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that are exposed to the outdoors are likely to come in contact with various
‘contam[nants such-as dirt, 01I dust, clay, among others. Rainfall, for example, .
can be laden with such contaminants. A surface with a hydrophilic coating
déposited thereon may be anti—fouii-ng by preventing contaminants in rainwater

from adhering to the surface when the rainwater flows down along the coated
surface.l Moreover, during fair weather, air-born contaminants may come in
contact with and adhere to surfaces. A surface with a hydrophiiio coating
deposited thereon may be self-cleaning because the coating has the ability to
wash those contaminants away when the surface comes in con_ta_ct with water,

such as during a rainfall.
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[0007] In view of these and otheer advantages, varipus 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 phétocatalyét dispersed in a coat-forming
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surface of a substrate and the film-forming element is then subjected to curing.
Then, upon photoexcntatlon 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 photdcatalytic action of the

photocatalyst. The surface of the photocatalytic éoating is thereby

- “superhydrophilified,” i.e., the surface is rendered highiy hydrophilic to the

degree that the contact angle with water becomes less than about 10°. Inthese
patents, however, the film-forming element in itself is considerably hydrophobic,
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coating is initially hydrophobic, and it is only upon
excitation of the dispersed photocatalyst that
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patent is not itself hydrophilic because the desired
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{0016] Fig. 3i is a F:eld Emission Scannmg Electron Mlcroscope .
Secondary Electron Micrograph (magnification 40,000x) depicting certain non-
limiting embodiments of the second layer gf 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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| ayer is deposited fromat |east one liquid

conmposi tion that conprises (i) a photocatalytic
material, and (ii) a binder that is hydrophilic and
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.wherein the article comprises a surface having a polymer_ic composition .
deposited thereon, the method comprising the steps of (a) applying a liquid
composition comprising (i) a photocatalytic material, and (if) a binder that is-
: hydrophilic and comprises an essentially pomplete!'y hydrolyzed organosilicate
on the polymeric composition; and (b) curing the composition applied in step (a).




set forth in the follow ng specification and attached
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t0025] : Also, it should be understood that any numerical range reqited
. herein is intended to include all sub-ranges subsumed therein. For example, a

-7 -




conposition that conprises (i) a photocatalytic
material, and (ii) a binder that is hydrophilic and
conprises an essentially conpletely hydrol yzed
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g havihg)teé’ MiRirAWnENié Bgquarblor greater tivar d rgnska maxirmum value of.
a

~ [00Z6Rti ng Themprasent bveptioniis dikedted iy Y

onotive refinish coati-ng conpositions, industrial
equabta ontpsedh@ddPii ons, architectural coating .
conposi tions, electrocoating conpositions, wder,
beeodaREas thaty

COMpRISE &3%? first %&bﬁﬂeﬁﬁ%&%ﬁmﬁﬁga%d&hﬁ%ﬁon/%ﬁatttﬁo?flprises

terims I s neant 0]

‘a pé@&f(ﬁﬁé SorfpbSigoR dnd\(If) bsédoridaypoappliedsoverrat least a-portion of

. [0028] Pol ' i 1] t : .
e oA bl ond s SRS o 8 A

' cor{;&gﬁerﬁgﬁ %@g@ﬁé&sd)ﬁ% éﬁoﬁ%@ﬁlﬁ%ﬁ&ﬁfﬂl} éhtﬂﬁi) erlsindonitat is

I'c or rnosetting. "As used herein, bi?( '

hydrbpefig@sdidomprises an essertially coopietely bydrohgediaroaposilicate.
that "sets" irreversibly upon curing or crosslinking,

[’00‘2’?2Ir ei N The mativaRsr clatings obthe preseol invention compisera st
ar

s e e S B3R POt may

of the.,co | Jok Q) - >6f thepresdnt ihvention
be é'?ﬁ%'l"l the ﬂ{%‘? ﬁégaé{ %g F@gﬁ"?ﬁaﬁygﬂ F;é.a%géeéequlavw ey, -Ggsls_n o
incfade, T%g%@gﬁepﬂwega?ammeultmuaw ysedirmauomative SHEM
page ;. Surface i ngs,.. val ... : :
combrnpamposiiges.gipronve s Spatif ciipoRRBokPinthistrial
\ehitec fifd cblripugitions: tlectreceating - 8
CO%E@(%%';% §r§i?|?)gg,%’rﬁztl ﬁgﬁggl %gﬁ_t_)?éent gp(?%di_ti ons. Om&fe .
composifions, powdet coating campesitiens £oil:Goaing SOMPAH qnhs, gnd
mel t upon_the applicatigon of aRd sl u j
acspachIoathg coptirs. Selia ol PREMSBg TS ticterh
"o SIOMRPSAkA RS térHEMBIrRgantrto!referto oligomecsiand Hoth homapelymers
not .j ol ned by coval ent bonds and thereby. .can - undergo
antlicppotyrieérsw upon heating and-are sol ubl e in sol vents.
See Saunders, K. J., Oganic Polyner Cth st r_é, op.
[0028]42, CiRglymeracdmpmisitionsdhatoare(siitabie forusgl th

Sui t gbl e ri Cc co it ' v i A
* conellae A TSR TIPS ) BT Rl neroin may
" bedhbihbplacie o Wtfrioseltiy. Xy lised hersihphy fthermosetting” is meant
. a polyméric 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 reactiori

- 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
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aci d-contai ni ng pol yester polyners and ol igoners,

i socyanate or hydroxyl- containing polyurethane

pol ynmers, and am ne or isocyanate-containing

pol yureas. [0030] The acrylic polyners, if used in the
pol ymeri c conposition contalned in the first layer of

the multi- Iayer coatln of .the present ipnventio '%re
may b @@mrag Qi ptpREmpiet candians. dones GhresLerEEsghiie

theﬁ@bg *}%anqﬁm &W}elfﬁeﬁﬁ %ggﬁtfﬁ’twn' oSF H¥at BRH h@ﬁf@dlﬁtﬂe in

roxye ate or
soIVdMSQWcombst ‘éthenyhmlasm"tﬁotymeno compasitiansaomprise

o35 5ot B g o
I
AR 08 8 et Bt b g sl

K.k @rgaric Palymer Cobmistey, opd 4448 Chaprear andriball t@m@ns(w?a)
The ratio of reactants and reaction conditions are
[o029pi cal | )‘BtﬂEblEp@lyknbncmmpdsmonsanchldeymtbouuuhmn, i

ol B S0 bt AR o 5, S o

B OSSR S, ey

oomtamsag pohrmelhmetm!ympm, andransinea igeepanatasgentaining -
@UF%@n[mrs may be prepared in a known manner by
p sation of polyhydrlc alcohols and polycarboxyllc

acids. Syjtable dri S |ncI u.de eth L.ene
poﬂQJcol gﬁﬁ@HVW? %V% 'F ﬁ%ﬂ i

| nﬁéﬁi‘éﬁ@?ﬂr&ﬂhgg{ (gocﬁ@]m@lw-lh?é}‘he éilﬁg)éfcﬂftﬁ@EVéSém &mle(ilﬁ;on are

iprc 1,4-cyc oxylic acid

. di car
. typmaiilyrmpaiwnemoﬂ)ﬁamylla:a&ad ot m@habﬁ%s aqciaoqobyqf p¥yajyyasters of

acifie 4t reflBRchAC e e e PSS pkdfedflele o pofrh§propy

ac@iéié'wﬁ*ﬁbﬁé%r‘?ﬁorbhﬂhéﬁp@iﬁnﬁ#&bb@em nigzliip winsatrates
may be used snal

anounts o rmnoc&jgox I'i c o
manomirssuch asalytesters efaaylirgeiddnclydiag me g]e)( acrylate and
2 S\ o BT BETARE GBRERAES S, o
methyu;stszrmb amyhtt:lt&éneiamblvryhéﬂmrs,aamwg iofteera tﬂheeragggjf
- SucC as neoper (o 0) LN .a ra
reagtants and r%a%egmaa%f%s &he w%a'i;lv ffela?*ﬁarta daf Pa%“ ECW]“C

de.
po ré@u&%}en&éﬁ%ﬁ&d@éﬁ%ﬂ veg %50’% 1 nsee<Jfbl|glf‘w;llhyI goy

[0031] - Besides acrylic polymers, the polymeric compositions of-the first

- layer in the multi-layer coatings of the present inv,'entionrcan' contain a polyester

po!ymer'or- oligomer. Such polymers may be prepared in a known manner by
condensation of polyhydric alcohols and polycarboxyllc acids. Suitable

' polyhydric alcohols include ethylene glycol, neopentyl glycol tnmethylol propane

and pentaerythritol.

[0032] Suitable polycarboxylic acids include adipic acid, 1,4-cyclohexyi _
dicarboxylic acid and hexahydrophthalic acid. Besides the polycarboxylic acids
mentioned above, functidnél equivalents of the acids such as anhydrides where

-9-



bean oil, tall oil, dehydrated castor oil or tung oil
anong. ot hers. [0035] The pol yesters may contain free
term nal hydroxyl and/or carboxyl groups that are
avai l abl e for further crosslinking reactions. [0036]
Pol yur et hane pol yners contai ning term nal isocyanate
or hydroxyl - groups may al so be used in {he polyneric
theycaxistoori [owensilgf estess of theracidg such Asdthg m V&‘?&?&%@PY bs

oati ngs t he present | ' ; fid b
useshoPyest STeAl neuniLFrRp R BGRYIc i 3acR amMteangacy may be
useﬂsed are-those prepared by reacting polyols including

pol ymeri ¢ pol yols with polyi socyanates:. The pol yu(rig?-
cant-ai ni rgd}ﬁg, ' beokyomersearybe prepareddyy y
W"%ﬂ ne gr upréﬁ%m [ _lgla bﬁgegﬁ%re thosg re rﬁd by -
. .-eamr@vr:]am aghpdtigeof aehcarb?xyll@ia@d ﬁﬁF‘}-ﬁﬁﬂeé‘a M@WQPE&‘ ©s
- wi.th pqlyisocgyanates. ‘ [ or.
anhyicle LR SURL SUE o8 JiRaPan A sl i & 2 RRaRERo0T

b e oSk ELE AN A BE 1 ot

o acic%’r%\Egl%gs%féggiiﬁ@wﬁd%’%r%hg%. SisicedeMatdfromNinseed oil, soy

ine 26 tg colum 6, |ine 28, -
beadnesie tall oiodetpairatedd-asioraif e tupg £, ANARGLAZCH- sui t abl e
- polyols are those described in United States Patent
[00D5] 4, 04Phd RBlyestarsimaycdhtain free Sarminaldwidiayl angéor carboxyl
. line 35, hereby incprporated,by. r . Exanpl es. of
grogps tha) @'e;ﬁﬂaglaﬁ\erfégﬁ"ﬁleé 0(‘?1%%'5%8‘8?8?{’@@% n United _
States Patent No. 4,046, 729 at. col.umm. 6. .|| )
[0036] um 7Pohyrathahe SRYMere Gariainng HHBIALiOEN NG Orhydroxy
3L : ol itRihs dfahs finstriayar in the
grof’Hﬁi'?%’Z?@f)gﬁue E%&rjleﬂ]tgré’ ee}c%%ﬁ%ﬁgg%@'lﬁd%bl tabl e cu1ri o NGO
muﬂgl%lyéﬁcéaﬂir;]gmoﬁihbq)regmﬁimgermgmo 1e polyyrethape ,p@ﬁ%;s or NCO-
_ conprise the po ric conposit.i
terminates PobURERSS et e b 0ogp o T freBaled By reddtig

' ' R 'ﬁﬂQ t soc\anates.phh yagea-
POly@\éﬁﬁé‘thhg %xtuf?glfhe{rhggf?mgs euring g eﬁ?n?lfor' ' h
com'anmmﬂmiaaldsawamtanﬂpdm%ﬁewndﬁmaﬂgﬂﬁ|9f3%w9ﬁ° can
o i terials. o , Pt .
bo JREH G 4605 PLSidred DY AR BavaiRes Mekihid palifheric -
polggﬂ’{?ﬁéé Mtﬁ;};ﬁiﬂ%é}ﬁiaﬁééﬁ'{hé aydroxyliisbbgamatetar-amigpésocyanate - -
; oatings o

e present inventiqn are ihose, de i bed o |
" quimalent vali> & assstedrancamachen congiigns selester i SBGI fiffdesired.

il SerbBpf el By ssaramcp e goscrbedin
UniteH\Sta ey Parine Noad, 018, 729 abgelnmn 5,dine 26 to column 6, line 28, -
-hereby incorporated by reference. Examples of suitable" bo!yols are thosé
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 polygminés '
are those described in United States Patent No. 4,046,729 at coiumn 6, line 61

to column 7, Iihe 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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OH and prinmary and/or secondary am no group contai ning
materials are well known in the art and may be used
in the nulti-layer coatings of the present invention.
Exanpl es of polyisocyanates and bl ocked isocyanates
suitable for wuse as curing agents in the conpositions

of the first layer in the nmulti-|ayer Coaﬂl gs .Of tg
the RrEs@fttinventiont inolnderaminopiast desins APE PheRo st Igsing an

tent No. 4;546,045 at
mixturoshee st bainaPeRe IRE Ol ¢ QRSE 8 rfjd¥fand oarbamate
funftefg'%]g‘tgug%ﬁ |nl§ trﬁ‘atﬁﬁé%bYEXétﬁpmefmdoptjast enérpéﬁa@plast

s as curing agents f
‘reshiis sGitablead/caring mnmmem%wﬁbﬁt geﬁlaxar in the muttu-

b ot A ol e

curing agents in the

fat BE 5 1ihe 22/ toysol. 6,ilinet2s heneby incefRorated by
Pa{e@% 9‘9_?3??1’? present i nvention are those, described
refez@nUetted States Patent No. 4,798,746 at col. 10

lines 16 to 50; and in United States Pat ent ntsfor‘
[0088732, 79Potyisamyanates andblocked pelvisoc $2% E«Hgng age

oSSl i) e v
kn&ﬁfﬁﬁ ‘tﬁé% Nﬁ&{bég?f%@m thetrhaltidayer MBGE{ the: presbf.erz(:f _
. yepox| suitable for use n éd?ta or
:nv@nlipnsu&xamtaie@pf pﬁbnsqwgpat%pa SIHC@F@ s%g?%ﬁ e
B A, BRSOt Pt o .
oo%tn ofthd presant ineention are:tmeer@sedbgq Mpgrgt@tes Patent No.
4@4@0@35@5’%%%‘2':%%& ool 2 Rk ayhiatent Nif B 4umboz at -
I
cogéa ﬁ?\gg ?‘r?q%)h@) é)‘gﬁ?p ggﬁtﬁ}ihb@ﬁio@atfe@beMe@ﬂcec uring

I‘'ons of the first layer in the

POFSA maeynb dfb eseeoﬁda
e de)sl'g?h‘g’i@éh 5%&{ egdé@ét'g‘tE ch), Pat ent P A r i
arﬁihofg?rbu @ontdiniag4hateviatoare well knnwngtztthehgfte tgxamp es 5

e S iy B8 S po i
in %@%Wt@ﬁer%aﬁﬁgé Bf ttfé‘@ré%%ntl FR@nbon ave th’cgseamurmeﬁan United

ona rou ontalnlnﬁﬁnaterlals

. St@t&é/ Platei'& N7 %746 :at sotl 18; ine 16 to Swand ip mgteg@tates

SEaamles o sgid, pd g:tA SoE4T 14 B9 ?@'%P? rfoldtb 6

,_Iine 9:" col. , I|ne 29 to col. 9, I|ne 66
re?éthn United -States Patent No. 3,919,315 at col. 2,

[00'45? 64 1 BofyRpoxides'dsBurihy agénts for COOH functional group
containing matenals are well known in the art. Examples of.polyepox:des

suitable for use as curing agents in the oompositions of the first layer in the multi-
layer coatings of the present invention are those described in United States v
Patent No. 4,681,811 at col. 5, lines 33 to 58, hereby incorporated by reference.

