms of titanium
dioxide. Accordlng to these patents the coating compositions are applied on the
surface of a substrate and the film-forming element is then subjected to curing.
Then, upon photoexcitatton of the photocatalyst, the organic groups bonded to

the silicon atoms of the silicone molecules of the film-forming element are

‘substituted with hydroxyl 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

patents, however, the film-forming element in itself is considerably hydrophobic,
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the silicon atoms of the silicone nolecules of the

filmformng el ement are substituted with hydroxyl
w@emapss7ender the photocatal ytic action of thePCT/US2005/018509

photocatal yst. The surface of the photocatalytic

coating is thereby "superhydrophilified," i.e., the

surface is rendered highly hydrophilic to the degree
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[o12] United States Patent No. 6, 303 229 (“the ‘229 patent”) discloses
another composition that may include a photocatalytic material. 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
to result from the presence of colloidal silica in the composition rather than the

-4 -



anot her conposition that may include a photocatal ytic
material. The coating . disclosed in the '229 patent

wo 20060187231 from appl yi ng a coati ng conpositi onP€TIE$2005/018509
contains a silicone resin, which acts as the binder
and which is obtained by hydrolyzing and
condensati on-pol yneri zing certain tetra-functiona
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phot ocat al yst . [0014] Fig.

1 is a chart reflecting a Fourier Transform Infrared
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[0015] Fig. 2 is a schematic cross-sectional view in an enlarged scalg of
certain non-limiting embodiments of the second layer of the multi-layer coatings

of the present invention; and :

[0016] Fig. 3 is a Field Emission Scanning Electron Microscope
Secondary Electron Micrograph (magnification 40,000x) depicting certain non-
limiting embodiments of the second layer Qf the multi-layer coatings of the
present invention.

[0017] Fig. 4 is a chart illustrating the results of the durability testing
conducted as described in Example 2.
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of the nmulti-layer coatings of the present invention;
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(magni fication 40, 000x) depicting certain nonlimting
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comprises an essentially completely hydrolyzed organosilicate; and (d) curing
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i the second layer.

[0021.] In another respect, the present invention is directed to methods for
improving the anti-fouling and/or self-cleaning properties of a painted article,
.wherein the article comprises a surface having a polymeric composition
deposited thereon, the method comprising the steps of (a) applying a liquid
composition comprising (i) a photocatalytic material, and (i) a binder that is
hydrophilic and comprises an essentially completely hydrolyzed organdsilicate

on the polymeric composition; and (b) curing the composition applied in step (a).



i mproving the anti-fouling and/or self-cleaning
properties of a painted article, wherein the article
weomwpniges a surface having a pol yneric conposPeT/082005/018509
deposited thereon, the nmethod conprising the steps of
(a) applying a liquid conposition conprising (i) a
phot ocatal ytic material, and (ii) a binder that IS
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: 'plumat d&mﬂmpasaelsa&mgmiar tmlﬁmnﬂqlf&@dlv statedfotherwise.| Fgueample,

and wi Oosdtﬁllm?tre ion, %rs ang tron refers to liquid compositions that comprise

“‘a phetocatalytrc material”. Such references to “a photocatalytic 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,
in this application, the use of “or” means “and/or” unless specifically stated
otherwise, even though “and/or’ may be explicitly used in certain instances.

[0025] Also, it should be understood that any numerical range recited

herein is intended to include all sub-ranges subsumed therein. For example, a
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Iay@Y %ﬁ%ﬁér&e@@p@@ﬁﬁric&ﬁﬁnmlmeﬁbly@hérjc omnpbsutlehglthat may

lyzed I -
bemh.".ngéee Brst v, e M JReR CPBIMGR b IREeseR Figntion

?%5rg@%gﬂ{ds%%aﬁaﬁg&qmmﬁgsmgéd i Quntomotlve OEM.

os1tions e used In the first
coéﬁﬁ{g? boﬁfpo%h@nmmtbnicﬂiye rreﬁmah icoging cotiiposiiiomse mdustnal

t | ud f
SN A
colt A Bﬁ/dela & p()&ﬁbﬁé hilcitihgEompositions, and
DOST ‘3

coafing conpositions,
aeadssﬁadeaﬁdamhglcouqmmr@sc anpyj others, Aslusedheseiat thegterm

"oQEIET RS ORBIRTES oS "R SapgREsS Al GO homopolymers

andl s, anong others. As used hereih, the term
oliy% # and like terns is nmeant to refer to

[oeﬁé]gorrer PN AL LB {HISRRISHABS Sre SIREHIE R USENR e

compositions of the first layer of the multi-layer coatings described herein may

" be thermoplastic or thermosetting. As used herein, by “thermosetting” is meant

a polymeric composition that “sets” irreversibly upon curing or crosslinking,
wherein the polymer chains of the polymeric components are joined together by
covalent bonds. This property is usually associated with a cross-linking reaction

- of the composition constituents often induced, for example, by heat or radiation.

See Hawley, Gessner G., The Condensed Chemical Dictionary, Ninth Edition.,
page 856; Surface Coatings, vol. 2, Oil and Colour Chemists’ Association,
Australia, TAFE Educational Books (1974). Curing or crosslinking reactions also

. _8_



[0028] Pol yneric conpositions that are suitable for

use in the conpositions of the first |ayer of the
woriositzd7ayer coati ngs descri bed herein may be PCT/US2005/018509

t hernopl astic or thernosetting. As used herein, by

"thernosetting” is neant a polyneric conposition that

"sets" irreversibly upon curing or crosslinking, -
mawberczirried loait pntignannb(ﬁmlcoadmbnsh é)rpxm ourediar arosglioked; 3

theftoskiafrgsiasth aoLmak wiam e Shiealin ot higt 784 & Rshitiple i
sol&é}ﬁsc‘ﬁgp&g\tﬁs‘fn‘ﬂ?&ﬂfd IA3tRP bR ér‘l‘é‘cbﬁ%ﬁiﬁ@nsfcehwpnse

exa eat or atlo - See ey, Cessner G

polyﬂmerlﬁmdmmmmﬂfahamahoncmed)bnwvalﬁnbbhn@j and dhereby can

856; . Sur f
undSigRHIGRE! oW LR diealn SR ub BinehveRlt. P B anders.
K. JBC@J@%nﬁéﬂgﬁAﬂe@ﬁérﬂ&w ngﬁrmsﬂz Tfapendicand HANS LoheeeoT73).

carri ed out under I ent condltl ons. Once cured ofr
sslin i on
10088851 "SEffen® i RS EbipRBIERS Rl wtuTRiitatidne
hydsgxy mrtomm)lgyli'btdmﬂ rropﬂaanng aCry,b:oI oppelyinoenrso hpdreixyl @nsarboxylic
.conpri.se po ric conmponents. that are not..joined b
acig PRI e & RO W Here By dccligorate: acyamatk r ydw-
I I eS86h
cor G BaAERE pBRMS) ) Brlifte TP IscRYRRatehtalning,
polghsasan and Hal |, London (1973). [0029] Suitable
pol ymeric conp03|t| ons include, wthout limtation,
[0039r oxyI The acc:ayltm(pqtymersaaﬁ uhescbmtthemahgnam ybmposmon
r ox aci ? cont a

e TN A

typl SOg&é}?bﬁ%’é@'d?'a'&ﬁ/h%odo‘i’dibﬁh}fbiﬁﬁcr@% YERI & hy@iﬁé‘xy@lkw @sfdrs of

at'e- cont al | yureas. "[ 0030] ThHe acryl
acryli¢ pnmesthacrfyhmsed suchtasshydroxyethytmethauasylate @hhdeOXYPFOPW

acrgfale ficong Or Inbta aSinoetizeieethyRtichly A fpated

moReR/r¥ %bﬁ a%f al ?'@é‘tér@ @F‘écﬁ&l@rad@ﬁmﬁl@dmblnﬁetﬁyﬂ lefiacrylate and
hydr oxyal ers of -acrylic or nethacrylic acid

2-edhy rhexyl awtatay@ndnylmyh@ionzaimqneo'@mdmwh)a% ﬁtyé@w alpha-

5 ) GBS P PO A2, ot o

reaR$4res anef redetioh b@n@lﬂbﬁls afe typidaly s“ﬁﬁéchgﬂ tmmmdrm@yhc
and 2-ethyl hexyl acrylate, and vin aromatic -

polyaasovittperdant m@r@w PE ARIboXY ik Rk f%gzptlonahty

[0031] Besides acrylic polymers, the polymeric compositions of the first
layer in the multi-layer coatings of the present invention can contain a polyester
polymer or oligomer. Such polymers may be prepared in a known manner by

condensation of polyhydric alcohols and polycarboxylic acids. Suitable

| polyhydric alcohols include ethylene glycol, neopentyl glycol, trimethylol propane

and pentaerythritol.

[0032] Suitable polycarboxylic acids include adipic acid, 1,4-cyclohexyl
dicarboxylic acid and hexahydrophthalic acid. Besides the polycarboxylic acids

mentioned above, functional equivalents of the acids such as anhydrides where

-9-



styrene, vinyl toluene and vinyl ethers, anong others.
The ratio of ! reactants and reaction conditions are

wao ypsae7ey sel ected to result in an acrylic poPgIE82005/018509
wi t h pendant hydroxyl or carboxylic acid
functionality. [0031] Besides acrylic polyners, the
pol ymeric conpositions of the first layer in the

the{rekist ot fyresr dlkgtdstgrs aifthé beidsrsesbras thevaethybesteanmay be

contain a pol yester polyner or oligoner. Such pol [
usesayAlse. palarieinth ok MarseATb RIS AR SUshcageNE Atk may be
use%‘.)l yhydric al cohol s and pol ycarboxylic acids. Suitable
ol yhydric al cohol s include ethylene glycol, neopentyl

ooBBH5S1 TSI NS AROLBSRERE o B e

rea@fihd an%%ﬁﬁ@b@ﬁ@@bar@b&gi&@dﬁ@uchm liexamydrophthalic
- hexahydropht hal i ¢ aci d.

i | s esi des .t he. pol ycarbgxylic
anhysiride withh 8 dielesyichias Reopamyigl Rl in @qﬁg '@ﬁfag'o)o/f t he
aci ds such as anhydrides wherethey exist or lower
[0034ky| esY\rese difis desirad itelenbaree ais-driagnsyitahle deyipg il fatty

. b d., Al I ' .
acifE o a8 Eedand g RE tos cRRE SnSte BROEHBA Mheced oi. soy
bedt 811.0%5¥ loilCQ8k i rAttDcARbY i betungl di enmsry) otherdie

prepared by reacting an anhydride of a dicarboxylic

00331 d suchna d&&@é@é}ﬁ% bl fredMsinbHsydrokl ehdibrogarboxyl
[ su:!h as neog)e tyl gl ygglB ina 1:2 nol arWati%‘. [ 0034] Y
_grotierthat arel availeble fod furtherrestlioking re@ciongy, suitabl e
drying oill fatty acids may be used and include, for :
[00361np| e, Polyusethdeeipodyinérsosonitainiesteroing| isasyanatenordaydroxyl

i) LIS e T by

mutEIdYeR EbathigE Bftte FrRdeA G T e RS p oae VO
terRohated gidhurethaviegrtbatcarobe aisatl mge thosa prepared by seaetnd

pobbinhciethed et ST SR 8y 4o aridieq, FrBRolTERa®

cof@ilihd esrnihal iB6cyrREE BF phifier bl e8corldy p@hinegrbbps@hich can
po yogs or I\IC(Ie*Hm nat eg pol yur et hand(;fyt hat g:m gmé_ '

beused aredhosepeenareg dyaaasing palyamigepclsing pakMedicng
; po@%w'a?eé '&/ﬁ@fﬁéﬁi%%\/ﬂa&g&pﬁg S AFEN %B%?ani@eor amine/isocyanate
equivalent ratio is adjusted and reaction conditions selected to obtain the desired.
terminal group. Examples of suitable polyisocyanates are those described in
United .Sfates Patent No. 4,046‘,729 at column 5, line 26 to column 6, line 28,
“hereby incorporated by reference. Examples of suitable polyols are those
described in United States Patent No. 4,046,729 at column 7, line 52 to column
10, line 35, hereby incorporated by reference. Examples of suitable polyamines
are those described in United States Patent No. 4,046,729 at column 6, line 61
to column 7, line 32 and in United States Patent No. 3,799,854 at column 3, lines

13 to 50, both hereby incorporated by reference.

[0037] Suitable curing agents for curable coating compositions that may

comprise the polymeric composition of the first layer in the multi-layer coatings of
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term nal isocyanate or primary or secondary anine
groups which can be used are those prepared by

WO e@stigTgs pol yam nes includi ng pol yneric pol yareTies2005/018509
wi th polyisocyanates. The hydroxyl/isocyanate or
am ne/i socyanate equivalent ratio is adjusted and
reaction conditions selected to obtain the desired

the peésBritahvetitionfinclEdaaphineplebt ssinsbhe ppehgplast sesing asd
are those described in Unite

mixitires ghemeof, s eusingnigents rfcprnQHg%nSé b &uand @m'ab fndgarbamate
f
b o S RAAE i . i BT S o
resngig sulﬁtsrﬁgag 2Crirad agelhhtsng tIZe cbn;p@sﬁ@nsmfdm Girat [ayer in ithe muiti-
I NCOr por
ey Ao ool N v o S B R st
Patébfh%? 3@91%165\@%% 31% F2% 8bl. %Olumsﬁhe&émnéorbomed by

in United States Patent
referen®, 854 at colum 3, lines 13 to 50, both hereby
i ncorporated by reference. [0037] Suitable curing

[ooaernt S flgblymlbwrhzﬁes @i Mchoedrpolsllsblcsmlsatebas cmeqng agents for
ri se the ric conposition o&gthe

OHand pamany Andioa s BPoRATY GEOGTDHE OREIERE MARERLS S well
I
| kndyif i1 AFLRA rﬁh@fse LSEH 1 1RO huUIRARP caaling €6l fh;%g@

ures ereo as curing agents
inveniiorantEdamples @fqrdbylead:)arfatesand rbdwcl@doa@cyamtga; gult@ble for

Usq B8 CHENG GoeETS B8 cotnasatter e TRl R e 2l aer
coé}fng%rkﬁ thé o ésérﬁYrWerithteh@ tAYdéd deb@itrid mQ@MétUStaiés Plaeent No.

ent ent| on are those described in United State
4 5@6tcm~a athQI 5, lges, 16tp 38; ansl in Ynited Riates Ragerido. %468, 802 at

colpsrg%%ggonéﬁe oA LR 2070 1
ents r| r condar ' ‘
T R P B B SR 5o

: nvgﬁﬁfb 65}1’(@%1%?1@%@@)5% WEAKNoRESinGhe e Ekz@@xgtﬁs of

ntion [ socyanat es and bl oc
anlnwdr@eamm‘mlestmrmblas ¢uﬂngja@erzd;§ ie the agmagsitioss joh thefrst layer

itions th rst t
in Bgah lgever Seatings 8 dan Presifesiional8 e bgadiie o pnited
!StétBs @Htéﬁ%@twge 788t £ol D, liheB46, 10450; ainddnlUnifed Siates

8: and Iin United States Patent No.. 5,468, 805 at
Patent No 4 732,790 at col. 3, lines 41 to 57, both hereby incorporate

reference. -

[0040] Polye(poxide‘s as curing agents for COOH functional group
containing materials are well known in the art. Examples of polyepoxides
suitable for use as curing agents in the compositions of the first layer in the multi-
layer coatings of the present invention are those described in United States
Patent No. 4,681,811 at col. 5, lines 33 to 58, hereby incorporated by reference.

[0041] Polyacids as curing agents for epoxy functional group containing
materials are well known in the art. Examples of polyacids suitable for use as
curing agents in the compositions of the first layer in the multi-layer coatings of

-11 -



col. 3, lines 48 to 60, both hereby incorporated by
reference. [0039] Anhydrides as curing agents for OH

waeasprd7emry and/ or secondary amino group contBECTIUS2905/018509
materials are well known in the art. Exanples of
anhydri des suitable for use as curing agents in the
conpositions of the first layer in the nmulti-I|ayer

the grasémafvattidmarethese descrityehin Onited Statbsﬂatelmlsldm 4,681,811
in United | States Patent No. 798, 746 at_col

at ol fBdinecis 9 60 O b NATPPRINCSEPELCPRY SpiETRRCe:
4,732,790 at col. 3, lines 4 1 to 57, both hereby '

[004R or por Bobrdlsoj?hatew emaietiel hpdiogan mrﬁgp@tt\a@@ré%ore hydroxyl

oo B RSB, 1 R A G G RCEP, Ryphiroup

corRAInRPRIEEeAs BntitaMPlyarides ahafbs@é‘rscaﬂd :ﬁh@ wele Rh@wn rin theeart.
conpositions of the'first layer in the

Exaroates1tgf§dabd pory@lqoar@stbase deverbedn Hpited ﬁé%t@SdDe%tem Ned
o B RS PSR ol G55 a Tl 881 0 T o and i

Unit&8 btateBP atant s, 3910i5ngt el edtine &4 tepaix$, IﬁntBJ bothl
group contai ni ng materials are well known in the art.

hergbyripc@porated dyyataraBcaui t abl e for use as curi ng
agents in the conpositions of the first Iayer

[ocmrjt i - | aPolyardaes 6g8 alfa be used S5rRUrNGRARN %ﬁprahl@q R&%Elona'

gro&a gcgrggﬁcljr?g%ﬂwaf%nqtlggggtfg\l agérbpﬂﬁ ﬁWHnﬁngéﬂed Sdtets 8hd are
well %th&hé%rbﬁia&ﬁplbsmﬁmlje@ﬁm% skithllel fsr uskas ousmg agents
materi al havi n&t‘an aver age or nor

in hecgrepesitionp pbibgl fisst |§¥W Inethesfea 'déy%ma‘j@g%&ég@% PF‘%?F“"

ARSI G100 F SRS RS RLNS i 29 o oo ©

lind®artploes. Qflinedla] hacébwhsomoeatelddsser&iemebed in United
States Patent No. 4,046,729 at col. 7, line 52 to col.

[0&14]' i ne 9y aeebrdafce Withecein enstsdiments oﬁthefiﬁfesantdnvenhon
Uni"ted States Patent No. 3,919, 315 at . col %

the p?lwmerlcsqompwtmls presaNhiartbs \ComRasIting %ﬁf@& fis$ 13Yer in the
ereng

5 55urE 1B RAHRIERIFED 3 pyer 2 o 0 poron

by Wéight, dr Sinaitiné 0ase<m BANAtE98 zmdcemmynMeghtj oa;s?tﬁempstca%l

are well known in t art

! pesgant &yl weight baged ar tl@quqtﬁlgwg@gggﬁﬁ'ne comBos&‘ on of fhe first layer.

The amount of polymeric composition present in the composition of the first layer

may ré.nge between any combination of these values, inclusive of the recited

values.

[0045] The compositions of the first layer in the mdlti-layer coatings of the
present invention can also contain, in addition to the components described
above, a variety of other adjuvant materials. The compositions of the first Iayer
of the multi-layer coatings of the present invention can also may contain a.
catalyst to accelerate the cure reaction, examples of suitable catalysts include
organotin compounds such as dibutyl tin dilaurate, dibutyl tin oxide and dibutyl
tin diacetate. Catalysts suitable for promoting the cure reaction between an
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in the conpositions of the first layer in the
mul ti-layer coatings of the present invention are

wao b@seisiescri bed in United States Patent No. 4POHES2089018509
at col. 6, line 6 1tocol. 7, Iine 26, hereby
i ncorporated by reference. [0044] In accordance wth
certain enbodi nents of the present invention, the

am[mjw?sirdua:mgcagm& anhddhe ireacpiivesludlrom antéoraatpamate fmctional

r h | ti . h .
aroypetm eErveNetaHe diebarendaikas peihe s o eRfimple. acid
phé’%}ﬁﬁég Blich 95 phbﬂkllsé’élﬁ pﬁ6§6ﬁate65né Bub@tnt@f’ecpéf GesUbsHtuted

or 7/5'u percent by wei ght based on
sulfdmc ao:dalsumbua@modﬁcyltrwzenamtﬁbmcml@br paeateiuese sulfonic
ayer. The amount of polyneric conposition present in
aqghe conposition of the first | ayer may range between

mbi f th | | "
[0G4BE ( oq Prerad i onSreRREBRpba et BeSoftpagiions of

the| ﬁr¥?lr bPid e rﬂH‘t itby b PY&Ati %f'tﬁég)régerk "Pﬁ/é?fu%ﬁemélude those

Ion can al so conta , In addition to the
tham awwwmmmdemdhe kmdofafomalatnag\wrﬂaeeypoatmgs r&uch as
materl asi tions the first

sufaEhEofopRontl BentRy EHXABINT RGN T LS. GBS, ant-gassing

agéﬁ‘t%ePFda?f‘b ESRoRlchEs, BRYalGHB! Ahdd oﬂléifaﬁj@{dfﬁéryt&xmanes
accelerate the cure reaction, exanples of “suitable

Exaamﬁw@ittlesamateﬁabrmwltabl% @mwmmjgr%d@wa@ddnt&mmd
t
sigipaEateftiNe R 20878 4 dob 4 a7 0 AR S 1 B ihigh are

mcbﬁﬁﬁhtémh&@ﬁrv\@yme@r@mg}opl ast curing agent and the
reactive hydroxyl and/or carbamate functional groups

[0 (ﬁ?t] t he“[’ﬁ%ﬁﬁ&l‘hﬂﬁ{/@r é’daﬁﬁ@%?df%‘e bPRsdetl nvamitish Comprise a

rials, for exanple, acid hosghates such as phenyl
seamdjlqyaoappmcbpvm leasisa podioadfdhe fifg dayarn wheegin the second:

o SRS S SRR AL AP

phbld@aef RNinatéial ABYsdibhereat the tdrive  protpestalytio matefial” refers

the first layer in the rrultl-layer coatings of the
to pmaaterial tha\'v@ph@ﬁemtﬂhﬂéppn@é@%w&tmaﬁed\ﬁbﬁprmmﬁf in.

f at

raciyaﬁqra &ugﬁt%s {?, @qﬂﬁargé%tﬁﬂ ﬁﬂéttoth)éﬁ%hcggg%etrgl isa
' mdtetislahat, vﬂ'tdrpémdsed t@ﬂiglh{ basmgﬂwlwmﬁefgy thayathiecenergy gap

- co-solvents, catal ysts, and ot her cug Pma Z

betwgen the senduction band ‘and the va ence ban e crystal, causes
excitation of electrons in the valence band to produce a conduction electron
thereby leaving a hole behind on the particular valence band; In certain
embodiments, the photocatalytic material cofnprises a metal oxide, such as zinc
oxide, tin oxide, ferric oxide, dibismuth trioxide, tungsten trioxide, strontium

titanate, titanium dioxide, or mixtures thereof.

