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[0001] This application clains the benefit of United
States Provisional Patent Application Serial No.
60/ 575, 437, filed May 28, 2004. FlIELD OF THE | NVENTI ON
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applications, such as where coated surfaces exhibiting anti-fouling, easy-to-

ydroer yc coatlngs are advantageous for certain coating

clean, self—cleahing',:and/or anti-fogging properties are desired. Such coatings
can be particularly useful, by way of example, for application to surfaces
exposed to the odtdoor environment. Builldi‘ng structures as well as other articles
that are exposed to the outdoors are likely to come in contact with various
cohtaminants, ‘such as dirt, oil, dust, and clay, among others. Rainfall, for
example, can be laden with such contaminants. A surface with a hydrophilic
coating deposited thereon may be anti-fouling by preventing contaminants in
rainwater from adhering to the surface when the rainwater flows down along the
coated surface. Moreover, during fair weather, air-born contaminants may come
in contact with and adhere to surfaces. A surface with a hydrophilic coating

deposited thereon may be self-cleaning because the coating has the ability to



in contact with and adhere to surfaces. A surface wth

a hydrophilic coating deposited thereon nay be
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[0006] A surface with a hydrophilic coating deposited thereon may be anti-

fogging because such a coating can transform condensate particles to a
relatively uniform film of water, without forming discrete water droplets. Sirhilariy,
a surface with a hydrophilic coating 'deposited thereon can prevent rainfall or
water splashes from forming discrete water droplets on the surface, thereby

improving visibility through windows, mirrors, and/or eyewear.

[0007] In view of these and other advantages, various hydrophiiiq coating
compositions have been proposed. Some of these coatings achieve their

hydrophilicity through the action of a photocatalytic material that is dispersed in a
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improving visibility through w ndows, mrrors, and/or
eyewear. [0007] In view of these and ot her advant ages,
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[0009] United States Patent 6
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08 t]‘g(nei U%Weﬁsstta\% PARhERBs28 D 1572 nd 8/000,289 disclose
photdcatalytic coating compositions wherein particles of a photocatalyst are
dispersed in a filmfforming element of uncured or partially cured silicone -

' (organbpqusiloxahe).or a preculrsdrther.eof. The photocatalyst may include
particles of a metal oxide, such as the anatase and rutile forms of titanium
dioxide. According to these patents, the cdating compositions are applied on the
surface of a substrate and the film-forming element is then subjected to curing.
Then, upon photoexcitation of the photocatalyst, the organic groups bonded to
the silicon atoms of the silicone molecules of the film-forming element are
substituted with hydroxyl groups under the photocatalytic action of the
photocatalyst. The surface of the photocatalytic coating is thereby
“superhydrophilified,” i.e., the surface is rendered highly hydrophilic to the
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di oxi de. According to these patents, the coating
conpositions are applied on the surface of a substrate
waeestiss24i I mform ng el ement is then subj ect eRCT/US2005/018626
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cure, i.e., they cannot be efficiently cured at room temperatures.

[0012] United States Patent No. 6,303,229 (“the ‘229 patent”) discloses
another composition that may include a photocatalytic material. The coating '
disclosed in the ‘229 patent is formed from applying a coating composition that
contains a silicone resin, which acts as the binder and which is obtained by
hydrolyzing and condensation-polymerizing certain tetra-functional
alkoxysilanes. The coating compositions may also include colloidal silica.
Evidently, the coated film formed from the composition (disclosed in the ‘229
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of the photocatalyst. In addition, these conpositions
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Mor eover, it
: DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a chart reflecﬁng é Foﬂﬁer Transform Infrared
Spectroscopy (‘FTIR") analysis of a dry film formed from a hydrophilic binder
material in accordance with certain non-limiting embodiments of the present

invention;

[0015] Fig. 2 is a schematic cross-sectional view in an enlarged scale of
certain non-limiting embodiments of the present invention; and



, woul d be advantageous to enbody such conpositions in
the form of a stable one-pack product. DESCRI PTI ON OF

WA RSO NGS [0014] Fig. 1 is a chart refl ectPemus2005/018626
Fourier Transform Infrared Spectroscopy ("FTIR")
analysis of a dry filmformed froma hydrophilic
bi nder material in accordance wth certain
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[0018] In one respect, the present invention is

directed to liq , ag, coati ng
conposi tions, CcORpPt catearytic
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coating a substrate with such Iiquid conpositions, and:
organgesil \Cgfees coated with the liquid conpositions of the
resent invention. DETAILED DESCRI PTI ON OF EMBODI MENTS
OS] THE | WvenTheRI¢sREEb]the g1 st joseation isikecias icompthpds of
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liquid compositions of the present |nvent|on

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
! [0020] For purposes of the following detailed description, it is to be

“understood that the invention may assume various alternative variations and
step séquences, except'where expressly specified to the contrary. Moreover,
other than in any operating examples, or where otherwise indicated, all numbers

" expressing, for example, quantities of ingredients used in the specification and

claims are to be understood as being modified in all instances by the term

“about”. Accordingly, unless indicated to the contrary, the numerical parameters

set forth in the following specification and attached claims are approximations

that may vary depending upon the desired properties to be obtained by thev
present invention. At the very least, and not as an attempt to limit the application

of the doctrine of equivalents to the scope of the claims, each numerical



ot her than in any operating exanples, or where
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specification and clains are to be understood as being

nodified in all instances by the term "about"
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be obtained by the present invention. At the very
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well espesanpegiiens that conmasise saoreatheRcnscphetpgalalytic material, such
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conprise two different photocatal ytic materials. In
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[0024] The present invention is directed to liquid composmons such as

coating compositions, comprising (a) a photocatalytic materlal, and (b) a binder.
The binder of the compoéitions of the présent invention is hydrophilic and

comprises an essentially completely hydrolyzed organosilicate.

[0025] The liquid compositions of the present invention comprise a
photocatalytic material. As used herein, the term “photocatalytic material” refers
to a material that is photoexcitable upon exposure to, and absorption of,
radiation, such as ultraviolet or visible radiation. A photocatalytic material is a
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havi ng a m ni nrum val ue equal to or greater than 1 and

a maxi num val ue of equal to or less than 10. [0024]
wab@sprsgeent invention is directed to liquid PCT/US2005/018626

conposi tions, such as coating conpositions, conprising

(a) a photocatalytic material, and (b) a binder. The

bi nder of the conpositions of the present invention is
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[0026]Vi NG &n B@Hanb&th&n%hté BFtI@bFés%H{ fMvelBos, rb"’c%gétnéjportlon

In“certain enbodi nents of the pr esent |nvent|on
of mﬂ)pmtacalawticana’mral l%}bresen’plnltbesthammmpomhodm trsam:mm of
tin aoxl Fric ox

o P8 o B Seh e S b, sucn

3 ibi I5ANANETTH IR, 6ein Pét oth&i einBBdInhEE 0T to PO ortdters. In these
certain enbodi nents of the ct})resent I nvent | on, at | east .

embasinentsn th averageryeling djameterafdhe @artlc;l,e%c@rseanga n
bew&a é me‘b%H%[bﬂ (%f A8 réatéd"\?alﬁ% glfufc,glgrlcggﬁ!a ?éci{é%v\'/é]ges. It

an ave ge crys I ne diane

wilhbe ameesstsod bydho@@ skilléd irdtheravh that ttee Sivertige ¢ripsitfiine diameter
her e odi nts, 7 to 20 nanoneters. |In these

of 1182y PRSelard based ypoRIthe EoReHRe desired to he
md?)%ér‘a?é ﬁ’)t gl ﬁ(ﬁ’tﬂ%go@d’é'ﬁ%ﬁ QHyso?ﬁé'J%Mbg)an@gP%‘; Ss_bB?ttantlally all

recite ues ve of the rec _
of Wad phdﬁecarhad}&msnataﬂab;s presest inkheé lfenn of sutte parttcléshaThe

aveydoeavelerd et siie Rhofte it aietaut axkle parligle may be
deté?ﬁ%étpb?fségnhlﬂgfélé&?oﬂ hﬁbﬁbéa’?mpﬁﬁﬁérﬂl}stdrﬁelée mlcroscope

nbodi ment s stantially of t ocat a
. anghhe crystal |rzhe1@raem‘amtch|parh¢les mwb@ﬁemmhnmw D«:rag/sdnfﬁranmon

s B AR R R o B 1y e (T P Y

[0027] As mentioned above, certain materials may be photocatalytic upon
exposure to, and absorption of, for example, ultraviolet (“UV"), and/or visible
radiation. In certain embodiments of the present invention, the photocatalytic
material comprises materials that are photoexcitable by one or more of these
mechanisms. Examples of materials that may be used in the present invention
and which are photocatalytic upon exposure to UV radiation include, without
limitation, tin oxide, zinc oxide, and the brookite, anatase and rutile forms of
titanium dioxide. Examples of materials that may be used in the present
invention and which are photocatalytic upon exposure to visible radiation include,

without limitation, the brookite form of titanium oxide, titanium dioxide chemicélly
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determ ned by scanning el ectron m croscope or

transm ssion el ectro-m croscope ,and the crystal phase
wotoosacdT2particl es may be determ ned by X-ray PCT/US2005/018626

diffraction, as known by those skilled in the art.

[0027] As nentioned above, certain materials may be

photocatal yti c upon exposure to, and absorption of,

mcfdmeoe%érf@n?e pWo‘yfs@é’bpﬂltﬁhuﬁn Hiethl, ste doped f?t'aﬁlum dioxide,

radi ation. In certain enbodi ments of the present
andl plasma tneatadhéfapivon disxidd.yti ¢ material conpri ses
materials that are photoexcitable by one or nore of .

[0028}se nehhe@mnmmmmn@obmelmtaeenahsemﬁmt, th@phbocatalytic

el gt RIRY 1 BBGRIE A) Gl SOMTTONG BREESHT Aatpgalelytic
ma@ér‘ié]% érh@?ﬂrﬁ”‘\trvb%"r sﬁéWaQ’é‘ #HEniaZddiC SReh&is Afelrealdfly available -

oklte anatase and rutile forms of titanium
in hﬂuecmadetplﬁxanﬁb(emphés ofeswech miateridistwinal doe sudableifor usein

e ESEtt i Jrande uilautloRtaloR SeesOf s 488 vaitable

frohd MiilledibATChdrhigald 89'S-0¢, $P80D1ard $139124r%@aﬂa% from Ishihara:
titani um di oxide chem callynodified via

Sapgy@ Qmperabﬁnt ancMNTixl NTE-13 andrhéWOﬁ)@aﬂabiet faomdshowa

nd plasma treated titani um di oxi de. [0028]"
Depkoéqrpgﬁilognbodl ment s of the present invention, the

t t t t ded th f ]
ggﬁp?’? g?*ﬁ%” %&; featsp {gﬁoérggg@gﬂ emton S pRGictatalytic
méiéﬁé]% E?&sérﬁ‘ iMHeBormBH AsdATompr §| bﬂ)d?(%-%% ‘ﬁthrﬁ%%xnde

are readily available in the nmark p ace npl es of
padigles oma erikiare of hmotkﬁedme mmtamt@é typqami/onrutll@type
i ncl ude [ it

titagif8 e b Tl Ao, Bt S et S pot5 SR barecpy.

hyefrsﬁrsﬁblof titah iem® fetratbrilEuRdercoertdinebaditio A8 duhi ésarsaaught by
o Corporation, and NTB-1 , NTB-13 and NTB-2

Unﬁ@d%ﬁtﬂsé:’ﬂt%wgh@ﬂag[@rﬂk whieh fsoingeTrenatepideren bshreference

soft ot B EPYRIETRE ol RS BCRafb RISt foice.
witholt raitatiors INTBrarekNTB-13 fitartia telsi availabledfeornBHdved Benko
or a mxture of brookite-type with anatase-type and/or

Corparatiaht ype titani um oxi de particles di spersed in.
wat er. Such sols can be preg)ared by hydrol ysis of

'[0@30]ani umin eertaibEndbadimentsief thecpresent iByentian, dhe phetasatalytic
ma?érlél COW%@ cmémlcally modified titanium dioxide.. Examples of such
materials include titanium dioxide chemically modified by flame pyrolysis as
described by Khan et al., Efficient Photochemical Water Splitting by a Chemically
Modified n-TiO, Science Reprint, Volume 297, pp. 2243-2245 (2002), which is
incorporated herein by reference, nitrogen-doped titénium oxide manufactured
as described in United States Patent Application Publication 2002/0169076A1 at,

for example, paragraphs [0152] to [0203], which is incorporated herein by

reference, and/or plasma treated titanium dioxide as described in United States

Patent No. 6,306,343 at col. 2, line 49 to col. 7, line 17, which is incorporated

herein by reference.