[0041] Polyac:ds as curing agents for epoxy functional group containing
matenals are well known in the art. Examples of polyac:ds suitable for use as
curing agents in the compositions of the first layer in the multl-layer coatings of
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hereby i ncorporated by reference. [0043] Pol yam nes
can. al so be used as curing agents for NCO functi onal
group containing materials and for carbonates and
unhi ndered 'esters and are well known in the art.
Exanpl es of polyanines suitable for use as curing

agents in the conpositions of the i
the Brasent iremtioncare ithose desarikedoindd pﬁJé{ai%k# NcS‘ 4881 811

et IS BT e B, ) gt oy 2

ted by ref :
{uoft;f o Bolyole: f%efmﬁtréﬁﬁbhéwgééhéxfbragé 8?&@86? n’ﬂbrbmydroxyl

I'nvention,

i
grofis bR i eﬁ@%@?ﬁt} b 23et W@gemsmewemmmon roronp

ayer coat*%igé of th Z’h art.
corﬁélﬁ altémﬂ@hnd mnhydddesandestess a9 ¥ powR il e
Exampl\gglto seid pgiygbnqr‘?éotggse g%sgrétﬁ%é) gPanté?d SfatBS Bt Ny,

wel ght based on the

4,048 7%0 AN 1R s}?ﬁ;ﬁ 6AIBORG g;snﬁai?g nﬁrtae29 £ ool Bajies 66: and in
Uni@éﬂ;ﬁ@@ﬁeblmtent th% 9ﬂ9r%1t5| afan‘g‘éf 2, I ifh&gf ée{ﬁ%gg amé

comni nati o al ues, |nc usive of the recite
herpBY JaGoPOTRRYPHRET BOR a1 1) -

ositions of the first layer in
the nmulti-|layer coatin f furotional
- [004330 conPRyAMiNgs &3&3{"%%98 L{?Epﬁaes @@%ﬁ@%@% bed
mabo ogga?"ﬁc@Ha&%ﬁalﬁfanﬁtfbﬁéaﬂﬁimvemanduhhmr’ed egtess and are

f I f
weﬂ mbwm?n the arheEmlgpla]ﬁ;c? fpﬂj%{mo%fqg% @f uﬁgf lﬁ'[nag agents
t t t t
in e simbabhons 3 e BCIREIL B Ay SR oe T e
iniBn Fredhbes Mbséﬂtﬂacﬂ"lnl Gnited States Patgnt No.4.B850 d 20150l 6,

tin di acet at f
gt colgT e 26,MerpeR OO FRTERES Lot

2 am nopl ast
- curing agent and. the-reactjve r ox
getpao! docrepti g St o B oo
thepe “egog'ﬁ’gﬁ}ﬁgg '%ﬁe nﬁ%t acl fgar bﬂhﬁo&

osphat e, and 1098 percent
m&&igégéﬁ xgéaiﬁmgyofqné artt mmuoaunfammouat Qfs30; e

enzene sul fonic aci

byawBiht | G0 FE3OerRases o) updb S peRBEhY WediR, otr 5‘1% 16 98
! quffgggﬁ E&F]gftfiq tg%lgga%nt fh%riétﬂﬁveléﬁl%ffthé Tompusition cnf ﬂ\beﬁrst layer.

resent 1 nventi Oﬁﬁ
Thd affourt wboﬁmﬁeﬁwd:dmbomtmn |pne$€m§ in fhe gpmpgs
ngrrr;gsg b%(t)\gttaleg %ﬁy comcblnghon of these values, inclusive of the recned

d%rst layer '

" values.

[0045] . The composmons of the first layer in the multi-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 dibutyi
tin diacetate. Catalysts suitable for promoting the cure reaction between an
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surfactants, flow control agents, thixotropic agents,
filters, colorants, anti-gassing agents, organic
co-sol vents, catalysts, and other customary
auxiliaries. Exanples of these materials and suitable
amounts are described in United States Patent Nos.

amimopast ewBiagentand BeBACING PTTORE RIEYSY Gabanatd fufictional
gro%,&f tl‘géfﬁ{os‘éﬂableg&iﬁgel% orf iﬁ% eSS rhanesialy, for example, acid

secon yer app ied over at |east a

9195%1‘39@&? %@éﬂ)ﬁ‘ afidl pm?lhatemdesubatm &8 Sngubstifisied
1S eposite ro a eas
i e i R A AR

he term "photocatal ytic material” refers to a
terial that is photoexcitable upon exposure to, and

t | tions of
0o Ol s gy o i hapontions
the ﬁPét%yé\i in ttﬁémumr@oauagsl of the p@ﬁenh@vangom ingide those
ener an e ener i.an
thatanedvela KIOWRdn m arit fodndatid bR ORufdY Sth8"
sur%éﬁ%ﬁ%&& gﬁﬁt r§t§ ”t?'nio‘ﬁrdph?a? 3 tgmlfem acolotamisraydigassing

ro t hereb avi ng a hol e_behi nd
agents,tdrg anmrﬁo—sdwentsvaamlusés m%o ther gustomary auxilianes.

Exarapies o ihess miaeia eng| S0l e s are oS80 A Lied

Sta?«%% ﬁs orfl Nt AUIZD 579 0K 108,008y ARITETEA and X wzq 904, which are
: ro |um tifanate, titani um di oxide, or nixtures

mobll'p@mteﬁ hdrebvisy. refaremee ai n enbodi nents of the:
mul ti-layer coatings of the present _jnvention

© [0047pst a Phemhuitilayerdratipyscs8ir BIEFENEINYENERD gphmrgge%t
| seé{;\dfqlgggr 53&%@ i ! a\%ﬂgahg%mﬁﬁ%‘?% fi e érswhéréiﬁ%e second:

aver age stal || ne

Iaygié %o nﬁsn@a forh @t JeYt meqmtcemnpesmun ibatramprses a

: h d .
phmianataiytg;laté)r{au &9&%&!%? nprpg' It%n‘é%f‘%‘é?"é@"a‘o refers

o S5 B UMl Lot g mdtonch,
BT TN kot A
ima:telydtthat, whenjexpases todig @V‘BH:}W'&?"G@%?% Lthe prergy gar
. d @HIM '

PRt vt oo
exﬁfémﬁi ﬂfélé&omb%emarl]mﬂqbwd topprodree a %) gg?qt[pfn

t resen e,,Sec N
thasabyilogyind pdias behi Y LR GRE pEYElenk8 Behd. 1R ceRte of
enitRMBALL 4E Bhyidcatdificiatsria cotiprises a metal oxide, such as zinc

oxide, tin oxide, ferric oxide, dibismuth trioxide, tungsten tnoxid_e s;rpntlum
' titanate, titanium dioxide, or mixtures thereof.

[0048]1 . In certain embodiments of the multi-layer coatings of thp 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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particles may be determ ned by scanning el ectron

m croscope or transm ssion electro-mcroscope and the
crystal phase of such particles may be determ ned by
X-ray diffraction, as known by those skilled in the
art. [0049] As nentioned above, certain materials may

be phot ocatal ytic upon exposure to, and absorption
 yet ather embadimenise 7 tal20 sanameters.” (nthesgrambediments, tbe

B

. of tﬁa/réeited %Id@%f fhclisivé1Bf the Refted values. iﬁwmwé eadefstood by
materials that ‘may be used as part of the

thoseoshﬂlm nithe art that thaveragecrysialing q'%ﬂ/"@FE’fd?rf thﬁ @art'cles may

be spissted PAYEH 4RER P Bl uoRi8a T be iftbiABd Mo the
corripesithén’afdha seeond feyerddn somie d;mbbdiments,asutmtanihally all of the -
oxi de, zinc oxide, .and the bro se a?d

photagetalgis matenal presentdn these yer 15 PZ%"BP such

partigie<" Tﬁ% 2y nF%e m}gﬂ%é@ﬁ%etéﬁoﬂﬁétphﬁoédlﬂyhb dNetElllic oxade

conposl e second l'ayer of
partiolés maycyeedeteominietdyby ecammag elecirmIdraseons entrarsmission

d d d h h .
oS e P SRS D
by X—E@t’r?ffﬁﬁ&ldrﬁ afs%mmﬁf by tﬁow $KleindRe art.i t ani um di oxi de

y nmodified via flame pyrolysis of titanium

[oo48yt &l . /{EI reRfiGRed ABBYe ! ddridin %Fﬁtgh%'rﬂﬁﬁf baphdibésftaRtic upon

reat ed tani um di oxi de. 0050] In certain

expesﬂu@dnrrand sbsotpdiophaf; forepamyple ,c:t.ﬂtraw@lﬂt 4TUV'9 anddon visible

f |
recifigh o pat i hnas Bt B AR SATE hiarbBoR comprise,
- matehibRthat §& photseXcitdié b?rcﬁter@ﬂﬁbi'e/oﬁthésé ahbehanismbe |

. marketplace. Exanples of such materials,, which I{ﬂ{l
Exagmplesof matemalaébafdﬁaw&et usgd apartiof theiliqwid fampes fm"‘

o 5550 SRRl St T s penin

depbBRédidthd whichaare phiotbtatilytio upoh-a@dsureth Y- radiationdnclude,
avai lable from M 11l enium Chenm cal s, STS-01 STSQ
withent lisfigtion, G axidgnEiaC gXidsmanskihs aracklie, gigtase and futile forms

o LR, Ao B b 8 s 0 pf i
conqjdsuﬁmmﬂmswhlbhethplsebondiayeynf therenudti-layer ceatings ehithe n . -

pretgidaveion i epositd, T i e PSHOGRIEE pc Bhitire to

: vzsslﬁ!@%@%‘k’bﬁﬁ udd d\lvﬁﬁomr ffrhikicny B btdo@(ite $OrrROF dEanium oxide,

partic “dispersed in water. -Such sols_can_ be

titapuepdioxidelshamyically mgdﬁiad‘ viaiflese pyrolysis of titanium metal
nitrogen doped titanium dioxide, and plasma treated titanium dioxide.

[0050] In certain embodiments, the photocatalytic material is provided in
the form of a sol oombrising particles of photocatalytic material c_iispersed 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 fimitation, S5-300A and $5-33B
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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
whi ch are suitable for use in the liquid conposition
fromwhich the second layer of the multi-Iayer
coatings of the present invention_is dep

avallablejfrem Milenbum Chambels, BT8O BT ok A BT 21 Ayailable

R PR SR 1 SR T TR o

fmﬁpgﬁbwge[;enmm@aéﬁdn nmodi fi ed titani um di oxi de.
Exanpl es of "such materials include titanium dioxide

[O(%;Ijm cal jy FERthérﬁﬁo& Mhdrits the Protdostalgtie matedalris ipeesent in

Effici ent Photochem cal ~\Water .Splittin .
thdofpmmf@]sm mpqssm@bmol@@—wwﬂwmmm@ﬂ@a pha mixture of

\el

orodkter s A aiade b el é?@%*@dﬁ‘ah shdxidp paricles
oS0 8 by rRkgt ot
tetgaqh_ltmﬂe ﬂn@efmasAPaEn Gan 'gﬂaw%@] ygﬁ Qﬁ%ﬁ%@@% Patent .
No, BARESF kA Mool heich Y fé‘.“?? oSy
whiﬁﬁ Qﬂil%d‘ritav\lille ﬁ)hrfi.% iR4Be aquudo?onaﬁ?]smmm frompwhichcibie. sepOnd Iayer

i ne ich.is i orate re|.n
of frsviftlaver caringsORBPRE Cvori i sprsiy FIGISE, wihout
t.mﬂ%ﬁ&ﬂcﬁ*@' Y tapa NTFES-9% tithniat $436 abailabl6 Hioni ShowaBehkaiui d

nposi tion fromwhich the second | ayer of the .nulti

Cdrpcymtionoatl ngs of the present invention is deposited

ranges from0.05 to 5 percent solids by weight, such
[0852]0. 1 t dn@eitainpembediments; the photoeatgiytic aterial pempeses

cneicabipeeiier Saniam oioRle. Eathn ot Shéh pilelBlsifibuge
t.tzpﬂﬁhoﬁakﬂby&rie?m% ﬁbaireww A4 pyPolpsie s dedanibetityt Kian et

ositlo romwhich the secondl%r of tt}_
al. UEVﬁalemtd?Imtodmzmoag Wafer Spfitsivgthy EhemiedllyMedifiggdi 1102,

scietiee Beptina Vo8 2", Bo, F743 2248 RetiFn i i Grrated

hepdin H)Fl‘éfér@anbe %l&bbehféﬁipeﬂhﬁanmmuﬂdeaﬁammed ais;descnbed in
. mat eri al Eresent n the quid co OSIéSI?O { {n |

: United States Paten} é\ppbﬁaiuqr@Puph@athna;&}D 2/ Q’&iﬁ at, for examp e,
oA 520 080, et S PSRRIl dncior
plddiia4ieatért titmiurm dioxids asqmscnged &f United ﬁtatesri?atent No.
6, 3(5%/ %%Ia?réof oznﬁne 4% to col. 7, Ime 17, Whlch is mcorporated herein by

refere nce.