[0048] | In certain embodiments of the multi-layer coatings of the present
invention, at least a portion of the photocatalytic material present in the
composition of the second layer is in the form of particles having an average

crystalline diameter of 1 to 100 nanometers, such as 3 to 35 nanometers, or, in
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Exanpl es of these materials and suitable anobunts are
described in United States Patent Nos. 4,220, 679,

W 200831088, 4, 147,769 and 5,071 , 904, which arBCT/US2005/018509
i ncorporated herein by reference. [0047] The
mul ti-layer coatings of the present invention conprise
a second | ayer applied over at |east a portion of the

yet bthierterhibydimentd) &t ©i 20 hhﬁon@@@sd lh Hye=e embddpmemtsetﬂ\e
fromat |east one |i nposi ti on _tha

aveppas 6BsalInA diaiRieep fe PAQORS canTangr HetwREN BBY fombhation
- of th% I??&lféﬂaﬂu%% iScITBYE df fhe rdé e vallds, altWiﬂ Sé'LﬁJdeH’cébd by

oexcl e upon exposure to, and absor ptl on )
thoa%@éklaed imthesart thatéhe Iaveeagead:rgstaﬂrna/d igmsiter ohﬂﬁemar@des Aay

h |
be Salpeeecpatsd v TeavPRgisegfRsireata g Mentabtees BRtng,
conqgcﬁ’? ﬁ’cg" Wef é%%%n@qué&‘:tlh%n%‘ﬁﬁm%@%éh@ %@b@tﬁﬁﬁalﬁﬁélﬂof the

cryst causes excitation of electrons in
photatatatytic knmtérlabp@sedtmnetha secndddayesris #1 e foon erwlca by

METTE T TEIE T A
parﬁ@l@@rrhégfée Yef@hithe@vydRanfite elastran Aicrastdpe of transmission

oxid erric oxide, "dibismith trioxide, tungsten :
slecirp-onictiscope podtthaerystebphase ofsuckrrarticles srayibe dstermined

oy B ifRciof Einokd By thofd sEREd T theelpoc, ments of the

resent 1nvention, at

100§ e BREARErGh e RO B Cr I hReBEBR upor
exﬁswéli 'aﬂdeéostwmé\eoﬁﬂoaé%mg@ Qltbesicibl (‘OV” dandret eisibié
to 100 nanoneters, such as to 35 nanoneters, ar,

radnatm Imdeéf@lreamb@dn’eﬂﬂ’@, the pl@otggataM@rfE@tﬁr@ls FAMPHER e

o R P g RS SRR B B et

Exérﬁ%lése@f Malevieks thabelaishe ased ashpart @fdhbdduxcatmmsosmmn from
be understood by those skilled in the arf,. th
whtqhethaxﬁ@p@gd la}feyslf he midtiavanspatings ot e Ef&ﬁ?%'l”éf%“‘i‘%ﬁx's

T e
wﬁhﬁu’ﬁlﬁﬁﬁat&ﬂ‘b@dIdmj‘é,sz.lr)(suiasle;’;land ﬂie_l promlkite panataee and rutile forms
of fanie diaide oRxEeIPSa B ELS thek Braoe S0 GRyReLet diauid
coﬁ#'p%gﬁbﬁrfro‘?ﬁ whitth fROEQRAbYE! 6 fHBtrﬁlhIEiiléyé’erﬁlngs of the
present invention is deposited, and which are photocatalytic upon exposure to
visible radiation include, without I|m|tat|on the brookite form of titanium oxide,
titanium dioxide chemically modified via flame pyrolysis of titanium metal

nitrogen doped titanium dioxide, and plasma treated titanium dioxide.

[0050] In certain embodiments, the photocatalytic material is prdvided in
the form of a sol comprising particies of photocatalytic material dispersed in
water, such as a titania sol. Such sols are readily available in the marketplace.
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, $5-300A and 85-338
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particles may be deternined by scanning el ectron

m croscope or transm ssion el ectro-m croscope and the
we@eopstigi’2phase of such particles may be det er P@EUSIIYS/018509

X-ray diffraction, as known by those skilled in the

art. [0049] As nentioned above, certain materials may

be photocatal yti c upon exposure to, and absorption of,
availablegiamifteniuht Cagnidats, $TSNY), SHBH0Ar and STH-&1 available

oSS B Sl PR g B e
rorRy B, PR fgkioc_mechant s B e of
OB S BT RO B pront

the q@ﬁﬁ%‘f bl caﬁ@rmgcmoakmewpu tiaaiumh piide pmtmlesm@smm re of
WV radi ati on i ncl ude, w thout I|mtat|on tin

brookrt@uléypezwﬁb apriage; tyRa @ndier iilsolypeditaniHg gxde mﬁt'C'eS
{
cifyleh T R oL SR Dl Bt EA: TBARYG8 of tium

tet@@nPﬁaFtumr f:én{ﬁhwhjrmiﬁt%ddse sael aeds taugit b(nyml’mi States Patent
i -1 ayer coatin t

NodeAg8ia30y WhriRFaRoEEd RSB o BTentoy Sie ok s e
whlcﬂ éf %uﬁ!a Ierfﬁphgé iPthe | lél‘@SmﬁUsﬁi@)ﬂLﬁoﬂw'Wﬁlbﬁ‘thé’Qecdr’ﬁﬂayer

orm of titanium oxide, titanium di oxi de
of thbmluaayeyr cuadings ef the arefsiealtrmthlon ystlepesitad inalyidgnyvithout

i P SAPGTASPE s o i e e

Co?ﬂg?ﬁé pents, the photocat al ytlc material is provided
I'n the formof a sol conprising particles of

?t ocat g %’ér{% 'éﬁﬁ Edientd, QIH’@EESQJCEEEIWH ﬁfateﬁé!@:@nﬁﬁls@s

ania so s aré readi | avail able in

chémrdaﬁy phadified feaigm eisaoxncﬂe sEa;amni&seai such materigls snc@Jde

e o oSS B 150 i SERSBABAFRY v ot

c
o SERH Pl By SR 7S sy Wi 0,

SciBhica Foaprinit) dbluene 29 . 12243 224 081820 avBichds inagrporated

STS: §‘FH219
he@yp Bgrzrg{qarglﬁces " Saered %bclaé‘ ﬂ%lﬂ@%ﬁ%&fﬁ#@%ﬁ% avaé(#’ %?cnbed in
 United @t%@at@ﬁﬂk@pl@ﬁt@ﬂfwblr@:@tloh 0062]01690¢8AH aitpfor example,
enbodi nents, the photocatalytic material is Ipresen in

patdgsaphs [8152] s §02 owbrqhslrsn@cq;'peate@ Befgip by efelgneen and/or
plas)lgr'ne?I feB t&hGR Sﬁ)xﬁjenéé(ﬁaégnt%fd in United States Patent No.

6,306,343 at col. 2, line 49 to col. 7, line 17, which i is incorporated herein by

reference.

[0053] In certain e‘mbddiments,’ the amount of the ‘photocataly‘tic material
that is present in the liquid composition from which the second layer of the multi-
Iayér coatings of the present invention is deposited ranges from 0.05t0 5
percent solids by weight, such as 0.1 to 0.75 percent solids by weight, with

“ percent by weight being based on the total solution weight of the composition. In

these embodiments, the amount of photocatalytic material that may be present in
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brookite-type with anatase-type and/or rutile-type

titanium oxide particles dispersed in water. Such sols
w@25he87pF epar ed by hydrol ysis of titanium PCT/US2005/018509

tetrachl oride under certain conditions, such as is

taught by United States Patent No. 6,479,031 , which

is incorporated herein by reference. Sols of this type

the ‘Wﬁh@hcdlﬁ§0§iﬂd)lﬁ fohewhith thessdcontifiayéri afihe nudtipiaysrtcoating is

fromwhich the séecond | ayer of the [ti-l
deposiied §g8 range hetweers aRy COMRIRYHOS &d@ﬁ'&%‘?%@'&es inclusive of

inc t
tho (RIS Al PS5 IR ERIRRNTERE ATAW e A snarme”
amé@hit ¢f photodutdiytie mhateribhgregbot mcthedllqytd compositioa from which
conprises chem cal Ii){ nodi fied. titani

theimaspl davesiol doe Ayl axar goating i RBoT LU s ags By the
pro&%ﬁ@sec?éélﬁéd%%ﬁ inSBr Eﬁ&f At r(%l’ﬁﬁ(bﬁtléﬁ; of @ik Idyeed by

hot oc mcal Water Splitting

[oogé]ﬁ Ch CaILIB%f I%Qei o'fgagg Pgﬁ%saré Wh?i'ﬁ&@nﬁﬁ@fzb%nse a

sedom@daPer tihbﬂ!s despciiteddsorn ef leyudd cempnsttmglaat dlsp@dmprises a
titani um oxi de manuf actured, as

bindenthes lsvby@ﬁphmﬁplASc%ﬁﬁdoherﬁJblth% g?mb nb'ﬂg%ré/rﬁffr%gb%m
corﬁf%lghgrm%;éﬁgp{]%hﬂﬁr;%\gﬁé;}gg%f {r%lﬁ?&tohétaﬁﬁ%q{f\]aterwhb@ i's

rpor ereln erence, p asna
dxsbé@@ﬂems used hermd; mltdfm éibydfephmckhmdern médnsdbahgt kigder
t col

ol W 39 SRR KETP IPpUEY BESraPE (h Ry REFTiy La materal
is tb%?géurér’c §ebhidt aﬁglﬁgﬁi‘ WERk Svitht 8Byl frdra the material.

ocata ytic mate that is present in the |jiquid

In wtmnmbmmentsntm .bmdetrlmétrseeb@nd cogyrasitisn e waich the

seqcﬁﬁglr@gg? Sﬁ)ﬁe%ng |f- &ggccg%tﬁwigglﬁtdeggﬁﬁga cg%dr%eg %Frﬂ%’tér%ﬁ that can
for@f/a erllen‘Pt%t@h&ﬁfs@%téf&drﬁéct@nd@bﬂhb ,mmnetthap Q0g eam; in

wel ght being based on the total soluti on Wei
othdn@nmd)mnts &, more thasst5e #bdBi ek ther arpRo '\2? n@fmore
th#o ,g pcatal ytic material that may be present |nt he

i'd conposition fromwhich the second |ayer of the

A R e A

! se&&?d r Y@blé%%str!aie M\éa\hhg e fiR efy&ir elepobited traseos) khelsedond

art that
Iayer exhlblts 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 the photocatalytlc material. The water contact
angles reported herein are a measure of the angle between a tangent to the drop -
shape at the contact point and the surface of the substrate as measured through
the drop and may be measured by the sessile drop method using a modified
captive bubble indicator manufactured by Lord Manufacturing, Inc., equipped

with Gaertner Scientific goniometer optics. The surface to be measured is

placed in a horizontal position, facing upward, in front of a light source. A sessile
drop of water is placed on top of the surface in front of the light source so that

the profile of the sessile drop can be viewed and the contact angle measured in
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anount of photocatal ytic material present in the

l'i quid conposition fromwhich the second |ayer of the
woredositid7ayer coating i s deposited is deternm nePCHYS100&018509

properties desired to be incorporated into the

conposi tion of that layer. [0054] The nulti-Iayer

coatings of the present invention conprise a second
dedragethrobgh the gdniposétee telésapesthbt sueqlippeg vatht dikgalarnat

al so conprises a binder that is hydrophilic. As used
profaetar 9radyationsr m " bi nder" refers to a conti nuous

material in which particles of the photqcatal ytic. ~
[0056] er i al Ingestain eposimeniss the baHiA SOBIRPSTHORTTEEY Which the

"hydrophid.i [ r t i i
socg e i it er SBERRGs e BPEerh 1t 3¢ tbpodted
corfpAs&PAbinder tivataéxrbitaaeti-sedtici ropertiesasel, ¢he bindeosaaderm a

angle of water with a dry filmfarped fromt'/be .
dryireinphas e aibp issieats Hefrestalh hBGRTer AT ML bR

| | . i . £t h

sobi Sy SYISEL08 1 6048, gk 44 5 seaed bk gl
capdisiity ofia rhaterahiscoymbabunet thetsuefabe iesistivtynelt e roateriatt In

angle of no nore than 2 i n.other, e

\ . 0,. . '

comhETRRAIMESTS o the HSsERt BYRIOTE A5 FHERES 1% onRLIaber

coﬁwpﬂgeég'mét%éﬁ&arﬁﬁ)rﬁ} é%ﬁwfﬂm tIMR@XhARR & Sakhes rédistivitg of from
'T'quid conposition of the : second |ayer to a

7.5x1b8 to i1 ARG Hmgs/oh®, br ris otheryembedipisnts st mese dean 1.0x10

o oo ey el il S 85 SRR i ar

Aotlﬁsgtiﬁaémdq%l 8@0,Miagoumtet@tdmg eitierd{1iykarye, extension probes

an 10, prior to photoexcitation of the : ,
plasedtDmdlimbeiars apsatrseveral teeatipnsan Wensalppleanp(@dhe meters
eported herein,ake: r
onpEREHEDeS SPuSY PLE rBHES EH ot e vE R BRI S WS fple. Ao
a rayilt are ppésdrenvatiiyistatsadiretted to elltitayergioating hawing a

and may be neasured by the sessile drop nmethod using a
seaonil fayed havipgispehAbbiatic MR8 manuf act ured by Lgrd

Manuf acturing, Inc., equipped with Gaertner Scientific
[0@fHi onet dheapuitidayermeeatingsfeidhe peesrnt haveniiogcqnaprise a

sofoif et thatis Jrpb S oA ibubdorifiith it ThprisBs a binder
: thﬂmiéﬁ étrﬁg?éént@? comigletely hydrblyeet cvfandeilicatghths used
herein, the term “organosilicate” refers to a compound containing organic groups
bonded to a silicon atom through an oxygen atom. Suitable organosilicates
include, without limitation, organoxysilanes containing four organic groups
bonded to a silicon atom through an oxygen atom and organoxysiloxanes havihg

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

[0058] ‘The organic groups bonded to the silicon atom through an oxygeh
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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the profile of the sessile drop can be viewed and the
contact angl e neasured indegrees through the

w@osomseer tel escope that is equi pped with ciPCUUS2005/018509
protractor graduations. [0056] In certain enbodinents,
the liquid conposition fromwhich the second | ayer of
the nmulti-layer coatings of the present invention is

but§ie PBEtV achirgiNBrpety, iepditgl ecopbatyl,dexiyhioctyl anthe Bket@t
properties, I.e., bi nder can

theﬁf_ai?"tylh erauns, Cuyo {Q;tagfsé PR %?é'?bg]?‘gt %Hﬁﬁé‘%@@gﬁtﬁ&
suifig o REBnE AL RIud BRF S A SRR Bt

orgafobilicaeanty eohtain two baowreekifferent kings of organiengreinsal .
In certain embodi ments of the present invention, the
[00'?)9:]'der o§pbfic peAAMItING LREMPRPLT stable ordaToxgsilares are

fofma dry filmthat exhibits a surface resistivity of

‘tetramethaxwianegtetraethoxysilane tekadrerareXyellang n ot her

nbodi t . : , -
tetZameaonislond o EobRTsfart) o bNER S{Hne, tethfseo
butdRy Silafie) estramt-bltoxysiiEle, Stirapharbxysiiate, 2800 Megohnet er
~using either ( 1) |arge extension probgsﬁpl ﬁced 5 .
dimmthpxydiedosysiigae: TheoveRapsTaSs AL bp HSe@iansgr in
cor%in(%ibnt&%n For nORPeRFSbP R Rg BRakesrgdRbsilibatees

apart at several locations on the sanple.” As a result, ..

tettdmeethoggsiknel andémt partiallys hydroty zeédreardensatesietgof shpwra high

reSRu L 1N BETOIB g SRICTRIE: 2 AV Bditich S0 Bhdles
R CHRATE N e .
coﬁé ted Bﬁhe‘%&%fg‘gﬁ’@?n@%ﬁ%ﬁ%@? Tﬁ%'cﬁné@r%ﬂﬂnecﬂé’gree of the

ol'yzed or cate. As used herein, the term
ordarig@sioidnesds edt pattieukarlyaeatricterh oimekrtain eabndigents, the

organi ¢ groups bonded {0 a- silicon atomthy .
copsaRion GAATESIT Run Bk g epraLhed ki st ipmua:

l'imtation, organoxysilanes containing four organic

groups bonded to a sili corOx vt hr ough an oxygen atom

and or ganoxysi |l oxanes having a sil oxane nmain chai

whet&in>ds frgmdotest 2t andy infros fidclort witbribe W@\GS@?%*R@XW) is 4;
anglig Gon SR el rDanosi 1o EaplEPa e not Iimited and
[Oggﬁ ' nel Gi‘a’fafc:%r Q?Xsﬁgger?pt >1 }e%ef‘gsrents the condensation degree of the
siloxane. When the eiloxane shows a molecelar weight distribution, the factor X
means an.average condensation degree. Compounds represented by the above:
formula wherein x=0, are organoxysilanes as a monomer, and compounds
represented by the ab’ovevformula 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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branched or cyclic al kyl groups. Specific exanples of
the organic groups that may be bonded to the silicon
wa@e@siidreough an oxygen atomin the organosil i PEX/ES2005/018509

include, without limtation, nethyl, ethyl, n-propyl,
i -propyl, nbutyl, i-butyl, t-butyl, n-pentyl,
i -pentyl, neopentyl, hexyl, octyl or the like. O

Unitduk Seates IPdtetr o ps, 59€j976@at@b.28, kines gilotopt1 aneorpbrased herein
used. Exanpl es of other suitable organic groups may

by referane&- aryl , xylyl, naphthyl or the Iike. The
or an03|I|cate may contain two or nore different kind

[0062] or ganf\e mertigned qarb@g}fhes’ﬁ%%%d layabAt thennultinigyer coatmgs
of tﬁgfhrng%érftﬂrg&%@ﬁnt %%l (f%p‘?}{s?cgéﬁm ysﬁ?ﬁc? cBfosition that comprises a

binti8 thart BoRiprises s (br@aﬁosm@teahanpremsenyally eamapletely hydrolyzed.

tetra-n-butoxysil ane, tetrals 6@9& "
yzggé)rganosmcate

As tiged heseibbtheoey egsential é;‘tqoﬁ'-‘
refb b AP RRRME! S8R thEQﬁ% (E?S; g'd?ttl!?é’ %érﬂo %ateTQﬁese
on In C I nation of

organ03|llcates m
sulsstantially replavedebyt mlanebgroumno @rt évdeat ey ﬁm)matemaiu&sandered

h I d/
hycgj'g}qéggzlgq g ef’ n%m@ eg%fl acgﬁgayrrg a h?méée? %)81 B&;Q/ pgyater contact
andl¥ Y HoVrs

o ?rré]% 20" 8F Sh Htifer %Boﬂlﬁ?&ﬁté)/n@hﬂﬁé%aﬁﬂb‘afw in yet

roups. Spécific non-limting exanpl es of

otmuenmﬂomnenganowere thaanky. arhis byd manw poduge a network

above_ or |, anes. The condensation degree of the
po'éf%n%%”ﬁ??@@éﬁ%%lo}"'s not particularly restricted. In

certain enbodinents, the condensation degree |ies

within the ranQ€H,epresented by the fol [fo@ithg Tlor nul a:

wherein x is| ffom0Q to 1 2 5 y is from/1.4 tjo 4

W th tigHO |g;o_ ' erHgani c

gr oup,

such t [0061] The fjact or .
subscript x r é ents the condensation déﬂiee of the

si | oxane. W
di stribution,
condensati on

the f-8ttor x neans an average
degr ee.

C aI kyI or

i | oxane shows a nol r wej ght

Compounds represented by the

whet@vreah«bnrarleq)omteneehumlaa& arad ] ierrgnmmgﬂharane@ asrtain

eGP AAtARe PRow IaverteB. By e rarues FoBpBkcrssgniialy

&@VG’E'P
coﬁm@[hﬂéﬂ%@/d‘?élx?@é 6?@%3‘%6&15@[3%@5@1%@"9'&@% §f -OR X groups as

Al'so, conpounds represented by e above
defeomingchbyfdi Riar othey smtabteeemim@eltt@clmme (silica).