United States Patent No. 6,479,031 , which is

i ncorporated herein by reference. Sols of this type
wokioshisge€ suitable for use in the present i nvROL/USIW05/018626

include, without Iimtation, NIB-1 and NTB-13 titani a

sol s avail abl e from Showa Denko Corporation. ! [0030]

In certain enbodi nents of the present invention, the

[oadmt ocat gk )ébh‘éld”f&h%d lﬁﬁerﬁé’ P e S%#é'?\? mv%ﬁh{)b( tﬁ%‘ﬁrﬁb&ﬂ of the

titani um di oxi d anpl es of such materials 1 nclude
photqcamlm maﬁam@Iethaihe rresentyn inelliquidcopypdsitioreranges from 0.05

ff
PRI B3 O REhE SieR s Yoy 28 ptsant Pl R eighsqwitn
pefbe'ﬁt %Ild§§nght@éiﬁg Bhsed/ @'nttﬁé 3T sol%lﬂon Zl?éléht@"iﬁe

whi ch I's incorporated herein lg@re er ence,
comnqscim lndbese emhodimenisx thicamennt et phelegatatytic material that

8 PS50 B B BRE e fafdRetfieh by combinaion o

th@ﬂé@x@dam@eé GAdddive of fr2ditedWalieds. i 18 wilNBEUREEAESH by those

erein by ref erence, and/or pl.asma treated titanium
sklﬂe@xn the ag thektheiaseenntof photecatalyti spteralareser! in the liquid-

co §)%Qﬁro%4‘§ otk ﬁ'@hﬁd %g thd Egoge(ﬁlég d‘églre? g% Q%] Haforﬂvéga}%@ 8 the

I'ncor pora er ence
coa‘rpmsdloments of the present invention, the anmount  of
the photocatal ytic naterial that is present in the

[0032]Ul d cmﬁéqsqd“ d @erp@@mgﬁsfdf @ﬁ@ Qré&enlt thvenBieh et comprise a
solids by wei . such as 0.1 to percent solids

hygypRhdicgcEn; A6 USeR Bereingbie Eemup ey T api b seUS
meﬁﬁrlélr\ﬁ WIRER! l ?t?%lég bpﬁe@ﬁﬁgﬁtg alftly?ﬁott%ocagﬁ cﬁn%ﬁé‘rsehn As used

ese enbo
hermn,emeetlermlg‘aydmhllbd)mnla’s eméansﬂthahfhé blﬂdedltsﬁlﬁb? ahiafinity
can range between any c on of the recite
forMatgE ?Jgﬂ%\é’ﬁﬁé? PESHTS fthﬁg"yrc{é‘éli?lﬂ ié%i' X/‘é‘r%&ate'i'@‘ i5f9 megsure the
t t t
o ALt el WA ) P oriBd G el 1A (ORI
emimdments ofthegprdsemrinverdibnhyhe bimder cpeprises adwateriadithat can

forff gl MBSt fS wieleh ETRESkIAIS BF pb PP GHnaN 29", or, in
ot Ehb SNty HORdré tarPy 5UQT; iAot 6usst d1BbSdiMerid o o more

term"binder” refers to a continuous material in
thami®s.cl es of the photocat aI ytic material are

di spersed. As used : ‘
[0033] As a result, in certain embodiments of the present invention, upon

application of the liquid composition to a substrate and subsequent drying, the

4 resulting film exhibits an initial wéter contact angle of no more than 20° or, in |
some embodiments, no more uthan 15°, or, in yet other embodiments, no more
than 10°, prior to photoexcitation of the photocatalyt'ic material. The water
contact angles reported herein are a measure of the angle between a tangent to
the drop shape at the contact point and the surface of the substrate as measured
through the drop and may be measured by the sessile drop method using a
modified captive bubble indicator manufactured by Lord Manufacturing, Inc.,
-equipped with Gaertner Scientific goniometer optics. The surface to be

measured is placed in a horizontal position, facing upward, in front of a light
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herein, the term "hydrophilic binder" means that the
bi nder itself has an affinity for water. One way to
waswedss7ehe hydrophi city of a material is to PEBRESI085/018626
the contact angle of water with a dry filmformed from
the material. In certain enbodi nents of the present
i nventi-on, the binder conprises a material that can
solifgen A éérsxné abdp 6 \RhteP 1 plickd oh 1RIGTtE %GH%E& iRfi8heorhe light
no nore than , In er enbodi nents, nor e
soureensa $atdhe prmfllgem‘ thess hessﬂerd:ron|qaerhesy|emdrm1cbthd1mntact

10. [ 0033] . As,a r certa di nents, of the .
aniis aisgeras, TR ES Ybhohdp SoRBHEE FleHE A qicn s Sauipped
witOORAFAI hrofab®ryradipsidrat € and subsequent drying, the

resulting filmexhibits an initial water contact angle

[0@%9”0 rmr,ﬁ c%ﬁ%fh 3|91b861 Sfts R e ﬁ@éﬁ#‘t iR/éhtion nﬁe"lﬁ:gﬁd

I'n yet er enbodl ments, no not
conmosmromcompnmma dmndnrttbai @m:brts am&std’lmtmopealeﬁt ie., the

biffrgas PG oG Bap JreaBNiHO URgBRIe SlgoREiad sparges.
Ass\bmﬂ% apprderité® B&Qﬁésé’leﬂéd gﬂfﬁeté}? orid %ggo %Esé%fthe anti-

substrate as nmeaSured throu the drop a
statisoeapabdity pf ameatesiakisite deaguradhasurfase mgsnatmtyobffthe dnaterial.

At I M-

thmmf@snhes dBpliltthat ERBIbRY ' mdeOreb%wﬁ@éﬂfr@m 14 55x1 0°to
d in a horizontal position, facing upward L0

1. X@?OBmSACmu it BRtheeemiogissentseng rf‘@ﬁpfedhawa‘rt @x10'¢ ohms/cm?.
TH ﬁfrf’a%e%shﬁ()ltlg% 8rt§¢‘ BF?eqﬁ ]pbﬁ rpféer @&Eg‘ﬂ ngtdgﬁlglb agg-&CIb Statitide

source so Ses

Modei\&ﬁ)d Megohﬂmetemmwg:éltmmw large sixtertsiom pﬁﬂﬁ@;ﬁléced 5
ter telescope which is equip

h th
m'f}&ff{ @ltaarf 8 g%\:‘%gﬁa&@wn@%&@ﬁamée qrda)stt]e rlnﬁ?ers onboard
| pr@% ¥ débé‘ﬂ‘@?%&‘?égé St Esvé}%%%a{.om %ﬁg As a result,

conposi tion co rrses a binder
theptaésest atvientipn dpalsoi dasacted o liquidh eompm“,dronsamvﬁrmg sueh anti-
agr f|| that has the ability to dissipate
StECRIPPS te:?tl c charges. As will be appreciated by those -
skilled iin the art, one way to assessthe anti- static :
[0038abi | i thiedfauid pamposiiions of the reasent inviention gompyise a binder

RS BLeABITRORf Ay hAUCR L P BBOALED 15 oo
herein, the term “organosilicate” refers to a compound containing organic groups
bonded to a silicon atom through an oxygen atom. Suitable organosiﬁcates
include, without limitation, organoxysilanes containing four organic groups .
bonded to a silicon atom through an oxygen atom and organoxysiloxane$ having |

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

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

organosilicates include, without limitation, methyl, ethyi, n-propyl, i-propyl, n-
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that can forma dry filmthat exhibits a surface

resistivity of from?7.5x1 09 to 1.5x1 012 ohns/cm 2,
wo@eositms7et her enbodi ments, no nore than 1.0x1 BADUS2005/018626

ohms/cm 2. The surface resistivities reported herein

can be determned with an ACL Statitide Mdel 800

Megohneter using either (1) |arge extension probes

buﬂ9| aubw»%t chtyl Inni%rﬂws |-?8ﬁfy1 @%Y;grﬁéx ég?gli&qﬁgcﬁge.tb?

er”s on pace
thesaa!ﬁled IS, tto@wlkﬁlgrbupatalrenﬁemmsede Eamples ofstrer

sulafif ptoatit Bk el antooiafeRtilir Bo ke ‘e
orgah@BMEhicaay cBRRM tI& Br Mdhdi diﬁél‘éﬁ?RﬁnU%'d?%‘i%&ﬁ.c Sups

present invention conprise a binder that c nprl ses an

[0037} ent | aéF&mﬁ@'ﬁBhﬁfn’ﬁhé{g %&Qhﬁllééléﬁfjs& a@ﬁ@egq g@%ﬁanae%sare

dhere the term™organo I ca
tetremeibumysnanel mtraeﬂg)xgsmm detyaeupmpbﬁysime;o a 'silicon

at om t hr ou xygen, at o, Sui t abl e orga | i cates
tet RO e RS e Ao Ry AN G s DI EalBRe, tetra-sec-
but%QVél%'n@ Rstrd RHitoRy SiRHEC t&?ﬁg&ggxﬂﬁ% Lfga silicon

atom t hrough an oxygen’ato r ganoxysi | oxanes
dimethoxygliathokysileare Tingise mganasmccaies D)aybe uee.dtalmrm edlnby

cordpineh FATtwn b hupre et narie itk gingnosiicates, ' '

tetr@h@a’iﬁ@ﬁyéllbﬁétaﬁaldifpemty dydrbtyeéd RRRIERYats Ther&df shoW a high
| i near, branched or cyclic alkyl gro

u
"eaSB\é'B{ fqr@yéseim agd othereforeresamieadiy @mlqelﬁlanmggrws
bonded to the silicon atomthrough an oxygen atomin
[008BF or gafipetific oandiniting lexempled ohsuitable orgaatoixysijoxanes are

corfiRigdeiss 611K apls Briae)fed s citientatio dechds bf the
org@hok%ﬁldxhk@s 1ﬁottﬂﬁﬁ®l§g)/éstﬂé‘@blpﬂn c@\‘tatrpergbéhlﬁﬁfents the

groups are often used | es of other suitab
CO"tﬁe@éﬁ’Fl@n geetassliasayithindhe d@ng@ yepregented, bmttﬂfpﬂqwlr@rformula
the |ike. The organosilicate may contain two or nore
di fferent kinds of or ganSO4OR)ps. [ 0037] SpeC| fic
non-linmiting exanples of suitable or ganoxysi | anes are
wherein ainefrooxd $ f @)endtyeisrfemhhiok ys #lwditrethe proviso that (2x+y) is 4;
4 t.ra-n- propoxysil ane, tetraisopropoxysilane,
an t'?;émnQ gt )&f@i‘ﬁ’&?@h @%ﬁé@@kﬁ!'ﬁﬂxy& | ane,
tetra-sechut oxysil ane, tetra-t-butoxysilane,
[0088] | aphe'ﬁ}@e(mer@fesub&ﬁﬂpt X represents the condensation degree of the