[0053] In certain émbodiments; the amount of the photocatalytic material
that is present in the liquid composition from which the second layer of the muiti-
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 béing based on the fotal solution weight of the composition. in
these embodiments, the amount of photocatélytic mateﬁal that may be present in
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second |l ayer.that is deposited froma liquid
conposition that also conprises a binder that is
hydrophilic. As used herein, the term"binder" refers
to a continuous material in which particles of the
photocatal ytic material are dispersed. As used
. herein; the term"hydrophilic binder" means, that th .
the fjuideompdsitidif fromswhich dhé isecend fayer @ the MUdhaYREFORYNG IS
- assess the hydrophilicit f o | al i
depesiisctomn Furad heieesr b BlEBR N e Fecidcyalied ﬁz%‘%‘?# of
Lal i ' afbse skilled imthean deat the
the {#gemﬁ#og%ggﬁﬁ@%@gﬁ%i ch the second | ﬁXer Rf h
amduitt offphbtodatslytic oaterial presentdp dke liguid campposiion fom whic

material th can..form . £ ts i hi: '

e S e LRSSl py e
If=ftba iHBbIPO idtothe @ompositicrt oithiat layer.

pm‘g%@‘%gi rreﬁtbé,to%lmare' Péttﬁgr:ﬂt%o c[‘)OOErSTgiGsAs a result, upon

[ooég@' | cat el idjar btk 6PRRqTESeATInVéntdrecomptsad

er to a. rate having the first | ayer deposit
secbhé layr.thahis deposited flomy Srliqgidqctynpgsiyﬁn itlp%tt alge c&g}p&sgg a
contact angle of no nore t P
bindariba FOPOBRC AR R Uf 1t Tl ters toa
bongﬁléggé ReftbRal iRWINER Rattiies ofihe photocatalytic material are

cl tat f the phot ocat al yt i terial, The . :
anpasd. s oo oo oot ok el o
N W

the substrate as:

is t@i@%ﬁi@é él?% b@ﬂéﬁtﬁt] g?ﬁdeeamﬁ?wmg@m@@ material.
in ertaio amodiRena v PEeR s Tl S RsSA ¥ Gm fteh e

ool B e ey sy e tod ooranson ettt cor
- foriGs dty fim gﬁf@ﬁ?ﬁ:arﬁm:atﬁrmlmtmw 20 MYy han ;:e‘? 2.\
o ST B i T 257 Ry e oo

thapfpssessil e drop can be viewed and the contact angle
‘neasured in -16 degrees through the goni oneter

' PAL DAt i ' brligquic: tiona the
00BN e B P R e o s the Ty
| se€HREEr toa substratéhaving bee fiess baed qegpgﬁeithqrﬁgn. the secon

layes sgs'bib@tgé%r @%O}?EHBE :cogptgétré@é ot g{ﬂtrréé(ﬁ’t@?b;ﬂ“ drSin some

inehi, Ani 57, o, i yet biier Einmbedimesnts, fnsy moge than
er ry‘@?f‘%’t@a@bﬁgg{the ABTiCY to di ss| pater, ontact
108 privrrtogphmtoexaitation of thenghgjorataidic matenal. The water con

angles reported herein are a meésmire of the angle between a tangent to the drop -
shape at the contact point and the surface of the substrate as meagured through
the drop and may be measured by the sessile drop r_nethod 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 ontop 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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appreci ated by those skilled in the art, one way to

assess the anti-static capability of a material is to

neasure the surface resistivity of the material. In

certain enbodi mrents of the present invention, the

bi nder of the second |ayer conprises a material can

forma dry filmthat exhibits a surface resi, ti'Véutlé/rOf
degdreesthroubh 1be gooiameter taleseonasihelis €@ IPPRA VIt

enbodi ments. no nore than 1.0x1010° ohns/cn2. The
profigciof HadWAANS i ti es reported herein can be

TR it S RO g o
se%}n'J( 158} G epaiitiagor SSAMHGR ofl (A6 Présunt inverition isatepiosited

er's” oriboard probes. spaced; 2% nches
cofpfiés atbinderdhat exloibits aotistatic pIopesiff Jlgg_-._c{hgém rcan form a

angi it bya inE SERIp HBYPRLS SRctOeBESabase: A9 Whoe, |

ap@%&iét%% fsbty"otﬁoté’?] gkgbﬁiiﬁ she hAOBAE walydorassess Hag anti-static

o it e A
corameBaReiya S s Bifent IN\EiBR NG (Rgor IRESsond aver
colfifiseBTinatéiitanfomal &y fiftbatexiiots ogygaeRde= I 1o
7 Sxi03u0H SHICK hEan i, B piah paosriaRnsy nedfidid i 1.0x10
OB P T e e blBtfios epoiaRamiy sahansdstormined with an

 AGL SmiithicMotier800 Magahmelensing ihgs fDREe Bxisnsion probes

i SO B b sy i e
forgiclairﬁ gpol?éé)%émrinéﬁe@wsﬂ at sevaral ocatibes on the sample.. As
SiTiC

gan es are not limted an

d rmy, i ncl ud .
2 sesulpti pidsentinvention e A diecissio BURHaYPr oo hdving a
Speci fi | es, of ..t he. i that . b
sasgRadev eI aED hirh Aot Rt PGS o oy gen atom in

A : ( an oxygen atomin
oBFy 1 ofRo iR RIS g g il g fpmerisea
s c&ﬁll’ilt I¥§er‘l{h‘a?iét.dép%éitel@ﬁﬁér&ﬂaoqu&iﬁﬁﬁmdositmcﬂxak I hcomprises a bin
-trtal;_)c(%lﬁn’psftizggéngsememo?r t 'S_By I@Oéiplqtﬁl_yd{;ygggsl%ﬂééé"ggsgﬁg%hg%-used_
hagg‘a{,ﬁﬁg ergn Gigahpegate] s L & A oRhAl containiflg organic groups

organosilicate may contain
b H\@eﬂq Q@ﬂi%oﬁ:a‘téﬁ{ Brdugh admxygemfa’gnn@ :S@ablmgrgarpg@ggﬁeg
— eciti'c non-limting exanpl es of sui: .
inslugten oWt HmBation cOroagp ﬁmgfa"am@%&f organic groups

bhee G D Xidh! /B thr6hgital-dXygens Aisth i organoxysiloxanes havihg

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

[0058] “The organic groups bonded to the silicon atom througﬁ an oxygen
atom in the organosilicates are not limited and may include, for example, linear,
branched or cyclic alkyl groups. Specific examples of the organic groups that -
~ may be bonded to the silicon atom through an oxygen atom in the
organosilicates include, without limitation, methyl, ethyl, n-propvl, i-propyl, n-
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or@rmsdioat@may)@m’!alam orfpere.d #&m

tetrai sopropoxysil ane, tetra-n-butoxysilane,

t et rai sobut oxysil ane, tetra-sec- butoxysil ane,
tetra-t-butoxysil ane, tetraphenoxysilane, and

di met hoxydi et hoxysi | ane. These organosilicates may be
used alone or in conbination of any two or nore

t hereof. Anpong these organosilicates,

butyEthmdt tbutys ir-pertyh ipentyl paeapeantyly heyy - egtyberthe like. Of
t t
o3G5 G ROl 18 ol B ot e

su%tﬂé‘ ?anlb QP6&Ds SREahEiuterng; bcyllyl hapgﬂwkanmeswe;f The
| tabl'e or'ganoxysi | oxanes are 2@&1 es of the

PRIC GPUPRe

or ganoxysil oxanes is not particularly restricte

[o08g]cer t aiSpesificontinwimiting examplesia stijableaioag appg are

totR Sy Sag e N Eo R T pRIPOYSHAe 0, (O T

'teti‘aléo;sr%géxgs;ufdhet Rrihditerysilane, Eaisobutoxysilana teta-sec-

roup, such as Cl to CA . alkyl. [0061] The

‘ butqudan@.rtekaﬂdliﬁpﬁ{s“ﬁﬂﬁeﬁﬂ“@?@ﬁﬂ@%‘@"@oﬁ%ns ation

i SRR GRRATE o TEEPE preEfbilcifes i RGsad aeror I
coffSihatith 6PaRlEtWabE n‘mrdelgemf Bumtgﬂmsem@anmmggs,by ,
eesselptoss Lo SIS o P ods o
oY gt oo o ppranasaend omuoe

al ysi s :
ensat
f880e"F orsdfchars nf?@%“aﬁ’?'%%“i“%ﬁ%?“’% GiéaPpxybioxanes are
condliehsa®s ofithe abeve argarorysianestthe condansatien siegrem of the
degree x of the or i licate use h
orga:g:@msn@nan@s i nattRariciaay Sestaces: > n srtal SmBoARAEHs, the

yclic structure or a m xture thereof.

CQ?S‘P%H@@%“ kh wﬂﬁihrthéf}ahﬁe 'i@bfeb@ﬁl%d&)# thedfatlowing formula: o
or-c .

-~ siloxdinel Wy¥bdn the Adoxmhmﬂaaaﬁnolﬁﬁié

The above fornul a: Si Ox( be determ ned by
Si - NMR as descrl bed in C@%% St at es Pat ent No.

wh@%gn?g?s? gy e% Cag\dl Y %8!’231?\01 90 Hwitth RPHRAISY Biét (2x+y) is 4;

As nentioned earlier,

arf ROEGN &vah dlérohbesmﬁ b -G-@paC,; alkgt i ngs .of the

present i nventTon are.deposited froma liquid

WEOS' t i PRe fh@br 6PERBSCTRE xGephisets tHeh@indensptios degeee of the
org nosi |l i cate. t?w 'S essentlalrll)éfcon'pl et el

gﬁlght&gtgﬁppgn,l the factor x
mearllngla%t-ae\llé/ragg %B?\ldgﬁsea({lo?{ 8’3_&\%3'. lé&ﬁb&unds represented by the above ‘
formula wherein x=0, ai'é organoxysitanes as a monomer, and compounds
represented by the above 'formula wherein 0<x<2, are oligomers comresponding
to condensates obtained by partial hydrolysis 'eondensat‘ion. Also, compounds
represented by the above formula wherein x=2, corresponds to SiOz (silica). In
certain embodiments, the condensation degree x of the organosilicate used in
the bre_sent 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: SiO(OR)y may be determined by Si-NMR as described in
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refers to a material wherein the organoxy groups of
the organosiicate are substantially replaced by
silanoi groups to an extent that the material is
rendered hydrophilic, i.e., the material can forma
dry fiImthat exhi bits a water contact angle of no

nor e in_other e 0.nore
Unitgs] Stgtes PatgrtiNG. 5. 589 2R sPhen 1585 1D thef & iRRoRSY herein
b rEF% ydrol ysis may produce a network polyner, as
y rated bel ow. OCH3 OH CH30 'Si- CH3 H2OHO Si.-0O

00l 1S kit e BB 5 Do
of tlg% ggﬁélin; :lrlwfmlbh@te depdsited friom écbllqu&blccbmpnslt:be that comprises a

| et el I d
bindes thabsemprises ‘qrgeaosiiica yeﬂg ig @iééggga yeshite gvﬁgplyzed ‘
P e e s s
refér@ itd eanatigiah whekéin the @Irgammqogroapa of the prganesiticate aem

such a hydrophili¢ binder terla t
sube!ajﬁtailv&%ﬂﬁcgﬁéityss“éﬂep%fﬁé‘eﬁ aangxtpntiiat the FRRFAE rendered
r faren ti @d’\‘ﬂ: téﬁ@ﬁhtact
@%%rmeﬁbﬁfﬁl ?EOSO g1 ﬁﬁﬁ%é he’ %ﬁga hand, -
angle of soapoes than 207a0r,tin @thgrcﬁmwtm@tﬁmemoae than 15°, 'or, in yet

ubs ially free
othes Siiogimaniey no figrsban 0", it Riar e elf iiBBLES B Metwork
potpﬁ,earag Muswaedibebwpeak at the Si-OR wavenunber whi ch
I's 2900- 3000. [0064] In certain enbodi ments, the
essentially g&k‘gt ely hydrolyzed orga | te is
‘t he praoduct |of hydrol ysi's of an org I ate -
with a lar 19 rmunt of erlnth es
an aci & Bys
-conducted wi{f h|wat gr present in an am)u t conS| der abl y
greater than ©O#sstoichionetric amount |c@phbl
hydrolyzi ng lor ganoxy, groups of the organosili
is believed that the addition of such an-excessive -

| |
wh S hn Ehare e B s PRk B RURS R P Eoriin
embBBRcRER Me prestitt fiventiba] £ dyy finefemied o the essentially
" condensation reaction of the si | anol

: completely hydrolyzed organosilicate is substantially fl%e &p E)R groups as
determined by FI'IR or other suitable analytlcal technique. - '

[0063] Refemng now to Fig. 1, there is seen a chart reflecting'a FTIR
analysis of a dry film formed from such a hydrophilic binder material. As i is
apparent, sugnlr cant peaks are observed at the Si-OH bond wavenumber. which
is 820-950, and the Si-O-Si bond wavenumber, which is 1050-1100. On the -
other hand, it is abparent that the hydrophilic material is substantially free of -OR
groups, where R represents G4 to Cy alkyl groups, as evidenced by the absence
of any substantial peak at the Si-OR wavenumber, whi_ch is 2900-3000.

[0064] _ In certain embodiments, the essentially completely hydrolyzed
organosilicate is the product of the hydrolysis of an organosilicate with a large

. _19—_



[0065] The hydrolysis of the organosilicate may be
conducted in the presence of one or nore acid
hydrol ysis catal ysts. Specific exanples of suitable
catal ysts include, without limtation, inorganic
acids, such as hydrochloric acid, - sulfuric acid,

nitric acid and phosphoric acid npng _.of hers. qrgani c
amoait afavatsn irnthenpresence of apiagid B@{Q&ﬁ.&&@t@[ﬁf_c %ggﬁ-ar;%r&ysus
ol uenesul f onj.c i ' -
ey S RG] SRt Broskfh OB AR Soniaboaby greater than
the si‘&ii:ﬁionﬁl'ié idaﬁnélﬁiltd:aphbtdrbmmbwzingcnrgahoxyag'mupsawfcthe
oxa

, thers; alkal at al ysts, . :
orgasosioate. 5 twaievedlthat wodsfHaNyof S SRl ot o
‘hydr oxi ia:. - ;
watel A P s s B A oyt R ol
coexithith h@ge smoantiewaier) thetehy, preventing thpapendensation
conpounds,” such as dibutyl tin dilaurate;, dibutyl tin

_reactipoof e silanel PRS-yl in di acetate, organoal uni num

I P R AR AR F
[ 'um tri A , . : itabl
o 3 T 188 a8t St vamplonof sl
cataf<8& Melidea Without timiatiod sinorgarnit asidst suethas hydrochloric acid,
LILEE ATy
1 | - N*- X1 ) .
i T : : d.23 : / id,”
as a[%gﬂ? %&?f;‘ %@g{zf}ﬁ%ﬁﬁﬁm GERP Bkéifesutfonlt @did 2xylawesulfonic aci

acetonate), zirconium bi s(lb_ut ox(y)- o
ethyiber{zeresyifosietanidthenzoid agdphthelic acid, malsic acid, formic acid,