[0063]_ :
analysis of a dry film formed from such a hydrophilic binder material. As is

In

Referring now to Fig. 1, there is seen a chart reflecting a FTIR

apparent, signiﬁcant peaks are observed at the Si-OH bond wavenumber, which
is 920-950, and the Si-O-Si bond wavenumber, which is 1050-1100. On the

other hand, if is a‘pparent that the hydrophilic material is substantially free of -OR
groups, where R represents C; 1o C4 élkyl groups, as evidenced by the absence

of any substantial peak at the Si-OR wavenumber, which is 2900-3000.

[0064] In certain embodiments, the essentially completely hydrolyzed

orgénosilicate is the product of the hydrolysis of an organosilicate with a large
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certain enbodinents, the condensation degree x of the

organosilicate used in the present invention is in the
Wo 209818923 0 to 1.2, such as O to 1.0. The sil oReIESI085/018509

chain may have a linear, branched or cyclic structure

or a mxture thereof. The above formula: SiOx(OR)y nmay

be determ ned by Si-NWMR as described inUnited States

ambahtesttwader irbiheRe8éhc@bf anlacicdbhydrolysis datalyst.4The hydrolysis
i ncorporated herein by reference. nt|
magfm ganductaskwitk weier p@f@m Wran ﬁ@%*b???n%l:@?@b % geate tf'
of, .t
theiaibaBTR Efoul T EREP R ENErdIFRRG OrEnoR e @PF?@E‘%
orgﬁhgé\ln@éﬂeI iicistireliched thst the seditioal ofsucbrgs exmsyswe amount of

wals Ut SIgnakTPLDS BeRes YTLEIES! (e aRenoidate t

co%ﬁ&t%{l"ﬁé l%@gr&ﬁ'ﬁé‘uﬁm ét@ﬁ‘r’tﬁéﬁéb? )f%'\?éntﬁf g thieecondensation

anosil1cate are substdnti al repl aced by sil anol
rea@ﬂ@mlpﬁtﬁe)swm@gtmrmthat the material is rendered
hydrophilic, i.e., the material can forma dry film

[odebilt exhThé hydiolysis oF tr@ong@nbsmngﬂeenay beocormiuetechiarthe
20; or, in other enbodi nents, n 15

pre;a@ncgpﬁ ene IR gydf%y%p@t Sf%% %@ecﬁ%ﬁ,%amp?eé oJf suitable
caﬁgmﬁ%bxmd% W?t}‘u Bf [AfH Wﬁﬁoﬁl |H§rg\éﬁf Q8% YélRh aRydrochloric acid,’

rated n are positive nunbers
sulfurit #Bid snitrie amd emdhﬂmsphoho aciel, saiangotheds; argaricacidsh such
present invention

as Besunrid) PonarnmLbeBIAdgpbiepeSTEng At Eheputionio acid
et@ﬂ%{zﬁﬂéé@#dﬁfc EFﬁe b@ﬁzo@%cﬂj’ %ﬁ%l@%dﬂ@tm%@é%gdudbform Rcid,

er suitable anal ytical 'technique
citiRefeidy and) onahw audFag]ong others: elkali catalysts, swelt és sodium

ydetoa PrEBIR VRIS il e e O R B bl
amthd Bbfnﬁ%@ﬁ&s Rﬁ@bﬁoﬁfe@alﬁ@é@ g@dnéé ot heetSl alkbkide md>mpounds

wavenu whi'ch i s 920-95 and the Si -0 Si
othmdlemmﬂmmrgams&hai%, eab0organotin COMPaYads: $ih ﬁ%%utylt’“ﬂ

{.. 1 pat
BRI ) DR doRE AR iRt Bl Betuminur
cofrpouh@s, &uchl éfé’blLﬁﬂilﬁUﬁStnseaherawonaté)baluh’meumbsence of
any substantial peak at the waven

;mczwgetsmtolp@t@dngs(emylggetpap@{a@}bdﬁgnﬁ% trisqug@ylacetoacef%te)
‘angséﬁ)%b& Ege&?gglu%ﬁb% Hﬂfs‘é)rp%;%ﬁéite organotitanium compounds

such as titanium tetrakls(acetylacetonate) titanium bis(butoxy)-
bls(ace,tylacetonate) and titanium tetra-n-butoxide, and organozirconium
compounds, such as zirconium tetrakis(acetylacetonate), zirconium bis(butoxy)-
bis(acetylaéetonate), zirconium (isopropoxy)-bis(acetylacetonate) and zirconium
tetra-n-butoxide, and bdron compounds, such as boron tri-n-butoxide and boric

acid; or the like.

[0066] In certain embodiments, the binder of the liquid composition from
which the second layer of the multi-layer coatings of the present invention is
deposited may also comprise, in addition to water, an organic solvent, such as

alcohols, glycol derivatives, hydrocarbons, esters, ketones, ethers or the like.
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organosilicate is the product of the hydrolysis of an

organosilicate with a | argeanount of water in the
w@e@semoes of an acid hydrolysis catal yst. The PCT/US2005/018509

hydrol ysis nmay be conducted with water present in an

anount consi derably greater than the stoichionetric

anount capabl e of hydrol yzi ng organoxy groups of the
Thegegesivshtsimay be usedialohebr evihe folratoftehmixddegi ofi any o or more

such an excessive anount of water allows sil ano

the!}?qups produced by hydrolysis of the organosi licate to
coexist with a large anount of water, ther

[00|6Flavent i Bgecifie cxammasal alephols b2t HaY be y3ed 'ﬁphugﬁowﬂhout
BRI AR TSR o0t Lot ol

acdtyidcetor eﬁc@mlairyﬁé sike SSpeificexenapips of glytokderhwtives that
catal ysts include, without limtati

maxdedasedsineiides Wiharbimitation eébv'anew%rﬁqgv'gew?yw'

e I e

glytel menesietiyd l@tt@eraprapyleqd giyesiuhbooethybether, dlethylene glycol
eth Ibenzenesulfonlc , ben oi.c.,acid ht hal i ¢

mogeniethyet aer; digthyfens aethyl gther, cipligne Giygo!
mo%gﬁétfﬁﬁll Gh&r a@é&gf& e‘t’rﬁﬁ@ﬁé Iy%bi‘ﬁﬂoho@ﬂ{y@bﬂﬁr?aceﬁéié Nprpylene

r oxi pot'assi am hydr oxi de, cal ci um
glybgbmonodm,thydmhlm acetated pronylenegyadhmooeaiiyleldier acetate or

inSRESERLAL bR oSl B 5 OFRBUB itnou

Ilmﬂgm%&ﬁenéuﬁm&% Kyleiey ketdsenedi haiexane, ordh@lukef | Stienific
di oct'oate and di butyl tin diacetate, organoal um num

exarlomﬁamfd%ﬁte@dbat @i@yahamqmmctudas witheuy imitatiomapethy! acetate,
al um
ot Hip A PR S EgL RS EACRIE e D ER B EERaTHA )

acélodEbiiia) wtylsauyt@mewt@t &, therligen Spdaifiv eorampinsp@ﬁrﬂmles ketones

such as titaniumtetrakis(acety] acet te
thajinegbe aiepyl-indude a@em%mtawﬁey kaiene, .méﬂwﬁ Butyl ketone,

o 5B 0. S9S AESOBPRIGE OB SR (S8
withb&f hmitation, etbyl&(tbelebjameﬂ’ne:m atahoxwehh’aonl @thoxy ethanol,

(1 sopropoxy) - bi s( cetyl nate) and zirconi um
;d'@@(‘ﬁaﬁ—ﬁabdﬁ ﬁhM@m Lo cﬁgﬁﬁhgﬁonpounds such as boron

tri-n-butoxide and boric acid; or the like
[0068] Binders suitable for use in the liquid composmon from which the

second layer of the multi-layer coating of the present invention is deposited, and
methods for their productlon are described in United States Patent No.

6,599, 976 at col 3, line 57 to col. 10, line 58, incorporated herein by reference.
Non-limiting examples of commercially available materials that are essentially
completely hydrolyzed organosilicates, and which are suitable for use as the
binder in the liquid compositions from which the second layer of the multi-layer
coatings of the present invention is deposited are MSH-200, MSH-400, and
MSH-500 silicates, available from Mitsubishi Chemical Corporation, Tokyo,
Japan, and Shinsui Flow MS-1200, available from Dainippon Shikizai, Tokyo,
Japan.
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[0066] In certain embodiments, the binder of the

l'i quid conposition fromwhich the second |ayer of the
wordosiiid7ayer coatings of the present inventi onPCEUS2005/018509

deposited may al so conprise, in addition to water, an

organi c solvent, such as al cohols, glycol derivatives,

hydr ocar bons, esters, ketones, ethers or the

[00139)]<e Thag %e?l@zkr\lémb@dn‘ﬁgntbﬁthmlmddat isnEreparachintanmultbsiage
a mxture of any two or nore thereof 1)

progshPIS By s Stges P GHERRDUEN fegh e day b those

merﬁtm%d, gigg%rh& LM b WithAkARR in R B@%%hce &F Qﬁ%‘&d hydrolysis

I SOpr opanol , n-butanol, 1 sobutanol
catﬂ?@ﬁ vliels ebeny @ﬂtho@@ menttionbd dairliar, wﬁpee:nfthe V\(atamrglpégsent in

an ampnaﬁfhgt |I$ﬂ%%|§§ﬁ%veezﬁft9?ﬂ mél%@gﬁﬁ& Q?gyg}rggfzmg the

th 9
oAl A0S S cotpmapmir g
hydpolgpig! ﬁ@lygl ﬁnbnma@m’g&nleab@i , Indtesteiry egriodingois, the
nmonome et her
watgy iy bease gy te sTatbn e Ao emPRICAh G Fdiie of
hy&b%ﬁ@g P@Rfe'?‘ﬁt’bf fH\&ganesy @F&Jp%ﬂﬂé'(ﬂ@éﬂ@@éﬂahe The result

ether acetate, Ppropylene glycol nonoethyl
of the Hiest aﬁage it @ partial ydralyais pshsendpasaiginsasiiop product.
hydr ocar bons that may be used include, w thout
[oOF7OYi t at i mertmnmtmdlmehtseiﬂw fwajzlsﬁgg ok@ecrg@iﬂestage binder-

o St oo S T PRV B b
corﬁfe‘?ﬁ%?ﬁn F IO H QIS RrmBHUYA réa st éf the MMB/Sl@Créé@ticm

acet oacetate, ethyl acetoacetate, buty
Suett ebna!d:lenalcenomclude for msamsﬁm&ontr@ll@@ethﬁwe@ctm @x¥ptherm by,

ket on t hat may be us I C I
for EpBIHS. SBPIA CraBRuLURUGHE FaBe Atior 5l e ack pitalyst,
andl/ok %onéi@&mg‘ﬂh@ fﬁ%i%fﬁbé%y@fol%lbﬁﬁ thd Sabbstantalzbseseel (or
i nclude, without limtation ethyl et her, butyl ether,
comptetieapsence) s any2meric GaseMent. | di oxane, furan,
tetrahydrofuran or- the Iike. a90068 Bi nders suitabl e
[007d] use Imatseeohd stage, d:lwrpaﬁl hydralysisnpeycendemgation reaction

PO (61 GRS YR TR GO Hana4(ar, henyi iné BBSERCe of

anRIcRARGA RIS 84ta1y3eS The k@sburit dﬂWétQﬂué‘éditremercenﬁ skage is
599%7g)%t coyg 3, line 57 to caol. 10, Ii 58,

considerably graadeh@yecansijeraliygeaater” it is meant that the resulting

solution contains no more than 2% solids) than the stoichiometric amount

capable of hydrolyzing organoxy groups of the organoxyéilane.

[0072] In yet other embodiments, the binder is prepared by starting with a
tetraalkoxysilane oligomer, such as those commercially available from Mitsubishi
Chemical Corp. under the tradenames MKC Silicate MS-51, MKC Silicate MS-56
and MKC Silicate MS-60 (all trademarks; products of Mitsubishi Chemical Corp.).
Such an oligomer is reacted with water in the presence of an organic acid
hydrolysis catalyst (such as, for example, acetic acid) and/or an organic solvent,

wherein the water is present in an amount that is considerably greater than the
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Non-limting exanples of commercially avail abl e

materials that are essentially conpletely hydrolyzed
woe@anosed i cates, and which are suitable for UBET/ES20051€18509

bi nder in the liquid conpositions fromwhich the

second | ayer of the nulti-layer coatings of the

present invention is deposited are MSH 200, MSH 400,

stmélﬁT dnldtit BRfbURt chpablesef Hydedlyzihg @rjanoxyMlospbics fie
Chem cal Corporation, Tokyo, Japan, and Shinsui Fl ow
tetralgoxyEli@neavai | abl e from Dai ni ppon Shi ki zai, Tokyo,

Japan.[0069] In certain enbodi nents, the binder is ,
[00P3kpar edn mrtalmemhodgna@;e theorseuntpierapnosiligatg that st

preﬁgﬂqp %%Eq %""”O’%’s.{. | afrgg\cwﬁlgnmﬁé s%% gﬁa);é?%?(ﬁwe multi-layer
coaﬁb@?ﬁﬂéﬁoﬁfe@&r@é‘s%&iﬁ@ Ptdlﬁlp‘?er@@ttajwwtalghs d@lbumedias SiO in

ose nentioned earlier, wherein the wa
the mrgamallloahe suchnasAL2 ok pescentdy waight Pﬁ%ed on the total weight

o 8 S L S et i

Qﬂ@éﬁ%éﬁd’té thathRapekecbrayetitdh fise aqmdtminymsmmmpam samagean
organic acid. In certain_enbo msnt
betWﬁ‘@Qe?\W cpmbingtiom f the ecited é@glqsm ing gstl\sq, eﬁfNa ftf,é values. It

wﬂlg:']féDLZrﬂéerg%%@ tsh%fg,]s%fe‘a' Mihd %rﬁﬂafﬂé@rﬂbuﬁf of the organosmcate

oXY gro e organoxysilane. The result of
pre%bﬁt ﬁlthetllqetdagﬂnpesmopanm whidhytihedepond layer of the mult| layer

comtineaRBRPRSY {8 Aeteraieddn: e RIPPe s ratec P sEnEBlpupted
mtcf’{h%otfaﬁrﬁ%béigoﬁr AF E8ainSerhBodiHEnes the phefstidtaons midiatial and

egree of condensation of Si-OH groups
thefmgand&baata are puesendfin theelidiyid mnymsgthrbgfcﬂwcﬁecogg dayer of the

muftelager oRicaha Falia g 6051085 1 BT by, faBhE Br bine e
em%agyﬁém%'mm DI {78 ©:05 Réighporoh Yot embamaiarﬁs,,

or- conducting the first stage hydrolysis in

- 0.20Bd1yaneight. Hb&@se@mb@dlm@ dbe ralii ehihe) pmtoa@@}ytlc material

anl cC C | vent
to Beriafonents G renggibpked AR RSNt Ihhe 8Eied values.
mcl@snié@ﬂhé%bi@éd egluek! ht willler g@d@mmmi bpfhomatsialledaﬁttba art
e absence of ! an acid drol ysi.s atlh\és1
thakhairationst Aateratalyiia malerREaad CEIRNCSgEs rant Tiuid
coﬁ@g%{tlgﬁ H@?Et’q@ﬂrﬁ@gg Ey ttﬁ?éroﬁé?ﬂéé desitdd % 8é ﬁﬁfo%ora'téd info the
composition, such as the refractive index desired for the composition which may

be based on the polymeric composition to which it is being applied.

[0074] In certain embodiments, the liquid composition from which the
second layer-of the rhulti-layer coatings of the presént invention is deposited can
further include inorganic particles, for example, silica, alumina, including treated
alumina (e.g. silica-treated alumina known as alpha aluminum oxide), silicon
carbide, diamond dust, cubic boron nitride, and boron carbide. Such inorganic
particles may, for example, be substantially colorless, such as silica, for
example, colloidal silica. Such materials may provide enhanced mar and scratch

resistance. Such particles can have an average particle size ranging from sub-
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solution contains no nore than 2% solids) than the

stoi chionetric anmount capabl e of hydrol yzi ng or ganoxy
w@e@apss7ed t he organoxysilane. [0072] In yet oPE¢IEDS2005/018509

enbodi nents, the binder is prepared by starting with a

t etraal koxysi | ane ol igonmer, such as those commercially

avai l able from M tsubi shi Chem cal Corp. under the

' HeaEes. ndfosiicdi satiele 1o 10MCr@id deperdin@Gupendnel end
mldl\r/bK%@Si | i cate Ms-60 F%ﬁjltl Ervﬁggenar ks; oducts of
usevapgligationiof the spEwostionand thedasirgd écafchgorrer is

reacted with water in the presence of an organic acid '
[00TBr ol ysirscertdinlepsiodiments, such particdesapmerisa dqrganic particles

i d d/ | [vent i Q. '
thap havkan 4Yeraee BRBie S4Bt i il Rl fucfis ifbmifio s
midrBRS bRibF B PIEBFIdratiGRIG the Ag@R| dnedoditiclr. olnyathegembodiments,

organoxy groups of the tetral koxysilane. [0073] In
thecpartialies reapbaverantaveragr parisimsize raagigg dean 1 tedees thag 1000

; R B Lo » ; _
naaQmBlgiS s Sietl A% 1 1 D0 HArErRERE D in derldiPBilddfiflehts? 5 to 50
nalg@rg%ﬁ%s,ffbr‘itﬂ"t@-iﬂcdrpoéhti@ﬁriﬁﬁfmeh}qtﬂwbgﬂmbosﬁbuuIlatsemaas

|

2 in the organosilicate, such as 0.2 k‘g 0.9 lggerm?nt
emtbpditaeys: ineagnIC PAMGES havepnavesrde BRMiCIfRSic ARRdingiTin o to
of. e e i H1Swi
505er § G 28RS P EEior B RE ARG fuid BFngBSmMEh. The
paticiBiside srapaRidgd between amngembiniatios of seceatves indusive of the
of the recited values, inclusive of the recited
recjigdie@iues.t will be understood by those skilled in the
art that the anount of the organoﬁi lica edﬁr esen

[OGFE] | | quirCoBABGITEPOMAoHNRIENFIEh 8 DedasPay B hBfiauid
th | td - ' ' ' j : .
compi;sgtéggtgrjp?lé'g{:ragﬁszlf‘%%%dolﬁggﬁﬁpﬂetrﬁgltl'-lﬁggreé@étmg?ggiébbsned

ncor por at into _
in BAEPASIrtiranging frote Lpator5.e peeckntdytweight er from 0.1 to 1.0 weight

phot ocat al ytic material and the organosilicate e -
peprasteon rom Q. hdo 0: 2 weisht pepeitt %ﬁdg?",tf’??é "%eég‘t&%?ﬂf‘gyer

| 2 i fiathe lighiddroésifién tan

e ST T b e
rafgd betviedryamgtginbination ofrthgss valtke inalusiveliohthe kecited values.

0.2:0.6 by weight. In these enbodi nents, the ratio of
[0077 Phot g akathiv éraboainssite) thediquitccompasitien ficoa whichathe
rangcle bet ween any conbi nati on_of the recited va

Uz

whidahe
secad layeref §1e mhiilJaver ceatings abbe resentinvedion Fajeapsipd also

»comprfstégsa% 5#\‘&%’&&0%%5%6’?\@ material, such as, for example, metals;

such as silver, copper, gold, zinc, a compound thereof, or a mixture thereof; .
quaterﬁary 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-phenylphenate, pentachlorophenol, 2(2',4'-
dichlorophenoxy)-5-chlorophenol, and 4-chloro-3-methylphenol; halogen
compounds, such as trichloroisocyanurate, sodium dichloroisocyanurate,

potassium dichloroisocyanurate, monotrichloroisocyanurate, potassium dichloro-
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,that the ratio of photocatalytic material and
organosilicate in the |iquid conposition is determ ned
whgooshes7ps operties desired to be incorporated PEE/USI008018509
conposition, such as the refractive index desired for

the conposition which may be based on the polyneric
conposition to which it is being applied. [0074] In .

isocgahliAit8, mbaa@!hl@munmetﬁm/darﬂgind besHpesibtddmettyimdamitain,
he second I ayer of tHe multi-layer coatings of th%

2,2 pmbmo -3- nwrdnptawonama@pb@m Adorempacetayer-PHengdé:

nor .
bRt HipYRRRRVERES2 P e F B igpahe 1R ik 4D Bfnzgt
broma)%\é@taaé @ﬂg@h@rr@tamsnmmsdﬁo,nosokymspmemxbacmne tributyltin

di anond dust, cubic boron nitrjde, and boron carb

OXIcEthbutnmefamr@lepgppp@n guingjinotaie, GoRResINapP hifienate, c‘ii'\romated
b t ti al |

corbl LA L et S Sl te ot

conggcg.; rgﬁﬂ Sagl;l t@}sgil’i(eemg:ﬁz;mb?;mecy&ﬂitb (MBT)ib vingienehisthiacyanate,

chigiestienataihiewyaarie; spasin dineBYRIIRCEHAEaise netg

ethylﬁﬂagfsﬁﬁh gQrtﬁﬁat@p&%%b%l&ihnééé?rbﬁﬁim@%ﬁd on and.

esire I’n certai n enbodi ment s,
bis@tictiomanethyl) esifonephetemadynticgy snich asdetrabydro-3, hedimiesing-2H-

1,38 g 5 tons (OMTTIps eI @b it fiiipe.
1,2L tﬁéwus%tﬁi%&em% Blcﬁ’fé 2L (h-86t0B 14 -RBEALESTRA8 DNel RE4-

partl cles may have an aver at%e partl cle size rangl ng
thlefonrhblanEtmildezelet Aadriddommethyligipddscyciahaxeas-h2t o 100

b G S s L R S T

|soﬂﬁ£§25l’iﬁL3Joﬂ6 2- hfétﬁﬁfmlsetmﬁzbm‘ﬁm,e lahdfr(!l&lfgm mnpouhes, such
have an average particle size ra

s Bl copatgmelndesedinmns. Mbio-{ b IRAPIIR e B S RgHIng, 2-

B
PSRRI T, LOgropAS, oy iyt
n
trlagmmhﬁnabvﬂﬂohb3§é§@§'§bﬁ13a5&@2“@ﬁ %r@%gmg{‘fﬁs%abo@kﬁat i%ig-(-
ety IfRO RN ICh AURTRUT irf eI d6I3ae. R & Birfetfylol-5.5-

dingsth{/cloyddhtdint ana uﬁndaaogdimypmeae and maixttes thetreofal
wei ght of the ..