‘siloxane. When the siloxane shows a molecular welght dlstrlbutlon the factor x
means an average condensatlon degree. Compounds represented by the above
formula wherein x=0, are qrganoxysﬂanes as a monomer, and compounds
represented by the above formula wherein 0<x<2, are oligomers corresponding
to condensates obtained by partial hydrolysis condensation. Also, compounds
represented by the above formula wherein x=2, corresponds to SiO, (silica). In
certain embodiments, the condensation degree x of the organosilicate used in
the present invention is in the range of 0 to 1.2, such as 0 to 1.0. The siloxane
main chain may have a linear, branched or cyclic structure or a mixture thereof.
The above formula: SiO«(OR)y may be determined by Si-NMR as described in
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di met hoxydi et hoxysi | ane. These organosilicates may be
used al one or in conbination of any two or nore
wo b@saof724 Anong t hese organosilicates, PCT/US2005/018626
tetranet hoxysil ane and/or partially hydrolyzed
condensates thereof show a high reactivity for
hydrol ysis and, therefore, can readily produce silano
UrgiterlBtate$ POESH Nen@c5d9,076 & Tbl. 18, 1ihed 16481, #icdPborated herein
sui t abl e organoxysi | oxanes are condensates’ of the
bYdBBV@néﬁganoxyS|lanes The condensation degree of the
or ganoxysi | oxanes is not particularly restricted. In
[0040} ai n ehbouintioned eatllez, thenbindenoi the |ideidt e@mbosd;lons of the

d foll f
prepemuiye Rt GG e SRoBrosiivhts et if pasantaly completaly
hygrcggg%d’gﬁgr&\ébl%réfﬂathe(@ ylsgé?g%lﬁ&ng Tﬁgtefﬂ%ﬂyggﬂgz@a ¢
orgamssilicaie” sefersgp esatarial mévareimdéawgamx)dgng:we affthe he

orgh 3RO A S0k R BN bl S S5t the
m@t@ﬁdsrss@huefeddmwr@shm@qr@omdﬁafeﬁ@l eaR b4 airy kA that exhibits
above fornula wherein x=0, are organoxysilaneS as a.

a waies mentadd sagleeiumese thayr 80armreth einer rmbasivents, no more
: 0 te n
8 e e e O AR o JoF S TRRAVIBER may
produncieaswtwork pamer, axoilfpstiated bedpwesent ed by the above
formul a wherein x=2, corresponds to SiQ2 (silica). In.
certain enbo i% the condensati on degree x_of the
organosi licate in the present invent i is|in the
range of 0O t 2 uch as 0 1.0. The
chai n né(/"iiﬁa eéla'](P abHa bra'r_lr%“%?d or St —sQucHur e
. or amxturetHereo . The above fornul a: SFOx( )y may
be determi ned BCH 1 NVR as described i nUnigygd St ates.
Patent No.. 6,599,976.at col. 5, lines 10-to 4 ' n
i ncorporated herein by reference. [0040] As nentioned

i ch e} e SO AR e bE ahd 1 oS RRRR A A0 o et
enetssuimiengd bitheqirebaitahVeritioH, they égﬁenﬁ‘éﬁlyl&%ﬁﬁ’plbﬁlyﬁhj?drdﬁ@d

term "essentially conpletely hydroly
organsiisate |I%:aﬂ@tamt§fllyrf@q of l?mr@w&as wﬁtarmlmed b FTIR or other

; the organosilicate are:

'Sug%% an%YtQ{a yor e a(:ed by silanol groups to an extent
[Odmt the Referring now to Fig. 1, there is seen a chart reflecting an FTIR
analysis of a dry film formed from such a hydrophilic binder material. As is

S‘I | oxame nmai n

apparent, significant peaks are observed at the Si-OH bond wavenumber, which _
is 920-950, and the Si-O-Si bond wavenumber, which is 1050-1100. On the
other hand, it is apparent that the film is substantially free of -OR groups, where
R represents C4 to C,4 alkyl groups, as evidenced by the absence of any
substantial peak at the Si-OR wavenumber, which is 2900-3000.

[0042] In certain embodiments, the essentially completely hydrolyzed
organosilicate included in the binder of the present invention is the product of the

hydrolysis of an organosilicate with a large amount of water in the presence of
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material is rendered hydrophilic, i.e., the materi al

can forma dry filmthat exhibits a water contact
war@ba18784 no nore than 20, or, in other enbodi PENUS2005018626

nore . than 15, or, in yet other enbodi nents, no nore

than 10. This hydrol ysis may produce a network

polynmer, as illustrated bel ow. where mand n are

anRRH gfymw&r@gafysﬁn%@ﬁgg{r&?ﬂma Bg%nﬁuc’t’e@ Vi %Hﬁf )Present

enbodl ments of t'he pres ventlon, the essentia
in an@phatrdlopnhigérably geehter thamothiel stoiehiwmetris @nsaunttdaghble of

S o B 0 BB et T BB e egon
of &iiéh aR-excBSsife afndiRRBf Watdradlilowesil el gg&%ﬁah&d by

analysis of a dry filmformed fromsu rophilic :
hytiolysis ofrtitecpliganosifigatedo mopaist with & lagee nuaunt of welter, frareby

R L A Gt RN
00431 < HinsPise e 50 ot g ot CanbiSin 1
préB Yz & mbR géig g’,x?}’ﬂy% QEPSystdS ﬁ?@gﬁ%@ﬁnﬂﬁs@? Quitable

absence of any su peak at t
calalysts indbede, withiosih limitatlonGnetEmic poids23udmas bydmichloric acid,

nbodi.nents, the essentially ¢ letely hydrolyzed. °
suff Rl P ekt and imehRHoAs A otesrdphEasits. such
as 12dea0 Hel) behzEREsUNORIELSSid Ofolddifestiighiel atkd, ScyRnedlfonic acid,
organosilicate wwth a | arge anount of water in the

etpyieenzenesoifanic aeidd bepaeisiapid. phibelia geid, matgic mgigh Hrrpic acid,

b LR, S T AR e
hydroxidd, otdsdirartyidyaides, ciganmhydrokidepamphonibeand organic

grganosilicate. It is believed that the addition of
amyR RORPOLREEsNoRBORIRRINE comPRRNEs of Mefakalkpxigggompounds

OtHErHES 1S behé.%@inextég,ver .,'u %@a@gﬂﬁ fcbgﬁ)’o‘?{n%lg?g%éﬁ LS tsitdi%in

coexi st wth a large’a of wat
dilpuretes rdibutyl 1if dioctoate medtdibutyt tadidoetatef otgamoaiurainam

coftgpUBRs e BT RNHESHELIAEEOBR R B o aci d
PRI AR AR o Hag e PRI, 0L BB Bcstte)

. andeithidacsioahetate hlydnioeim diisoprepiodates ardanotitaragimdgompounds,
sud} t|araIglfl"a@ﬁ%ﬁte?rgﬂis@c%%ﬁg8erztlo%a?e(‘)! Hfanﬁ;”r‘r?%%(% o%}ci; organt ¢
bis(acetylacetonate) and titanium tetra-n-butoxide, and organozirconium
compounds, such as zirconium tetrakis(aCetylacetonate),'zircoriiurh' bis(butoxy)-
bis(acetylacetonate),‘zjrconium (i'sopropoxy)—bis(acetylécetonate) and zirconium
tetra-n-butoxide, and boron' compounds, such as boron tri-n-butoxide and boric

acid; or the like.

[0044] In certain embodiments, the binder may also comprise, in addition
to water, an organic solvent, such as aléohols, glycol derivatives, hydrocarbons,
esters, ketones, ethers or the like. These solvents may be used alone or in the

form of a mixture of any two or more thereof.
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as acetic acid, benzenesulfonic acid, toluenesulfonic

acid, xylenesul fonic acid, ethylbenzenesul fonic acid,
whewsoisr2aci d, phthalic acid, maleic acid, forP€TUSOE)18626

citric acid, and oxalic acid, anong others; alkal

catal ysts, such as sodi um hydroxi de, potassium

hydr oxi de, cal ci um hydroxi de, annnnia and organic

[Otﬁ'fﬁl!gil gg@(@oﬁggﬁ g‘?ﬁ&é %Fgfc%hbls g?%g%éjﬁs wﬂ“ﬁcﬂ without

er thant anosilicates
liméation, roetiwanot, |e’thamipntprdpancsiulsbpa:qoamobut-bmmoh isobutanol,

ot ieaIcEhglbeylR, GRecRotases ekl asitaivps na
- mdy be (@é@mdnm‘@tvmﬁmum@ham étﬁmemrw&ﬁt AP

i s(et hyl acet oacetate), alum n
mctnqmtbylrgthac ettbyene @J)e;)ol mwwthw ethait pmmd@nssglabulnpmpwene

b SARGARAN Rufier, BLAIGH, bERR B BREREY B, digfYdHs giycol
mdtoPletHyI0tHer, d@emgm dgw@m PhOHHRY AN, it Aahe! glycol

tetra-n-butoxid e, or ganozi r coni um conmpoun such
mcwnzﬁzthulcﬁthaﬁa@@ﬁi%katbylge@gwcatmmtw etfzerragﬁﬁaterrpmpylene

o BoEORIGREN ha( 458hi BRAHAAM BhoarirbBRRltThier acetate or
thd kle. aSpedtifit exaplesvihyarocarbonsiisatntay b&u.(dkdaﬁchdéowithout

tri-n-butoxide and boric acid; or the |ike. 0044]S In -
limitation, benzeps«ialesne Xviane. emsenenashexess Adhpilikee Spesific
oxBfiplcs ostrsaP iy BHEP oS WEBLL [FHalod nethyl acetate,
etl'iydaaoeltaiae mopydrax:ecbatet batv akeﬁate‘l,’hastdaybad:ateatstatm;etlhrﬁ

in t h ormof. a g re of t r |
acippgeRid e acstaageiaisont he g, Snselc RraplEs e Rhpnes
tthWa)bBe wsed méleaé%etdﬁet heth llétﬁylt»@ww m@ﬁyh%%btyl ketone,
et hanol , n-propanol |sopropanol n-b
acetyb@catanelor the gkql mmn@mhmmof eiihemﬁwtm@y be used include,

wiBEE i 2R o ke PRt HiFPaRk Shgemthanol,

dioxbh#| Rifgn qbtf@ﬁydﬂmm@ﬁ&trhué liRg.her, et hyl ene glycol
nonoet hyl et her, propylene gl ycol propyl ene gl ycol

[0()(;|lilbl°r“5‘t thnd’érQ %D{ta%ﬁgﬁggfﬁ] %v;g@heﬁgmsﬁ afd tr"ﬁ‘étho s for

t hyl ene gl yco I et hyl ene gl yco
theimprodtibtion etmdescrmddylhdﬁmt@ iaves F?et&n’ﬂNmﬁ 589,8¢€6 at col. 3,

lm?ﬁZB@ fcgh é%t FXe %%e ,&Jﬁ&late'}])ﬁ&%tmh%y reefterrlaergceaCﬁgr&]l tl I%‘htmg
examples of commercially available materials that are essentially completely
hydrolyzed organosilicates, and which are suitable for use in the binder in the
compositions of the present invention 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.