1 sopropoxy).- bi t vl ) ' i .
e sERE S5 2o S B ALAee, Spotn
 hydhdiad HItheibRenytexiae! balciuas hydroxide, leminokia; apdaBganicn

certai n enbodi nents, the binder, of the |jquid '
amine rpowicingls, braancrmgiale aampatnids Ry 'F'Qg%é Iah-&xufq,@ompounds
ti-Jayer_ coatj 1 Res i bl lsUeR dssdibutyl tin
Om%agitb% r%nfsilﬁd?gg%oér)iéi’ %’E@a,rn{tn ad ??l on ’:so “wat erl, tgn
R AT A ept o sy
i vatives, C ons, esters. ket ers or
_compm.lndskél!ch%%M@&ﬂ'&k@ﬁ?@%&@&h?g‘ﬁﬁ&u&ﬁe or in

| ;mo%l%%%ef;?égét%frw?? (E}isgét’ggﬁce{oﬁay'axté-mlmhim gis(btrytanstoacetate)

peci es of alcohols that may be used

“and @myla@etoade&ditetaluninummsompm’f@tt%manofgpﬁ' icompounds,

n- propanol , -1 sqpy opanol. . n-but.a ' ol , -
suchai RRLER SR NESRBIoGonaE  REUmEBEURE. . ) o
isoefiyd ) hattity§iant &fka-niaioxide, trrboiganbaiieonium
bls%c?%%@{)?%@{)'ghﬂogjﬁ ethyl ene glycol, et Pyl,ene,&h%c%
compounds, such as zirconium fe rak_is(acety acetonate), zircont is{butoxy) .
bis(acetylacetonate), Zirconium (isoprgpoxy)—bis(acetyiacetonate) and zirconium
tetra-n-butoxide, and boron 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
albohols, glycol derivatives, hydrocarbons, e_sters. ketones, ethers Of the like.
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nononet hyl ether, ethylene glycol-nonoet hyl ether,
propyl ene gl ycol, propylene glycol nononethyl ether,
propyl ene gl ycol nonoethyl ether, diethylene glycol
nmononet hyl et her, diethylene glycol nonoethyl ether,
et hyl ene gl ycol nononethyl ether acet ate, ethyl ene

gl ycol nonoet hyl ether acetate, prop en | ycol
. Thesesoivehisimay berusecealane or i ey fosmed W’ngq%Bﬁ%%XP{W"’ more
ether acetate or the like. Specific exanpl es of

thefgefr ocar bons that may be used incl ude, vvlthout

[0067h e x ancSapciis@xanides 8haEphvts thal iy tiiSRFRude, without
Ilmhgﬁtfra{@&hgﬁ{)ﬁﬁ?ﬁaﬁ&lch%par%lt 1epfoganal, trﬁbutmol risobutanol,

acet ate, propyl acetate,
tehe aebhtyl orahetliec @pﬁuﬁc @:atpplesg{fg! Lé@gy%twes that

acayRice
ma%%; iﬁeée;ifr@&dcqe ?‘fﬁfﬂ;ﬁlﬁy“ﬂ@% %‘%M?fﬁﬂg&%wr & ﬁzé Ny
- ma th fétﬁ@? etAfen¥ AtuHaethy eltieers pro g/blyeo pm@rlene

'gimﬁmdnomeiuﬂethgxﬂp%;ﬂgég ook ehﬁﬁﬁrereaiﬁg?"ﬁgﬁﬁww'

L t

mansrasin @bt aPuRR e fﬁﬁ"‘&?ﬁfé"?‘“%o%“é?bs. ol
m&ﬁrﬁéth&?eﬁ@? abeRité Nethilenbigiysal nmmlhﬁtetbw acelateaprepylene
e <l SRR e e o
inGliBSLSpbBRs Hafysies Bf hibotbddd hafimdytiegsdtinidemithout

7 to col. 10, line 58,
luﬁd@fﬁ@hf’ﬁéﬁ&mb eluene, kmene,fkaresmﬂ n-hexaneg qr’medg(e Specific

e ) B g B Il it i,
etﬁ)ﬂdac)@gét‘é g?l SEbiafd)| futfidicetse, Amvtiiy @cetnarwtﬂtex ethyhe

|onsfrom\/\/n|chthescondl f :
adad:acetmy butyl aoatqang@t@prm@mﬁﬁ SBaeic examAGHO] e eiGnes

%@ﬁé@%@g%&%&%p%ﬁﬁﬁﬂ% e Etd@:mﬂéa isobuty! ketone; "

- avaﬁ%ﬁ"eé’??é‘%q‘&??n?“%ﬁ@%ﬁfﬁﬁ athots tEomybeLuoe incide
it tionteapr, St SHHar b e ooy Vg1l AERY othanol,
SBLSHE e, o B fhocss whereiny 1 a fir
RRL " bR S S tneiiDig Bybobiloh Hem which the

Su C as’  any
‘séﬁama?@r ﬂﬁtﬁélrﬁmﬁday@« ¢dating oftthe resart invention is s!eposﬂed and

st cuagon, el R AR g o
6,599,976 at col 3, line 57 1o col. 10, line 58, incorporated herein by reference
Non-limiting examples of commercially available material$ that are essentsally
' ccmpletely 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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or ganoxy groups of the organoxysilane. In. certain
enbodi nents, the acid hydrolysis catal ystconprises an
organic acid. In certain enbodinments, the water is
present during the first stage in a stoichionetric
anount capabl e of hydrolyzing 50 percent of the

or ganoxy groups of the orgigm_xysi | ane. Th ,resull{. ta(\)f
[0069]e fi ristcentakyemibodimpstst the bigar & papare in a multi-stage

I densat | (Ct i : i
procast, RPN B 4 fie sieass entaanoiisibne! SiKihs ?Pzgﬁrz“g@faq ,
| i redencerafian aci rolysis
menfigiiRf 6 &iicP s PbaGBaRtwa i hee b f""%@'gg %p ti
catalyst, gatdhas any efthbse anentioneghearties, yyherg i | or lqfeRem in
condirtli-ons.ca I N U e o] : |
an armduet ot e dese e g StoicHBefic ARidtmt CABAEIR df tArdiPEing the

g | 8¢ facorhahexyilapddin certaint embediments cthecacidt
orga&%& gﬁﬁ%g]ngfucti n%g?he fli ?s_t | sil?eg@l he%gr.ol Si S |C 1D%he
hydrelysis catalyst catnpeises aDSHIABGAAC H%EW'"%&_\,- €

93N ' {9BRII6 hAwRint chpable of
Wategiig %F%erﬁmmﬂlég r%%qg/%%#d%ﬁéba{faﬁgn re%gti ont_ p?gdecc: ,
hydrofy it 50 pRiéeartiof thevorgarmxyagroepaisbthe ogRnaXYHilaneof result

Y i‘r}/the absence qf = a cid ti dro [ ﬁﬂﬁ!liﬁﬂ roliliet:
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[c072] In yet other erhbodinients. the binder is prepared by starting with a
tetraalkoxysilane oligomer, such as those commercially avail_able 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 agid) and/or an organic solvent, -

wherein the water is present in an amount that is 'considerabiy greater than the
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the organosilicate, such as 0.2 to 0.9 percent by
wei ght based on the total weight of the conposition
of the second | ayer. In these enbodi nents, the anount
of the organosilicate that may be present in the

l'iquid conposition can range between any conbination
of the recited values, inclusive of the recite

stoi¢hionsstric lamoumit] daplablamﬂeyctobﬁ'tﬂ@wg?ﬁ@?s\é 9EQYRY %fchth t he
art that the anount of the organosilicate present in
tetralk@Xy$i@®d conposi ti on from \Nhl ch thé second | ayer of

00T T e eodobtrai, Bos SRR Bl S ReB g Y
pfeaﬁgfﬁstg%z Aﬁg id é&nﬁé@&ﬁlﬁh Wroﬁqmﬁw §ecdnhﬁa?(er of the multi-layer

terral and the organ03| i cate are
coamngﬁg depositbd eamgesﬂmmmoﬁ persanthy weighi saliated\as SiOz in -

eoenoy e, e 5105 15D ot Bl Host O e

of @8@%&%&:\%? Hﬁ $&donddByer. fln)tﬁés@bhﬁ:rod&m‘enw e amount of

I'nthee enbodi np rati o of
" thet dwgapbsummttaaymay benpeasent in the i&qHJ %@aﬁﬁgﬁ'.f@& RNggn

beesAR o naton AaNB ot fhidoe. BUSHP'df e Haebvales.

wulﬁ%e Lhas/tedd by tRosdskilled i the drbtitat the amnum obthe organosilicate
otocatal ytic material and Qr'g nosi ||

préseqmlmmedmmgpmmﬁm@ TRmAHC e RO tﬁ%ﬁ{zﬂ ylti-layer
cofi rEfkrstitef s DEMRARS B thd blorctes ﬁggﬁm‘&’?ﬁﬁp ofsted

mtimh@ Eomp}bsdhﬁ: kinamitaunen'ibedpgelytﬁethecpwﬁ% yticgnatasial and
t n r
ansasonbie, 5698 BRI A bR R socamver o te
mlﬁf??é;lfé‘i‘ cJoQYH Al fali§ o1d.05:0l08015: O%y wsgh:tr ot fire other
t 1 nv ntlonls deposited can |
embuﬂimantsco.pﬂrﬂ DoIte8.0: ﬂdJrO by weighteor, & ye‘égt eépgﬂqq@nents, _
| udi t d. al .
o 4350l 736 LIRS, o 2 nd ity matera

to ¢ Ekg?hosfl‘ﬂcé\f@&% fiaride beiween dry combinatiod«f thededitedoralues,

car

Such -i norgant c - art| cle
md:lesmabftfwwecaﬂw))va’suﬂ%r |t wilkb ﬁ’%@‘g&ﬂﬁ"%ﬁse %ﬁg& in'the art

e iFERafio of Bhofictai Haﬁé’"ar'éé“?g% Bhasiliol(s ie Ryl de

parti cI es
coﬁ%bmnsmtammmwmpmpemsmsmdgom incorposated.intp the

: mm soe re@a%ﬁ\'fqi@%sﬁaf kil ) bPdfidion whien may

m’@ pﬁ@ﬁjn o Pb]hﬁgn & (vaiidh it ISRy dppliedr t ai n

es COTTpI‘I se I norganic -

K b Y fadEcoridsRonmaminoho

second layer-of the multi-layer coatings of the present invention is deposited can
further include inorganic particles, for example, silica, alumina, including freated-
alumina (e.g. silica-treated alumina known as alpha aluminum oxide), silicon
carbide, diamond dust, cubic boron nitride, and boron carbide. Such inorganic
particies may, for example, be substantially colorless, such as silica, for
example, colloidal silica. Such materials may provide enhanced mar and scratch

resistance. Such particies can have an average particle size ranging from sub-
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mcrons prior to incorporation into the liquid
conposition. In other-enbodinents, the particles may
have an average particle size ranging from1 to |ess
than 1000 nanoneters, such as 1 to 100. nanoneters,

or, in certain enbodinments, 5 to 50 nanoneters, prior
to incorporation into the I|qU|d conposition. In Stﬂ%end
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oxide, tributyltin fluoride, copper 8-quinolinolate,
copper naphthenate, chromated copper arsenate,
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its parameters. In certain embodiments of the present invention, the amount of

-95 .



enbodi nents, 0.1 to 0.5 percent by weight based on the

total weight of the conposition. In these

enbodi ments, the anopunt of the antibacterial enhancing
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reference.
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enbodi nents, the anount,of coupling agent that may be
present in the liquid conposition can range between
any conbi nation of the recited val ues, -inclusive of
the recited values. 10082] In certain enbodinents, the
l'i quid conposition fromwhich the. second |ayer of
the nmulti-layer coatings of the present invention
[0084§POsi t ricentain embuliments, theraeunt o cpupling agent taf Lsn
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mnﬁis&rﬁ sutfice hﬁh\ﬂi ntewibic malyt for example, aid m@lmgqug/the
wettmgr?té:retk;t?;me gf the @c}@é@é&?g&% l(ym ﬂl@&(}&%ﬁég{tﬂg% hpp[sgf over the
A BT R Bt o e e
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values.

[0084] In certain embodiments, the liquid composition from which the
second layer of the multi-layér coating is applied also comprises a cleaning
composition. Suitable cleaning compositions includes those materials .th.at
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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SC Johnson and Son, Inc. The inventors have di scovered
that the inclusion of a cleaning conposition can

i nprove the wetting properties of the conposition from
whi ch the second |ayer of the nulti-layer coating is
applied so that the surface need not be cleaned prior
to application of such a conposition.. [0085] In
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_herein can be determined using an ACCUMET pH meter commercially available
from Fisher Scientific.

[0088} In certain embod:ments the liquid composition from which the
second layer of the multi-layer coatings of the present invention is deposited is -
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provi ding an essentially conpletely hydrolyzed
organosilicate wherein the pH of the hydrophilic
material is greater than the.desired pH and then
adding acid to the hydrophilic material until the pH
of the hydrophilic material is no nore than 3.5 or,
in some cases from1.3 to 3.5 or, in yet other cases

prodaced by osidingpa hydrephilicmateriateampsising aaessentialihe

om0, S i o B g N i

efrobipBiter3.8io t othét. cases 3.0
is nd %@'réﬁjiéﬂsfgléﬁ I@g??ﬁ%ﬁbg& nment.s, sucr:’;r?mq'*El glaé %I i.C
to 3.6atlp meatanmammdumentst such aihverephili¢ U@w"aléﬁ eﬁ ged by dirst

proviting Bp e ianisug R Bidtely TRRSIGzEd Britishicatl fheféihthé P+ of

the Mbeﬁmblmﬂeﬁat Rrgrahter i ﬂ’fwdeélteﬂ/\ph‘l garfddhen taglding acid to
f'ormati on of thinner. filns, 0905 @é:l d at na than

tho ytirogti ralecn)untl e PH.Oh e RN sl i A8 Thotd t

3.5 %I’u é gﬁfng ‘%}é& WAF RS g‘HQI ncfelaélﬂe%ﬁﬁ 3.0¢b 85, For

gani ¢ "acl Wi t hout limtation
exa ﬂcx @@mem@n@@ bdrlies, theunyideophilicimaténial irsay compsise the MSH-

200 laﬁ@v faroahiazat siowMErT 200, Shiies 3 3F WbiCarl/pvided |

FLéﬁ HCoféaC5qio4k53nzenesul fonic acid,

acid, xylenesul fonic acid,

[oo@ghy' bemﬁgﬁgiﬂ érﬂgbagnél&é dgydped Egnn%micdnatéﬁdn Ahdybe diuted

acl ormec acid d oxal i c acid; “anpng

withQd Hitient, sd6l994 watet or ar organic eolvedt, hefiore, thermidﬂilcqwﬁac&d to,

for GRS e AR Sl AP E b roy

nRg.oviding a sol or paste
auoﬂﬁ@gfr‘ar&ﬁéﬁ'fdrﬁnat PilePH

Ising a p otocatalytlc material dispersed in a

[00 aﬁe”t @é"ﬁ@{rﬁhr}né Be Riddaf tb‘ﬂ% ﬁ?ﬁrdﬁihlli@.&ﬁbfésrmtdlédmt the

n sonme cases . or 1N
pH thefresftineiudedsth indrganicartl erganic acids o Suitablegpargasic acids

h ' |
sl S 5 ok TR e 3
phogﬁg&‘i’é SR %m Sthers OSuR4blaavganit acidy incinee dueticfdcidt

vi ding suc a sot or paste wherein the H t hereq Fﬂ'
,dachserogucenc aid, tffuarbacstizoacid, me\r@@umlamt telyerastlipnic

h l. t
ac::cf,l agij qsy fﬂﬁlcsré)ﬁxg,oc%th@ﬁ%g%ﬁ’ﬁdlﬂon%ﬁ&%%z&é‘ S?ﬁoghﬂfahc acid,
maleft é”cz@ Rirmid Acieinddkstic acidxanond ofhars. 3. 5. For
exanpl e, as mentioned earlier, the photocatalytic

[ooF{ e’ | 2in  bbddmbh@U it ﬁc?um@&hipdsmdﬂmmvwhach the
' secon ayer of the multi

second Iayer of the multl-layer coatings of the present invention is deposited is
produced by providing a sol or paste comprising a photocatalytsc 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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coatings of the present invention are deposited nmay

conprise a sol of titanium oxide avail able from Showa

Denko Corporation under the nanmes NTB-1 and NTB-1 3,

wherein the sol conprises brookite-type titanium

oxi de' particles or a mxture of brookite-type with

anat ase-type and/or rutile-type titanium oxide .
desitadiptt bag tikers aad did tovttieesol difaste antil thepH 8f thaesol or

paste 5% mare dan Ak of somexeeRap e ta & gr. o a6t bfher
cassle_r”? ﬁ' tﬁ tF'?)? exgﬁ-ﬁ%%t‘:% F}L ehtibhedBafer dhe! Jﬂ'\cﬁgbé'&lytkhﬁatenai