[0078] The liquid composition from WhICh the second layer in the multi-
layer coatings of the present invention is deposited may, in certain embodiments,
include a quanfity 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 coatings of the present
invention may be deposited from a liquid composition that contains a quantity of
antimicrobial agent sufficient to inhibit microbial growth on a substrate tested in
accordance with MTCC (American Association of Chemists & Colorists) Test
Method 30, Part Ill. Those skilled in the art are familiar with this test method and

its parameters. In certain embodiments of the present invention, the amount of
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conposition. The anount of particles present in the

i quid conposition can range between any conbi nation
wo@Rooshesses val ues i nclusive of the recited val uBGT/US2005/018509

[0077] In certain enbodi ments, the [iquid conposition

fromwhich the second [ayer of the multi-Iayer

coatings of the present invention is deposited al so

antiABREriA RANBRACHG! BteHap tHatlis pnimc imthlermiwd tampositioh from

as, for exanple, netals; such as si|v
whnhrtbe S@Coodﬁ@ymmftth@.r@ﬁm layer ceatings @rieg 86 pgegﬁorﬁ 0.01

to THRsTPOREY AR FETRY) o0 shrEehiEy ASRRE SrM offer

enfb%lﬂlfhérgﬂs"ﬁﬁhw' 0.8/pEIentBybIeKint Based bty totdl weight of the
oride,

comp@smonet"hm eboginapiis diheeamgnoiRitha aayibasieral ghancing
ﬁbgtprpgﬁgﬁ% eggﬁt intHE | hiﬁ forﬁgaélﬁbn frorvAicPPiRe@cond

Ium O-

Iaylé?ﬁf ﬁ@h’@ltm@y@ﬂcbatnﬁ 7] de‘boslted can range between any combination
di chl or ophenoxy) - 5- chl f)rophenol

of thecigciied valuass HW%\@]B eH&PB@%Ha@’@ﬁpounds such as
trichloroi socyanurate, sodi um di chl oroi socl)‘/?nura
[0g%R]assi u aeﬁauncﬁmb@@mmﬁrtaﬁélqwd composition from which the

<o PL SRR B8 SrbBhnt o s doposted may
coh’fpﬁ%@@ﬂ S ot | @etnhw élyhiambo,l suych as platinum, gold palladlum iron,

mckg;l w%&@gg;@méggfﬂg gdgﬂlgﬁnoﬁhese m(anerlals to compositions

‘ coﬂ@%ﬂ&oa %h%%?é(lgﬂf’ Hﬁété‘r% is RnOWATB eAhBhES 8RS RRREactivity of

onpacet ate; organonetal |ics,
the phbto@atalﬁstlﬁromtxlydg detmmpasition of aentaminantsyadhiesing to the

: d but yl fl d

| co%ﬁégép %éé,hk‘mé 68 crohPun B8R heA YA pRahedfts present
' de%ﬁﬂﬁ{ frémSeRigh Qhe Qééoﬁ?dJ Riyey of the welti-layer is

orga osul r conpounds, such

’demshedi éab esndrd caagiag §ranveT) | o] Synesaeni by wetg&stawms 01

o hSeREH R TE S ABRE AL T 1005 percant by wogh

a%bﬁ%r?fh%tibﬁéi'v&éigwfth@@hﬁ)osmdm In these embodiments, the amount
i met hyl di t hi ocar banat e, and b|str|chloré*re %%
. of optitalrastivitg eshsoger ihes mayLQq]pgagsent in the liquid composition can

' ra%et LAY, gé@aﬁx% ﬁ*ﬁﬁ%ﬁ%&@tﬁe réc@’ecpvélnbé%glﬁ%ﬂ/% @‘“th@'ré’élféd

hi‘one,” zi nc pyri di net hi one,
values. benzi sot hi azol i ne- 3- one,

2-(n-octyl)-4-isothiazolin-3-one, 2-(4-

[Ob?bfz‘)' yl hRehwineAeriifients, the liquid composmon from which the
trichloromethylthio)-4-cycl ohexene:-1

seiondiayexi ofitde mulfi-layericontings wéihe Piases) Uw’ﬁf'ﬁ%n ishfieRosited may-

comgrls‘r)e g%ouppng aHSBPWmc”h 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.
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I sot hi azol i n- 3-one 2-net hyl -4-isot hi azol i n-3-one; and
ni trogen conpounds, such as
w0 Wosoesoey i et hyl enedi am ne, PCT/US2005/018509
L/-[a-(1-nitroethyl)benzyl]-ethyl enedi am ne, 2-
(hydr oxymnet hyl ) am no- et hanol ,
2- (hydr oxynet hyl ) am no- 2- net hyl propanol , 2-
[00BYfr oxy mﬁt&&iaﬁemﬂddqnéntssm awmadom:oumm)gadgam dhdt is

3, 5-tris-(2-hydroxyethyl)-striazine,
presenintthe équw cognpwéqn frem which. WieterS’BUfjj ;S'H% |mLHE lgyer

A AT oA SR Bl 0011005

perébAEbYWeidht Baskaioh thartdtal mej@ﬁtaﬂfltlie n;arnpmsﬁmn dndhese
m xt ures t-hereof. [0078] The |iquid co It olen)wq i
emhhdiotentache et %fy@“ iRg @genkihalimayl "h ul

the | bEtPVAIRES, inclusive
cortiig P fEAE Sandk BPieh, afy €Gfttma E?‘%‘ﬁ%‘m “é‘rob. A= 2uent
of thefrbtieddvalues. exhi bit an efficacy agai nst mi crobes and
particularly various species of fungi . Mre

[008R¢Ci fi CR dettaih rénﬁtﬁidlmeﬂts%ﬁh@dqmdrttcﬂnpdsiﬂmrsﬁfonnwmcaythe ,
of “the multi-layer coatings of the esent i nye
secomy Ipgedeifbsime -lavgrnescaatmgamfah%@ﬁ%g‘atm\@@ ioRd$ epOSited may

corfmgﬂ%%hn%rfac%l%ﬂg%taée‘ﬁ b ow%h%% G8¢ ékarﬁ?l%malosi‘r'\f |f1"|;ﬁbﬁﬂb the

a substrafe tested in
weﬁ lr@p@ﬁt%svmftthe Milifi(adsmmrwban thatsamnpasition tsfamﬂ@nhm the
orists

Par L1 h
frst e E4PIRIRof BT Feanclive Roge sultetle fRBCRE I e prefent
invBREIG dride, |fhcﬁﬁ'i|Frﬁﬂa'ﬂo$ NpRinBRIMaSs Rientified M BRREE States

I‘nvent i on, e anount. of anti bacterial enhanci n%
Pat@itéNd. & 6101577 iat cpt. &Feline i22 totnel.| 38 ling 68oanpsb Sinited Ptates

PatastiN s BT A ER0 . i g oshri Tl 4 YK e ol

herehV Bl réferénde.t © 1. 0 percent by wei ght, or,
mc%p%\‘t‘éker %nbod?rrents 0.1 to 0.5 percent by weight

m@ged onnrﬁ Egﬂ%l t@rhb&‘@ hﬂatﬂt? OheldMoGRBIREfaLe %ctd/@ agBftthat is

odi ne e anpbunt of the antibacterial enhanci n%
présyntin tre liduad ccrmpdsﬁlqmrfemanmhlch then eeccbrquIayeb ohthssmuitolayer

coptingiRRaa0TaRORaGE et visehParprE ruisia Shof R 2P0 2
pefcgeg'l}g?qyéf ightes, inl cﬁﬁé#éﬂn‘ﬁ%dﬁﬁeﬁt@eo r1€t‘§>l 1 §6rc‘éﬂt bgsveight based

n-cértaln enbod |msnts conposi ti on
onftheroiahivelght o ssb@mutheaqmp@mtl@melrntmase %@@ments the

T N -
ralﬁ’éé‘bbfWéBn 89Y BormbidtRAi ofithe Irédited values, inclusive of the recited

values.

[0084] In certain embodiments, the liquid composition from which the
second layer of the multi-layér coating is Aapplied also comprises a cleaning
composition. Suitable cleaning compositions includes those mate.rials that
comprise a surfactant, a solvent system, 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
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ni ckel, or soluble salts thereof. The addition of
these materials to conpositions conprising a

wWeb@tocseal ytic material is known to enhance tPET/D82003018509
activity of the photocatal yst, pronoting deconposition
of contam nants adhering to the coating surface. In
certain enmbodinents, the optical activity enhancer is

con'gié';%ﬁ?;é sg;vgnhgyétbﬁv Pt S psa FoMPBoTnﬁQ%bW@hC hsdcheas

ayer is ep05|ted in

isoprapamol, aad@ mgdelrabetymlgnboding olyentcaiph a5 .@rﬁh alkylene

alveahlbal s havBos ogBEeT o B4nfSH §Rlns. ghetede Fhtihergaly

avahﬁél@'clé‘ﬁﬁlﬂﬁtcoﬁfpdsh%n@‘ﬁﬁﬂ@ée1WFNDEX® cbamreeidigdivaiable, from
anount optical activity enhancer that
SC dobeson and Sdre ng.glihe invemtersi havawdléewaraﬁéféatﬂaemgﬂﬂon of a

conbi nat i on
clegiiito FEBTRBAIAATE L PoR oY Weitha PioiERtes BB cKinetiton from
whll:h % de O RyEF bﬂihefrhgmmgeﬁboéti‘@ seappiidd|saytbat tife suréace
mul ti-layer coatings of t resent invention is
needenaidie elganes PEoRis ?B@'Q@tléﬁlﬂﬁ ISURR %@%HPOS'&W ch may,
for exanple, inprove the adhesion of the second | ayer,
[0085] t he finraertaimgembodimantst the deanipgprarREsiiehisspresent in

able for.this
cucfok B bt T B SRR Ak e B bt s o
lea$t PRt piircérf! or, h sbineecadéstat least. 259Neightlpeﬂ:ent with
i ncorporated herein b reference %0%8 ) ldﬁ certaj
weighbpelioesh bsingt basesranithe total weight gt séagm ?WHPO?‘@O”
present in the liquid conposition from V\,hl ch th
[0088Fond | Hiylesired, thadighid compagidien deam which %&qﬁ@ﬂdﬂa»ﬂer of the

multglRgEEcqaf g 1By Wit i lion ™S SeBh e e 3 ERn st der
optidiai E6MRSS Hiabdtiald el koo rewbdsaekiiled i ke ammrgs art.
coupl ing agent that may be present in the |iquid

[00%?@1303' “rﬂg ngaﬂ it ifRSH BANWAIh tBersicoal iIayerdlf thé enulti-

ted va clusive of the recited val ues.
|ay{aﬂe@a2t]ngsmfdbetpaesem mmmntmns sleponited caube maﬂ@ &¥ia vayiety of

el e Rt S Y RS M A8 )
x‘pro‘?/i?ﬁﬁ% bsr%/o%ﬁhilr% ﬁfa@n%ﬁbqoﬁfgﬁpmwtm edsentiallegompletely hydrolyzed
’organosmcate wherein the pH of the hydrophilic material is no more than 3.5; (b)
providing a sol or paste comprising a photocatalytic material dispersed in a
diluent, wherein the pH of the sol is no more than 3.5; and (c) mixing the |
hydrophilic material provided in (a) with the sol or paste provided in (b) to
disperse the photocatalytic material in the hyd'rophilic 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 feported
herein can be determined using an ACCUMET pH meter commercially available

from Fisher Scientific.

[0088] In certain embodiments, the liquid composition from which the

second layer of the multi-layer coatings of the present invention is deposited is
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wetting properties of the conposition when that
conposition is applied over the first |ayer. Exanples
wo@Roosutd7aze active agents suitable for use i n PEEUS2005/018509
present invention include, wthout |imtation, the
materials identified in United States Patent No.
6,610,777 at col. 37, line 22 to col. 38, line 60 and

proéi!ittéoeb"y Pralidiag Ralhydrophitic nBatehdl @ﬂﬂrpmlng @n. eS@ntibllyne 46
to col. 40, line 39, which are bot ncQ
comﬁe@imhw@rdy@eér@aeeosmﬁise\whﬂ?"& g?% B @féﬁ%g‘aa%ﬂl'@ material
t he r
s Yo iSRS L I AcTi My, e aiiads oo
to 3t$1elﬁTUéﬁaln|efm@dsd|mmﬁ$ nmlchsa bygroghiliednaterigkis cfbtammed byafirst

: 4
s ces il stsaAah o i s AR P o

e T A S e o

therfmﬁltmmarteﬁalmhmetmabf ﬂaeyhjayophénsenatenal ishw moqaﬂwn
cO OoSItlO

3.5 8CPiERIG SPaR oMo A CBr s Cie sy 4o 5! #or
a{n‘?& %\%hﬁ{ﬁ%ﬁb@'é&rﬁéﬁ)% %ﬁhlllbhﬁatbrlﬁum@ymdtih@fMSH-

e second | ayer of the nulti-layer coating
200 andippShirtsua Fiaw M&ﬂQDQ@&iI@@tQﬂ Sath ajwbishsi tt/p@ﬁlly prowded

byﬁ?@'t%fn%!?gg{ﬂ B BREs, o factant a sol vent
OB T LS R4, A ROFl Sy b it
wntl’\f3 35@@%@& g‘?ﬁmﬁ%c\ﬂé?'o? %%Cbrbﬁnié@cﬂ\%htsbéibeé tHRpheditioNef acid to,

scl oseS a cl eani

for leuamiae ltreducce;tlm salidscantent afdhe Wﬁmé\w%@ﬁiﬁﬂ% thgreby
w boi | i
allq\ﬁag?%t@r{}lg ?ﬁrﬁ?k FTE S en:  such as a G to Ca
' ene hav . A .
10088 bor o6 Gk ha ey et Bednryorll Fasfiadeclifhisre
‘iﬂgf% g@dj&ﬁb;bbf?\clhk@% W@éémc %@lﬂ@r%@tﬂé’lrﬁ)@éhl@@cﬁis

son an I'nc The 1 nventors have
mcbildfec enxteoatllimitation deirmhlum asidosulfurig aeidi igic acid and

conposi ti.on can inprove, the wettin
 phGSHHRREIAG AT PB N e SUIEDIE RIS 2 R dodte A0
; dlcm('Jréécét %(fld crptibrhicefic é@l@ befzémesdehid &dd Smdermulfonlc
need not be cl eaned ?rlor to application of such
acidpxylesesulfsmic acid, ethylb enzenesulfonlc acid, benzoic acid, phthallc acid,

maleic acid, formic acid and oxalic acid, among others.

[0091] _In certain embodiments, the liquid corhposition from which the
second layer of the multi-layer coatings of the present invention is deposited is
produced by providing a sol or paste comprising 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 sol or paste is substantially the 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
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[0085] In certain embodinents, the cleaning
conposition is present in such |iquid conpositions in
waeooanrsred of at | east 10 wei ght percent, suchP@EEUS1005/018509
| east 20 weight percent, or, in some cases at |east 25
wei ght percent, w th weight percent being based on the
total weight of the [iquid conposition. [0086] If .
desfted gHEQnd e bu@mg%&@wa@ $0| @ pPastnundiliths dl—hefﬁmmdw
mul ti'-1 ayer coatings of_ the prese
pastmlserm meme |trsarua;ﬁ3@r fregowencasssiramd %khéréo ot Mﬁfa@thef

I
casg3al Prge-ar For POBRPIS AR EnUEn o eafiRTang Hidkpcatalik Fteria
usedhf tRERid doniessitdn from Whidh theaeeond dm}ermj&heinulmdayer
present invention'is deposited can be nade b

coatings of {heoprasenhiswention ake deapsitachday, cowanlﬁ 5/ isehef anium

ox@eagg@faé}tle ﬁr@%%p@&vggﬁé@% ?g; eﬁ Etl ﬁQIYIHgf' . erﬁlégrl\?fé“ﬂ Aid

NTBWE NHerefh thegaheshiprieas @romhw-’@/pe tltdfraupi-bmdeujaetlcles ora
hydrophilic materjal is no nore

mixgurevofdiragkite-type With gagtasecyRp ﬁ"é’?q{ d UH‘%WBF&@%’P'HWPX‘QG
parggi%:grdlsadergéé ?ﬁl\f?ﬁé} h@l‘l@ 1dé|l\dJRﬁtB) 18088 Wmcélﬂﬁprléblidéfd tythe

no~ no m xi ng theé

supptier aphipH of 2ts dri al provided in (a) with the sol or
paste provided in (b) to disperse the photocatal ytic

[ooo2y er i al Atidstihat rhwmpdiddecbtmlhmsul al pasﬂe doamphising the

phc];jgggﬁ%gzsqlgg%a@nag{pga&ﬁg OSI o g nﬁlchd)é l%ohcbsfh%grt\gr%gn%aand
| org%gu?!e:igﬁﬁé g%b@!begj; ?erh%?'é}g&ﬁé ofHers T cBlthinadrHBE dingdfs { e acid

ermne an ACCUMET pH neter
that @added ® the solar babteecoﬁmpnslﬁg dhe phstnoatﬂlwt,‘u patenmdshe

| t
SamRiAEH 1A 8999 1 BFehvPPEe R F?Z‘;Zf' 2'02?. ngs. of
the present invention jis deposH; i S 3/ .
[00933vi di ngha liayigk PAPPSIHORAIS Wéi'l' ﬁ"p% 3 f the multi-
Iay%ﬁ gsgﬁﬁt éﬁthgﬁm#&ﬁw%ﬁ}%@' B4ited BQH‘P}%‘ r‘n'aﬂéttﬁb mixing the

t he IC material -is no nore
hydfohilia. rﬁa’@hal provideteas deesnbéd above Bith he 6l or pasta pyevided

h
as Rpacohsd Apeveria disparse beghalpraiahg Fraede B penyAEPifk
: maﬁ%er gt'l*i@ Ml%@l?%pe{sﬁ‘ldf Lﬂ’éd@ﬁﬂlt@d aal Qﬁéil beaiceomplished by

nthe e drophilic material  is greater
any kcanvéhtiored saixiad tpthraqdeﬁ(hewndddhtra@e atslgll ipthe art, so long as

the mixing results in a dispersion of the photocatalytic material in the hydrophilic

material. As a re'sdlt, the present invention is also directed to multi-layer
coatings, wherein the second layer is deposited from a liguid 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.