[0047] In certain embodiments, the binder is prepared in a multi-stage
process wherein, in a first stage, an organoxysilane, such as any of those
mentioned earlier, is reacted with water in the presence of an acid hydrolysis
catalyst, such as any of those mentioned earlier, wherein the water is present in

“an amount that is less than the stoichiometric amount capable of hydrolyzing the
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gl ycol nononet hyl ether acetate, propylene glycol
nmonoet hyl ether acetate or the |ike. Specific exanples
woRoosggs7ecar bons that nay be used include, w tPOINUS2005/018626
limtation, benzene, toluene, xylene, kerosene,
n- hexane or the |ike. Specific exanples of esters that
may be used include, wthout limtation, nethyl
. p R t Hpe
orgBi BT iof o heRBARB5InBE M oBRER Aol s HiE! Rl
hydrobistsacatalystcamptises bhlargatipemid.i b esrtaip lessbadimenés, the
etones that .may b sed include acetone, nethyl ethyl
walgg 9 REss L HYRG 1ag Bt prage o s ora et Gawounb eI f
hdbe C ¢ . q
PRG0S leht B P o R P B of (B BB R RREL Th rosult
of thetfhsixstage lima plartial thydxglysis pmhalondeénsatioreredaioarproduct.
tetrahydrofuran or the like. [0046] Binders suitable
[0048] use Incédrtein pretsetitnents; eéhé fiest stagk oftheadaltEstage hemder
production are descgjri b(;d in United Sﬁ_at,e?1 Pat ent No. -
PrepasaiprRigcges ippondiicted gbegnditigng Hat limt the; grares of
1 | . .
o B B o R PP Syl ne M0z reaction.
Suets senditiah$ gan imglide oy ekgohptd, \coattohingdhe seactoat exsgthamd by,
which are suitable for use in the binder.in the .= =
for AR RDaLFoq g, SPalfEinoithe dftei e padiiories thegsid catalyst,
an&@%&ﬁ@dctﬁ@qh%tﬂg%%ﬁyhm {i§n MeslrhRtidlaP¥ence (or
M t subi shi "Chem cal rporation, Tokyo, Japan and
corghlete absenesy aijenyzpganigwcasolsing f r om Dai ni ppon
Shi ki zai, Tokyo, Japan. [0047] In certain enbodinents,
[0049¢ bi ndkraisecome ptaged thepartial hydrodytsisypolycondassation reaction
erei in first,stage, an organoxysil.ane, ,such as
proffiet e s8atarisd Pihet 5 Ao EE WAl CEGM ¢ REarce of
an aBid l'i‘y%r@!f\ﬁ%%ﬁly@!‘. Pe %%&Mb@&@tdr%%&ﬂ?tﬂb%é%goné Wedhe is

as any of those’nmentioned earlier, wherein wat er

considenaslyegreatar (b “eonsiderabhagreiater’ 898 meant thaidhe resulting
oj chi ' L& .of hvdrol yzi .

solffigh BB o st hBh 2PR S8 dien e FitictfoMBric amgunt

caprdpIe &f ﬁ%\bwziﬁqwgr@mo@ky@tdﬂpé phitfe GrgaAb¥pdilamenpri ses an

organic acid. In certain enbodi nents, the water is

’ S e nt . . a . . . t . i . . s .
o g b iThe s g 5 (ehaieepy Sefting with a
tetraafaxysiiangr digesnert, suble asrthase xosimensially Bvailakledram dditsubishi

Chiieal ot Bt e Hih Be S MK SiiRatehS-51, MKC Silicate Ms-56
-and MKC Silicate MS-60 (all trademarks; products of Mitsubishi Chemical Corp.).
Such an oligorher is reacted wfth water in the presence of an organic acid
hydrolysis catalyst (such as, for example, acetic acid) and/or an organic solvent,
wherein the water is present in an amount that is considerably greater than the
stoichiometric amount capable of hydrolyzing organoxy groups’of the

tetralkoxysilane.

[0051] As a result, the present invention is also directed to methods for

making hydrophilic compositions comprising an essentially completely
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[0048] In certain enbodinments, the first stage of the

mul ti-stage binder preparation process is conducted at
wa@omditt§7ens that [imt the degree of condensatPOIUSI005/018626

Si-CH groups forned as a result of the hydrolysis

reaction. Such conditions can include, for exanple,

controlling the reaction exotherm by, for exanple,

R iR, SHRLE SR oA Rt RPN bions
for BMoh ohathodsi n t he substantial absence (or conplete .

absence) of any organic cosolvent. [0049] In a second

[005RR0€, t fitcddin isPbdiimeatsysi the RREYSRNAGSRIN, @t amount of
reaction ?\r oduct is then contacted with a |arge anmount
orgahogiicate, that isepres@ntindhe iigeidcoraposiviormmngesyfgni0 éite 2

porf@EeY el g R ey ) He ShEhasMicalt) JEEGEN 2P
percentBReidhtdiaseticon weubtdl neigittl oftthe soapdisitions 1nahess e
than 2% solids) than the stoichionetric anount capabl e

emppdiments) e aigonilibe pregresiicate thatenay amsesant| ingme liquid
corhPebn faps8ho2bBRies BAY TR BiRuch\ B Mblod Ftues,mclusive
of thkirgoited valsiesh Itasilltheosed eretvwelrtsy thidsg skilledlialthe aftrthat the

oy S g oo 5 5 oo by
the@?é@?@gesﬁk@%wihéc%p??é’t@k!%fb b Mrﬁ&@i&h' Cheni cal

uch an oligo IS reacted with water in the

[0085§ S ENCe Dlo Al Angllithefttd O MY ALY ifv&RIcH. iRd phStichtalytic
e, aceti Cc acli n

as;,; for exanp , or an organic
masirial en!mtj,thedmggrhmsiﬁdme @aed pregent IET ﬁmell'qlquidi gorpositionrdt a ratio of
at _i.s _considera reater than the st 0 ric
0.05E 8RS SHpATNEVSRT P BIGtaPh ETBRGERS T as B2 0HES by
welght & hpgé%th@psmb APrddts st Rab€5.4d.5 b;,g/geigrgﬁi%ﬁy.zzo.e by

Fnvenfion is al so directed to nethods f¢ , ,
welghtlr bpthidseccrabodiiosints,dhe ratiorpf thel phptacatalgiematariel/to the

oraRBpRiicefulal FasRe e Rh A ot At of e 1SRt yeliesas.
inclu@RR2df the reeftdiAuesbadiild snddrsided wm&gg:skmgd in the art

invention, the anount of organosilicate th S
thapthes eatio ofrphdiecatalytic hateriploand prganosiigete inrtbenliquitl t o 2

| composition is determined by the properties desired to bekincorporated into the
composition, such as the refractive index desired for the composition which may
‘be determined with reference to the substrate upon which the composition is to

be app'lied.

[0054] In certain embodiments, the liquid compositions of the present
invention can further include inorganié particles, for example, silica, alumina,
including treated alumina (e.g. silica-treated alumina known as alpha aluminum
oxide), silicon carbide, diamond dust, cubic boron nitride, and boron carbide.
Such inorganic particles may, for example, be substantially colorless, such as
silica, for example, colloidal silica. Such materials may provide enhanced mar
~ and scratch resistance. Such particles can have an average particle size
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percent by weight calculated as Siq 2 in the

organosilicate, such as 0.2 to 0.9 percent by wei ght
whawsdisid t he total wei ght of the conposition. PCUSIET@18626

enbodi nents, the anount of the organosilicate that may

be present in the |liquid conposition can range between

any conbination of the recited val ues, inclusive of

rargiy A BOS et FHize (& 0" haostFel RERIGEGAR 10 Afdfons

depending sipondhe engr eseapplicativh ef Ithey comhpositipnsirtd the desired
determ ned by the properties desired to be

eﬁ?ﬂcorporated into the conposition. [0053] In certain
enbodi nents of the present invention, the

[00§%dt ocat & 9ewt@mrmﬂb¢dlmer&$»dherp@rmlg%ﬁ@mprlseam@rgan@ particles

e hGEEGhGahrb O s RS 43R o Fo RbreBsoburmm,t to 5

mi€roh8 pRiod o tm:oncﬁ}‘aﬂoﬁ ity the Ihqbk:l co)ﬁp0$|ﬂory etn oﬂiae @mbod:ments
enbodi nents, at least 0.3:0.5 by weight, or O: by
theRargrles mﬁymgéneﬁff%ag?r@ﬁf@le ﬁﬁ"@ rﬁ&ﬁl”@ Eﬁ’mth'@ |eSS than 1000

naﬁé\ﬁ%‘é@rg, bt LS 1BURID AndiRetehe eﬁ%&ﬁlﬁ%ﬂts 5 to 50

ween any conbi nation’o
nahmbtertsypnanftot|heonpecatt0$d|ntcathfaelaquuﬂ bomdolsnima undensé 0od

t hose .skil |l ed i.ntﬂe art that the rati f. .
emioiBeaEA Tyt ordanic Padic S bas aaﬁe@rﬁ'seca@@cfen&gﬂéangmg from

5 tb I5gU A 5Q8'253ﬁéﬁdrﬁé’te'r§ pH8E f%)r I%B%rgﬁfoﬁ o RORQNH 'c%‘f’nposmon

eS|red to-be |ncorporate into th COﬁ'pOSItIOﬂ such
Thegartice sider meayirasge hebxeeresny @dn“ftrunattcrmofdbﬁﬁeyatuasnncluswe

ich. e determined with reference to the
Of%b@f:tga&a h which the conposition is to be applied.

54] certain ,0di t he I ui d..conposi tjqns

odfions b g@ﬁemﬁmﬁﬂa iAHTS G e present Pemtige e sastaes can
beﬁﬁééérﬂhﬁhe fl&Uldedéﬁﬁ%s%orﬂn' Arf 8Bmaint F&ﬁq?mg iFroph HE'tG% 0 percent

treated alumna (e.g. | i ca-treated al um na known as
bya\rqmgiﬁ ar fmnhomm)d Geyelglsﬂ pércent; caifioiml 8,1 W G.domeightipercent

oF BB 0 BB LB pCBF Bl AU BBH i e

Ilq&@(ﬂﬁ;ﬁﬁsﬁtﬂor‘ﬁééﬁ ré\‘i?gébéﬂwfe%n A compirtion cFohésd dalies inclusive
ilica. Such materials may provide enhanced mar and

Ofﬁ‘@r@pﬂﬁd veBlest ance. Such particles can have an aver age
particle sizeranging fromsub-mcron size (e.qg.
[008}osi zeth partainoerequimertt@oﬂmemr@sentimep’émdithg ligpish -

t he end yse a|pnp i cation of. th II'[POSItIOH ntii th%
cogmggpﬁga also comprises an antimicrobial en ancing material, such as, for
example, metals; such as silver, copper, gold, zinc, a compound thereof, or a
mixture thereof; quaternary ammonium compounds, such as benzalkonium
chlorides, dialkyldimethyl-ammonium chlorides, cetyltrimethyl-ammonium
bromide, cetylpyridinium chloride, and 3-(trimethoxysilyl)-propyldimethyl-
octadecyl-ammonium chloride; phenolics, such as 2-benzyl-4-chlorophenol, o-
phenylphenol, sodium o-phenylphenate, pentachlorophenol, 2(2',4'-
dichlorophenoxy)-5-chlorophenol, and 4-chloro-3-methylphenol; halogen
compounds, such as trichloroisocyanurate, sodium dichloroisocyanurate,

potassium dichloroisocyanurate, monotrichloroisocyanurate, potassium dichloro-
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effect. [0055] In certain enbodi nents, the particles

conprise inorganic particles that have an average
w@anosited7es4 si ze ranging from1l to 10 m crons, oPCT/ISIMI018626

to 5 mcrons prior to incorporation into the liquid

conposition. In other enbodinents, the particles nmay

have an average particle size ranging from1l to |less

isotcggl%r%?%ol 4 @Wﬂﬁﬁgh@”ﬁ/&gﬂﬁg% BrBmdH J}eaf?ﬁﬁth?fh?d?mmn

nanone ers

2,2 mﬂimopw-amltampromonahﬂdé |tﬂs¢1d4-bwmoacétowy24blmt@m‘ra 2-
enbodi he |norgan|c articles have an average

dlbﬁram%?@ rgPTanaenZsniirgpEpangr1.8-digl, agd benzyl

br&ﬁBQE@éfer %r@édpmettaﬂlc%nglﬁ’ P95 3b! - d)(&h%gh@ﬁoi(l'a?éihé’ trlbutyltln

conposition e Slze' ma
oxadentnbumylilmﬂuorﬁde rmmev&qwaolanmaMCapp@fnaﬁt&hemt ehlromated»
val ues % 058‘15“ n certain enbodinents of the. present
COPW@{FPB fe, 8 %PF?%@%%&ES%@ Br AL AYPTONS QA e; jqgpresulfur

co %Héét%ﬁzﬂ éé‘n%fhﬁ%i?ét?&trﬁ hagk (I\VIB‘F) %ﬁlﬁnéou@tmocxanate

rcent rom0.1 to
chloroethyianeblsthno ¢y b ai, Wum@memyldjﬁsmarbamabe adisodium
f the conposi.ti partlcles

et s o AR PRRS i, Saes b BB Harpateb 8h L wen
bisRIEN ORI oM hERSSoyHEy SO tetiargdd-3ldlimethyi-2H-

recited val ues. [0057 In certain enbodi nents of the
1,3-dRigdtazinerdthiooa (DIMET), isgdiun pyrgiosthions zingpyridinethione,

1 ﬁBQ??#iéétﬂ?az%ﬂn?%%ﬁ% < f}?'o% %*L%ﬂﬁua?@hr?@tcﬁ{é 3 g,-SUCh

or exanple, neta as siTver, copper, gold,

thlzzolyl)b@zﬁmlmom N-ttablalofomethyahm)oqt-wcﬂaohé)m1 2-
quat ern anmoni um conBWLinds such as benzal koni um

dicapyimiies N-AGnIRIITBE AT RRImIR aRd Sroieie-2-methyl-4-
iscRRYbI S BRI S4B OFF- S%one: St it éH BbHiBounds, such

as W—Cocotnmdﬂm}dgsedhyhyn@,rwgﬂ d+mlmodettnylc)hermj,d§eaythyleamdmmuum 2-

iAo e TS, 2

gﬁ‘@ﬂh ORI R- 5pr%E3ne61oT hexahydro-1.3, 5-tris- (2 hydroxyethyl) s-
d|c | or ophenoxy)’- 5- chl or ophenol , ” and "’

truamrtﬂqmp(ehwimet Bya-priedhyts-trizaingy éﬁ(%mtrpbpmbmorpbohnms 4.4-(2-
ety S AR RS TE)GiE %rpﬁol‘.’r%e“”‘iu%@a%e S I3 AMERY fr-5,5-
:dlmethyl hydantoin, and |m|dazoI|d|nyI urea, and mixtures thereof.