“inclu e I norganic an organic
usedidh dhe tlqaidr¢dmposition frem whicirthececond Iayermfdbetrnulh-layer
enbodi nent s, the acid that ts,agdded to the

coagings of mprasenh nventiop RSe dleRpaitsH MBY farapiish 3 ol ﬁf]gtamum
oxncf%‘gggifa”d}% f.bFﬁ‘Shb AIERKo COrboIaLAN dhashitd RamesaNTBL1 and

qU| composi tion from whi ch the second. .
NTBays; whereinhiberadl comprisge ibrookita-tyge t@amgﬁboaggigﬁmdes ora

f d t ed
i P HEDIE BT or Akt bt b oride
pafga‘és%ﬁ’é petbedAFWatel NTEEHand NTE:$8 ard tybiedityprovided by the
I sperse the photocatal ytic material in the

suppﬁerabaunﬂ of 2ttdlerial . The nmixing step is not

particularly limted and may be acconplished by any
[0092}vent i Acidk thatdnay hesaddedtrthiersphar p@SH@BDBﬂﬂQMl

 onbbiBbaR ORGPl B850 1B roanc and

org'%}ﬂféré’éiﬂé deScribed 8afiir, afiéng ottesrs). n céﬂalnmrabedtments the acid
nvention I s also directed to

tha‘t\jsem@ied torthessal on pasts epmpisipg fhe Pi'e@hcﬁﬁ}ﬁ'% ﬁﬂﬁ'gs the
w1 { e

sar%%%“c?@*ia*%"aﬁﬁgﬂ RthnitioBhu nafBEal 2”5 {0094] In

TR R e T

| layBf 86&3‘5 gs Métdréger'\ﬁndétm isftibposﬁe@canamdlakiy: tyednixing the

provi

hydropbiiimateyial pemsiast a6 deroubast gbes Wiy de $6] Sragste provided
as Jege it biS I Bisphii MEPIAGLtaRETIALLEN in the, HydGphiic

" | makaeal 0 THeAniling steidis hotplaeticutariidiimited and rhay bedagogelished by

- wherein the pH of the so e is. il
ang convetienel NG tagnaRuS KyaaRa ose fERKT M feailralapa as
B) irithe h hilic
ind ) 8 il ORI es ot rthe hyciop
méwﬁht!oplm a lresuiatthe pabsent invention is also directed to multi-layer
coatings, wherein the second layer is deposited from a liquid composition having

a pH of no more than 3.5, such as 1.3 to 3.5, or, in some cases, 3.0 to 3.5.

[0094] In certain embodiments, the liquid composition from which the
second layer of the multi-layer coating of the present invention is deposited is
preparéd 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

. -30-



[0095] In certain enbodi ments, the [iquid conposition
fromwhich the second |ayer of the nufti-I|ayer
coatings of the present invention is deposited is
produced by providing a hydrophilic materi al
conprising an essentially conpletely hydrol yzed
organosilicate, wherein the tﬁH of the h droph{ | 3

materizt disperséd irf a dituaa, wheseip, the prhobihesq) of pagiey!s fom;7.0 to

kit

pro%%«aroglﬁlﬁ@?‘%% aig.h)érééom&' SHictbuataltichateid! inrthertnysirophitic material.

of the hydrophilic nmaterial .is |ess

n the,desir idGrAp&sitien fromt Which th
[odgi oo 1 G Erbadifforts e diaey Do hydr ophi 11 ¢ .
sedBticErayal of the malt-yér toatings of the gresent inventiongs sleposited is

. es, 7.5 10 8& 0. [0096] |p. certai
 prasused memRyidinn & TglPRliy maSial domalishig b ddsentially, o
' | t tieh ilic,materia
cofidpd ot rocsa osi e sistme ooyt e
is O tole:5, sulobdas EOHDSHD o ingeme FasepHH-p it § b} peyfain
t hereby al | o Ol : et | i .
ey B S T i Myt
esEBﬁﬁélfyaéokgﬁﬂeﬁﬂjl Hg@miﬁeﬂ cﬂ’gahgeilieaté wnmb_infj_meuaﬂ ot the|> R
organi c ases an I .nor gani.c' bases. CITI L,
hydfoiematerais (ess then Thedesizsd ariand fengiddipd Fiibe the
d hilic. rival g , o : 5,
iSSR0 05
SUBRZRSE.OUG8Y Br,diisdmecases, t7hh torBllydr oxi de; ammoni um

hydroxi de, quaternary anmoni um hydroxi des, such as
[obsn% aet hmh agampgnmayﬂém the bydrophilic aﬁathaﬂbﬂnay be diluted
‘anmoni um hydr oxi de; ammoni a; .ani nes, su ; s
with 8 elilightshinR 38WALST Of BnArGINIG OGNt G b agdition of the
tertiary 0N i ' @ Hydrophily material,
b6§&|tpoﬁqfﬁﬁ%m}%‘?g?ﬁ QE’Q gﬂ%gﬂ“?éétéﬂ}tﬁggﬁ f-oni'um hydroxi de; -
thEkyedilbwiig Fortap Hormation of hinnardé®ssuch as,
tetramet hyl phosphoni um hydroxi de and tetraet h%/I ] )
WPB?ﬁ D?oni MEHAI Mt deay beafmgfntb ?h@hrd{?@hﬂ?ma eial to adjust
ripotassiumy- ani nopraopyl silantr.iolate, tripo m
thik S thaTmabBER oty OFGAIE GBS ARG NARENIGhaTes. Spedic
| ool POLASS WIRH WY ! e hddrophilic material
otarTREe 1) paeps T il e Ubed i B(Y PRSI ENe hydrophile
indiuae! Withaut nitatiorg tatkalbinetal thydraxddes, supfrési sadium hydroxide,

oetammiity e B Bl PAAE AR LR e, apatormary
AR TR RyRir6 2688 AP agfifraethyl ammonium hydroxide and tetraethanol -
ammonium hydroxid_e; ammonia; émines such as, triethylamine and 3-
(diethylam‘ino)-pnhopanﬂ -ol; tertiary sulfonium hydroxides, suqh as trimethyl
sulfonium hydroxide and triethyl sulfonium hydroxide; quatemary phosphonium
hydroxides such as, tetramethyl phosphonium hydroxide and tetraethyl
phosphonium hydroxide; organosilanolates, such as tripotassium y-
aminopropylsilantriolate, tripotassium N-(8-aminoethyl)- y-
aminopropylsilantriolate, dipotassium. dim_ethyléilaindiolate, potassium
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m xtures thereof. [0098] In certain enbodi nents, the
liquid conposition fromwhich the second |ayer of the
mul ti-layer coating of the present invention is
deposited is prepared by providing a sol or paste
conprising a photocatalytic material dispersed in a
di l uent, wherein the pH of the sot or paste. is L

tnméﬂﬂlsilanelaie bisdetrametiylammengin dypethyisilapgiolies
7.5
tetf%%'éwémm‘a'%mﬂbg'ﬂée"‘gs@ @ﬁgﬂ? %%tr?ﬁe AL asmhat of

tﬁméﬂﬁ?#\é%fﬁ%‘ dddiumPdcttatal sodiom gmatax amentidimiicaonate; and
“su a sol or paste is obt ai ned by first prowdlng
mixtareshthereol. or paste wherein the pH thereof is |ess

than the desired pH and then adding a base to the sol
[oesm] past en cettain embogdiments; thefliquid compositioneom which the,

* ot b5 oA bR ingo o podi o

N )
dlsgﬂtsedsm amlupaﬁvélecenﬁheglkhgfmolgﬁgpgaﬁ o 8%, such

t.o adj t f- H -
as fﬁg? ba(ﬁPE’ 'Br?&’"lb? gé?#éﬁ?m@#g ed; eg c rlbg!%gﬂé gg? I er umgl;a;(gntghe P
of tﬁB E&rér pdsie ¢estBstantathciiersamte as that dfdbe hytephilic material. In
ded to the sol or paste co

certphbe@@@damm&:suﬁh 3ot pasers obiipgd bYfirst proiiging such a sol
or p%g.ﬂepglgb??@ Ef;fe mﬁw sﬁ ‘l"eiﬁhgg 'élgérz] geBgQ% ?@%?ﬂ? E\eén rrgﬁhﬁg a
baskd¢he Gohbi pgslfeafntl the pHdbereof is-fremt 7.8r10i85.causdsas 4 to 8.0

o, b 3358 a3 3 DL el G RA g ficiions made by
thisﬂﬁ&fﬁo%e&e SADITOF Ri 8 F2aksULE wiith Shilg pesmall ahount of _

otocatal ytic material in the .hydrophilic material.
pre&'pdahmm ng step is not particularly I'imted and nmay be
acconpl i shed by any conventional m xi ng technj que o
[o08g9pwn tOBamssﬂ'nad)fmagkbe ndidad th gheasol orga @ﬁgrrwsmgq@e

T oomXxin results t;
phqt«a@a,ta o Lo B HtaBlinblfic 8 A58 aid organic
' Q%é’srcﬁ%gtedrﬁé’re Biridha d>tﬁer=§ Sip cliriahs eatbddiments, the base that is
aCoa Ing -32 conprising a second |ayer tha i
adctheiok»sﬂ'leeabl for paste comprising éhep photoca i}ﬁtg;,ma&enaa is, ;Ipeoﬁame
in sone cases, 7.5.

bae"(‘30"?'§’tt o a‘?@ﬁﬁﬁﬁ"*@?’é&?ﬁ% owﬁifl o Figs. 2 and 3, there '

IS _seen hermt CLOSS | o
[00sfoE on iThb idieaesiisns ERRDANRETHE YRop ket i mult-
Iayénaé’c?étmgs of the present |nvent|on is deposited. can be made by mixing the
hydrophilic material provided-as described above with the sol or paste prowded
as described above to disperse the photocatalytic material in the hydrophlhc
material. The mixing step is not particularly- Ilmlted and may be acoomphshed by
any conventional mixing technique known to those of skill in the art, so long as
the mixihg 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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of the multi-layer coatings of the present invention,
and (ii) a mcro graph - illustrating an enbodi nent of
the second |l ayer of the nulti-layer coatings of the
present invention, respectively. As is apparent from
Figs. 2 and 3, in the second Ilayer of the multi-Ilayer
coatings of the present invention, the photocatal ytic

comprisiey @socandiiayse thsatds depositerbirom a Hauidraspppsitien having a

t t | f th
oH 9 D10 By uicican 7404 @hﬁ”@i@%’*%ﬁ% Gpge o e
[00 @ﬁf r Ic:?!?@lfgmrigh'i('ep{’ E‘ré ? égo"ifa 3? g'g]‘g éfﬁ\e éh 3 oﬁ?ta %Cﬁtglmcaﬂc Cross-
secfifld VY o, A3 0y el SeaRg6r e eHbdaméhfmtmé o ngyer

nome are relatively unifornly
of tiH FRdi-Reer bbatimgrhoﬂtha pmsbyt:lmpmﬁon @ng (fi) armmgqanh

| nmﬁ%éé&} S %egbﬁd iiber RER G- EBF chlifieof the

fd th d
i g t:;*:%;?::h:m" |

layetof Ithae nmltl-llmrawgadatlngseﬂ tt[e/pmymt inwentjon, the

matﬁ&?é‘lslcg R nt L@E‘%“&P% 'S‘g(l'sr?éh' 'ESWE%QO cata y(%:??bodiments

the gﬁ&@ﬁd flyer %‘f it rﬁtﬂh—ld}@rrcoeﬂm wam«aa at jifeotocatalytic matenal in

otocat'alytic particles can be di sper

the mym obnane-sizest pheiaratalylio parieles 1§§w diRsERAifilaL SxdfiBies.
IC?%# ﬁgw % %ﬁ@é B&s‘ialhﬁ‘e Ridrhétel AoGRERhani Z0nahometers),

n certaln enbodi nents of the
Whl@ﬁ %ﬁi@i‘élatmm?mmmnnly dinspemedrthrdt@yleut thte lydrophilic binder 20. In

: pargU@.:litgle glqagmg\% km e&I ffﬁare rﬁ%%gbio%ﬁted ie., allor
n{;ﬁﬂs gdri&iB dﬁaléxhabﬁmafedc@ﬁtarﬂgs‘eparatdmebmheander

ion"1st the second Iayer can’ be appl
raﬂihrrtlaam byeartg/emmbmed‘ﬂoraat:h etper. Whilkqat haing limied hvoﬁmﬁtheowr

her-eb
gt Bl TR B T oFREREobE, AbASRARY i Solor
pa @%@PHo{o@éﬁélyﬁtﬁ midierialy ptibr foathielr cominatin, tthe pmmtalytlc
ayer can be  applied direct| '

ver the first, |
" partibieseandawell dispersed in the hy rpph'ﬁﬁy'a’fsﬂ?(e oh ittact ‘
’ t
ol B B ooy iy
Thudtiig kekthin émmeaumeutsrofuthe @msmﬂim&nho#\stf@ senond layerof the

certain enbodi rrents of the pul er. ¢
mugii-lsyencoating isrAerasited o SF‘?"&%@S&%‘@ “rbmy
directl'y over the first | ayer such t hat

[OM102Zhr ] G achniage pihe HGHeyPCSoAts o iHa HigSnt ifvention
s B ol b Apdoposp racibrlgnplone

‘neéd %@B&mﬂ@mttherMWeen.oBeaaptE)tha:phaﬂo;aataiytlc particles are
prer:fgtn‘?é& fanl:m éc’glgjgcigm%?attarlié ﬁ\ntlhlénée%oné Iayér of the mutt:-!ayer coating, the
second layer can be applied directly over the first layer while resutting in little, if
any, direct contact between the photocatalytic material, such as titanium dioxide
particles, and the polymeric composiﬁon 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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woul d ot herwi se degrade an organic filmthat is in
direct contact wth the photocatal ytic materi al.