[0094] In certain embodiments, the liquid composition from which the
second layer of the multi-layer coating of the present invention is deposited is
prepared by (a) providing a hydrophilic material comprising an essentially
completely hydrolyzed organosilicate, wherein the pH of the hydrophilic material

is from 7.0 to 8.5; (b) providing a sol or paste comprising a photocatalytic
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the hydrophilic material until the pH of the

hydrophilic material is ho nore than 3.5 or, in sone
weamesigfedm 1.3 to 3.5 or, in yet other cases,PGI/0S1005/018509

3.5. For exanple, as nmentioned earlier, the

hydrophilic material may conprise the MSH 200 and/or

Shi nsui Fl ow M5-1200 silicates, both of which are

mat&aygl &I?B béeBrlﬁ\é' &%nb)&Nlﬁé@nrﬁﬂMH@f tied sel mﬂbaﬁte % Bomo7 .0 to
In certain enbodi nents, suc dro hilic
8.5; rmtcé(o)amxmythbéuydmnhl@ummemala)rgvlfia@m (a)W ‘ﬁraq rgaste

ool B bSO D B s
10083F rmt 1 o coriaiomRBRITo e 14 gt FONERABR ol which e
sec?ﬂ %/s%r‘bfttﬁ? nﬂ.}fﬁ' Léé@f‘h idbbfing&btHeapresentidvestion haed@hbsned is

I nec i norgani ¢ and organi c acids.
prodiucécaby@ro\ndmgemhy)draphdis maleriabieomprising@n essantally on,

corpilgietn oyt izeRproangHcalbrir B ding B & P ShAralic materia

is fliorr‘ﬁ ?lﬁjﬁ) 86ekiiéh a6 7% td 8D 61 ||@é©@:@ﬁiasesaijﬂo 8.0. In certam
[‘uor oacetic acid, benzenesul foni ¢ a

embodlmmﬁsmmhm by«ér@pblhc)ma’@ﬁ@gm ekiainedy @'s’t providing an
essg,@ éll;? ﬁa%ireg l&!ﬂy@%l%@fﬂ bg; ac:| E:%iecwﬁ%f n trﬁ’é‘fg%ﬂ the

and oxalic a anong
hyd¥bpRfié mateRalll 1d9s thantthe miesrrbdth—hami thernt aédlhgqiubalse to the

osi t f whi ch
rcroshicrasaratish st PR Hi et b 20005
p I
su%bﬁi?f%ﬁn%b}rpﬁ%%?s%%%Bﬁg?e‘??a? i spersed in a
uen
[oogﬁin 3 5|rb? qﬁhrég%% @'é'nfg tﬁ?ﬂgar@fhgfc rHé%fr%l h?aﬂ?"%ﬂgut@d
w.tﬁtah&ruewsgtﬁ;h & Wated 08.2n ofganizesdleent, ber[moel itee adlditiontes the
of the sol or paste is substanti

bagehm for exarapley trdyosi thesogls contant Of %Y‘#QPH%'C Miatérial,
theg?”ﬁg%ngtg%rﬁ%%rrﬂ?ﬁ% oPiniRAS fintss obtai ned by first

e stuch a'so paste wherein the pH thereof
0dgfa®or Blatpads it ?'b%ﬁ%dc‘)%é B AR RitaIdo Rjus

thé”ﬁH"fﬁél%o‘f "‘rﬂ!lh@e Bot®ror: bﬂlcsbu@s@mfmofgm ba§e$ o0 Spesifior |
; yet ot her cases, % |

& exmmplemf@a%rwhléh may ke wgﬁd@ é@'ﬁ?;ﬁ"? gﬁﬁ‘?‘b% hydroRRilie material
indie. wiffiiu n%@’tgﬁé?ﬁ Sk QP it QRydrbShes "Gicheso8skiLAYBydrBkide,

potassium hydroxide and lithium hydroxide; ammonium hydrox1de quaternary

ammonium hydroxndes, such as tetraethyl ammonium hydroxide and tetraethanol
ammonium hydroxide' ammonia; amines such as, triethylamine and 3-
(diethylamino)-propan-1-ol; tertiary sulfonium hydroxides, such as trimethyl
sulfonium hydrox1de and triethyl sulfonium hydroxide; quaternary phosphonium
hydroxides such as, tetramethyl phosphonium hydroxide and tetraethyl
phosphonium hydroxide; organosilanolates, such as tripotassium y-
aminopropylsilantriolate, tripotassium N-(,B-aminoethyl)- y-

aminopropylsilantriolate, dipotassium dimethylsilandiolate, potassium
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coatings of the present invention are deposited may

conprise a sol of titanium oxide avail able from Showa
W(De(mB/o_ltmﬁ poration under the names NTB-1 and NIGF/1S2005/018509

wherein the sol conprises brookite-type titanium oxide

particles or a mxture of brookite-type with

anat ase-type and/or rutile-type titanium oxide

trlm%?r'i Iél@n%?atg' §i§%ﬁ§ﬁ1é’[ﬁylmh%n|uMT<ﬂmbth§ndldWEﬁblé& i
typically prowddbythe supplier at a pH of 2 to 4.
tetrp@bgizimmontsn dimethyigflapdiolaiecend tﬁtfaﬁhﬂammmﬁast e

iRl iobite) R G Rty ohdluf SRESte; Bmrhnfi BEaridate and

m.xﬁ%gqhg@@gru bed-earlier, anong ot hers. In certa| n
enbodi nents, the acid that is added to the sol"

[oo freea&q rﬁdlﬁ‘%rﬁﬁbgi eeﬁst%IﬁﬁmaIc@nmaisﬁrdraﬂromslmlbmhe

I's a d to the hydrophilic materi al
seobﬁﬂgﬁyeerfethénqmlt:daymrqm@@ngucxﬁfme paseRhinventing is deppgited is

b Sho bR B4 SRR Rl

dis r@é@ﬁr’i‘ il dificPBtvehérain ey @%@%Idﬂ%ﬂt@@‘fr@bﬂ"ﬁe toigt, such
e sol or.paste provided as descrlbed abov

as di0siped.f@rt inesqrheceses, afrqm|7c5 B &: i lp carfainp ﬁ@bodlments the pH
of tBé%ﬁ)Bm}éﬁ%ygl%P% a@ dalaggl% %%%%@ gﬁégﬁfp tih% o%hlhc myaterlal. In
ceﬁﬁ}éﬁgﬁda??@nésgsflgggz é@@itnhrpaeteslsIGMWmeﬂmymsprwidleg such a sol
or prsipavharein e théhqgfﬁ@ dﬁ%esatr&m ‘g‘%rFLﬁ%z’P afd ihen adding a
ba%@f R o? feeﬁht‘glt Ref&stys rrorﬂ o 85§e§‘l!|ch as 7.0 to 8.0

t|on| ted to multi-1[ayer coatlngs
or, Wheoeiecdses fmsmdhﬁ to Syfbrlt has wpos‘ouedi tmatmnapcpsmpnsanade by

thlé?rgr’gﬁ%; tglr%ogt e?/ h’%‘é&ﬁg E‘%‘érésw' (r)gly:q)sg}aﬁ ???j%gﬂl? I'n

pre {@bR. enbodi ment's, the |iquid conposition fromwhich
e second layer of the nmulti-layer coating of the

[ooggjsem g'égsghgér’rghgfpg%%%ttSQh?%oPéﬁgl téd:o?rypr(sﬁﬁg the

vi di n Ic materi si ng
ph@m%‘é:afd]ytﬁi dﬁht@ﬁilbd]c) e?ﬁjsyltqudehg?eeﬂlrmhgmnﬁ’ea Ihome and organic
erein_the
bases doserines) oy iamong aer. B cHial eranimests, ghg Bade that i
Y )
R ) Ve s

base id’na‘tgs tatlded)tdlttm)hycﬂnoohﬂmtr’ea’neaﬂal provi ded in (a) Wi th
the sol or paste

[00100] The liquid compositions from which the second layer of the multi-
layer coatings of the present invention is deposited can be made by mixing the
hydrophilic material provided as described above with the sol or paste provided
as described above to disperse the photocatalytic material in the hydrophlllc
material. The mixing step is not particularly I:mlted and may be accomphshed by
any conventional mixing technique known to those of skill in the art, so long as
the mixing results in a dispersion of the photocatalytic material in the hydrophilic

material. As a result, the present invention is also directed to multi-layer coating
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provided in (b) to disperse the photocatal ytic
material in the hydrophilic material. [0095] In
w@ensaigr2enbodi ments, the liquid conposition fPORUSINDNS509
the second | ayer of the nulti-layer coatings of the
present invention is deposited is produced by
provi ding a hydrophilic material conprising an
conj@%? g baddoyng %‘Wér&hﬁ’[ % sﬂéd Zl@ﬁh arligaitPsbmposttien having a
rein the pHof the h lic materi al |s from7.0
pHOH79 1©,8. §uethha§S7 ®ta 8. C%Otm Irosomﬁrpa%ﬁe?&a@e% 7.5 to

8.0. In certain enbodi nents, such a hydrophilic
[0070tEr i al Referimg adbwetd Figsf2 aBd Jpthareds sgeari) @ssahematiq gross-

St LA PSR L ORRE L B
of tﬁ@ ‘i’nl]ﬁlﬁ ?ﬁyé}ctgfaﬂ?gé A prsehbthventlon Pind fll) wﬁﬁcﬁbgﬁl{?h

he hydrophilic material 'is from7.0
4 lllustcatBtQEan emtimdamemt of the seconddayaref shenmultidever cpatingy of the

009 nbod
oroRa Ry PBaS DL S ShaPEE ot FBsDYSHRED i pocona.
IayQF oﬁﬂe%gmnhyersé&av: ,ofARé PrEsdnt tnvasidioh| the prﬁotbbatab,me
o, for exanple, uce the solids content of

mafte;rtai moduspersadethmu@outttm% hydrePAilichinggy- rlarthese emebod'ments
t f
theb':garcggagg%y? ¥ ftthg nﬁ@g Ja (%{J t{gsagmh%%ﬁ;%rh t%bgg}oégﬁehﬂceﬁ%{?nal in
thetbfgggﬁﬁfnghbf-‘é%éif ph@td@atalgmﬂpm}tlbghseﬂ) am \Agﬂesmpqmnukar examples,
S ecific ' ex
'ihetr@ﬁl'ﬂ@l%@aNﬁeﬂfb@YQfﬁQ?ar?éYﬂ?@ngﬂ'ﬁrﬁgfe?rP&t'I”é‘gf %{@/ﬂqgﬁ éﬁg%eters>
whwg Oé}gurlelétlggbfﬂhfo‘?ﬂw ¢ s!?@}ée FEhgHNA kIR hl Gl%phﬂldﬂflnéér 20. In

Sl um ydrioxi de and |ithium
panhiy:dramxasiehowmﬁlgnﬁ Hllyelpaﬂtlodm 1@@9& eﬁn&gglqnﬁtaiedme all or

noai PRGI e IR TR HCRPaH BaEY. S eerar el B8 ier
rat? %htah' lf‘éui% 'c?mm?ecﬁﬂﬁeé”ch oteet Wﬁl@h@@elﬁg (ﬁﬁﬁl@sdl byany theory,

rary oni um hydr oxi des, such as trinet
it |$bélﬁmdtﬂnahyhyrmntntéhrtg1ﬂ16t ph‘i@tf ﬂ}& hidj‘ppbﬁlpuﬁﬂ@i@i/aw ke sol or

R W R ORU ey T N G
' pafiOxIBe WRIIRESIseana tin Agdrophitie rastdrial, ruichsthatim

yam nopropyl silantriolate, tripotassium

‘4agglo(mera'atnm fopravenied, ydiith @eﬁﬁ%tﬁyn & lioawd eppgsition of low turbidity.

Thus; in certain embodiments of the present invention, the second layer of the

multi-layer coatmg is deposited from a liquid composition having low turbidity.

[00102] One advantage of the multi-layer coatings of the present |nvent|on
is that the second layer can be applied directly over the first layer without the
“need for a barrier layer therebetween. Because the photocatalytic particles are
prevented from agglomerating in the second layer of the multi-layer coating, the
second layer can be applied directly over the first layer while resulting in little, if
any, direct contact between the photocatalytic material, such as titanium dioxide
particles, and the polymeric composition from which the first layer is deposited.
As a result, in certain embodiments of the multi-layer coatings of the present

invention, the second layer is deposited directly over the first layer such that
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di pot assi um di net hyl si | andi ol at e,
potassi untrimethyl silanol ate, bis-tetramethyl anmoni um
waleevstiiszsi | andi ol at e, bi stetraethyl ammoni um PCT/US2005/018509
di met hyl si | andi ol ate, and tetraethyl ammoni um
trimethylsilanolate; sodiumacetate; sodiumsilicate;
anmoni um bi carbonate; and m xtures thereof. [0098] In
ther?% hg! %rﬁgﬁggéf@éﬁkeﬁﬁ\% flrsQEyEr SIRRSsdd lfa;,/@fn Msivdihbe
he second layer of the nulti=layer coating of the
apprectaiedtbyi thosaskilediis thiepdsiee®@H reprragipabthabjs generated by
provi ding.a sol or ste: rising,a photo i C
tne Rhglacaiaivis aginde PRSCaRREmal AL A 4 BBpRIN e
woud® btEriRasd&grade fdntdiganit filth thabis iBUfifec8orftdet ith8hé
or, in some Cases, from7.5 to 8.0. In certain :
photodatalytie megerialne pH of the sol or paste is
substantially the same as that of the hydrophilic:
[OOM]GLI a!On%I agvallcit’agémf ¢ iglilidmonspositiarts faormovhioh theseeond
I's obtained by first vi di ng _such sol ,or past
layala mulrizyecoRtings I fne present WERNGarE Rrleqsist, Andieg the
met{hﬁago@ iPBrddukasH, i%?tgét?ﬁg?%a;p{?rﬁ\aﬁhﬁle%ﬁé- atksgeliuid

ereof 1s from/.0 .5, such as 7.0 to 8.0 or, in
conssusitiares €Ehdrefore 7inscartaig embadimeats, Heeaceanchiayenat the multi-

layer RURno o s presang et S BhBGhe for £Bhe etk did ©
corhSiKiidn. BAS @ el Htfreiffiherdd@ne-gaekilisgics cdbmpositieat refers to a

~conprising the photocatal ytic material to adjust the
liquiHcomeosibn iwhsreifeherrempRia s ceMpRgingr i§granpRaiken are

stofsiigarfEnia 2 yideislBT 'S T agdea o the sol or
100334 pas Bt nieHck uBLEBEEHEOH IPo R Aesegedfaver n

the[rRQl%iQQJé?rT&afati'nbgwf%@ BrEsesIt friveRsioh ey baidehotited serpnide at
I'ayer the multi |ayer coatings of the present .
leasivencoroponents eipckidirditheaprenioushiodisgyssaddhrjosaialytic

drophili g- mater.i.al, proyi . ' i th
malariei Be sy ARV el AEREE sHEfEedoRe ™
corflbSHIRBRE haNE aRimelfafe bhby ldast Brheitha) Asrugeteherein, the term’
) hgﬁﬁrophl lic material. The m xin
s

if¢’crefersitg the amost @ﬁﬂnwm@gai@%{h%%pwrgwre
: coq%ﬁ{ﬁ/eﬁghggﬁblgo@qﬁg%geggﬁ@ B AHECURER biprebRation o?ki 'l

agglo}neration to an extent that the turbidity of the quuid'composition‘ increases

such that the liquid composition can no longer form a low haze film. In certain
embodiments, the one-pack liquid compositions have a shelf-life of at least 3
months or, in certain other embodiments, at least 6 months, or, in some cases,

at least 12 months.

[00105] In certain embodiments, the liquid composition from which the
second layer of the multi-layer coating of the present invention is deposited has
a turbidi{y of no more than 600 NTU or, in some cases, no more than 400 NTU
(Nephelometric Turbidity Units) after 3 months, 6 months, or, in some cases, 12

months. The turbidity values reported herein can be determined by a
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the mxing results in a dispersion of the

phot ocatal ytic material in the hydrophilic material.
WO2008/1185%%1 t, the present invention is al so di PEDUSZHOS/@18509

mul ti-layer coatingconprising a second |layer that is

deposited froma liquid conposition having a pH of 7.0

to 8.5, such as 7.0 to 8.0 or, in sone cases, 7.5 to

Tur gﬂnel%g%%]sl ﬁ%‘re Gdﬁ%aﬂwféc%réu% SRaBEN ManuFAeind Snc, H.

I C crosssectional viewin an
- F. I@S‘thﬁﬁemé Bivisien o§inger sampleecthetierafiR&mon disveetesbyied mm in

lengthin At baKeT | Vpraar.dh caraphemtoglisa) fil Seond layer of
‘the mﬁ%ﬁ%ﬁbﬂg ReResRRENt W@htl@ff\ ht08 16W IHaize! awv‘used hereln

coa present 1nvention, respectively
“Iovaﬁam”emtaahs cbhratFthg d§ilmhasralhaze phne mor and) 3%y eThQ)haze
the nmul ti -

valmqe@@aegm%%r?@é? b caintned WRoR BAST el Rlkh ' e
{%@@g}abaﬁ e n}é@fm 1' BvAiRgse fr@WDdem’erSdenﬁﬂmeCsmanyl Silver

. e nmulti-layer coating conprises a
Spimtd.at al ytic material in the formof nano-si zed

photocatal ytic particles 10 (in these particul ar
[00¢86]p| esThé liquidasommositiorhérom whichwtbe sgeood yaytes|af th multi-

o B2 510020 SUBIELESFl AL hfent i o o
of %Mﬁﬂ Egggpﬁdg{&dﬁ%cﬁQnuIhfbé&fﬁrbéUét%fconﬁk‘in@@mtld@nﬁcment

es 10 are non-agglonerated, i.e., all o
complasmg ’tlaaeiéI brexiously dissussed photacatalyliamatenials @ngya segan
corgag t& XWQ ﬂé %qv?@%l%é%?ﬁés%&‘ﬁ? r%‘f)hﬁig; tﬁﬁéé%’r‘rsn%% 4ed

her‘e$n lgé &@fﬁ?%hhﬁéac@ro@gﬁt rrefdrs ttgatdmetlpgi omfnpdmtlon comprising
hydrophilic material and the sol or

- mophtharcanacompeneat wheeain the pgmppgem%@r,e %ﬁglpﬁgtjygrpnor to -
apéiﬁét'ﬁg)gﬁs%pﬁh%lt%&éc particles can be well dispersed in

fat eri al, such that aggloneration is
(oGS0 e MBS T R i e REBRRES pP pBbin o
mulﬁf-%y%%oéﬂ’@fﬁ h@bstrar casphsing dlyesteps dff(a) applying mywr

coating is deposited froma liquid conposition hay g
subsivate @ ¢Hroposition ggmm@]nm@oy@wﬁ g@gpgﬁltlpﬂéromw |ch first

1o b AT b Bt gt o
at felabBh PRt ofhc st lalybea tigeid cfompcasmam |fnoen whighea second layer

t her ebet ween. B th t t I I
s GanmiadeWABrSmiag JHRCARIR O Comerises ng Hhejdsatayte

matdFal™hd (i) #¥frdef 8t i@ fydidiilic and comprises an essentially

completely hydrolyzed organosilicate; and (d) curing the second layer.

[00108] In these methods of the present invention, the compositions of the
first layer and second layer may be applied to the substrate by any desired
technique, such as, for example, spray coating, roll coating, dipping, spin
coating, flow coating, brushing, and wiping. The multi-layer coatings of the
present invention may be applied to polymeric, ceramic, concrete, cement, glass,

wood, paper or metal substrates, composite materials thereof, or other materials.
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second | ayer can be applied directly over the first

| ayer while resulting in little, if any, direct
weonsacti2bet ween the photocatal ytic material, BCDHSH85/018509

titani um di oxi de particles, and the polyneric

conposition fromwhich the first |ayer is deposited.

As a result, in certain enbodinents of the nulti-I|ayer

[oo@géat | ”g%g%fgjfﬁ@xﬁﬁ%%f ArYENtpen wHikte tHesRitHidyay eoatirsgs of

deposi ted direct over the first layer such thatthere
the bresent rventien rhay be dpplieg énclude Withastt limifadionawindomes;

350 P oo B, RO LA or
mintotr]% IQﬁ%ﬁs‘?‘é?bgﬁé"s& R Gt &b RicakinBltainents; arytactive sports
material, Su

as titanium di oxi de, woul d otherw se .
gogdiegy, awskanhelnyzrshieltis] gias slidessofi frozan taed dispiey containers:

- the photocatal ytic material . [ ‘ ;

dlagseolarg el R fs RO S P oA B AR b lging

stoﬁé‘,gadmba'stéaxﬁéte@.panjnﬁigamoéart&@, windewngasheseatieen doors;
deposi ted, and/or the nethods of their fgrod ction, |

gate kiaors; sy petiprschandseils sscemkaysesk Hga figas dransparent”

C osi tions. Qr L .certai ' . .
o GBI A oSG et S Bl AR ER A, debrave
parid¥-aldrasellis spaiepss stacdy amaatoomabifesc watérgaft) aircraft, and the

_conposi tion. As used herein, the t ."one-  qul

ikec DARGSH EnigAoos on BTSPBa LIER AT LR ALFBF oAt AALP U Sleme
. S a 1 1 1 1 - .

anq B e R T A 2P Bl oo

tilei Aitfiltrationpmits $tons showoasds; chmphitersdisplays] aiy epndiionerheat

mul ti-| ti f th ] ' :
eXhEPesIS; Zﬁ’g r Mﬁﬁgégg@?gi esiof 4T Eitror bR R@é%@ﬁﬂs‘;
win{gi%@v Bérﬁéq; o rSONSTEM IR Sseier), Bhitfroomise kitehensahdspital
ydriophiT'i'c binders. In addition, such one-pack |jquid .
roovesTiastoy spacdsavlice spages, and helikeisaniast Werwh%.s basins,

I e

suctFR8BbRPRtdrYisplalegl e container and the occurrence of
preci pitation or agglonmeration to an extent that the

od140}! di t Xt fdrhfind aGHirCofaRERBAIJosRIbN SFahedRst th

[ t ha? t he Ttu qulrﬁﬁr(l:%rrposi tion ,car?dr?o | onger f or?nycgcfnowe
sutbtratef therfirst layeecamiba bl deed s Suitableosringa@kaningui d

- cor?c?iﬁgr?ss \Irv'illI c?ggenhda(\)/ﬁ the %gﬁ}chia{r'c% pocfsit%n &efﬁ%tfir's%t layer. The
second layer is applied over the first layer after the first layer has been cured.