[0058] The liquid compositions of the present invention may, for example,
contain a quantlty of antimicrobial agent sufficient to exhibit an efficacy against
microbes and partlcularly various species of fungi. More specifically,
embodiments of the present invention may contain a quantity of antimicrobial
agent sufficient to inhibit microbial growth on a substrate tested in accordance
with MTCC (American Association of Chemists & Colorists) Test Method 30, Part
Itl. Those skilled in the art are familiar with this test method and its parameters.
In certain embodiments of the present invention, the amount of antibacterial
enhancing material that is present in the liquid composition ranges from 0.01 to

1.0 percent by weight, such as 0.1 to 1.0 percent by weight, or, in other
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pot assi um di chl oroi socyanurate,
nmonot ri chl or oi socyanurate, potassium .
walr@kshies7ed socyanurate, 1:4 di chl orodi met hyl hy deet/o52005/018626

br onochl or odi et hyl hydant oi n, _
2,2" -di bronp-3-nitril opropi onam de, bis(1
, 4- br onpbacet oxy) - 2- but ene,

erdbbdmmtg 8.1db QB peIEn hy, w&%gﬁf BaSs Lo tid Rﬁéﬂpégﬁt &f the

and benzyl brompacetate; organonetal

C%E%S'B%” 14 tt@se@wmcammhamwmt theanijbacteriaberdmncing

mé{ér%?‘%ﬁ’ r#w%y EEE)? eﬁ?g&ﬁ*ﬁ%@@g t %golé#glil N2k, ealaéitfl)veen any

camhupatioratbss theategited e u2$D (MlFsiaX bitve rRERED 9§Mefsu "t will be
such as net hyl enebi st hi ocyanate (MBT),
, ur\qoezgqoga% thoge @Wgﬁém ghe art that the amount of the antibacterial
e
erﬁ!&'&@{ﬁﬁ@érﬁcﬂg s%gng IY(ﬂ.ﬂ gmlj)?a%ﬂlo%% determined by the

prepéstiesrddsireditod Ihleaneml’@ar@t’ed intol the composition.
di met hyl di t hi ocarbamate, and bis(trichloronethyl)

[0859T one; Ih&iefﬂtbﬂw‘mlbbaﬁneﬁt%c{’heal uid compositions of the e present
. tetrah%dro 3, 5-di net hyl - 1, 3, 5-t hi adi azi ne-
n ax&emnﬂssyaﬂ eptingad ﬁptjwé/ elzharmepysuaﬂu ateplatloum, gold,

paﬁa?nu‘?ﬁ %rf %é}e?zd?ls ﬂPoZI% lslgxﬁg yjec{ﬁgf. Eh? gddition of these materials

'sot | a
to chimposi t;dn)shmmpnmrm@aqjl'mtocatalytlc material is kn0\£/n to enhance the

o QERG SHE PrPURKeLR S PERDRIAG PP EAMBDShe ik cpaseinants
O Pt R SR AR e anssentos

4-1 sot I n- 3-one; rogen
ln\@mlﬁnaéel_amounbmfmmwhytmnmbr&mm:er pteseht in the liquid

coir%:&ﬂ@v Rl hélﬁgogﬁ]arz% J&ﬁb lrggr?t yaWe%%i szuch as0.1t0 1.0

pe?ce(d‘!WWéMﬁ?UﬁY h)cﬁﬁéﬁé’m%oﬂﬁﬁ@%%% qg%rq)b ?cerﬁ bgrwetght based

dr oxymet hy nitro-1 , 3-propane hexa
on tge dotg ?(w@qhzomﬂm meoamby\ shn rdn mboumﬂsﬁﬁh&émount of

opl Sk Rt s e e AT bR T Ao S Fange
betyledraanay dohpiteation, 6F-tHe metited PAluds EIncluswe of the recited values. It
hydant oi n, and i m dazol i di nyl urea,

: W"ﬁ‘%"%t“t'}ﬂ%ﬁ?% P dhosq edlis] inTihe art that dh@ emeusit f thesoptical

nt ai
achily SHEIRAF LTI MR T hBIRcSERT: Betsithindt Buihe
prcr;pernéé desicad tolé irorporatatbirto Wc@ﬁbbmﬁéhaf l'y various
species of fungi. Mre specifically, enbodinents. of

00803 pr esémtertaidemibadinEnys, aRB gL &ﬂbtgs’iﬁéﬁ h t
! ant i Pn crobleal agent suff |Sé| entlat 0 I nh rﬁlgrog ersen

invgPHQR MAhCRMBIISR B causling egedt, iwhiek myd ﬁmmamplb mm@ve the

adlﬁiﬂﬁﬁ 8?%& @%ﬁp?élﬂéhé’ Bt fle SRRThEIYeSich oo;r)alﬁ tsd sUtehates.

‘Examples of coupling agents suitable for use in the liquid compositions of the
present invention include, without limitation, the materials described in United
States Patent No. 6,165,256 at col. 8, line 27 to col. 9, line 8, incorporated herein

by reference.
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I1l. Those skilled in the art are famliar with this

test nethod and its paraneters. In certain enbodi nents
woRooshes7ps esent i nvention, the amount of anti bBCT/E81085/018626

enhancing material that is present in the liquid

conposi tion ranges fromO0.01 to 1.0 percent by weight,

such as 0.1 to 1.0 percent by weight, or, in

[ooBter enbwbaﬁam%meeéniéhtg optheepreRBht We\ﬁﬁbﬁi fthetm%int of

on'the total weight he conposition. In these
coeplingirgenitbat lsrmeamtumth@ﬂqtulde:oammﬁam earigsls feomndh@1 ty1

[ . I id
peffRnt bbb suER s Fg PO RS heoRoh BE el s g totd
weligHt Wt she bﬁﬁipé%mbﬂ 9h thée éﬁibbﬂﬁﬁeﬂt@' ﬂ\%sambhni’\bf ¢olfiing agent
understood by those skilled in the art that the anmount

thajimay bepieseaidn dhe hquid memmasitipmearerange betwsemanh t he

oot PRI Ao ELENBS L A PAEL G o

unfiéf3e@dd by tisssd skilledeimobedi arethiat thé Bfmduing of BogsIRPaddritPresent
of the present invention ma nprise _an optical

in thetliapid porpraitionrs detrpsmingd éy e b pIrRertes desised fabe um
mcbh%}ﬁtéa ﬁllﬁ'?khe 8(5m§8%1'ﬂghe salts thereof. The addition

ese materi al o COﬁ'pOSItI ons conprising a

h d
[odk2; OF 7\ W ¥oieiin Bhod et 6 Rt chrrPRgRts bt FEssnt
invehtion mantomptise addigfacethdtivetdient ofbichInayfbagrample, aid in
certain enbodi nents of the present invention

t he
improying therweltinggapperties wf the eﬂmﬁé@pnpp@g@ﬁtariynwhmthe
coR G BEERLY b0, G0 AUFAe Qo 0y BE A odib v
an arhanicevatdg mErxesnhpI@s ?)f ftgf@céammagéntb)sumhbffbr bees @rdthe
t. o e

t al. { t
predgb a8 IngIvS gt BT i, e Matarials [MenBRRg it binited
Stét@@thi@b{t 8. @6@9@#7 étrbo"l hey, 'nhaggzjtocc%lp@é'ﬂdeoéb %ﬁﬁ eusmted

range between any conbi nati’on the recited v
Statas IRatenicNof 6,668, OOécattcmﬂ 38 llinest6 tot cqlvdt0,l linee39, which are both
unde gecg thoeskilledinthe art that the anount
mc&rpqrﬁ ﬁ‘?reé yé% f%n(iey enhancer present in the liquid
osition iis determ ned by the properties desired to
[°0§§ ncor PbFaEaRn empedimants g Pﬁeﬁéﬁ invenie). the amount of

' sul§SEthAt the @Bﬂés@ﬁf‘fnsthetlﬁ%ld b&HEQsﬁBHﬁ’QﬁQéé ﬁBFn 6’.61tt8% p%rcent
present 1 nvention nmay conpri ent, whic
by meeyghtf suckerarg o aner«:mtt kyheeight, or, in other embodiments, 0.1to
1 percent by weight based on the total weight of solids in the composition. In
these embodiments, the amount of surfactant that may be present in the liquid
composition can range between any combination of the recited values, inclusive
of the recited values. It will be understood by those skilled in the art that the
amount of surfactant present in the liquid composition is determined by the

properties desired to be incorporated into the composition.

[0064] In certain embodiments, the liquid compositions of the present
invention may comprise a cleaning composition. Suitable cleaning compositions
includes those materials that comprise a surfactant, a solvent system, water, and
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adhesi on of the conpositions of the present invention

to painted substrates. Exanples of coupling agents
wa@iosaid7e4 f or use in the liquid conpositions OPCT/H82005/018626

present invention include, wthout |imtation, the

material s described in United States Patent No.

6, 165, 256 at col. 8 Iline 27 to col. 9, line 8§,

a pH %@f t Ren P eétﬁh”a@éfcétﬁ;f &G BF %n{rggﬁié] A 8y ﬁ?ﬁl‘eadlé’emng

enbo present invention, the
com]nqsitlongs atminsetdwmntUmﬁeqasmemPatenttNre 3 4Q3J7($5 which discloses

@ QROHAG CORTDE D GPBPHENGE 7oy el CORRIIPTSha(q bolling

soN@h@'su‘éﬁ'&h&o&f g‘a‘ﬁ%l ‘H?f&ipé)ﬁtdde%‘tely) tﬁirgh *b%ﬁlﬁt&e@t?ght’@ﬂéﬁ asa

anount of coupli'ng agent that esent
C1tth é34l allyylede glyoobalkyl ether aavmr@mtalenfv(bth @aybon atoms.

s\fighR Euaraaly apsidgs clbnifirtoshiats ik Mg
cohﬂnéﬂ&%\ll?r aﬂé‘lﬂb ﬂrcflﬂ SUYBRAsSH af@'SIN, ML a@ﬁ@ﬁnﬁrﬁér%ﬂtave
in the osition is determ ned by th

dlq@pwpeadtthegthm@ph@tm of aeleaning gomaesition e @ertam embodlments

of HEBR3EH BenbOBAh Pudl H e BB PR R or s plestat
cofpoisitionsadian epplisto paihiethsurtaces| Quclﬁéﬁianjrﬁmum-@lddﬂ/vmdow
' |nprOV|ng the wetting properties of the conposition,

sapes. AINEIINY Sidheg, ansethedikgo A Asasult ingprtaiermbeginents, the
paffBh SEl1SUDBLER Bt pBA50 A% BuSHBSITALEUSOR B NG 2"

organi-c coatin es of su actrve
cospiosiions df dhe pmenh m\temtipnesent i nvention i ncI ude, ‘
without limtation, the materials identified in United

[0085]t es P@ertEin Hmbcﬁiuﬁéﬂts76’f7thétpr§§ént n&?entidnnﬂtéf%fdr@ are
col. 38, line 60 and United States Patent

dlrgc@gbtodlgglda@oragpsmggs cpMpsising (g acieaning cqmpggsltggt, and (b) an
oo Bl Ao, IAEPREEEBSIEIS, BlRLgfAons may aso

indludeaalphotncatdﬂ?tlanmtetlalobs!desumtﬁetteamterthat is present
in the liquid conposition ranges fromO0.01 to 3

[oam]cent ny ceraiBNémbadiherns, theledring cORTpRRIoNY present in the
, or, in other embodinents, 0.1 to 1 percent b

y
llqwéu @ﬁmp%ts@tf SrithetrrsesentinvertiopHn a5t ameuntief ahleank10 welght
, n t
oeB QRS 0 st SR SIRALAR by KR aibast 25 weigh
percent, with weight percent being based on the total weight of the liquid
composition. |

[0067] If desired, the coating compdsition can comprise other optional
coating materials well known to those skilled in the coatings art.