[ 00103] One advantage of the liquid conpositions from
whi ch the second |layer of the -multi-Ilayer coatings
of the present invention is deposited, and/or the

met hods of their production, is.that they Hﬁ% forlg% iLb
theré IS Bafrive layeritrtwebn doe firstdayarexid thersaconddayery /s will.be

tain embodi h . : :
s RS ot B35 O A M
- H H - - L] hl - - - e,
the é@@@%ﬁﬁﬁﬁéﬁgﬁﬁgff ‘F'i'%u: e %r@}pﬁggt:eﬁﬁlon fofers 1 ﬁm
would etietvise degsadé an apanisifiimithat @dﬂﬂﬂﬁ@h@%ﬂﬁ@&fﬂ}tﬁ heg

: the copposjtjon are stored together in a single
_ phO’@gﬁ‘{aZYti?em?{E{f@gmq The one-pack |iquid canpositions
fromwhich the ?econ

(00193311 ngoreradvastaeetine TG FutrSfigidtira yBHeh thp second

iayeg ?)E\[j‘[%ﬁu?lltf}-fagﬁl' Sééﬁn%élﬁf hepresentiavention isdeppsited, and/or the

scussed photocatal ytic materials and

methvdE opthieid produckiter, ss.thattheyimay ferm sialels AesPagkage liquid

i d - ry . 1 §
compoinge. APRREatsfEBr AT Bueplfte. sl sbarat g mut
layer %%ﬁﬁ% Q'Fﬁté‘bre%ént inventieh wedapodited frora ongeackdiguish e
compingd In a si ngl e container and the occurrence %rstoa
comppositiqpi. t As bsed bereiagiedRENaPNeM igHidGarBRpsifing re C
. 1he. turbj.di . AU ;
* tiauig mBbon ihefiig g cobBent BBt o o
storeBio§eter fri A=ingle@contaimem  enbodi ments, the

one-pack. | i qui d conpositions have a shelf-life of at .
[oo‘llﬁﬁt g THOShEpaek liquil esmpasition frem whishdhesecend dayerin
edst

mont hs, or, in sSone cases at | eas ' .
the muitiayerjcoatioss of the:erasgnh irepaon Fiay ke dFH85'?‘?‘% orgerise at
C osi tion f [ oL - bhstaiviic
casigip Sy aentt AR o PEER oy Rige Moppeaie
mafifiafs bhe Aydephilie Bindersdi lh)adnﬁtiqgo suoh enerpackdispidTu or

I n sone cases, .nQ re-1han, 40 U e .
composions oA bRt4e oF 2bieaghd oS AR RRCGHRR the tom

“ : e e wHarether orehts are
shREE rofets WHIY AouRt 61 fiibethielin Wi/ e D e ot
' corhbinédin lsinglemontainevuand the ocpmRncaeiRIesRHERPR T | nc,

agalomeriaminan expt 1 e KBty e IaGERpERA cfoases
sudyPIHEP YRS liquid cBRTpcRTtbresdPAb IYes fom e lowdvars ilayeln eartain
embod'iments, the one-pack liquid compositions have a shgﬁ—lifebf at least 3

" months or, in certain other embodiments, at least 6 months, o, in some cases,
at least 12 months. | '

[061 05] In certain embodiments, the liqdid composition from which the
second layer of the multi-layer coating of the present invention is deposited ﬁas
a turbidi{y of no more than 600 NTU or, in some cases, no more than 400 NTU
(Nephelometric Turbidfty 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 nulti-layer coatings of the present invention have
| ow haze. As used herein, "low haze" neans that the
filmhas a haze of no nore than 0.3% The haze val ues
reported herein can be determned with a haze neter,
such as a Hazegard(r) Mddel No. XL-21 1, available
fromPacific Scientific Conpany, Si{ver Spri

ng, M.
Turt{i&ﬁi’éiéi, fﬂ@@el' DRVADOD Marsifactured byShabharmMenufagiwingyinc, H.
ayer o

O s s Shod1 4 BT by 1
Iengg-fb »@(p{%bégbﬁ?cfrgt RAGHBGEr, Y eBriam drnbBaitfenits thecserond layer of

conponént conprising the previous .
“the FiUREIRRE ¢oBtingo obihal presentinventicl Bave gavahgéeoﬁﬁ used i\/erem,

conponent conpri si t he previ [ oS8
“lowtlyaned seans it ies AT has 557 SES Inlor A “:hThe haze
value& RpofEh Hei P& Befdrminatf \ith o haze awier, sych as a
valug%,{%ggﬁ#%ﬂﬁfg@%ﬂ Sl ﬁg hore than one con %gst Silver
Hazeaard® Modet NMorXio2d s available fiam Be@ﬁj;@a'g;ﬁ ofpgany, i
application to a substrate. [00107] The present :
Springvf.i on is al'so directed tq nethods of applying a

[ ti-] ti tQ, bstr. S :
(00185 of 1heyaugsepihesiieh SOMahEn TaF §5Eod %ﬁ&%xﬁ;
It béitehf obeqiresent inghe form
teyei g RtinG o Bra K R g BB e ( 0 SHL S B
of  muti-paely produot.) Saph Imultipasktisodygts| r %ﬁﬁfﬁ%ﬂ‘ en
. the first | a i aui - .
corRIAa &ﬁ%?é?ev'gﬁﬂ%?&?bgg%"e Bt 13%%%%{ EE! E’%ﬁﬁmﬁi‘i‘a g‘_";";ed
corﬁlgcgﬂ%}ﬁ! rRpriding e ?@ic{us}y dispbssarthydiophilic bindewss iA§ | |
bi nd hat hyd hi | :
hereirs éhe k&mh&%@%ﬂyhﬁﬁ%&%e@éﬁﬁ”ﬁ%&?ﬁ%@%ﬁﬂmw

d), - [ t ' : " orto .
- mofg tharkong BokPrRRE BREriT IR por O e e e
applidatibntevesubmdteecond 1 ayer nay be applied to the

substrate hy -any desired technique, such as, for

OGP & TRETGHsERAvetion ieldlscdinsétad toangtpidy of ggplying a
coating, flow coatin

b- h.- 3, i i -

o Satng o e i oaarud o8 b 9 oA o

b &l YA ohforishiy 2'B @ioBsitionresth which a first
- suiEate ¥ oo BB Tl 4B B B e e -
¥ laygﬁiseﬂ%ﬁéﬁédtﬁitlo%e sgbsﬂ?ﬂee I(b)rm.nrmgi thedirst layer: (@bapmying onto .

ecific exanples of articles upon:. .

at et B-pcktion o e s sy & i g BSRRoh Jtbrh Which %’flcy%gd-_'aye’

i l . ' héT ' isob i) @ tocatalytic
AR ot prarcda.
médtBfial, akd; (i} a diraderanat is iydrephilic and comprises an essentia y

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

[00108] In these methods of the present invention, the dompositiong 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 multidayer 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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mrrors; |enses, eyeglasses or other optical
instrunents; protective sports goggles; masks; hel net
shields; glass slides of frozen food display

contai ners; glass covers; buildings walls; building
roofs; exterior tiles on buildings; building stone;
pai nted steel plates; alum num panels; w ndow sashes;
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panslsn&siar aews;tp?‘lﬂem@l,rfa&iﬁa s autemehiles.Quglerdet: ¢ M‘ E@‘ e R
. as .conputer dis ; - # tems
ke RGO ECER T B TS L Sr affheS: i Randling syster
and?ﬂ}?ﬁibfs?‘tkﬂchéﬁ anti iathrdoay intedenfubéshings @nerappliagges; ceramic .
s e, Sl A s
ile , . 0 | yer. e .
econd. i ' driottmé rs af baildings:
in€OR QEn@e Nt mnenard; i n ivingBHaces i '
mngﬂﬁg I gye'r of .&Jég mul ti4 SRAl 588Rka fwhie sDER aeMasins,
- roonsy ety iEnasceg e ,tsgﬁcﬁﬁﬁ(ﬂb ag(%l’l eﬂ trg a substrat e
f %Wke' . Agar t afbthe Ikeband aéctrdnic @quipspent, :
bat\%’\?ghapg ric w PH gﬁ(’:ﬁwgg'cofrtgosi ﬁn. The i npregnat ed

‘sucheissgoraputenylisgplays.ored in a contai ner and renoved
when needed to w pe-coat a surface o sﬂ]rate.

f a sub . ‘
[0044 ofr nat After formingpafitm, of the compesitias of fos ﬁﬁ'- aygriqn the
coul d be inpregnated with, such . a

substiate, dho G5g By o bee tured i &ﬁ%d-ﬂ%@ﬁ%‘@%sdg?‘"ﬁéﬁ'ﬁ%’vﬁ‘@ed st

. rgﬁigl Ol orfBik b ¥ BlarieQi coenplosition afine frstiayer: Thy
| COo sré"n‘é}ﬂi% ent |%%®ﬁe Fiquid %s}rté*%& o}’f’t 'i)e on cured
' secopddager iayapplied oved theifirst layer affef e T er has;be ed.

applied to the substrate. Though not being Pound g% th

[004RY] t heomycertdiniembediments) thé liqyid RaERPRUNE regRwh e
seéol?% Ig;clara gfotlhegr{'lgftjﬁ%ygtt c&taerﬁlengs of the present invention is deposited may
be applied to a éubst_rate by, for example, impregnating a paper, clofch, 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 fabricroould be impregnated with such

a composition at the time of use.
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essentially conpletely hydrolyzed bi nder are condensed
so that Si-OTi bonds are formed within the

conposition. It is. believed that the presence of
these groups enhance the durability of the second
layer in the multi-layer coatings of the present
invention, as described in nore detail below [00113]
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yer coatings of t ent fl vent i O(?la Sris
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3 seconds.

the @%ﬂddﬁmﬁ fdﬁe lwmnihbmenmdtosf anthm pqtalystc M@r@gﬁrﬂ,(ﬁpch a
whi ch t second Ia of % % ' In other :
corpaslomsiay fanexapmiocHp CHrLAL FBR S RIRREEES In
- coLitings ©f ¥hd present
woll8 Buflod B ) SBcHRY iafar SRbARkIE-1aN DatRS o the p

solids based op. t

mvéﬁicﬂhmaquet mcamplmi'adt b;oallowmg dlagy gemnoyl Iog{}eﬁ'cgné1 in air, i.e.,

air gmméw égrgquq nlpqq? maé?ﬁ éﬁ% gé@we&sﬁ*b“ﬁ% ;C?fﬁﬁ? exposing it to air
for 346% Foure ét‘?h e@rtbaédhu@m)ﬁﬁbémydmphﬂlcw ang r‘I@ste@urs to achieve -

I'nvent 1 on,

second | ayer is lied t
Ion etasm dunahilily. fSuch @mmaos%pﬂs mayrﬁ @@Wﬁﬁpﬁ}?gft g@@ﬁgd For

oty absranfykbb BARIARAES X coeaiisset sy
ex% gutwglmﬂgﬁa@mm@s aidtedfarcerdeyiogitat80°C ton1QEL for

enbodi ments of the present invention, 20 to 60 °
;atleaab&seemrsdqo 02 to 0.06 mcroneters). Appl i cation of

[0&12%]3631? ;geégglﬁ:ﬂrgéﬁélgi%&y lttglg&lﬁu% Coa#l?tﬁ?fgﬁhgiﬁib%ctgﬁ -
seq.qn rt | ﬁf {D gm %&g%@g@ﬁﬁ%ﬂﬂe SWritGhwshtivm isRidposited can -

|ngtherefract|ve )
hald %%r?iow sohds content, approxmateiy 1 percent by weight total solids

based on the total weight of the composition. Consequently, such a composmon :
can be applied to a substrate at extremely small film thicknesses. ln particular, -
according to certain embodiments of the present invention, the second layer is
applied to the first layer in the formof 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 fo 0.1 micrometers), in yet
other embodiments of the present invention, 20 to 60 nanometers (0.02to 0.06
micrometers). Application of the second layer of the multi-layer coatings of the
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the conposition to that of the first |ayer. [00115] As
nmentioned previously, the liquid conposition from

whi ch the second layer of the multi-|ayer coatings of
the present invention is deposited is initially

hydrophilic, that is, upon application and subsequent
drylng and prior to excitation of the photocataly
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emgggl{ﬁeéﬁsb €0k| rtﬁdthéﬁ e e?,p Yéﬁ)th@r émﬁtioﬂimehilsghb msnedhan

ormo ani um di oxi de,

101 UpOs GRcatiarobie ahoecatelybiamalrial howeyer, atﬁﬁfesgng Tayer of
d t bl e | ]
. thermuitiayerooAtings | apiﬁﬁe%rﬂ%\feﬁgtéhf%gls 1&t8d28ilper

nanoneters

hyq%{.uﬁnﬁdm gﬁs ftgiadnng eﬁcm@hmhapuommlyst the myfbtayer

ani t1n oxide, and zi hc 0x
: coﬂh@saa‘)dbetmds@yt invenisnean exhipi @ gl R°B+a°§ a&g&e&qﬁﬁ? fhan
of Iess@&han 7 nanometers, 413 nanoneters, 344
SMd -387 nanoneters, respectively. Suitable

'[ qtivﬂ@ﬂ Lig{ 3&'@3?@38% ilﬁe}ffggg? &F'{%%H‘?S?(ﬁil(%lﬁg%ﬁéﬁﬁotocatalyst
dep@fil oP{AE b1ty EE btenalasedin the aldmmsﬁlm\/AF qmcacsgple
matelisisthayars pmgpama asl wRon QW %{Sélﬂé lgﬁﬁts?:%g

brc?é)hall{q 0 Mt&%ﬁ@m h%gﬂd]ef ]a§ r@!ﬁ%@?@eﬁwrmﬂapeﬂ MMntum

i nvention exhibit .
: d.&h@ép b asigasedftoainyl wisible ighBsourcelinluding auy Fadiation of a
at . 'ea

i o o s 0Py GRS B ol 3 afftase and
m@/ﬁqz %h g gﬁﬁ (-,l?r&'c?r'%%éﬁ m gg.ld% hAd &ilc 0¥ide canrbe Pliotoexcited by
exposure UV radiation of a wavelength of Iyass than 387 nanometers, 413
nanometers, 344 nanometers, and 387 nanometers, respectively. Su1tabie 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 léast 1.0cm
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reference. [00.118] In certain enbodi nents, the

mul ti-layer coatings of the present invention are
render ed superhydrophilic upon exposure to sunlight
for a period of | to 2 hours. Alternatively, the

mul ti-layer coatings of the present |nvent|on may be
rendered superhydrophilic upon exposure to

1min" 2P aGiVity ctih beeealsiated ad describathin lﬂmteqs;a;gg Patent No.
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article conprises a surface having a polyneric
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t
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. stepsioba) aﬂpl%g:amnggws;@tag)%sm%\ rspericiin { e figba e material,

o NSt
hdeBW%@ﬂ Sjrgﬁn@ﬁheaitetor( theG)olymeriQoumpesition; apg r(EL

The Q-Panel F{ C evel and, GChio). -39 [00121]
cCompositipn E’élﬁbéﬂl"f'rﬁﬂ (a)t he photocatal ytic material-

0o pr esc;gtl IA;]'@I ggj;efelﬁhgglrﬁ% ﬁ;g}p‘&y y'eg?;g% ,ﬁ%@s%%rbégént mvention

is that they may résult in a second layer that is partlcularly durable. The -

- surprising du rabllrty of such coatings can be measured in terms of the ability of

the film surface to maintain 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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the present invention is deposited in an anmount
sufficient to produce a nmulti- layer coating that

_mai ntains a contact angle of |ess than 10 degrees,
such as less than 5 degrees and/or a photoactivity of

3 cm'mn"' after exposure to a CCC chanber for 4000
hours, where the CCC chanber is operated at a vapor

P .
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Lndeed,, | theqkxa | ihihewaieRicontact bagieh sdhegein “initial
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UMl ban2 besvsasdaneritis Bipe Frapeies Bt g SRppstne s
caRgthiBer! diEn sfpidsars of te scting toeaEQEEchambep fardPoo
| irtial” crosslinking of tvhe.qﬂqé)]bot C@ﬁt‘sa@‘ﬁcc rial
' hotiiel &5 dedcribiedrabidve, whgaeas the abs 61‘1_98?_ e gale
_bonds in_ the coating. - ' s daritacttdragle aftee
s aceming et S P SRR st onactargostae
appIARtd 2000 198000 Ifsure opsocivempasyei dnderds thg Examples
enmai ns aval | abl e for_  phot oc%ﬁglcyt [ %:F Eﬁ% ﬁtﬁﬁtﬁﬁﬁﬁ of the
illuatrats thed theoabsense AECPBERIGSSHHEIC M '%8 _ gﬁ’ n N
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a CCC for 3500 hours. Without being bound by any theory, the inventors believe
that this surprising result can be atiributed 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.