‘[00111] In certain embodiments, the liquid cbmpoéition from which the
second layer of the multi-layer coatings of the present invention is deposited may
be applied to a substrate by, for example, impregnating a paper, cloth, or non-
woven fabric with such a composition. The impregnated material may be stored
in a container and removed when needed to wipe-coat a surface of a substrate.
Alternatively, a paper, cloth, or non-woven fabric could be impregnated with such

a composition at the time of use.
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nonths or, in certain other enbodi nents, at |east 6
months, or, in sonme cases, at least 12 nonths. [00105]
WO eoosgrs7as n enbodi nents, the |iquid conpositi oPCT/D82005/018509
whi ch the second | ayer of the nulti-layer coating of
the present invention is deposited has a turbidity of
no nore than 600 NTU or, in sone cases, no nore than

[ooﬂﬁ NTU |é'\ﬁ§ﬂﬁ;:ﬂgﬁé of ﬁnleEHé&gé ngf S @H&;taskirmf lefer éoatmg toa

subkttaid 61 the p/rélsmsnvamm ¢loe h@mdlomnqmsntimn dbhhersaqmed I@xer is
aTur bi di neter, Mddel DRT-100D, nanuf d

CUT@BNLA. adl'tl%d,laf@rlltri@ appliegto fhassubstate-s 5 r@E%ﬁ a‘ij;"%{‘d by

anyﬁ%@nﬁ It? i%’;)% %\??cf{ha%gl’{;ggﬂegbl%'@t)ﬁ{e Snd sﬂa @ub@%ﬂtl’ﬂa

over, I n certaln enbodi nents,
essthfameeengidialy eiydedlyzd bimdet aré egrdersssat st §i-Q-Ae bonds

arcifammed wswn hereampration:  nberared et 376 RESRDRR o i
groggg haRGe W?w‘é@llﬁg%f [HRPSELHY @%ﬁhr’mé 3hulligayer coatmgs of

m ned w meter, such as a Hazegard(r)
thelrdséntNoventlon? as Hesaribed itbmore detaiFe@)OW ¢ Scientific
mpany, Silver Spring, M. [00106] The Iiquid
[009Q8POSi tTiRE ||I]U|dfﬁdd’ip®éitlcbr’ﬁroa'ewbmd thaysecood layer ofithe multi-

| ayer coatings the present | t d
Iaygw g@atmsmfég@mewnttnp,\éerf @m'?, e§3| ai/ptéegggiilf%ﬁﬁ%t L}/ch that

the ﬁﬁ;raa%i i) W&r@%ﬂ%ﬁ%é’%%ﬂaﬁ/ curbi daddlysonmensiver, such a

revi ousl I scussed photocatal ytic
corﬁpbeltloalmayirﬁdr a(ampkenbeammm abambmenMemen@these In other

wo%rgs? Z;L?;HS' g%jelf gg%sncﬁ%ypy tg'@kmﬂlil Iaxé{] gc%t@]gg tﬁé %ﬁjesent
inv Wﬁﬁ‘éh H%ftﬁé"’@@ééhbﬁ’éh&?ﬂpélléwm@ tRBfcontgtiticome stamjdmamt ie.,

erern onents are conbined just prior to
air aipyihg c dn cerlamcerabeﬁlmnta,t’fée qoTRaStoNTisCYspd Sy fxposing it to air

g e b 2 5L SSRh TR SheCho ) foscrieve
lo t%ﬂ%dﬁrabm %Wb@ﬂ\pb@ltl@nélmb@} alabebeacwedmysh\eat@iwmg For

onpri si ng pol ymeri c corrp03|t|onfromY\h|chaf|rst

exammaccowur@pbserﬁ@a esnbediments; he spapRd 13YeY i aiiedPY

th
exbfSohtf Bl Bipef FnABE ff@gﬁ,‘@%@ﬁgﬁ%h@?ﬁwwmc
. at RRGOBEANES.

[001 1‘4]‘ : Ih certain embodiments, the liquid bompbsition from which the
second layer of the multi-layer coatings of the present invention is deposited can
have a‘very low solids content, approximately 1 percent by weight total solids
based on the total weight of the composition. Consequently, such a composition
can be applied to a substrate at extremely small film thicknesses. ‘In particular,
according to certain embodiments of the present invention, the second layer is
applied to the first layer in the form of a thin film, such that the second layer has
a dry film thickness of no more than 200 nanometers (0.2 micrometers) or, in
some embodiments, 10 to 100 nanometers (0.01 to 0.1 micrometers), in yet
other embodiments of the present invention, 20 to 60 nanometers (0.02 to 0.06

micrometers). Application of the second layer of the multi-layer coatings of the
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i s deposited, wherein the |iquid conposition conprises
(i) a photocatalytic material, and (ii) a binder that

WO g008gttk7ephi | i ¢ and conprises an essential ly cpepUs10e$/§18509
hydr ol yzed organosilicate; and (d) curing the second
| ayer. [00108] In these nmethods of the present
i nvention, the conpositions of the first |ayer and

pre Sﬁtqﬂ\q drllt?%?ét 556 B& ﬂ@ﬁﬂhﬁ% %Q chR%e el?.)[l%“? daftigeous in

esire ni-que, or exa

progiditig a optiodl thirofdtn wghouw mgmesgarilyphatchowy ihegefmbtﬂw index of
coating, brushin ing. The nulti-layer

the@@ﬁ!ﬁ@%@"b’fo m@éogﬂ@sa{é}ﬁt lab’E(/enU on may be appl | ed to
ﬁmarl c, ceramc, concrete, cenent, gl ass, dh
[oonag r orAsstentionesireviously, Henissid compas iqnafr%mw ich the

th f t .
secaE0brq oo el LS f Y B TRy en s agpbsied
mltl@ﬂ?ﬁ?ﬂiﬁoph’mﬁmfﬁaﬂ@ urERh deplaplibh eshdi subsedeentritying)tand prior to

ation, w ndows; w ndshields on

excitation &f the photacatalyst. hieraaeed laver: exhilarifo?n éﬁla“'fdl}f’ SR
Thllgh@ |$ILP§%dnr{)§Hﬁi8 ?Q IS iR ﬂgdﬁgHﬁlbthB? tife@binder and can be
prote g

: ctive sport ggl es; masks; hel net
illustreted dsy, argirﬁisba vedtedesntatt amgle e nbcodredthapl 207 or, in some

t bui | d

empaiae e, e B 357G VoL hELEmiRH o bb 8 wan

10°paug6ﬁ% git&on 6 m*ee;ﬁwot@éatmyﬂé rﬁ\uﬂéﬂai fhoW@v@ﬁl cmes;@@bﬁ@ layer of
oor s, gate OOFS sun par ors,; an ra

: thegnekbnllagaseeatmgsmffthe psesgnd inventioamanche relar r ﬁr Sdﬂer-

v B SRR ind SRR T SRR, ERyter

coa?tﬁfg‘saéi‘etﬁe PreSertaRRiitionscaniakibit batater sbntackbihgleafdesdithan
e, painted surfaces on lanps, fixtures, and other
5° mmﬂ&ahiﬂeeﬂsrot’handl ing systenms and purifiers; kitchen
and bathroominterior furnishings and appliances;
[00ded6dri ¢ Theangans tha"unnaybeuueﬁd dio @xciting Hieeplotaceiabist

t d
et obihegoiaratt et seediE e EahrEr S E Bgmete.
maieiialg 'tﬁ&%re%ﬁtﬂ@ékdﬂ@ﬁ%orﬂéip&h?@t@wswﬂé light, sButh @k nige
spaces, “bat hroons, kitchens, hospital roons, factor

brasétedorm af titarsumysiode, anwellies niregen %ﬁaftaqrydw%t,ityanium
, h as pasins s
R R R By YR BB Y P reigop of a
waQ/@mh@'ﬂ@ bf i RRSEYE0 nbABMeldls. ADit te 6’memhagdatrfe| amata$e and
conposition of the first |ayer onc}
rutlle forms of titanium dioxide, tin oxide, and zinc oxide can be photoexcited by
exposure UV radiation of a wavelength of less than 387 nanometers, 413
nanometers, 344 nanometers, and 387 nanometers, respectively. Suitable UV
radiation sources for photoexciting such photocatalysts include, without
limitation, a UV lamp, such as that sold under the tradename UVA-340 by the Q-
Panel Company of Cleveland, Ohio, having an intensity of 28 watts per square

meter (W/m?) at the coating surface.

[00117] In certain embodiments, the multi-layer coatings of the present

invention exhibit a photoactivity of at least 0.5cm ™ min™, such as, at least 1.0cm’
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, Substrate, the first |layer can be cured or dried.
Suitable curing or drying conditions will depend on

wa b@spss7ed cul ar conposition of the first |ayerPCIg2005/018509
second layer is applied over the first |ayer after the
first layer has been cured. [00111] In certain
enbodi nents, the |i qU| d conposition fromwhich the

mlieg%\g da@ﬁ@ﬁ%?én Jﬁhétbdla%ydﬁscﬁﬁéﬂ'nﬁ‘ Umitell Stases Patent No.

I nve I'S deposited may be applied to a
6,031P66 matel. iy, lifer! texaniplZ linergdy, @dmeh Isnigcarpsaaled, herein by
cloth, or nonwoven fabric with such a conposition. The
refﬁfﬂ@@%gnat ed material may be stored in a cont al ner and
renoved when needed to w pe- coakk% sur f

[005;118)]st r atl.cenfair erbadiraeits. Ehep'a'b' Yer S?ﬂ“”gﬁo @ﬁ RIS
b |
v AR GRAAEPH I T B E08 < BMBR 08 g o
1 tRP PV 9ARe Mativety| ﬂr}eﬁmulﬁslayengoatmgs sflibstpfas@tdnveni@n may
t t
be %‘&%ﬁé‘d ségé&%gg&upqtaggon egposq{pqaw I <'§|§Eo fgg?ntensnty of 28

) the substrate. Though not bei ng bound by
W@n%ﬁtﬁg%é@, it is believed that, upon cure, sone of

t | tal
oo 51 | 248 8483 Pl RBSHAAL o SOLPEE i prosont
invahtiorf earreshivithvaing favtrableryasophilic). arti static bediasaati-hagierial

t he presence of these ro s enhance t e d ab I of
propReidSe EOMNG aiers.i Repndse etyuafﬁg%’r © ﬁ{ﬁ@ | e'{%‘ﬁ
su;f)%ﬁic?@g'u'ﬂf% Rrigk t8@§0|ga?%ﬁrdf ke phBthéﬂﬁyﬁ@hﬁténél eth@wnulti-

conmposition fromwhich the second
laybayedtings offtaerpresént iayentionomey ebibif advantageigel-cleaning,

caniio-BsAR0an I GHITRR LY S DROLE RRECHI® FReGfbskfiffvention
is cﬁ?écﬁéc%’ & mREEOHR im {)%\ﬁﬁg %é@ﬁﬁlﬂﬁllhq@hdfﬁwself-oreanmg

e cured nbi ent tenperatures. |n other
prowmias otapairdesdicontas aiclenwhesgiarthgarigle cRmnrises A grface

: t f.th {

agl;\g&glg &m%@ctqunﬁ%ﬂ%enp?ﬂxgﬁ %hgﬁdﬁXp%ﬂé&ﬁS&%Hﬁgﬁfqme

st sydfg%abﬂyﬁ@ré fGidedErast gitoT mmbﬁslngqrym)phmocatalﬁlc material,
exposing it to air for 2 to hours. at 25C. t.0

andd) wbinder tbmthy dydpamhiliccand camgrises ﬁalﬁ%sef‘{ia'&’c‘ﬁ?f&)'&te‘y

| -t d
hyg{)?,rl] dg?rfrgr]]ﬁg§lrsl 8%{53 cﬁﬁ( th rbg%g%%gﬂd IS, G | ?%Qru‘?@the
cofrfpostion @gﬁl@dllﬁ%ﬁégﬁ(a)t he second layer is cured by

[00120] Another feature of the multi-layer coatings of the present invention
is that they may result in a second layer that is particularly durable. The -
surprising durébility of such coatings can be measured in terms of the ability of
the film surface to maihtain a contact angle over time under accelerated weather
conditions. The lower the degree of contact angle that can be maintained by the
sample tested over time or number of wiping cycles, the more durable the film.
Simulating weathering of the film can be obtained via weathering chambers,
which include the Cleveland Condensing Cabinet (CCC) and QUV Tester
(products of The Q-Panel Company, Cleveland, Ohio).
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exposing it to air for 3 to 5 mnutes and then force
drying it at 800C to 1000C for at |east 3 seconds.
WO 0@3124723 n certain enbodi ments, the |iquid conr@EDEB100D08509
fromwhich the second [ayer of the multi-Iayer
coatings of the present invention is deposited can
have a very | ow solids content, approxinmately 1
cent gs54
(00 PEFET" JpteB AU LEAnOkigindioeRs ol prisresent
the ﬁ@@ncwmpmlmﬁohewam thed;etond Iawxsqfrtm enui- |a3¢arn:@ﬁﬁngs of

the pessentinanboniimeRbeSd e Bouih SufciaelES Bred A fhutt-
|ayej'%%%ﬁﬂﬂ tﬁéﬁfﬁ?lrrrﬁa@gﬁwé@rﬂa&toarﬁdlé of lés%tthbﬁyl@rdég‘rebb esddhr a8

at’ the second layer has a
lesd iHam 5 Hegmdjbr aphotoastivityof 2@ Ai0 n%ﬁt%’r%XP(O@UEe %/0 a

R e Bt R BRIk 8 2 vvor
te @P&tﬁk P2 gﬂ‘{)éd@egmﬁ §ﬁ¢ﬁk‘lodrﬂé’rﬁﬁbh@6nw?&1ménﬁﬁ)hlch results in

anome ers 06 mcroneters). plication of
coristmwtsrﬂtendomcmresatloﬁ artibiertast surfageer Ingdead %glugfrated by the
exdsheB Eirai b N ey A M LR Y SHABE SRR, Heteric

in cfeﬂ ﬁ@%@%em@%@@hldoynmmmouneem ebatinds &mhnbrhndgx
e conposition to that of the first

drafasticaly iopiYeEdsTRBIS 38 Comearad ¢OTBATHEN FOREHTIRGA
hyci'\,n Bﬁ E? bg‘bqﬁsr%?m F#p?@ésc‘%gﬁ%r%'ﬂ tr{(f‘ﬂl‘f‘dtoéé’l%wti'&gﬁa@‘nal As

on 1s deposited is 1nitial

|IIu§tVéiéQFW mgg4 hha;rtatns emnwmeptsl utmafaphomcamytmmmxwé ean be
an rior t

incledds tumgomppsiioammnicamaresand FeboblesRuRiTe

co%cpx'gt‘s'o?'t%é‘ﬁ déé?e‘?ﬁ inveritioh i& %%H)&ﬁed ey bR dufiRRirtite yield a

er and can be 1llustrated by an initial

" mutthisger coatiray that ngaiatairs it initial evateneontacbanglpi.g o the water

enbodi ments, no.nore th

cordagbangle s gnth ot f5PEeS S hfdﬁltld)\gﬂ{eéfg)ﬁ c{? tagﬁ N fwt}eﬁeln ‘initial
wa?%%ﬂ?%t@ id"GefERE 86 wat@*’@fﬁéct dritfe 8BSONEd e eXpbSure to

ayer coatings of the present invention can
UVdaghtmdzhedrs ampesmmadmnhe@ammlﬁatbut befare expepyg to the

CQ'% gb n voetr}é ANy, 6@% # at%@gﬁ@exﬁ% EBYBber for 4000

't a water

hoG&'ﬂé@&és&ﬂﬁdea&ﬁve', Qﬂﬁaré@@théab@étﬁie ofa photocetahgticomaterial
yielded a coating that could not maintain its initial water contact angle after
approximately 2000 to 3000 hours of such exposure. Indeed, the Examples
illustrate that in the absence of a photocatalytic matériél the contact angle of the
surface increased to nearly three times the initial contact angle after exposure in
a CCC for 3500 hours. Without being bound by any theory, the inventors believe
that this surprising result can be attributed to a partial crosslinking of the
photocatalytic material with the organosilicate which yields Si-O-Ti bonds in the
coating. The inventors believe that some photocatalytic material takes part in
such crosslinking, while some photocatalytic material remains available for

photocatalytic activation even after 4000 hours of CCC exposure.
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[001 16] The nmeans that may be used for exciting the

phot ocat al yst depends on the photocatal ytic materi al
wW@s@d/1187123 he conposition. For exanpl e, materi aPGT/URAD5/018509

are phot oexcited upon exposure to visible Iight, such

as the brookite formof titaniumdioxide, as well as

nitrogen or carbon doped titanium dioxide, may be

osed =Y [

0o f3P5e 4h s HinBofifery e AT} ST RO Present
mve(ﬁ’ﬂlohhﬁam'rliahtdhaad;ontdm aagm afs@tcaﬁcﬂagueest sftenexpossire to 650

S b Dot il
blacﬁ{;‘p%ﬁé% E)%?%[ﬁ?gﬁ@?ﬂef@@an&l%dﬁg%Eﬁaéﬁ§ng%‘ﬂnldn

neter anoneters, respectively. Suita
50°0V radi ation sources for photoexciting such
phot ocat al ysts i ncl.ude, without limtation, a W |anp,

[00$28 as ilhstkatiy Meuﬂ@‘ftldnf‘@retthecfeltmmag@mmés byhiche

QPanel Conpany of Cl evel and,. Onhi o, . havi n i.ntensity
homvezsanﬁamcetstomcwﬁﬁ!’@dr?étlﬁwﬂnwm nVﬁ"t'P 06'6%{{ ARg s,
0 I t |
Uil DR Rlickfda, 514 210 pS GRSl oving cxamles,

as \ﬁewa@tthmighbut ﬂwe)épemfldaeaet afe By welghtn 1 |, such as, at
| east 1.0cmlm n~1 . Photoactivity can be eval uated as

described in United St aEdANIRLES No. 6,027, 766 at
coI 11 Ilnet 1 ocoI 12 lne 55,. h |s

SHGE certain
errbodl nment s, the mul t| - ayer coatl ngs of the present

[001 24Nt | oA @i hmmenseadcaawet aylutiophiefersed o heksin 8§ gotution
t nl i ght. f

N pea igesie b fofa8 A ofimeet felpitlater 0.2 clean dry 2

galldhVESHthipRr ”Wltr’f)@tlrhﬁﬁ de OegjraﬁW?ET@%dﬁmmdld waspadded and set

exposure to radi ati on of an intensity of 28 Wn2
asifler 1 hour. [001 19] As discussed previously, the

 wlty S VSR S

r hb?t@?hf%s @f@ﬁtg; Wesgadd@guoga delﬁa{j dry Eb%agmstbegker
3 eZ‘g&mesqlaimL% (oD A0mojaretiddd Livge lowadoedto e dMOS,
corgﬁq{f kl?élg{?%;cﬁgage gﬂ%l@iﬁbﬁ@? géﬁ?ﬁ%alﬂéﬁﬁ%é EmpPBYature below
25°C. Upon the completion of the addition of solutlon A, this partially hydrolyzed
silane solution was held for one hour at ~25°C. In a separate clean, dry beaker,
290.5 grams of ethanol and 290.5 grams of deionized water were mixed and
then added to the partial hydrolyzate with stirring, after the one hour hold time.
Then the pH of the dilutéd silane solution (pH~5) was adjusted to pH~3.9 by
adding 0.80 grams of glacial acetic acid with stirring. The resultant 1% Si02
binder solution was allowed to fully hydrolyze overnight with stirring.
[00126] Application on test panels with above solution show good wetting
with no optical flaws and passes 50 flood/dry cycles maintaining good
hydrophilicity.
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easy-to-clean, anti-fouling, and/or anti-fogging

properties. The present invention is directed to
woretohoos23 or i nproving the anti-fouling and/ orPCT/US2005/018509

self-cleaning properties of a painted coated article,

wherein the article conprises a surface having a

pol ynmeric conposition deposited thereon, the nethod

ﬁé!grf'%rgga%ﬁn%?ﬂﬁ-igr%lgg @?ﬁbﬁbﬁﬁcﬁe'&ﬁé‘éﬂ
otocatalytrc material,

and (ii) a binder that is hydroph| lic and conprises an’
[00§2PENt I &3 8 panel (90€1me16§)@IfQS%/dTM@Smepnelsenhmg ~dhgrams of -

Sl&i%%do%%?@%%éﬁ?ﬂ%&%# g{é&ﬁ@%éob%qbcur i)]v%;@]aﬁng to a clean,
dry|~1n gﬁéﬁggfbegﬂghn‘? & graln?s)’ & scﬁﬁ’ﬁ’ér? RIS0%0 ﬁﬁ?es%ﬁ%ﬁ@} was

ey nma resu in a second ayer
slowiaddded athel TMOS Solution, aiwrmollmdhemmtmmgy the rate of

addiion nesalution A, TO Rark eraers ALaE Gure terpAgidR was
33@”9?% c’gﬁcg %W@! n &f tﬂtﬁhalé‘agﬁfn SesAlsrrhethiypattay hyﬂrolyzed

con ovver egree of contact angle t
snlah@rsdhﬂldmwatsmeﬂrdafbrmnet thjrsaimﬁSeCt dptacsenarate ¢lpgn, ¢y beaker,

nb
2880 0F AR, PHE S s%ar%%%f o PR ey and hen
ad el [5}:9115hﬁ‘§ﬂ?éfy§até’\®ltﬁ Btitring), Beter tHeeoke Bvet hold t|me Then,

ndensi ng Cabil net nd Tester (product

theTte oQtrRaddahte@@ﬂpaeyﬁoltmpg\(gHaﬁmwa@fﬁdjl)lstpg apt~3 %%y adding

erta
0805 eis o deeRLERRIS acih MPRENRG S TR ERGIB P 02 binder
solﬁﬁ@ﬁ’ Mg @vedio fulg hydidlyzd @mmgm atithrgisring. t he
present i nvention 1s deposited |g an amunt  suffi ci
PH%{SOEE'

[0Q1a8ﬂ>r odud@pHoatian en fesf @.anelwutma Phistoldeeting

nt act. f
o SEAPTSLTAS B eat 160 xg el bebssonvnt
prévide&] fopanmove effioters r@@fc‘al;mam’ndrcoﬁ"msp@odmgmnsah@n to form

t he CCC chanb
PigheOORIeSgBCY It SIOP RSO M A RREN ST AR ARE SRR avior
upéﬁirs#é léat'i constant water condensation on the test

deed as illustrated by the Exanples
herein, it was’ d| scovered that the inclusion of a
Exahﬁﬂ@gapaéryérammfem HytrolyzereOrganosilidabel Bineters of such
conpositions produced coatings exhibiting dramatically