[0068] The present invention is also directed to methods of making liquid
compositions. According to certain methods of the present invention, a liquid
composition is prepared by (a) providing a hydtobhilic material comprising an
essentially completely hydrolyzed organosilicate, wherein the pH of the
hydrophilic material is no more than 3.5; (b) providing a sol or paste comprising a
photocatalytic material dispersed in a diluent, wherein the pH of the sol is no
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conposition can range between any conbi nation of the
recited values, inclusive of the recited values. It
wowdos/1isg2under st ood by those skilled in the arPCT/H81005/018626
t he anmpbunt of surfactant present in the liquid
conposition is determ ned by the properties desired to
be incorporated into.the conposition. [0064] In
materthan B. @%@C{byﬁ%ﬁg th8 %nydenQ‘, n‘h@f&%ﬂi brd\Rasd # (4)Wth the sol

present invention nﬁrlse a cl eani ng conposi‘tion.
or pastegypuiderda b nig @SW@@ e photoaatalytie matanaldn the hydrophilic

mefBe, (e badh SRt It Bt A s o i methed gan be
statfe ﬁerfveﬁﬁEQﬁd)ﬁthsAwﬁ\Jllﬁlé@r%@é@gﬁ@m@%wgﬂéc e'rS?ﬁtlbﬁ ThepH
- disclosed in United States Patent No. ,

valyes depeided aerﬂl@@ﬁnrhy delepvinedi ldﬁinQ:léﬁ'p‘W@Mﬁ@EE pd;bmeécwt
coferEg STRNAGL oA %%"é&ﬁtf*ﬁ;ﬁ boi 11 ng. sol vent

0G0, o7 Gertain heihads S rei e R8RS CoBbrse ths Sebr

proWdihl 2PhRIr6 sIRG Inﬂ&eﬁﬁl%ﬁpﬁlslﬁ an é@eﬁﬁéil%&ﬂﬁ@&él}/ hydrolyzed
commercially availa from SC Johnson and SO

orgemesilieaten wieteindhe rthi Qétmeméctrophac nateriahisingsimone tﬁana3 5 or,

i SR SSRORRIR AT 4y 542, B PRl oo 05

In oértzmh@mm@ﬁmhwcﬂw@ambtm ofitee ppggHnit asvdriiopabnéied
urfaces, such as al um num cl ad w ndow sashes,
hyinomlmnafﬁﬂal isgbtained: pefirst REovidiag 2 matarial comprising an n

t
oS AL i By O AL AR S A B BB ROt
is greatarrthan theedesiced pH(m&lSlhe@eadchngm aeidtocheenateriaf umtiiéhe pH of
L ot Ay T
yeltef E%b@@lrﬁéﬁ@nﬁ'(ﬁw 3.5C qiﬁ}lé:%a%rpfe hé/éjfr@nYléﬁgd carli cjar the

organoschate Suc OSItIOSﬁ‘H al so 1nclu
hygiephiicanaleyial maymoampme tImMéBeHsEG(D Iaed/cnrawlswe?too {;lmﬁ6$ both

of WPickeb HleBROPRMIRL B Suf FE AL Sy pﬁgqa‘éioéé S

a7 "5 éé‘rgeai‘&e%”&%e&&s o} trecaRthodsrof the ps rtiri@e&gmn
étheaﬁydrﬁé hc%?at&ﬁé%%y M‘h d‘ﬂférﬂh%P&%QWétteP&JéW
based on the tota |

organic solvent, before the addmon of acid to, for example reduce the solids
content of the hydrophilic material, thereby allowing for the formatlon of thinner-

films, as described below.

[0071] Acids that may be added to the hydrophilic material to adjust the
pH thereof include both inorganic and organic acids. Suitable inorganic acids
include, without limitation, hydrochloric acid, sulfuric acid, nitric acid and
phosphoric acid, among others. Suitable organic acids include acetic acid,
dichloroacetic acid, trifluoroacetic acid, benzenesulfonic acid, toluenesulfonic
acid, xylenesulfonic acid, ethylbenzenesulfonic acid, benzoic acid, phthalic acid,

maleic acid, formic acid and oxalic acid, among others.
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conposition. [0067] If desired, the coating

conposition can conprise other optional coating
woraiosnisks wel | known to those skilled in the POBRUSINGS018626

art. [0068] The present invention is also directed to

met hods of meking |iquid conpositions. According to

certain nethods of the present invention, a liquid

[oo?pros' tceﬁairﬁmEfr%%%rcﬁqh@g;ré@nt m&wt%hfk[%n?pﬁsvedfh%}éb Iof

nprising an es al'l
proligitigpa ysok dr pagtercosnprising e, phdlxmaialytlc Imeetehbbcﬂnspdalssed ina

hi | I
diughE ey B o e 30k RastpIS 59 AIPTS (bRb A EANgoMe
emB@ﬁﬁ lards, FORPEBISS. 5 Br an gejc H?l%? enYﬁH?flﬁ'eH 4859 tg% 8 |} Bertain
s nonore than 3. m XI ng ehyrohllc
embadmenis theqhi déthe sol (oat)past& is stwnestarmallyrth@aam as that of the
nyRaSilie Sateflat RbvidGab st 4 drdfe Fanion: ThberGissmbodiments
of tﬁ@ tm@khbagtof kh&ﬁf&eﬁpm@ﬁhéh %hraag& &ypéshé% asfdm S@first
be stable for over 12 nonths with little or
proa@gigmmmauamhowa@iee@h@‘etmtheow thereopis gr@atmrsthaephﬂ desired

P ABhTb P R a0 1 B5For sbe uEh S ol 1 50T ity s o

mokeetHzmi B.5MR1 Mosbme fentBiRlimeRsLRdm N8es 3. Hbr.Garyet bifert he
step of providing a hydrophilic nmaterial conprising an

emb@@'@?ﬁﬂ"&ﬁﬁ?"@%l Epésyamw , @sypedtieoneshaadier, toatdbotocatalytic
ma@%{}ﬁé@%‘irﬂﬁe"&rﬂég%ﬁggg gh%ﬁ;gj %bﬁt lgeemlqr?b]%ysccgﬂg@e § sol of
| titahiunyggidetd\élla?letfﬁﬂnmh dB)eﬁ}{(b@hc&pBratidm wreterahe names NTB-1
i s of the nmethods of the present. invention
a”‘ﬁ@&% &gﬁ‘yé‘?@ﬂhmq g0l cemprisgs Rreolis- &%faaaw pxigie particles or
a nifeak; 81 BfbokiETHos Wit FRTBS o EARRILICR, fitkium oxide
partitles mhsparsed in watgre N EB- 1t dvach NiTlBe 1 8 @se mﬂcadly mnuhdlekidry the
pr?’gdi nF 'aﬂ' df%gothe material until the pH of the
SURREPERT 4P 9 fiore than 3.5 or, in sone enbodi ments
om1l.3 to 5 or et other enbodi nents, 3.0 to
100858 ForAgdsipranaybermddaciadho s b Brstemprising the

r
o BB LAY PR AFLRE B 00 AL anc
organm\aaiwdbgcribmj ezau]hpn‘ iaemored othepsd tnc c&tdintemnBodimentOabthe
f th
pre!]s%r\}tgﬁ{/éw e aC| lSS a? dec}j to tﬂg o) g? pgstetco?n rrlseifc’rg rhe
photocatalytic material is the same acid that is added to the hydrophlllc material

prowded in step (a) of the invention.

[0074] The methods of the present invention comprise the step of mixing
the hydrdphilic material provided in step (a) with the sol or paste provided in step
(b) to disperse the photocatalytic material in the hydrophilic material. The mixing
step is not particularly limited and may be accomplished by any conventional
mixing technique known to those of skill in the art, so long as the mixing results
in a dispersion of the photocatalytic material in the hydrophilic material. As a
result, the present invention is also directed to the liquid compositions described
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:the hydrophilic material may be diluted with a
di luent, such as water or an organic solvent, before
wo b@sadsdes i on of acid to, for exanple, reduce PEEUS2005/018626
solids content of the hydrophilic nmaterial, thereby
allowing for the formation of thinner filns, as
descri bed bel ow. [0071] Acids that may be added to the
r r I
b ARTEl e i cbeBChifTis DO Tl AR ychd 113% 3.5
or,agisdme embodinents; B@ub 3.5m t ati on, hydrochl oric acid,
sulfuric acid, nitric acid and phosphorlc aci d, anong
[00H5]ers. ﬁ@b@ﬂi@hgt@wﬂ@m@ﬁ@ﬂ AstHous dfdhe 3pederft m\%rﬁuon a
di chl oroacetic acid, trifluoroacetic acid,
liqud weermasiticroli Rrenareas by (1) usadsing  hydrapkili material comprising

an s GAN CrRbeI AT kbR GIEERGRce, BREFeifiban iy

hydiphiisahateriat IsOFromﬁDO do 85 E(b)Spl[o(W:ﬂﬁ%1 a@iﬂ balpési@éé‘rﬁﬁﬁsmg a
of the present I nvention.conprise

phetosaiadyticgmatayial dispessed i %@Jﬂwtswhgr%m 5h@pbhg&taeﬁql er paste
is f?’&hef b 8% Shef & %lkiﬂpElhg'thﬁg)t@lc"mgf&eﬁ gﬁ'&\ﬁdé’é"lrpfa)mﬁ the

or paste I's

solmhmbterprmsded iro(b) Xo dlisperse theophotboatpdtticahbtsrial in the

rrbﬁmsns .0 to 3.5. In certain enbodi nents, the pH
hy@’pp?t IS N3terigl paste is substantially the sane as that

of .the hydrophilic material provided in step (a) of
0476 | nvelthPSM Methogs of KiepresBBHinMentian 6Pmprice 1ae Ktapsof
4 i

cg{l)c%lﬁg cﬁéﬁlﬁ‘ll ic Sn?a‘(ﬁ%ﬂ%fv&gn%gé@ aﬂ e%%tenﬁél (}f@%@? ééé!y hydrolyzed
orgamsmcatd sthepréirt therprd Of the lgydrapiitic neteriahie faas i7c@tb 9, such

t dding acid to the sol qr ste. ynt the pH
as 310 10 8 L} oo EBOPUMRITdr S ' Beh” B eSTiAM ermbcdig s of
the%'ét}ggilﬁﬁtoz thé %P@zéerﬁéﬁ%n%oﬁ él{}eh & ?\P/M%prgﬂfér:@fﬁt?nal is obtained

byémtlpr@wdmmmﬂtenalammprwmgarrwseenmuym”dpiatelyﬂngdrolyzed
s. of theﬁ' fj{s)ent |nvenltl| on, may

or PR GEbte SRRkt PHES TS Matgiaif Tesy tghah S Ubiekd pH and
thePPA ARG bl S LESIAPoLNE t6 B abEF R &nﬁlﬂﬁeWoﬁﬁe m‘éﬁlﬁ-fa@hé“from

the sol conprises brookite-type titani um oxid
7. Opt@r& Pcsueh as 740 ta &0uere insomecares.e7 Hytpd.0i t h-
anat ase-type and/or rutile-type titani um-oxide :
[0q75r]t iclemn ddarztaieresnblodimem ef thekB Bradthadd dfifiie fpreseat vention,

the l¥ droSlleH dnka Ir’cg\rlla may e é nﬁeé mﬁlv{/aetrer %‘ﬁo? td’ g'dc%{ior% o% ﬂme4é base

compound as described earlier.