- 40 -



I nvention may maintain a contact angle of 5 to 6
degrees after exposure to 650 hours in a QUV Tester
equi pped with fluorescent tubes (B313 nanoneters) at
bl ack panel tenperature of 65 to 70C and 4 hours
condensing humdity at 50C. [00123] Illustrating the
|nvent|on are the foll ow ng exanpl es, which, however,
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with stirring. The resultant 1% Si 02 bi nder solutlon
asidgs allowed to fully hydrol yze overnight with
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cor&ro%rﬂgotr@éﬁﬁheﬁﬁ b9} icechathdormaintain the r:az15 re below
25°C Upon the completion of the addition of solution A, this parttally 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 dlluted 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 stimming.-

[00126] Application on test panels with above solution show good wetting:
with no optical flaws and passes 50 flood/dry cycles maintaining good
hydrophiticity.
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Si 02 and 3.6 grans of anhydrous nethanol (cosolvent)
were added to a dean, dry 1 liter glass beaker. 3.6
grans of solution A (-0.20 noles of HO was slowy
added to the TMOS sol ution, controlling the exotherm
by the rate of addition of solution A The peak
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aC|d With stirring. The 1 %S|02 bi nder sol ution
foigepucd 8.4 yhdis (HUd0ahvles) 8% EMOS (teametioxysiane)

rewas&r?haltgl\ﬂtﬁp lg;a;ﬁst: of gl(())gnwése S4B 1S hidhd rhr?t‘\oﬂ‘@r afé'sgtﬂe‘éﬁer
3.6 grams of solution A (~0. 20 moles of Hzo) was slowly added to the TMOS,
controlling the exotherm by the rate of addition of solution A.- The peak
temperature attalned during the addition was 40°C. Upon the completion of the
addition of solution A, this partially hydrolyzed silane so!utlon was held for one
hour at ~25°C. In a separate clean, dry beaker, 290.5 grams of ethano! 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

diluted silane solution (pH~5) was adjusted to pH~3.9 by adding 0.80 grams of
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problems with nottling. The test results suggest that
by not controlling the exothermand allow ng the
tenperature of the hydrolysis to reach - 40C,

resulted in a nmuch hi gher degree of condensation to
form hi gher nol ecul ar wei ght oligoners which
dennnstrated t he observed behavi or upon appl|cat|

glaciff Z6Blcacld witpatting) TheCi%/BiR2dbiotigr selutipm wassall jove to fully
nder [00131]) Methanol and deioni zed water were' m xed
"hydralyza oye(nighy with stigiNghder stl rring. The m xture was

cool ed to roomtenperature.

f il
[00130] ut i oAppMatmummtﬂst@aeﬁinh eBPg%O 8 Shol 9%\98&‘?19
) i s the
o s R A ey it gy
exotﬁg %gl MH@ Qhél’e?erﬁ @ratmletafdhe hydeolysis i reachyg 40°C,
lrre

resubdi a s carcnet b el bt iy ::h |
welﬁ-ﬁﬂ ﬁﬁén%%écgha%n%hﬁgﬁ thblBtensd betriviot upore dpplication.

I ona hours: The final SIFrQ2
-cont ent of the solution vvas 1 %with a pH of 3.5.

Ex A { g‘,qfé}o& licate
apiple éi £) BTG EO! - 4 arl.
[Ooflgaged atl\d%thé{\&t"éﬁﬂ dednizad wam werelmlxed at 1Théww)atie ainder

COO| O roomtenperature. Ina s

rrity) Thiemaixiureosas coaleiddosopm tempealireg, 3@31: q a‘:‘? IN/S‘H silicate

soh.gllplnuivmsgup% &Dﬁ?@&%@{’@’%ﬁ?ﬁ‘ﬁws J%fdrﬂ Wéé Bh@l@eﬂ igto a

fwater
glas;é llel'a?:ﬁirefolléwae(% ulayflagﬁmg?@gsomg ohthe ﬁregmseﬂ_ ;;ﬂgns:: i
sol\tbrﬂ)nmmmeaﬁalr@ perdiphehpe ﬁpﬁ{tlﬁ‘ﬂgﬂ Sﬁfﬁ sg?@T on. %1
| Tiede

 mingttep: o lagn :)52 ﬁ@g@ﬁ%ﬁ%&ﬁ@ é&g%clll‘rjittclﬁr&wtmto;?g gfr
agitaBbA. }‘(ﬁé tsbﬁ?@hﬂhgdméeﬂaabepfa&tlrtﬂd at@yabiegt tnr.%%ﬁ gr

was  kept stirre urs.
houracThe ﬁgﬂ mﬂﬁ%ﬁ% {ﬂhgn%g%ﬁag‘?l on w?’s I% 3

Yowth a
pH of -4.1. -43 Exarrple 6 - Preparation of Liquid

% CID ieﬂ silicatesBiadehr ough G n

[oonaepar ed14pnopam|and dmongedy@t%‘é@&? "'%%f ﬁLﬁa G-y ratio

+ magnhetic stirrer r addi seodrate
undgrrRiisiingthg mixtu f%wtaﬁé%%\fie%@ & angéilel %%:g%dl n% gmlwetlc

‘ ! fufiohheay red bl etilutiog 16:0 9®

CO'&EIH%P %é‘é{[r?l\%lﬁ ?g vvgs ad Eﬁﬁd { HW& 8 bg oaéj 8+ WS-%'N Silicate
acitlywito@0.0cg ot 1 mrpaau@m@a eggp[vgp ure. .

solution was charged into a glass reactor, followed by addition of 253.7 g of the
pre-mixed 1—propanollwater 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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until the desired pH was achieved. [00134] Charge 11
was prepared in a 4 oz. glass contai ner equi pped wth
a nmagnetic stirrer. Titania sol was added to this
vessel and the pH was adjusted to 1.8 by adding 2N
hydrochl oric acid under agitation until the desired pH
was achi eved. Charge 11 was then added under -

Exa‘ri'ﬁ hydr ophi lic

[00'833] cat a.ammanpmgnm tth@h Giin 3' og(“t'ér%n Rrﬁﬁ?m
folloya, et wps prepagei 2 O 'ér%av%%tés@?%&% ;
ma%é% %étﬁg% %hﬁr@e v g{é(%) hydr ol yze fnhrbggﬁgglr ||=nlaleﬁal o the

ﬁat e T%
ves¥ebanhd dsn addmgrdamw@d waien tadhe vesseh Yndes agitafien. The pH of |

e R St B 5 e g Lo

untd fR2Besirad pHowsl abhieaia sol commercially available
rom | shi hara Sangyo Kai sha Ltd. Exanple 7 - Fl oat

[Doﬁ'pﬂgs Te@ha%&ést B @%PEMW 4G g!ﬁﬂsfwﬂalnér 8uipped with a

t gl ass rates were prepa cl eani n
maghetis stiser. aT kaniashl wagiaddeddothisvessel %QFF t!}%yBH was adjUrt

et

acHi§v&di rg@ll&(raeﬁmehf‘aﬁdddmdml agjitation haCharge 1 fo produce the
concentratiron of 5%to 10% Dart 210. The substrate
hydmphﬂlﬁmmmﬁ@f‘%ttWOth ap water and then deionized
water. -44 The test- -substrate was Sprayed with
Wndex(r) and wi ped dry with a paper towel (Kaydry(r)

conmerci al’ly avail abl e fromMBﬂ&ﬂly Cark Corp.).
rnn']?ﬂ] Th ||r1|||r~l corno

—tAt %]
Cofppesidiant SH'GP@TK)% ukg.‘f'ﬁﬁ{ﬂe @ V\XFE’? agg?ﬁé’ot?ﬁ“gﬂﬁma Sol
2 B DBl eightRatio e Pad, .
' A 0.5/0.3 500g 4809 20g - -
B 0503 | 500g | 480g | 20 | -
C 0.4/10.24 40g 584g | 1.69 -
. D 0.31/0.19 319 67.79 1.279 -~
E 0.25/0.25 254 73.39 1.67g - -
F 0.9/0.1 479 -.2.39 0. 33g' :
G 0.5/0.3 259 24.59 - 0. 59

TMSH-200 hydrolyzed organosilicate (1% solids} commerc:lally avallable from Mitsubishi
Chemical Corporation, Tokyo, Japan.
2NTB-1 titania sol commercially available from Showa Denko K.K:, Tokyo, Japan.
38TS-01 titania sol commercaaﬂy avallable from Ishihara Sangyo Ka:sha Ltd.

Example 7 - Float Glass Test Substrates

[001 35] The surface of 9" x 12" float glass test substrates were prepared by -
cleamng 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 o
210. The substrate was then rinsed with hot tap water and then deionized water.
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commercially.available from Fi sher Scientific. The pad

was w apped around the foamapplicator. Then, 1.5

grans of the hydrophilic conposition was applied to

the pad using an eye dropper or plastic bottle with a

dropper top. The conpositions were then applied by

contacting the wet pad with the glass test substrate
Thetbbhsistrite Was spraged withotindex@ang wiped s withia Raper towe!

licat . th 3 te, | d t

(Kaydmreeommarcialy ataiabiasom K PEECEREEeP Y rosul o )

; . ; L c .
i, Tl S Ao
subtratebPwip dpphicalionasimg 2. BLQODE. ﬁgt@tly%P@EO_ el

2.1 -~ - D, 0.513: -2 F o

commercially availahis Bof Eispet ol 08 rad g apl aroufd the
foa@e”@c:}rilﬁggod'. |21|-’1 ﬁ%ﬁf‘l?% gi'a'lhy of thetfiydrobhilicwampositiorawad appiied to

States Patent

No., 6,027,7 t

the pal.usiig ahi eye droppetor plastic boftiewith a droppet "e?cf’e&ﬁ"g1 i

resistivit S ey “ i i test
corss s te Uien SPIS Y Paillabing e et pad it e iaste
Sub%gpﬁﬁ,itw sqgaqgh@ siightly vireippinpstrokest Afterapplicatieasthens

on e sanple, or (2) the neter's %‘g{ijrd%t%ﬁﬁglsto sting
substrate wazliowack teedy i dpemdemparaiuas 1rties o tggting.

s le. . 4 : luated with a Hazegard(r) ‘
Re%ﬁ%?rel\ﬁqmﬁé}l%ﬁ' azgfé/ngt er, available from Pacific
Scientific Conpany,  Silver Spring, MI. Durability
Testing - Test | [00137] sybstrates coated with
[ iquid conpositions A an'd-FggfﬂE?% placed in a H .
> I Conaghsat ,;qtgpﬁ‘bﬂ - refae Resisioiy aze
?@ﬁ@ﬁ@ch W.ﬂSJg’g-rate magq?e nak/émdh t he

(/o) te was 9o

_chawgf e :m,y1 ihlu estedgg derernine 3 ghejo¥ater | 0.1% -
cont act -angle—Tthe—photeati{vit f—t EPPSI T1 QN 0,2% -
was Bet ern np(%,gy _be 8.1 y ul%_ﬁ-- 0.2/

C . 2.1 -
D 0.5 1.3 - -
E 0.7 . 2.6 - -
F 0.4 : 0.6 - -
G 1.9 5.5 - -

. 1Sample analyzed using X-ray fluorescence analysis. _ -
2 photocatalytic activity was evaluated as d'esi:rit_)ed in United States Patent No.
6,027,766 at col. 11, line 1 to col, 12, line 55. y ) : .
3gurface resistivity was evaluated with an ACL Statitide Model 800 Megohrpeter using
either (1) large extension probes placed 5 millimeters a!part at several locations on Phe
sample, or (2) the meter's onboard probes spaced 2% inches apart at se\{eral logatlons

the sample. . _ _
, 40;11323 waspevaliJated 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 compositions A and B were

placed in a Cleveland Condensation Chamber operating at 140°F (60“0). E_ach
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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measuring the water contact angle difference before
and after exposure of the substrate to UV Iight. The
exposure interval was 2 hours to a UVA-340 | anp
supplied by the @ Panel Conpany of C eveland, Chio or
direct sunlight. The water contact angles reported
were neasured by the sessile drop nethod using

medsudingi the watpt cortastiabyle difierensehefereranchatter @wwre&f the

cubbm o B TR SepsyHLAREAS EaTHE OB YA-340 oo
ooy g Sotany o et oposstscrurier, e
watwt@Ttawaangibacemmed wepe oneaswsed bythe sepsile dep rr@ﬁ‘?qcﬁgsmg
oo S8t iRt Sl S LS pp i gine.
eq @ﬁ&h@ﬁmﬁ%élbﬁtlmmﬁmewr dipitloss cRipEesudfacehta be measured
I pped wth. circular protracto r.ad % A
wasplachddn arorizonil ROSHION, Faq%ue“@ ity églﬂ?‘&ﬁ"“me
sos it W ity B9 iy Qe PRIACH it soue

so thiat tHe promsof the sk_e@wﬂeldr Empustm mewq&md e gontg cganlqle
3- 498 14 3 12

meawremegre%mgh h o gonigmaseriglextoBeinich 1 edyipped with
Pigractod Y aag'anﬂs?yﬁe?@%‘e@?'%t%@?ﬁﬁ?%&’“?gzelﬁs5m 2,

l'iquid conpositions A thfougb 4G was tested by
nmeasuring the water contact angle after exposure to

ighf as degompesitiobave but |prior t GoplpesiieB i n
SGrsGhE Y EcHtdc gnEat CamtadtameContdut Arghe Contact
S rates ywekérel Nenl PhA I%dAﬁér%e Q8efrs  ddscAndledifter
abiove f pr pkobsin! APOEfduRe 2N {BRposiREDVqd. EXposure
SUraresT 0 3 ~ 12 3

498 14 3 12 3
1062 38 3 37 3
1535 32 3 27 3
2221 18 _ 4 9 3
D573 30 3 26 . 3
[ 2975 30 5 33 . - 4
‘13565 — - 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 placemenf 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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then exposed to UV Iight as descri bed above and tested
by neasuring the water contact angle. Results are
summari zed in Table 4. -46 TABLE 4 Conposition Contact
Angl e Contact Angle After Before CCC 4000. Hours CCC
Exposure A35 B34 C54 D53 E62 F5 9 G
3 3 Durability Testing - Test 3 [00139] The
durability of test substratfABCLBa ed wit h corrposi tions
of the_ present invention \I\IFLQ__a,L,S.g._G
subft r aCempositiosd wi|t h GentaetAnglens | ¢ Pfér'ﬂ After
hydf ophi | i ¢ or ganosi|l i c Beforsi GG& bt 0. Heurs CCC |
photj ocat al yti c mat enji al . Exipdurgphi | ijc_conposi tions B
andFof "Exahple 6 4s well s a simjlar congpsition
having—abrgder to Tfi tani umgdl oXi de [rati o of4
. 95 6-5——(copposttTorn—3J) TET p| aced n—tnhe 41 evel anjl
Conglensat+ 05 Chafpef—as—deserbedabove a pefrodical |y
rempved and-exposediteo—N+ght—as i ,
Compar ativeE rnrrpnqi tion A Wwas Shi-nsiH—FEl-ow- 512060,
availl abl e f Fom Dai nilppon Shi%ki zai _ [Tokyo,

compar at i veGconposi tli on B was NMSH- 200, avai l3hle fr
M t subi shi Chem cal Corporation, Tokyo, Japan. The

test.substrates vvere éest EE for mt@r3 contact angl e.
as descri bed abov ated in Fig. 4. ‘
e éoraposilions bihe
[ooT58f' € ¥ha d Bm@yongsﬂ LRibsirbfed codEsumAt draposit ih

qui d composi were prepared_ In the
pre@ﬁﬁﬂﬁﬁ/enﬂ@n waishalst mn@m@t@s@ﬁ;&i@@@@@tww cRmpesitions

cluded.in the 0
comagrinpitheonic apisosigate bheEPt e uiisRaytc materil.
Hy«é@l@ﬁ coHpoSitiGes BsarPF of Example BTadJWeII Eas arsienilar composition

Ity of these conposjtions V\g? ced i
having a binder to titanium dioxide ratio of .95/0 composmon J) were placed in
the Cleveland Condensation Chamber as described aboye a periodically
removed and exposed to UV light as described above. Comparative
composition'A was Shinsui Flow MS- 1200 available from Dainippon Shikizai,
Tokyo, Japan and comparative composntlon B was MSH—200 available from
Mltsublshu Chemical Corporation, Tokyo, Japan.: “The test substrates were tested

for water contact ang!e as described above. Resutts are |Ilustrated in Fig. 4.