[od(): i t]gyﬁld rg%% gPRirhk (¥0.38 rAGIBBREEYS 0T MO (teirhinetisoxysilane)
representlng 6 grams of SiO, was added to a clean, dry 1 liter glass beaker.
3.6 grams of solution A (~t0.20 moles of H.O) was slowly added to the TMOS,

controlling the ‘exotherm by the rate of addition of solution A.- The peak

temperature attained during the addition was 40°C. Upon the completion of the
addition of solution A, this partially hydrolyzed silane solution was held for one
hour at ~25°C. In a separate clean, dry beaker, 290.5 gramls of ethanol and
290.5 grams of deionized water were mixed and then added to the partial
hydrolyzate with stirring, after the one hour hold time. T hen, the pH of the
diluted silane solution (pH~5) was adjusted to pH~3.9 by adding 0.80 grams of
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hydrophilic binder of the type described herein but no
phot ocatal ytic material. As illustrated by Fig. 4, in
we@egosaisn2enbodi nents, the photocatal yti c nat er PEI/USENS/018509
be included in the conposition fromwhich the second
| ayer of the multi-layer coatings of the present
invention is deposited in an anount sufficient to
i db e | @2 c Rg d:BdthiHEd i ' ielviedab full
alacfgfaetE R Wit 7R 18 SO2 LRI g Aibieddo fully
hydvblyRé Bvérmigigneies sivinghe i nitial water contact angle,
wherein "initial water contact angle" refers to the
r €9 iBAYneteabpanae dvitf alsovesxaiotion ehow déwetting
[Ooﬁ?gﬁt fd?égﬁﬁgg?s as dgscribed in the Exanpl es Put
probleinos withxpoiding: The teptresalts shagedthakhy poheerifolling the -

osur f the,.c ' Q0Q@ne°
oxcfais end gl HECRMigohfe B SRERENENER (o Baci R0,
resB&d Afanbor highsRtegied ofiatidéedatior tafdrmghighat moteduar
not maintain i'ts initial water contg t angle after .. .
weigpp pligomersewhichatrmenstaried the gbserye VY Atpey pplication.
| ndeed, the Exanples illustrate that in the absence of

a photocatalytic material the contact angle of t he
ExavpleasePicparstase0f AdydmhizedtOroemosilicete Binder ni ti al

oo Belogeh oAy b A, EISGUSH ucer
stirﬁgb.'a ?PF{JQ rﬁi?@?’e g\}réios:csq?}ltl‘%cﬁ fd FddME térRpetdtuaM ®e Poft MiSs elficate

artia ing of the photocatalytic L
solatibe (MisubishirChémical @ampsiation al ekyshiJepap) wegsharged into a

olaghdrarian i Rxebryiah ks Sithe Be fia MéthaRBiRater

solGEABHhtNE APondhiokifors AR SYlotccatssfitied ate0sp? &C for 15
remai ns avail able for photocatal ytic activation even

mimdtesr THB00 5w 0f gfciabecets ek was pdded Mtojthe ceretqr Hnder
[ di ts,..the. i - : i t : t

cof RN Sy VTS b AL o000 SRRy P dianaze

hoGRITReiral B0, exieatisetheasdidibrneas 4% with QoM ofésSer

equi pped with fluorescent tubes (B313 nanoneters) at

anel of 65 _to 70QC 4 hours
zed Onganosilicats Eting the

a0 J)Ke : H AR AN LY 47

| {yintion ‘ mivBl &1 hawRNeBtio
,[Odaﬁﬁnot 3ﬁ8§ah§ﬁ%ﬁﬁé%@\gﬁ%§j %%eﬁé nt" e invention to
" untiBebtirielg!t Thé snixiune ess cddled v s hefinpataddre. alnl a paparate
coﬁpa?nee?gggt?é gggssolltﬁic}nhv?/ag %lré&\{l\fneg %yed(lﬁrﬁ% 0.0 g of glacial acetic

acid with 90.0 g of 1-propanol/water solvent mixture. 5.0 g of MS-51 silicate

solution was charged into a glass reactor, followed by addition of 253.7 g of the
pre-mixed 1-prbpanol/water solvent mixture as one portion. The solution was
stirred at 20-22 °C for 15 minutes. Then 1.4 g of pre-prepared acetic acid
solution 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 4.1.
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as well as throughout the specification, are by
wei ght. EXAMPLES Exanple 1: Preparation O A
woasoiszzed Organosilicate Binder [00124] An aRCTIUS2005/018509
hydrol ysis catalyst solution, referred to herein as
solution "A", was prepared by adding 7,000 grans of
dei oni zed water to a clean, dry 2 gallon container.
Ex EI il b 8tiod P L BLAEE %g%kﬂ‘istri c acid was added
Siaie ast ue. _ -9 gramns (-0.10 noles) of 98%
[oogi}g (t ettigairddropgsitiorand)throeiheG émiTabte 1 veergriepared as
[

i e Fieed e el i L gt
maéﬁ&mﬂg&iﬁé’éggh%@teﬁ%sT arS@ By Ridiidthe Bidexpiahsrianidhe

r
an’i hto mtamt%eten‘perature bel ow ' .
vesgBland/tieen bbdingaimibrizedwatdr toltbe aedseli undesfagéstioni dhe pH of

et Bacty Ly ol xeed: o anecaHL LB 1A el
um&ﬁ%?%?e%%l—ﬂka?bﬁﬁig%aﬁa”d 290.5 grans of deionized .

were m xed an en added to the parti al

olyz i tirri ; 1 i
oo $4L°" YERERLN e rebhR it 437 LRSRIMLAALY obed with 2
ma@ﬁéﬁ@k’fiﬁﬁ@ﬁ m@mstsegwas aguea.te thig vesdelrandtreopld wassadjusted
acial acetic acid with stirri Th | t %,
10 o g N Sy e S L AR T ARt wes
acrﬁg\%cr.' @}F\%{# it ihehi ffted @Het@gitABBh it6 Thadge Po pRsduce the
panel’s w above sol ution show good wetting with no
hydrpphifiel conhgoeticnsd paresgB GO 1 ood/ dry cycl es
mai nt ai ni ng good hydrophilicity. Exanpl e 2: Preparation
- A Hvdrolvzed Organosilicate Binder [00127] 15.5
grams (-0.10 nol es) of 98% TBLE ¢presenting ~ 6 grans

of Si2 and 3.6 grams of anhydrous net hanol . 3
Cdropesitivar|t BilivatesTtdeBindes LI atedr |y TitaniaRQ!° ¢ Hidania Sol
beaker. 3.WeightRatof jsol utiop A (-0.20 noles of |HO) ‘

—waspsl owWly addgd.3t o thes0UgOS| sod8Ad on, cofbgol | ijng the -

exo‘Bherm by pEoraat € |ofsoagdi || oag@y sl utpog A [The -

Peq ten o1 fﬁ.gyd?zﬁ,‘cif‘ﬁégdu” MR B§€ Bddi { ggh WS -

1l f

o i e e Doag/D G, 2 BT [ TB7 7 T O $7q SOTITT ON-
E.

0.25/025 7 259 | 73.3g 1.679 -
F 0.9/0.1 479 2.3g 0.33g -
G 0.5/0.3 259 24.5¢ — 0.5g

TMSH-200 hydrolyzed organosilicate (1% solids) commercially available from Mitsubishi
Chemical Corporation, Tokyo, Japan.

2NTB-1 titania sol commercially available from Showa Denko K.K:, Tokyo, Japan.
35TS-01 titania sol commercially available from Ishihara Sangyo Kaisha Ltd.

Example 7 - Float Glass Test Substrates

[00135] The surface of 9" x 12" float glass test substrates were prepared by -
cleaning the substrate with a diluted Dart 210 solution (commercially available
from Madison Chemical Co., Inc.) prepared by diluting concentrated Dart 210
with deionized water so that the solution had a concentration of 5% to 10% Dart

210. The substrate was then rinsed with hot tap water and then deionized water.
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silane solution was held for one hour at ~25C. In a

separate clean, dry beaker, 287 grans of ethanol and
wQdsa1ggeans of deioni zed water was m xed and PEENS2005/018509

added to the partial hydrolyzate with stirring, after

the one hour hold time. Then, the pH of the diluted

silane solution (pH-5) was adjusted to pH-3.9 by

A APPSRy 8 e

(Kaﬁ%?é%ﬂnh@r?ialw wvhilable fromeKonbenty-GlarkW@arp.)st i rring.

(o0 e o] spoTos e e FSRUTRIE Srererfiach Baffd ol £fest
; hat =L ot

s SR g P Prgetty

conférasiiycandiiaglectoniefisher Scientifid. ofhe paghuas wisrRasd ajound the

foamRRIaIor. gTP )l SIAREY O frerap i CORBRERRY7as appliog t

o B S S g s e
confpwitirentveraythentapplieddyotorsacingie weldead withdhe okags, test

subgirgtepyhsaidyr ST Riagonpint IR A ke e
sub%?r?’éé Rkidngwidaaotr) b ese hmbleatuss foredt leadi2t prior toftesting.
solution A The peak tenperature attained during the
Resuligi arecuramerized @ Tapler? t he conpl etion of the addition
of solution A this partially hydrolyzed silane
sol ution was held for one hour at ~25C. I'n a separ ate
cl ean, dry beaker, 290.5THBUE 20f et hanol and 290.5

grans of deionized water were pixed-and—then—addet—toz
Comppaitiondl hybir gl yzBES G NG | rrﬁ’r‘é’facff'?% Istivity b Rigze
hour _hol d |t (ugfcmThen. the pH of t h&ORMSIBNY <i| a

sol Ui on (jpH-8)2was| adj usBéd to ph-3. 93i8Ax48di ng 0. Bl %
grang of gljaci @l3acefic acBd with sti rr brizpx10he 1% SDG%
bimdgr— sorjuti gy was| alTowed to fullly hydrelyze -
overgrght—wtty st Ng. {00130 [MTcatlon on te
parefs—w-th a'p'"s'e sttt ulfls{){:huwJ o[ Wre)[[i ng_pr obt ens
Wit Horot 1 ng D-Fhe bogtr &8 fr )

Ut o ciheorer £+ 1 + 1 +

Hy- He tTS—3Y eSSt Uiral D ITOL
»_C_O_D_LEOJJ_I_%T |'Q=4P)(n herm I":l[; all C\véggg thet errpéra -6
of t@e hydrol yk®s tb reacR-2A00C, desulted™in a mich—
;18%;93%rna@§&5 asingX-@9ndersedricemntiysisor m hi gher nol ecul ar

2 photocatalytic activity was evaluated as described in United States Patent No.
6,027,766 at col. 11, line 1 to col, 12, line 35.

3 Surface resistivity was evaluated with an ACL Statitide Model 800 Megohmeter using
either (1) large extension probes placed 5 millimeters apart at several locations on the
sample, or (2) the meter’s onboard probes spaced 2% inches apart at several locations
on the sample. ' ' “

“Haze was evaluated with a Hazegard® Model No. XL-211 haze meter, available from
Pacific Scientific Company, Silver Spring, Md. ,

Durability Testing — Test 1
[00137] Test substrates coated with liquid compbsitions A and B were
placed in a Cleveland Condensation Chamber operating at 140°F (60°C). Each
test substrate was removed from the chamber weekly and tested to determine

the water contact angle. The photoactivity of the composition was determined by
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wei ght ol i gomers which denonstrated the observed

behavi or upon application. Exanple 4: Preparation O A
woR@sois72ed Orqanosilicate Binder [00131] Met heeUSz0£1018509

dei oni zed water were mxed at 1:1 (ww ratio under

stirring. The m xture was cool ed to room tenperature.

10.0 g of MS-51 silicate solution (Mtsubishi Chem cal

mear%gjggg AL 'vs?eﬁﬁ é@rbar@g ﬁ?rgﬁé% gj(')r%e%d é‘ﬁé’r é&(ﬁs@%‘ of the

subﬁf@tﬁﬁbW%ﬁt h'ﬁl]'i@bkmwe intelrval was? hloursatcaa WA-340 lamp
ortion e sol ut
suppiahbdie GhganckCompapy GCievainid dhio o dfestaubldtictne
B
a mEEFle?I dmi’uvslb@bblmlmtimaatoruhanhiac&ﬂ'edtbyderd\dan%aﬁturmga Inc.,
0

equinesiivih Garnes Sienilic SRS e RS ae Sirredf dhmeagured

was‘{f@taﬁéd Y1 B IRzOREAI gbs&mﬁ fainY upRhid inl At oﬁélllght seurce. A

m xture was c oroomterr‘perature
sessimdrat ef water avaseplaced @nutop@é the seifage tShfr%"sOfﬂh@ﬂthﬁource

iluti aci C
so bt e ool Pacedse it ok i bk 2isf 1ndl ddhtddl hdfe
me?él.}rbeﬁﬁ Be éétﬂh%hglﬁﬂ\ei?@@ﬁlgméten”tbtesaogé a\ﬂﬁchi &aeqlmpped with
addition of 253.7 of the d
mrcmlqmrpmp’@iadbr g@a@wtlgasvé%ﬁsum%)arﬁﬁémﬁar 5‘0%%% 6% The
solution was stirred at 20-22 OC for 15 m nutes. Then
1.4 g of pre-prepared acdAR-ER8id sol ution was added

Infn fh roact

or ndar

s ke Stpe: GRIEESTAE Kot o [ag S PSR o
Hotersfin npCostagt ANgie dnt_ GPniagk sclg?m@ﬁ (age b ?P
pBC& 4|1 .Beforpl e 4 -Arslegdioftijon FeRPIRui d \2{“9 fter
Conposi | i OBXpDOE33] LiEq(@'DEU@orrt osﬁ’iﬂ@ﬁé’r% t hr obEyPOSYre
inglabl B 1 wea®e pregared & fol llows. ¢Rarge | was 3
pigegar e in ajgpne lijter glzass vessel dgui pped with3a
MREEETT T StTTgg@er. charge I3 was dr epar e by addi ng 8he

Elg\%.‘—‘. Iﬁl er to—the vesgsel and neQ-,-addl ng 3

! A ni- ta tha vrace

2 e e e e e o ;g: PR
hg8fdchl oric 3id under ad tatidn unt 2P the desired—oH

waS7%achi eved.30 5 33 4"
3565 - - 30 5
4040 - -- 19 4

Durability Testing — Test 2
[00138] The durability of test substrates coated with liquid compositions A

through G was tested by measuring the water contact angle after exposure to

UV light as described above but prior to placement in the Cleveland
Condensation Chamber. The same substrates were then placed in the CCC as
described above for at least 4000 hours and then removed. The substrates were
then exposed to UV light as described above and tested by measuring the water

contact angle. Results are summarized in Table 4.
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[00134] Charge

was prepared in a 4 oz.
contai ner equi pped with a magnetic stirrer.
w@olosasss2added to this vessel

gl ass
Titania

and the pH was aPfTUBES®IS/018509

to 1.8 by adding 2N hydrochl oric acid under agitation

unti |

the desired pH was achi eved. Charge |
added under agitation to Charge |
hydrophi l i c conpositions A
hydr ol yzed organosilicate (

was then

to produce the
gh G MsH 200

0Solids) comercially

avaj T abEembbskioM t SUibi Qontattemglal GCGqrdaaAngle Aftano,
Jappn. 2 B-1 titani a geforeanmer ci al 4poaHOUBKLECE riom
Sholwa Denko K. K., Tokyo, p4gedive 3ST$-Q titania sol |
conpef-erat-ty—avaitapte fromgishiharg Sangyo gkail sha

Ltd npla—+ H-eat—& a3§ Fest—Substrat = [00135]
The|lsurfacePof 9" x 112" | ogt glassitest—suhstrates
wer ¢ pr epared by cl eani ng tﬁp substriat e with-a—dilutied
Dart 210 soDution (donmerci &1y availl abl e frbm Madisbon
Chemical CoE, Inc.) |prepare® by dil Jting corkentrated
Dar {210 W Eh dei onijzed watér so thdt the sd ution had
a CJn(,entraGi on of 9% to 10% Dart 210. The ubstrate
was -then—rinsed—wt ot tap water and then deioni zed

wat er . The test substrate was sprayed with Wndex(r)
and wi ped dry wit Durab#ityrTesting —(Tlestdry(r)

i al | i Table f ber | y: Chark .
(001880 56]  The Shrahiitn o8 srscuPEl Bl Gt Wi oraPdly
Fél f Sibtiades apedaith eompositions

pregggt@%%ﬁ[&:a%%?geocté?@gb%d, comercially avail abl e

corhprisingitsidespHiiic engenbisiticatehzingacbuian theaphriacaieicdneatesial

A redB e B 5 S oot

ha\ﬂﬁgp%%hdei toPhasiuIE dloRide ritiel 6hoB/0B (upepoditien JYvere placed in
(040

ositrons were . then agpl ied by contactin t.h(ei. Wﬁt
thep@lbvelarid Cordensationt@ameenas AgseiRac AONG %ﬁ’@ﬁ‘?, catly
4 Shof@P Cdribarafive t he

slightly overl 09 SLT ~ri
re@%%%?ﬁ%‘@"%%‘acgfqoggéﬁgggf%cgﬁgr‘oomterrper ature for
coﬁgobﬁiéﬁ% R/aBrS RsUi Fidw M S MPORevaildlde doen Bamippon Shikizai,
Table 2 TABLE 2 : 1Sanple analr?/éed umsrw X-ra%; .
Tokyau,ojaem@mbcqngan/g_composmo -200, available from
Mitsubishi Chemical Corporation, Tokyo, Japan. The te’s"t&substrates were tested

was
| for water contact angle as described above. Results are illustrated in Fig. 4.

dns g the

Example 8 - Preparation of Liquid Compositions

[00140] Liquid compositions' H and 1 were prepared in the manner
described in Example 6 except that WINDEX was.included in the composition in
the amount identified in Table 5 and the Binder/TiO;Weight Ratio was as
adjusted as set forth in Table 5. The durability of these compositions was then

analyzed in the manner described in Durability Testing — Test 1. Results are set

forth in Table 6.

47 -



2 Photocatal ytic activity was eval uated as descri bed

in United States Patent No. 6,027,766 at col. 11, line
waz2ae/1e80k3 12, line 55. 3 Surface resistivity RMBUS2005/018509

evaluated wth an ACL Statitide Mbdel 800 Megohneter

using either (1) |arge extension probes placed 5

millinmeters apart at several l|ocations on the sanple,

or (2) the neter's onboar—IdAé)rgb‘ﬁs spaced 2% i nches

apart at several |ocations on e sanple. 4 Haze was

eval ugt@simpbéifion | HSHliees/d(O) MArouNd of X -Athodnthafz

meter,| avai | abl e | f pagyiaRkfio C | BrEMTIOLC| CoMRaBX

Si | ver Dplll_[‘lg, \Y0 R %@/@IZ Ty |est§0@g - |esr8 did 0 00137]

o 0350, | = -2 8.
Test. gubstrates coat et WriaT | quT G OTPOFTt %"hl_\ and

“anda

L

B V\Er h| ar\ud"l A a o ocvoeT o™ |d WIIUCIIQQLI U I Ial JCT1

pl
operating at 1400F (600C). Each test substrate was
removed fromthe chanber wegkky and tested to

determ ne the water contact angle. The photoactivity

of the cofposi t iGompesitioretkr ni ned by measGempesition |
wabers igont acCoptte di f fEontace bef or@ontadt af teContact Angle
expeseir e DIL\nbfeaeBéfébétra&@léMév l|i Ahdle BéfereX posuwéter
interval Wagye BgH S |t OEgpbre340 | Eposwiep! ijed mpposhife

& Panet "J..pany4 of —Chrevel aqo, Onffo or @i rect [sunli git.
—‘Fh%faat er-contgct—angtes— pun"t ee vvcl Ib‘dbUl ed Uy hre
se e WZYhOd ?r £ €2 i [ ,2

{f\

CI nﬂ

incﬁ?lﬂatnr rmnua%m‘urcd hAI 'IQnrri N |r| Ag-—Ac 2
eq@B8Bed With 28rtner Sciestific |goni n?-ritpr apt i s
Th@3%4r f ate to1B8e nedsured3was pllaced 16 a hdri zont3l
pogoppon, |faci 8§ upwdrd, id front| of a32ight |sourcél A
Sessile drop of water was placed on top of the surface
in front of the Ilght source so that the profile of

PIg & 5 QB8 and the contact angle

[Oﬁﬁﬁr Iegl Lhz‘ﬂﬂ& gg@g)%%h%)ﬁggf ﬁ_gd\fl hgncg r ac{)'%rrpah% e hanner

degém%tﬁtri BR&mplees @kéépt&hét mergmwmjusteaab ltee $aluBARit Forth in
3 Durability Testin Test 2 [00138], The dur btJ bt'i\

Table 1 @od thariedel HONMsIgRidRaIIQ Wasi 3 AGIUS R AR 744 IBHE Th Table 7.