[0078] Materials that may be added to the hydrophiiic material fo adjust |
the pH thereof include both organic bases and inorganic bases. Specific
examples of bases which may be used to réise the pH of the hydrophilic material
_include, without limitation, alkali metal hydroxides, such as sodium hydroxide,
potassium hydroxide and lithium hydroxide; ammonium hydroxide; quaternary
ammonium hydroxides, such as tetfaethyl ammonium hydroxide and tetraethanol
ammonium hydroxide; ; amines such as, triethylamine and 3-(diethylamino)-

propan-1-ol; tertiary sulfonium hydroxides, such as trimethyl sulfonium hydroxide
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[0073] Acids that may be added to the sol or paste

conprising the photocatal ytic material to adjust the
w@bkboshes7eof i ncl ude both the inorgani c and or gR@T/TS2005/018626

aci ds described earlier, anong others. In certain

enbodi nents of the present invention, the acid that is

added to the sol or paste conprising the

J ' d
anBARLAGFLTIONO, (TR GHUS, alohby SAABORGH nf AffrokRie8 th as
tettéraethyi/phmsmnnnﬁrﬂom]roﬂ' te ameittbirdethyt phbsphordsmitiydroxide;
orGARHIPBS Bi U8R Fo1HPOIEH Ay AT AP LR S G a b tatassium
LRSS b BREE o it
potassioh tme:nwajllafuola}te4 bimtetrdn&ﬁujlammdwm:aam'{qghyls«m}dhcﬂgte

enti ona xi,ng_t echni gue kno o those. 0
bisclRaey e o, SRS R A S e Be iR oTEh
tnrﬂb |l§h8%té’fsdd’kﬂ'np£§étté’l‘éa§é‘dil)ﬁhi Qihd?@fbeéhﬁ‘ilmom{iﬂ Biearbonate; and

'ic material. As' a result, the present
mlxhnwwthaueoﬁ s also directed to the Ii qui d conpositions
descri bedabove, wherein the pH of the conposition is
[Om]rmr e ﬂhmsefme’modb aidhd piedenmt hvention comprisente step of

odi nent s, Oto 75 cordin certai
Pr&ADE AreRlIE PSSl CORBTISHS® ROl At il Cipassed h a
d;lﬁéﬁipﬂﬁietrélﬁrihé HPHERR £ o*P?a%@ :sm‘d??{ 70l &98% @Yjéﬁ RN .bItE 8.0
rraerla conprising an es nti al COﬁ'p etey
or hipcronhg eadbodirgantss front Ztoeto &here parttahnerpblodfmente, the pH of the

sol 0648 = piarBhEaRnelSarm® A sHat oo dngreitle Fiftll &

cefthPempedinhéhts of &H\é’éﬁ‘ﬁwetmﬁdﬁ@ﬂ tAetpiesent |ﬁ¢'eﬁthﬁ—’n $0th @rsol or
paste is from7.0 to 8.5 and (c) m xing

pastedisqiiiained bydiret p@vmbn@wul@@ §ahof apsif Wheﬁﬂétl's%pHdhereof is

B B DL Mg SR e PR BT BB e o

thereohrdForaf7.0 e 816, evehtad N0EO8.0br.dARNS enttimehmeﬁﬁs fedm 7.5
providing a hydrophlllc material conprising an

to8&enti al | y conpl et el y hydrol yzed organosili cate,

wherein the pH of the dro(ghlllc material is from7.0
[0080]8. 5, dHasesdbatmaythe addedio thersd ompasteneampesing the

rt 0
onbi e b RS AR GEBRA TR hod MES bR A Bhroanic
bagbs deBetbed earlier, among others. In certain embodiments of the present
invention, the base that is added to the sol or paste comprising the photocatalytic
material is the same as that added to the hydrophilic material provided in step (a)

of the invention.

[0081] These methods of the present invention further comprise the. step
of mixing the hydrophilic material provided in step (a) with the sol or paste
provided in step (b) to disperse the photocatalytic material in the hydrophilic
material. The mixing step is not particularly limited and may be accomplished by
any conventional mixing technique known to those of skill in the art, so long as
the mixing results in a dispersion of the photocatalytic material in the hydrophilic
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by first providing a material conprising an

essentially conpletely hydrol yzed organosilicate
wob@saisT2e he pH of the material is | ess than tPer/US2005/018626

desired pH and then addi ng a base conpound to the

material until the pH of the material is from7.0 to

8.5, such as 7.0 to 8.0 or, in sone cases, 7.5 to 8:0.

ma&%ﬁ?]t He t9é°éﬁ fuhdd P JTE%ﬁw%Extfo'ﬁ‘é aa@bpqﬂg rﬂ%thbaeare
p rraf may be

esent 1 nvention, t ydro
stauiel for 84 tei2nhowas ethrpomlwa srmakhddidunb of pfedipitatiwnbaksea result,
Mat.eri al s that

thefpggg%ﬁqﬁw%iquqe B 9 dligeied g the Bowe EmRRSITnSisesbetkabove,
i fHY gﬂfof'tﬁé‘ bHF}ﬁ‘oo%RFh iQFGR 7D RASSS ﬁ&ﬁjab'?% @RBicC or, in

ases. Specific exanples of basSes whic nmay be used to
somaicaees,neddel80. t he hydrophilic material include,
without limtation, alkali metal hydroxides, such as

[0082fi um hRéfemngiao\nﬂotFa§SIZIanb)Bdlthe¢ede sabd (i) Iate’mhsnﬂmtlc cross-
hydr oxi de; amoni um hydr oxi de; g}l%e‘\bernary anmoni
SeQﬁ'?G?bYdPWe‘Q anseplaraed se@le QEPW?”‘ W“GWQWHP@Q'T‘E@"%@&“‘G

propEht AFS A artl i A eI A Hefting o RBodHichtH the present
invemtian, aegpexiivelyni Asrishgppaentiesm Kigsh2 andtd, nmreehain ‘
| f d [ d d | f d d
emBRAGNIS A5 N BESROR AN Hgfrsatiags are JOGR WAErS A 168 hy!
phcﬂB@étBlWB'rHﬁie‘FMﬂfsQﬂiéﬁ&sé& @mb@.bhaamw hRIFSSRNE BindBr. In these

y I OXI e; or gan03| anol at es, such as tri pOt assi um
embadimrIps ol coatings ppmmlse a ph@tpcat@éﬁlqmatenal in the form of

v SR a B o LR bREIE Gfois. e pertctes

havig anratedgel crestallimeadiatictert i ﬁi@)@@‘tlﬁ% Qﬁm'hbbﬁéters) which are
di net hyl si | andi oi ate, bis-tetraethyl anmoni um

relaiwebt Wfqrm')éﬁ&per%ﬁ%thqutéﬁh%évﬁmpéﬂmmpdﬂﬁ 20. In particular,
|
s T AR 0T e L Opr T Rl phgpretea

ie. T@Ieeeneamw atﬂsf tie melms&&erdndapwlatecbby canmsésaratdieby, the
r0VI di ng a sol ste conpri si
bm@% t ﬁythea,n erapjngd fe.%qyimtba 'H'Pd?qt%@'ﬂg limited by any

theéﬁ}gﬂ]ﬁgg’e‘)_&ge ag W@Snt?&]'m ghnegﬁiz théng @hﬁc?rg%fé;%énd the

sol po paste ofi phcoiecﬂatalyhcenﬂedahmmbs fo thedr mﬂnbihatlbn thel or
t hat, of

phcﬁé%t:t%lyﬂpm ? g%p gel %A lepégsrg%i in the hydrophlllc matenal such

that agglomeration is prevented, which resuits in a liquid composition of low
turbidity.' Thus, the present invention is also directed to liquid compositions

having low turbidity as described below.

[0083] - Because the photocatalytic particles are pre\}ented from
agglomerating in certain compositions of the present invention, the compositions
can be applied directly over an organic film while resulting in little, if any, direct
contact between the photocatalytic material, such as titanium dioxide particles,
and the organic film. As a result, one advantage of embodiments of the present
invention is that the liquid compositions can be applied directly to an organic film

without the need for any barrier layer between the compositions of the preseht
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certain enbodi mrents of these nethods of the present
i nvention, such a sol or paste is obtained by first
w@e@3ilti7ag such a sol or paste wherein the pH peEUSIING/018626
is less than the desired pH and then adding a base to
the sol or paste until the pH thereof is from7.0 to
such as 7.0 to 8.0 or, in soms enbodi nents from
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corgpesition inafeasrs sueh that theheompasitibpcan mmtcmgeaforrrsa low haze

film. '/—s\g&fra%% %hée%n%%botdhr%eﬁ% f%g ! résenbtI tion ﬂ'ne &aBFe one-

pack I|qu1d compositions have a shelf-life of at least 3 months or, in certain other
‘embodiments, at least 6 months, or, in other-embodiments, at least 12 months.

[0086] - In certain embadiments, the liquid compositions of the present
invention have a turbidity of no more than 600 NTU or, in some cases, no more
than 400 NTU (Nephelometric Turbidity Units) after 3 months, 6 months, or, in
some cases, 12 months. The turbidity values reported herein can be determined
by a Turbidimeter, Model DRT-100D, manufactured by Shab.an Manufacturing
Inc, H. F. Instruments Division using a sample cuvette of 28 mm diameter by 91
mm in length with a flat bottom. Moreover, coating films deposited from

compositions of the present invention, in certain embodiments, have low haze..

.28 -



enbodi nents, the coatings conprise a photocatal ytic
material in the formof nano-sized photocatal ytic
wo@asosiied7es 10 (in these particul ar exanpl es, tP€T/US2005/018626
particles have an average crystalline diameter no nore
than 20 nanoneters), which are relatively uniformy
di spersed throughout the hydrophilic binder 20. In
AL ARt e RN Wit BTSSR A0BY Fbnord s

0.3%. e hazealdlueé répertedheraih ean weed@tenaml Wiitleé Haze meter,
and se@ar at ed bKﬂ, t he binder rather than
SUER AsishBgzegRrdR: Mogiehdp. waeavatlalw@.frfgﬂ|PaﬁrftCeacr§9tlfa¢1y

cqrﬁgg%agr"ivghgﬁrinsl igved that, by controlling the pH of

haterial and the sol or past.e of

1ORRA' Ot Sk BhiAeBliopBick He, ks Rbiver PR shcL Bine
présent iy tHedfohninl dfca raNBHask predidh. Thatefaes) theBreddrm "h\}eﬁmon is

prevented, which results in a |iquid conposition of
al%wrw?%tca mujti-pagk Produas ppewssing afiesicosipanenicemprising the

5581 e b N SRS 0 G St BB

copq:ﬂsnrrg ‘she meeuopsm/@stlmteﬁrrwnr@;ggh@ biﬂcmrs nASIUSeclehéreim the

ns t,he_present invention,
teroABUL A RToBHA BETeRb st F Gwaling SEvd Y SPEIPTISinGMpsR than one
PR WBIARING CoRibeiopls bie Cormbinp 8Tt fiid 16 appiBuRitto 2
subistpatede particles, and the organic film As a result,
one advant age of embodi nent s of the present invention
[0088]t hat  {Tihe ﬂn"eqehdlnvenmlstélwshreaﬁedue rapthlode f coating a
[ an or mvvlthot th need for an

t , .
substfeanth aieri e beentohe @@ﬁﬁ&%@ﬁpeﬁ g€ piisent invention
oSSR S SRS PG BB, g
: cunagutlm@bompasltlos @Msmﬁmtemawm plaarmdaﬂm Yfor exaraplegan
| t ocat al terial, t
iR R B0 e EifPR s st Gl gl B pPnosiigps used
in Erﬁas'ermétlffo@%tof‘iﬁé‘ ?é‘éeriMlerﬁlBﬁ R REha! pfb{/i%ugl?tcﬁéélﬂised