Example 8 - Preparation of Liquid Compositions ‘

[00140] qumd oomposltlons H and | 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.
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anal yzed in the manner described in Durability Testing
- Test 1. Results are set, forth in Table 6. -47
TABLE 5 Conposition Silicate/ Ti 02 Amount of Anpunt of
Weight Ratio Binderfr, 2" WNDEX H 0.35/0.25 30g 8.91
gl 0.35/0.25 30g 6.26g TABLE 6 Comsition HComsitu
I Hours in Contact Contact Contact Contact Angle CCC

Angl e Before Angle After FTagLE Before After Exposure
Exposure Exposure Fxposure 0 4 4 5 4. . .330 27 2 217

834 19 @oamogmogﬁgoslhea@fb@zs Aanauntf 3 . Amayint 94>
38 4 3p 11 Exanp Veight Ratiodi|iBinder/TiQyli| d WINDEX

Conposj tionki [ 00141] 0.35(uP8 cqnposddd ons |K, &91§ and
0 wer e[ prepgred Tn thasmpper | deszag bed |i n g26gpl § 6
except “titar the pH was adj usted to the value set forth
in . Table 7 and the Bi ndedTi Wi ght ‘Rati o was' as

adjusted as set forth in TARLE G, Liquid corrpositi ons

_N,_E,—and—ww—v—ﬁ—a—m“
Exanmple 6. exc Q%QL
atlouss i, |andaniaslye feontactyg x ‘
solCG@Bd deéiAngle Befaret r AnglesifteiolAngla,
dilute the tExposure sjp] EXposurs i

vvlth()del oni zed gater.| The pH of Charge 91 was| not 4.

[adrgzged and Opgr ge [f was added fo Ch@hge |tb nmake2
thegzy qw d comggpsT TTpn. Thg TUrDb dity3ef thepe 2
:..rU| ot gms VV?BALIICII anal-yzed OVET (i pg Dby R 5

tH R -Fretret et—BRT=1000—manpfactyged by Shabak|
Mary F7§"‘*"“'"g Yrﬁ: —HastrurEnts %gwalz/ﬂ ST ll.gld
<af922 cinferte 3% 28 hm di dheter by 01

Examgle 9 Turbidig of Liquid Comgositions
[00141] Liquid compositions K, L, M, and O were prepared in the manner

described in Example 6 except that the pH was adjusted to the value set for_th ln :
Table 7 and the Binder/TiO-Weight Ratio was as adjusted as set forth in Table.7.
‘Liquid compositions N, P, and Q were prepared in a manner similar to Example
6, except that the pH of Charge | was not adjusted, and Charge Il was a mixture -

' of the titania sol and deionized water in an amount suffi C|ent to dilute the titania
sol from 15% solids to 2% solids with deionized water. The pH of Charge |l was
not adjusted and Charge |l was added to Charge | to make the liquid |
composition. The turbidity of these compositions was then analyzed over tlme
by a Turbidimeter, Model DRT-100D, manufactured by Shabar Manufacturing
Inc, H. F. Instruments Division using a sample cuvette of 28 mm diameter by 91
mm in length with a flat bottom. Results are set forth in Table 7.
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mmin length with a flat bottom Results are set forth
in Table 7. -48 TABLE 7 Turbidity NTU . Conposition
Silicate/ Ti2 pH Initial | nonth 3 nonths 6 nonths
Weight Ratio K 0.5/0.3 1.96 490 558 569 652 L 0.5/0.3
1.57 438 552 567 653 M 0.35/0.2 1.8 321 383 393 442
N 0.35/0.2 3.25 454 412 385 425 0O 0.4/0.25 1.8 415

488 511 573 P 0.5/0.1 3.TABUE 7143 145 153 Q 0.9/0.1
3 11 149 143 145 162. rml es—}—OQA-and-10B

Application to . Painted S face romﬂﬁi iell TpU)m

Cotnplpsltmncoﬁrﬂloatetfl“ i€ [vapHprledaitiat foy raeathnp3tmeeths gﬁaﬂ’@nths
of Sur f yinMeigtRdtvpi | ablie fromjAir Products) to {100
grens of| a pispid Cang®si t4go of t388 type &69cripeds52

N EXampe §,5/§.8MPOF L6 P E4880 Tﬁinlssz ng| Thee7n x| ur @53

rf:wlil Dr’: cpi § C 1 Luu.j Ejn ARYHTT :ﬁi:g]ell I @b@ treat g4-

750 or ) A0, ° taes | 425

(a ai | H\ QQ‘4I(QI‘2§—'DD %3:! - 2 573

wi Pe V\DM(QM dr;i“fﬁl Im 193

t hQcknesis. O1#0.doat b bald8 at!| 45462

- (peak netal tenperature) for 30 seconds. For Exanple
10( 1) no add| t onal coat| ng added. For Exanple.
10Aandy, ' HAB B M aBnposi ti on was
i ed r th
[Doﬂg?:gg ¢ rE\éS Té;] 36R drma!ég' ﬂlgﬁgﬁﬁh%é‘w@p‘é@@@byt&ddm ree
gra‘ms af Sbrfykmlettﬁﬁ (aﬁadakﬂarfmm\ﬂaspmms)dﬂ 1@5@%@@6« !lqwd
tur [ 25

00'?18%&*'?9 ﬁ/ﬂe %ﬁ"@&ddﬁﬁéﬁ%@ﬂg%uﬁ%% pan etdssmv\r/%rr'%the
midgrgared after six nonths in Malaysia. Results are

set forth in Tabl'e 8. . “

_ Panel Preparation

" [00143] . Aluminum panels, pre-treated with Betz Permatreat 1500, were
coated with Truform® ZT high gloss white polyester coating (avai[able from PPG
Industries, Inc.) by using a wire wound drawdown bar at 0.7 — 0.8 mil dry film |
thickness. The coated aluminum panel was baked at 450°F (p'egk metal
_temperature) for 30 seconds. For Example 10(1), no additional coating was
added. For Eicample 10(2), the above prepared hydrophilic composition was
applied over Truform ZT-painted aluminum panel by. using wxre 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 oorripared after six

months in Malaysia. Results are set forth in Table 8.
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-49 TABLE 8 6 Months Mal aysia 3 nonths south Florida
Position of Panel: horizontal Position of panel: 45
south Exanple Unwashed AL' Washed AL Unwashed AL
Washed AL 7(1) -21.6 -13.82 -6.05 -4.02 7(2) -8.30 -
1.00 - 3.35 -0.01 Lightness (L) was determ ned using a
MacBet h Col or Eye(r) 2145 Spectrophotoneter,

avai |l abl e from the Macbet hTABLES on of Kol i nor gen

lnstrunents  liahtness nmeasurements.were taken hefore

ind af t er M@ﬁ'ﬁ?seMﬁé%tﬁ'% and t hie3 manths éﬁb"@ @[5‘}5
ecor ded. Raﬂﬁmot@aaelobenzmrdak ey Bositios iof pageti45° south

aimple) |iUwlvastiebAbbl Weashr) ALT Penwashed\ALoyl Washed AL
F(YF means 3e€es colorfchgmse. A hegak ve val ye 41pans

; oatrtmg darker _ T CO g to thg_
,rﬁgfnm col%?ereadi ng %q(gw Al 2 0.01

unwashed arfea woul d
itndi cat e’ that t he pane vvas Iess |rty V\/lthout

= Ot = =_0

%%%%% W@fﬁ@“ @ﬁ%;ﬂg:; é‘%%e@@g‘ o

at'ygp @ﬁﬁ ormance.
thaEg V@!&%Hﬁﬁ %%’%%% ‘got
darkeN ¢aler comparing fr-the arigingt effﬁe@agﬁlﬂwemﬂwﬁeve%wa wouid
lng?rﬁwhwfhe%a'mﬂa%ﬁm pawashing: 05 - 0.15 mi | dry .
fil'mthickness. The panel was baked at 350F (pe
(08445 ¢ enFaample 498 Sluminuse panels. precireated ﬂe%ﬁg Rermatreat

6 vl Girted vl BTN S Bidks ot Epldie i G

!n%“sﬂ’ié%ﬁ M Finch iz similietorhardssorbeiA BXaaspId A0A.

and 10(4) were exposed at South Florida for .13 nonth

oggct% M %ngar@l%gb@ggt@ﬁ%u.@eéﬁfp\seeoﬂraédaﬁbeanﬁlr:xefnpxe

was observed on t.h

‘mﬁmS appllecbm:ardhe Quranar paintedhaluminumpanel ba(tuémg wire wound

e BpE L0 RS- el R ey TGPl el ot

39@1@(@5‘” me@@npetdtue)cfemeec@idss qFMelﬁkémﬁE 10(4), Toto

polyuret hane m | lwork coating. Test parts wer

iesa Raseaycht CostLidi fnisked e B%ﬂﬂieﬁ PWQI Wtfg@gnmﬁmxrde—

were exposed at South Florida for 13 month and 14 months. Cracking was:
observed on the panel of Example 10(4) and no crackmg was observed on the
panel of Example 10(4) '

Example 11: Appllcatlon to Miliwork Substrate
[00147] Sample preparation: Control samples were lab generated or

commercial production panels finished with a commercial solventborme
polyurethane miliwork 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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conposition E were applied by lightly w ping a soaked
paper cloth over the part. Coatings were air dried
over ni ght. Sanples were prepared over.four substrates;
-50 phenolic paper clad door substrate (FWD),
fiberglass pultrusion (putt), vinyl-clad fiberglass
pul trusion (VCP), and pi ne wi ndow substrat e

phéimm:l Eepenaiad deansubsirate (EWI@); fibergiasscpilirugio {j)ygt;, vinyl-clad
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selﬁqg%g éxﬁb"s%ré %fte irh Méiﬁyﬁlﬁ fdpibirée ﬁlonfwﬁéfp@sﬁeqmorao being

anpl e Con- Exam Egn-
ret&um amavalaataad for p@lorm@ametar& 919$%feﬂ8ﬂ¥'%+ @Sé' a@re set
"&11 |e7DCoIor14389127471642710823
fo GI 0ss 54 47 76 108 69 87 71 71 . Retention

[ 00148] It w || be readil YABYE @ci ated by those
skilled in the art that ppdificati-ons—fay—be ||aucvcp
Substratevient i dWLRY t hoult deFXYP ng from Pﬂi ts

Sdimpié oseGonn |tEBxarmoer e@@ﬂ-njh Enasar | Raron, Exagy Exam-
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c||1 age, expressly statg¢ otheryise. Accordingly, jthe
MEg gesgiy bad 741 deigg |heveip @2 71 71
l{&‘ratlve only arjd arelnot ligmting|to the|scopg of
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which is to be given the full breadth of the appended claims and any and all

equivalents thereof.
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organosilicate directly to at |least a portion of the

coating | ayer deposited fromthe polyneric

conposition; and (b) curing the conposition applied in
VVE%% M:2) to provide a coating having a dry film

thi ckness of no nore than 200 nanoneters. 2. The

nmet hod of cIa|n11 mhereln step (b) conprises air

S AR e Sen T 3B 8 b R s of
o8 o ATV HE0
depositad frgrrha\uolygnqrcdcgmpoelho_n ldepbamsd;thﬁrenn thnunetrﬂdaaompnsmg

oodrLaRTPGS Bad S Ao Blabfie terl, anc
(ii} éTBInH@?' c@fnp‘?isiﬁd@ iayd Mﬁﬁf [ t!hde'ﬂ@d @%%bﬁﬁa”ﬂyaédﬁbl‘été{?‘}f}ﬂ Péli/zed

form of part I cl €s havi ng an average

or ga:nqasltcaw dnrecfiy tonattleasiod partiop df3he goeting dayer deposited from the

wherei n the photocatalytic materi al
po'%éﬂgqg%'gh?g"t'ﬁnﬁ ['iqui IoI corrpogi tion in Zml anount !
r ang) mﬁgwm &brapésﬂt.éh &ppiR&d mestbp o) t@br@btdeb@&@su d;?ﬁavmg a

t he total i ght of the conposition. The net ho
dryfjhnathw&neaﬁtfe‘m mw&&m%@ﬂ]agnoméﬁ@ is present in the

[iquid conposition in an anmount ranging fromO0.1 to 2

percent by weight calculated as Si 2, based on the

2. tofThle methgit ofadlaiih ¢, wherds stdpoth) cBmpfizes it dvgthgothe liquid
claim1, wherein the dry filmthickness is 20 to 60

compesitionatambienttemperature.

3. The method of claim 1 wherein the binder consists of the hydrophilic ungelled
completely hydrolyzed organosilicate.

4. The method of claim 1, wherein the coating having a dry film thickness of no
more than 200 nanometers is substantially free of Si—OR groups, where R
represents C1 to C4 alkyl groups.

5. The method of claim 1, wherein the photocatalytic material is in the form of

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

6. The method of claim 1, wherein the photocatalytic material is present in the
liguid composition in an amount ranging from 0.1 to 0.75 percent by weight based

on the total weight of the composition.

7. The method of claim 1, wherein the organosilicate is present in the liquid
compoaosition in an amount ranging from 0.1 to 2 percent by weight calculated as
Si0,, based on the total weight of the composition.

8. The method of claim 1, wherein the dry film thickness is 20 to 60 nanometers.
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