Llfféﬂ% l?:éﬁ%o?ﬂ%% N, G5 L5l ?ywé'?"éaﬁrlé'b'a% s SRS sHRMASIEXample

er exposure
8, except that the pH of Charge | was not adjusted, and Charge Il was a mixture

r_

' of the titania sol and deionized water in an amount sufﬁment to dilute the titania
sol from 15% solids to 2% solids with deionized water. The pH of Charge Il was
not adjusted and Charge |l was added to Charge | to make the liquid
composition. The turbidity of these compositions was then analyzed over time
by a Turbidimeter, Model DRT-100D, manufactured by Shaban Manufacturing
Inc, H. F. Instruments Division using a sample cuvette of 28 mm diameter by 91

mm in Iength with a flat bottom. Results are set forth in Table 7.
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U |ight as described above but prior to placenent in
the C evel and Condensati on Chanber. The sane

wGaaistitgrees were then placed in the CCC as deseeT/bsm05/018509
above for at |east 4000 hours and then renoved. The
substrates were then exposed to UV |light as described
above and tested by nmeasuring the water contact angle.
Results are summari zed i q— it e 4. TABLE 4 Durability
Testing - Test 3 [001 39] e durability of test

substrates coated with ¢ npositi ons Tafrbiditg (NTEHent

Cothlé§i'ﬂth sesteANio9 [Caymarn ethitig §ubsiorah gs3 eeaithd |Vé tionths
Icorrp03| t hBRhE REMbi |Si Ng rydrophl i c organosili catie

Q

brgrdteT —yut ol ie TLRraT AR TG MEERr T A bygT Op 1657

faes -

& rh

ccpost 1 DA la T dar 4« S5Pum i ot Be ot s
ofM_o5/ d_503%Bnsilt | Y Sbe |pl 2034 iln ¢ Ao 442

CONvel anld_Oc¥ie@sat|i 8r2ocHanded ds ddecr | hpd3§5mvc a 425

peDi odi dal I0y4/0&oved ‘BAd |ex$ptBed t @88V || ghbl4s 573

depcri bgd abey®e1 Conmmdat|i ve4sonpost4d on| A %45 Shi nsiH3

FTQW V5-[120§g/@yal TjaBl €1 fir omdaiini pign Shi knzai , 162

ToKyO, Japam and conparati vé conposi tion B was
MSH- 200, available from M tsubishi Chem cal .
Exdinplesr HIA and 108ky Appllegtion toTRaintess Sudabst r at es wer e

[00kd2] "t s Braple 1R AlG PHApgs in YERHreBareBY Sdting three
graﬁ{seraSé‘nyr%] 4‘6f5 (hk/gi%\tﬂe G 1 PigAuetd) 88 10l grhhetibich liquid

onposi t1ons were prepared in the manner
compes:tnon@ﬁthmtyazaiﬁslcabed #x Expmple 8 comRDEKonds and skitiingthe
LN _the conposition in the anmount identified in Table 5
MXYE-t he Bi nder/ Ti C2Wei ght Ratio was as adj usted as set

forth in Table 5. Thep@lmeaprégému@rﬁ these corrp05| tions
was then anal yzed.in the manner descri

[00ddBhbi | i A&urmégm panels Trrertraatepudth B@tZaP%"E%ﬁfeif“oﬁ% were

Tahl e T
ot EfSTP T AN Bsa IR el (el fom PPG
IndMstritizd 118. )6y BsiPbeP@diredvound bmwcamebar at 0.7 — 0.8 mil dry film
thickness. The coated aluminum panel was baked at 450°F (peak metal

“temperature) for 30 seconds. For Example 10(1), no additional coating was

"added. For Example 10(2), the above prepared hydrophilic composition was
applied over Truform ZT-painted aluminum panel by using wire wound
drawdown bar at 0.05 — 0.15 mil dry film thickness. The panel was baked at

350°F (peak metal temperature) for 25 seconds.

Exposure test results

[00144] Coated panel and un-coated panels were cdrripared after six

months in Malaysia. Results are set forth in Table 8.
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descri bed in Exanple 6 except that the pH was adjusted

to the value set forth in Table 7 and the
w®revde19773 OQ2\Wei ght Rati o was as adj usted as sepPCT/U81005/018509
in Table 7. Liquid conpositions N, P, and Q were
prepared in a manner simlar to Exanple 6, except that
the pH of Charge | was not adjusted, and Charge Il was
a mxture ;of the titani aygg| gand dei oni zed water in
an amount sufficient to dilute the titania sal from
15% sol i d5 Mon#i¥$ Malaydsa wi t h dei pdimenthsaowth FlpridapH
of Char g¢ PdsitiersohPaneldhuszestahndPEkitiog of pbnekg5addath

"Exdiiledq UniAsHEKAL T Movidned AL CPORREShEQAL ThWashed AL
U oy L el Ry o et ol RSt bR G955, rantlac et
haban 'l\%ﬁ facturi n@ﬁW, H. F'.31\3§st rument|s ot
Di vi sion |using a sanplle cuvette pf 28 mm di aneter by 9
1 mmin llength with alflat botto Results arle set
' Ligbtrelss (0 WeshdeterminesBising/a Meshpihesolanzyeihd14Bpectrophotometer,
avaijaple foern itenMacbetia Hivisia csmla@@epwdos_tnugir&mt@e%m A
measqmrmw@éakamfmsar@raéigaewsygp tggiinonend hesliffegenges(dl)
recofdesu Afdinaluei@sser 4 agrod pesitiver gmegptivepinsinatesshetien pedermance.
A lgwavisvatie mednsjessicdongasipei Anegdtive valueypransdbe coaing dok
dafkenogibecdnparingpo tiet origmaEcalndresdingr A fayv & lie undwasheed area would
indRate thaPthepainat waslep ity 3tithaliwashing. panel s, pre-treated
with Betz Permatreat 1500, were coated with Truform(r)
[0&45] gh EessplehtioB: Aeiniesh @aneaprevreatacavithiBetz Peomatreat
- PPGIndustries, Inc.) by using a wire wound drawdown
1568r were ooated withsDiranar®, Semi Iéipq;ﬁ eratgs(avafiabledgara PG

A0S 0 SRR e 101
oGRS HoeFBrae 1, R e S i

10 &hs Ergkbfié’cﬂ &&Tﬂ@@&%aalg@mt@@ BRAREM PAanéIShyndsing ere wound
wound dr awdown bar at 0.05 - 0.15 ml_dry film
drawdowndxas at Db pdnth mviedrydirehickness 0dre pareliwarbaked at

355%?853& lrjnre‘%gll tgr%rpe%gtu‘?éa)cfgp %%‘ se@éRSg‘.u For E?(gfnprk? 3 Hkéf),s Toto

Frontier Research Co., Ltd. finished the painted panel with titanium dioxide-

, containing low maintenance clearcoat. The panels of Examples 10(3) and 10(4)
were exposed at South Florida for 13 month and 14 months. Cracking was
observed on the panel of Example 10(4) and no cracking was observed on the

panel of Example 10(4).

Example 11: Application to Millwork Substrate

[00147] Sample preparation: Control samples were lab generated or
commercial production panels finished with a commercial solVéntborne
polyurethane millwork coating. Test parts were prepared by first wiping the parts
with isopropanol. Next, liquid compositions of the type described in Example 6,
composition E were applied by lightly wiping a soaked paper cloth over the part.

Coatings were air dried overnight. Samples were prepared over four substrates;
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[00144] Coated panel and un-coated panels were
conpared after six nonths in Malaysia. Results are set
w0 oooshi187e3 Tabl e 8.1 Li ghtness (L) was det er m nedI/usioniy018509
a MacBeth Col or Eye(r) 2145 Spectrophot oneter,
avai | abl e from the Macbeth division of Koll norgen
I nstrunents. Lightness neasurenents were taken before

phez?ﬂ)ﬂc?%ggf c%&ﬁﬁﬁﬂgﬁﬁggﬁgf O@V@? deBJIQIa‘%bfﬁL@t"r@éI@ﬁ (pait) vinyi-clad

reco O zero p05|t|ve or
fiberglass ipuitjusiond (\V@Ppsarisepinerwipdowasuhstrate (WLPhwSamples were

I I t I
serd daenRIRGaH ISy VEENSIa Eian RGNS PHOSUTS ki being
rett?rﬂ ar r[oeé\fjeLtﬁ‘éted"I’IOIl deopchéhg@ aHB el REGRIOMUREsults are set
at the panel was less dirty w thout

forlhaaﬁ'ab@eQ 00145] Exanpl e 10B: Al um num panel s,

pre-treated with Betz Peﬁ% g@t 1500, were coat ed
with Duranar(r) Sem d os Io t1 ng (avail abl e from PPG

Suptt I‘é&é €S, NIEE- ) ' N a reyymer sijm [ arpgig t hat VCP A
sepﬁg SR TR Ol | EXACT CORL A G0 coan
b Ian%,L“Hé:%A ot °Bhle 1S by A 70 o0 ple 70

_‘aF LI dljtc
C%@an W T‘gé‘\/\nur%lgdr am bdr! at gb&l ugw j”l)lgé y 23
chana® t hi ckness  The panel | was baked atl 350 OF /naa¥

ed

%rfeloss tlerffer at uf8) { o625 sdB8ndis. 6%or| ELLpI e%ﬁ? y, 1
RéteinbioRrionti ef Reseatch Col, Ltd.| finigshed the pain

panel wth titani umdi oxide- , containing |ow
[001&I8)t enaitaeill beaaadiypappiEviatpd iyl those sEﬂIang &e agthat

d 10(4) t South Flo
S S R S Lo b Y foncepte
dls'c::I&%'éel if tﬂ%&é 8?3\@ d@scﬂbﬁéh' SachBodiiegions @retio beeonsidered
10(4). Exanple 11: Application to
as m¢m«m mtsubmeﬁatlwmo:wms Saleps éh%p@yasa@y teir lapguage.

exaﬁélysép}l\e thﬁl@/gi%&g?&ﬂc%rg?@ﬁg% I%ecgmﬁﬁb g&foe%g%&& Mdetail

heRSh YHE QlaeA8vEbhlWaid afoRbt InﬁItlnﬁetétth@acmse ofthe invention,

prepared by first the parts with iso pano
Whie & to bqu%en o ubbrgiobinel ARpanyige Qg B4y qnd

nposition E were applied by lightly
equﬁl% éhésrgéﬁed paper cloth over the part. Coati ngs
were air dried overnight. Sanples were prepared over

four substrates; phenolic paper clad door substrate
(FWD), fiberglass pultrusion (pult), vinyl-clad
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fiberglass pultrusion (VCP), and pine w ndow substrate
(NLP). Sanples were sent to an exposure site in

wovedoasssi7as f or t hree nont hs exposure prior to bEBCTYS2005/018509
returned and eval uated for col or change and gl oss
retention. Results are set forth in Table 9. TABLE 9
[00148] It will be readily appreciated by those

dinthe art that nodifications my be made to
WEt(ﬁlleM'\ﬁventl on w thout departing fromthe concepts
di scl osed in the foregoing description. Such

- nodifications are to be considered as included within
1. t heA hllii-ayven goeating ﬁ@”lﬂﬁ!sg&s the clains, by their

| angyagee Y eSSl Rl RIORE BhaRomSSRNch Balttoridies a

pol¥ﬁ1leﬂ§bbﬁtpo%moanbmdand are not liniting to the scope of

sl S AR 8 e
thet(éé)% b68la TI e | (%lte;si frém B |éést| &%@ﬁ%m@ b sitithas tomprises

posSi ted fromat |east one

(i) aspﬁpm:atalytm mhmnatcnmt (i esbindenthptrisy hydrephilie and; emprises an
and. cond I i e er at least a portion
essgntip C(pmpiegelygvg F%Vqsﬂ'é;ggecond layer is

deposited fromat | east one |iquid conposition that
conprises (i) a photocatalytic material, and s)}lg .a
2. bi ndke nnuimlayes coptingghclaim hwhelsidinesaerage crystalline

ent i y hydrolyzed organosilicate. 2.
d'aﬂéehﬁl * ?%9568%%;%%9 of claim1, \?\her ein the
average crystalline di arreter is 3 to 35 nanoneters. 3.
The multi-layer coating Q wherei n t he. s
3. phoﬂ'beaﬁld’ﬂ}@yaf ceating |°§IC|"=¥"§‘ ﬁé’b’aﬁ&'?gﬂﬂ\erﬁmet?ﬁ%tagg'gd’ﬁatenal IS
SGIFF{]eéJnf?%qg? dpbe S%ﬁ%%Fftﬁe% ?llft% Bdrhiiﬁf i ilirdickde,
titaiPiiirg | diGlide chemi‘owgz moldified btylftemm POty s nj’@og@m gdopgd titanium

treated titanjum di oxi Xt ures of . 4. The
diomiie PiaseyeHoaisal Hiag R Ckpidmant pES (hefst

photocatal ytic material is '
4. The multi-layer coating of claim 1, wherein the photocatalytic material is
“provided in the form of a sol comprising particles of photocatalytic material

| dispersed in water.

5. The muliti-layer coéting of claim 1, wherein the photocatalytic material is
present in the liquid composition in an amount ranging from 0.1 to 0.75 percent -

by weight based on the total weight of the composition.

6. The multi-layer coating of claim 1, wherein the organosilicate of the liquid
composition is selected from the group consisting of organoxysilanes,
organoxysiloxanes, and mixtures thereof, wherein the organoxysilanes are -
selected from the gro‘ups consisting of tetramethoxysilane, tetraethoxysilane,

tetra-n-propoxysilane, tetraisopropoxysilane, tetra-n-butoxysilane,

-52-



provided in the formof a sol conprising particles of

phot ocatal ytic material dispersed in water. 5. The
woriositzd7ayer coating of claim 1, wherein the PCT/US2005/018509

photocatal ytic material is present in the liquid

conposition in an anmount ranging fromO0.1 to 0.75

percent by wei ght based on the total weight of the

tetr\%ﬁ%ﬁﬁi'x%iﬁ:fhe Setrd! @%c%ﬂtékyélléﬁé rte%ﬂtbd’t@x%daﬁbal m 1,

drganosi I'icate of the |iquid conposition
tetraphemdesstiane fdlmathtbve/dgetbopymlansl amd ngxf@res thereof.
or ganoxysi | anes, organoxysil oxanes, and m xtures
t hereof, wherein the organoxysilanes are selected from

therj éé@?%b%h?@f efairhet, Wb ROKE Drhanesilicate is present in
" tetraethoxysilane, tetra-n-propoxysil ane,

thetlqurchcmnposxpoum ahamount ranging from 0.1 to 2'percent by weight

oxysi l,ane t t i
calg @l S ot bhsot Rtns ol W S fie b Bftsition.
t et raphenoxysi | ane, dlnethoxydlethoxy3|lane and
m xtures thereof. 7. The nmulti-|ayer coatlnq@of cla

8. 1, Vhenuliriayes costiaa s claimat. évh%remf@@eqhotp W&icm%f@r'a‘ and
the onaﬁ hgaqg gir% lm?%&ﬁ?fi%%ﬁgﬂ\g'c%gnaﬁ mrpatg%g&tlcg?g?bgﬁﬂ% to

SOV@bQWelgﬁt the composition. 8 The nulti-layer coating

of claim1, wherein the photocatalytic material and
the organosilicate are present in the liquid

co [ at.i
9 et SHE e it it e R B e
cornpesitibh dlont nhidh the seaoidayer is clepbsied whne Maredhge Sond
| ayer is deposited is no nore than 3.5. 10. The
mul ti-layer coating of claim1, wherein the pH of the

liq t r ﬁhNﬁé}@ SEROpId df aye liquid
1Odepz§€tﬁ%@@?éfrrddﬁlnb d?'BIé(Iﬁ'I . ! A substrate (c]:oat ed
comipbhitioh dramuwhich thes%m laugr l@fdﬁﬂ0§ltﬁ¢ is fremn 7.

mul ti-layer coating of claim1, wherein the second
| ayer is applied directly over at |east a portion of

11t he pf dUubstrate@ySatedugith tHEulthRiver toatiry of cbipatli. ve | ayer
between the first layer and the second |ayer. 13. The

mul ti-layer coating of claim1, wherein the second

| 12 ayj‘h‘gitrgylﬁqué €& ftingPordiind | I\Hhél%'lﬁh%%&dﬂd 20et & 4¥plied

nan
‘directly over at least a portion of the first layer such that there is no protective

layer between the first layer and the second layer.

13.  The multi-layer coating of claim 1, wherein the secondllayer is applied at a
dry film thickness of 20 to 40 nanometers,

14.  The multi-layer coating of claim 1, wherein, following excitation of the

photocatalyst, the multi-layer coating exhibits a water angle with water of less
than 5°.
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14. The multi-layer coating of claim1, wherein,
follow ng excitation of the photocatal yst, the
woriositzd7ayer coating exhibits a water angl e w PET/WE1005/018509
of less than 5.15. The nulti-layer coating of claima1,
wherein the binder is prepared by a process sel ected
from (a) a nulti-stage process conprising a first
15.51 a9@ r\“!ﬂﬁitlﬁgér Boditig bR&Ialty 47 @hirdia e biriurdepratdred by a
reaction product is formed by reacting an
procesysadacibd deane: water in the presence of an acid

hydr ol ysi | yst. wherein the - .
o b Bl EAaS piSHess EaRird. T e Wefe i Bartel
hydgflgﬂgigglyfébnbéﬁﬁsé’ﬂid’rifé&tibh%r@d@rﬁm@ﬁ}mﬂfcbbpseaﬁtingm

icate, and a second stage wherein the ev%rti.al
organasilitate wateninitbemiesengs ohan asidthysiolyssfatalypls wherein the

tacted with a | -
wal§2RAER B O AL e ARGl B i GrRichgOun copabl
of h(yE}olxﬁﬁQ‘tH\é‘ Brgaridad gralilsoy td emganokiigates andia Secudestage

e p

i'n t resence of an organhic acid hydrol ysis cat altéls‘ttd
wherain the partiat hipl/sisopalgeRNIaNeaHan feagiion pPBHC § Contacte
DT (P AT ' %ﬁﬁd RRpIEL RlyAdan
W'tlfﬁzg@ltgo?']gﬁll‘@prr%trl cpg?r?)un agggg |e"2$f hydlr oﬁzﬁ?ﬂg y :
org@hgsilicaty, andups of the al koxysilane to forman

et P KNS R BB oo o an
org%h{&fafc{iﬁi Q?dﬂﬂf&ébﬁfialw dridPorBH bigaricesiveny eerseintfie Weter is

er coating of claim16, wherein the water |is
pregentsiardn amountthaids tonsiderabhpareaterdhandhe steipripmedric amount

B s S G S
esdBfibily baMpleteRaydrelyebd Organdslitataher ein the first

stage i s conduct'ed at conditions that Iimt the degree
of condensation of Si-OH groups formed as a result of
the hydrolysis reaction. 19. The.nulti-layer coating

of ¢ ai ' congi b inHefist by th
1610 08 MYy REEB S ETE PR ieintbr s prepered by the
multEstdgle Mbcéde hydrol ysisreaction are selected from

controlling the reaction exotherm by external cooling,

17. - The multi-layer coating of claim 16, 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.

18.  The multi-layer coating of claim 17, wherein the first stage is conducted at
conditions that limit the degree of condensation of Si-OH groups formed as a

result of the-hydrolysis reaction.

19.  The multi-layer coating of claim 18, wherein the conditions that limit the

degree of condensation of Si-OH groups formed as a result of the hydrolysis
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controlling the rate of addition of the acid catalyst
and/or conducting the first stage hydrolysis in the ’

waeisstiented al absence of any organi c cosol vent . PROUS05/018509
nmet hod for inproving the anti-fouling and/or

sel f-cleaning properties of a painted article, wherein
the article conprises a surface having a polyneric

reacﬁ%ng %)élb qﬁi’ﬂ%ohﬁ%llh@%@?@acﬂd?ﬁei&h@ﬂﬁ b?y(éméﬂn@i Bgoling,

nposition conprising (i)
contﬂiﬂiﬂglﬁ@tréteyb’i @ddmtbreof tie, acid ¢atalyyt, andios gendueting ’qhg first

hydrophilic and c (i ses I
staghyuysie it BeHHGIRTIE 265085 Dranp o cESoReft = ¥
conposition; and (b) curing the conposition applied in

step (a). 2 1. The nethod of claim 20, wherein ste
20. { b\ reepdifsesnmoringrine rantitoeling Apakirselitieaning @r%@égﬁﬁ% of

REEC T
comﬁé@ﬂtlgﬁ%i%b)ﬁgltéd‘tﬁérébnVﬁb@hetﬁ@ﬂt@m prgigge of no nore

rior to photoexcitation of the phot | vt
rra(as)ram:llylnga ||quﬁ¢cmpna@oafcommsmgzﬂ am%it%?a?%awﬁén)( téﬁa'

and &ql)r%gmpﬁg%grjs ygroggﬂ{% aﬁg @%@sg?ﬁt%ﬁséﬁtl §B$drﬁﬂetely

hydr‘bgfﬁ%ﬂsdrbéﬁ@mﬁéﬁ@ drhie ;idmnerlc Sonmqsﬂmmeandve | ayer

tweent he meric composjiti d
apﬂb)' M|ngrth§tcgﬁr¥‘€q®|t|on ap&ped N Stgg (a%n t he COI’TpOSI tion

21.  The method of claim 20, wherein step (b) comprises air drying the

composition of the second layer.
22.  The method of claim 20, wherein, following step (b), the cured
composition applied in step (b) exhibits an initial water contact angle of no more

than 10° prior to photoexcitation of the photdcatalytic material.

23. The method of claim 20, wherein the liquid compds_ition applied in step (a)

s applied directly over at least a portion of the polymeric composition such that

there is no protective layer between the polymeric composition and the

composition applied in step (a).
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