084] One advantage of the liquid conposition$ of
photanséaiytic materials anariy/dsephiliebimderods of produci ng
liquid conpositions of the present invention is that
[omwy may Im ﬁs&det mieth sisadifl the pnesqrd dinaaydion, the lilquid composmon

4 P epaled B et idiets by sy ddseaepEnbAdS. selab dof example.

spray coating, roll coating, dipping, spin coating, flow coating, brushing, and

wiping. The liquid compositions of the present invention may"be applied to
polymeric, cerémic; concrete, cement, glass, wood, paper or metal substrates,
composite materials thereof, or other materials, including painted substrates. As
suggested previously, the liquid compositions of the present invention may be
effectively applied directly on organic films that may exist on a surface of such
substrates. Multiple layers of the compositions of the present invention can be
applied if desired. Substrates that are reactive with silanol groups may “anchor”

the compositions of the present invention thereby providing improved adhesion.
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herein, the term "one-pack |iquid conposition"” refers

to a liquid conposition wherein the conponents
wa@eowpnisesag the liquid conposition are stored POLER1005/018626

in a single container. [0085] The one-pack liquid

conpositions of the present invention conprise at

| east two conponents, including the previously ,

(008030 < °SpBERE S5@RIs bfarfRl ddkrpwikh A HoBR comogitions of
theqﬁresbath ipvento rﬁay\mh appliedwiaﬁmm, slitdblit Iir}nftatli@‘g, va'hdb‘?ast .
3 . As ( =] the term"shelf-1jfe" refers
w'rtdérﬁ?%és gﬁ;ﬁ%‘?#‘ggﬁ@ﬁ,%%l ,w@ﬁr%ﬁé@wﬁgeé‘@ﬁp@ﬁeﬁf gng optdoor
i SDIGHARS) BydhiaLo 6, ARBY B Rk RS OBRUBCRCE e
gogalebj mhiasks;dfeliniet shielfls; dlassmghidss tof dmwzen doed displaucdntainers;

ala? TR EUTAEG WAS, BTG Fesf o RERL Ueson AIIFES buiiding
sto'g@}’ﬁﬁi‘h'té&‘ stefehsla‘fééqnﬂnquﬁsheu@ WHdIbvF 9ABIRSY; IS Riksh ?ﬁ%r?;

shel f-1ife of at least 3 mont hs or, in certain o
gaterdantsneun parlens; haadrails;, greenheyses; traffic sighey transparent

o B TAIS g 35 BB A o RBEkE dpcorave

pahdleestlapBellapRifed duFhebd ¥n GutdRoBISE vidiarerS@ QirdFaft Osnd the

_in sonme cases, no nore_than 400 NTU (Nephel ometric
like pantad sprfaaps on lampesr fidguras @Rg, oteenaiictes; ahandfing sistems

10, chi di €i _
o 353 510U B oAbt i B G PSR P
tilespaivfikcitionashifsy sionalshowbbsed; avnputegdispaysHair Eonditioner heat

I nstrunments Djvision using a sanple cuvette of 28 nm :
exclanger s 'B?’Vgltﬁg%ﬁﬁpﬁsl 'ﬁrﬁm intgrier menpRars @hbuildings;

- _ o ' . i o b ‘

wirlfehP BaRes: dRferiRRe, kol iRRAr bhsths, bARIEORRY RhCHAT: nBbpital
rodnosy faeipey Spacess, dffiver §iaces, hnditinaliled; samitasy wWhed, sulch as basins,

oa b, L S s S5rd5% A

sucﬁﬂgglcaﬁqp@té#a(ﬁgé@gpg(r) Model No. XL-21 1, available
fromPacific Sciéentific Conpany, Silver Spring, M.

O0GATE], Tl S REGOHE LS s AR gy bo i
a subbtratepas Hopexatuple, impregetting a papeerpclotemir nonveotérofabric
witfwsé liquid composition of the present invention. The impregnated material
may be stored in a container and removed when nééded to wipe-coat a surface
of a substrate. Alternatively, a paper, cloth, or non-woven fabric could be |

impregnated with a liquid composition of the present invention at the time of use.

[0092] In the methods of coating a substrate of the present invention, the
liquid composition is cured, i.e., dried, after it is applied to the substrate. Though
not being bound by any theory, it is believed that, upon cure, some of the silanol
groups of the essentially completely hydrolyzed binder are condensed so that Si-
O-Ti bonds are formed within the dried film formed from the liquid composition.

Itis believed that the presence of these groups enhances the durability of
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also directed to nmulti-pack products conprising a

first conponent conprising the previously discussed
w@bwsocsreal ytic materials and a second conponePCT/US2005/018626

conprising the previously discussed hydrophilic

bi nders. As used herein, the term"nmulti-pack product”

refers to a coating product conprising nore than one
o e DI Colp SRR Eh® £Fe eI Butesy, p¥ Yoscrived n
mqreedsdail beloventi on is al so directed to nethods of

coating a substrate with a liquid conposition. These

[0093]hods dathe ligui@ icefpoisitions endy be setfrquringe subietradtens of
(a) applying to a -substrate a |liquid conposition, and

O(rwpsamswgavw%mb@m thesid ofrﬁ@wur%f:a@h@t rrMDrs@ver the liquid
coﬁ*lr@%g ‘(’]%ftt gfrg?%erﬁmh?a)rﬁ&ﬁ,%f:EQQMPL@%@CL%& afibient

0 ste conposI t

tempedatumst Ha&ﬂhaEWbmﬂﬁ cufmg béthy Hiqlﬂmcomp@ﬁﬂdr@mf the present
n:grl se revio )6 di scuss hot ocatal ytijc
inYoRUBPITaRY bR RETAISRRY Py GIGMELITe EoTDBBSON I Elagdn air, ie.,

alrmggsﬁ\%ogﬁﬁgy@g%?%m Fﬂnﬁéa '?‘E’G?fgﬁﬁ kéisﬁathéﬂ'bvenuo)n/ the liquid
COdEKjSI’tEth isextined Hyexpssiop itte, aif tm Zeweiirpbars s&ﬁﬁﬁf to ach|eve
 sufdiveRgniifhiatdd6 s i G eil-RrimiraBin U v

coﬁfpdsh%r@rcﬁ&ﬁ@tpréélééﬁmv&moﬁﬁﬁapgls@% b@r‘édt!?y REAYARRINGC » For

ceram c, concrete, cenent, glass, wood, pa per or net al

example ragcesding deseErincembediments of tha prgsenbinventien, the liquid

oo REGHGELB Y e LR B B B Ay ORR0AL aing

it atraoeottoomm@fob@tm‘a‘seetsemchas appl ied directly on
organic filnms that nay exist on a surface of such

[oeaH13! T at Dine Mitrd @bfurkaveEsnah dhiSodinTERes bt tr@lﬁre@éni'he

present i nvention can be app i f desired
mvgmb@n iaithal the &ﬂu@r@mmmmeammtahea \remdmwgpbd@gomt

o fiAFRBle s D5 GRTET Wbl uBLedil EREab e G At o he

comp@@nioﬁs @6n§éc¥déﬁtl95th@9mld/\bbmbobiﬁﬁmda%tbéiapplled to a substrate
03|t|ons resent I nvention m éé
at en@em@b' st Iﬁldmtthlckh@&%ﬁl dn pammﬂ@rm@ccwd%m Non

en TR SPeT Gl hyoBEC AL B oUoh e ahbfif o #40Bkuae
in thyet foeral ofiantim Gl tia; hagraptisclilimvidickpess ©f no more than 200
nanometers (0.2 micrometefs) or, in some embodiments, 10 to 100 nanometers
(0.01 0 0.1 micrometers), in yet other embodiments of the present invention, 20 |
to 60 nanometers (0.02 to 0.06 micrometers). Application of the cdmpositions of
the present invention at such low film thickness éan be particular advantageous -
in providing an optical thin film without necessarily matching the refractive index

of the coating to that of the substrate.

[0095] As mentioned previously, coatings formed from the liquid
compositions of the present invention are initially hydrophilic, that is, upon
application, and prior to excitation of the photocatalyst, the coating exhibits an
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goggl es; masks; hel nmet shields; glass slides of frozen

food di splay containers; glass covers; buildings
woosa187bui | di ng roofs; exterior tiles on buil BCTYS2005/018626

bui | di ng stone; painted steel plates; alum num panels;

wi ndow sashes; screen doors; gate doors; sun parlors;

handrai |l s; greenhouses; trafflc S|gns t ranspar ent

aff@gggé* %a??rg ; %'lrﬁu%ﬁ%ﬂ?!?mvgﬁfprggg]té ’ ﬂ?e h%ﬂ)ﬂﬁl@ity B the

bindar ahd dtaslrd dosisated Buaw ikl vester mamtrabt:a le,of o mb&é than
gand the Iike ai nt ed surfaces I Xtures,

2050545 Same &bolaRTtS am MIarag Y dbers Mhietaihet paBediments,
no Lﬁ'\ér%fﬂé‘nﬁn 304, é’)&fﬁa'tl ﬁ%‘i"tr‘fg Pﬁ?ﬁfo fé'l‘)(tf@t%a?&ijetl howetever the

appli ances; ram c t| ion uni

co:stingﬁdaa’eed fmmm& bqtjudlcxs)pimestllormi of themesemnﬁgemm can be
exc ers; 0 . exterior_and interijor
RS TR s el ol b SSCaam aF iR clgriest
suémcéét}ﬁdé%a?rpé‘ﬁﬁﬁrt ahﬁét'é? e8HEct Ehgl‘é:;tﬁtrlﬁsés Pf%%“t Aveh ¥ MRile as

factory spaces, office spaces, sanitary
O°.ware, such as basins, bathtubs, closet bow s, urlnals
sinks, and the like; and electronic equipnent such as

[0096] ut er THe mmtha{( &Qﬁ/lﬂ»e Thed Ifmmmmng)meqshdtooalaly@f

de;tbé]r?d (o] ﬁ@(nanétg\égpqtl g%{q?%e |rbg]§el,|c;u?g [%g?rﬁ)%sss;[o%ts of the
pred@ht iMERtoh 2B %xéi‘l‘n?ﬁée"i‘néﬂeﬂblls%ﬁp 6tb853 itdd &B(’gn exposure

pr esent 1 nventlion I npr egnat e t eria
to wsbleebghtnsmttamm bml@adommﬁﬁ@:wmehomdedwmu as nitrogen

i pe- f bstr at | t tivel ‘
or {8 RRkegtiahh iRl fudl PsiPosen n a%URHE Rl sdluge
chMdil’fg any tatibtors @ﬂawe\\xel@mtﬁfof bbRaRE ﬂ@@'Hanbﬁ’r@QéFs‘ O(Dn‘iﬁe other
the tine of use. [0092] I'n the nmethods of coating a

hanrd,he eaatasss andheutpe &yar of fHaekim diexidendin oxide,cand zinc oxide

caf U oh Tyl o ey Rl A88 8 oo
natdraeteys, 413 hén@rﬁbteﬁ’yem4 Rahomefss, and 887 sintdtefd)e
si | anol %rougs of the essenti al ly conpletely

respgatly-z eyitableddy rAfation SONFRRSHOE BHPIEXCIING SUSh  bonds
ph@@a{aﬁfs@?ﬁ\cm&é“vﬂtﬁoﬁf rq{tbﬁg 4 ng?ﬁpg‘:st%c UEPELIG under the

conposi t | EVe he presence

.tra@énamewwom M@mm)mnpkamabf Clevelanics @Gid Nigsving an
fromthe conposit] orz of, th% present invention,

mteo{gsltaég <BiWRlls pgr sgiiaredeetsr| the coating surface.

[0097] In certain embodiments, coatings made from the liquid
compbéitions of the present‘ invention exhibit a photoacitivity of at least 0.5cm’
"min™, such as; at least 1.0cm™min™'. Photoactivity can be evaluated as
described in United States Patent No. 6,027,766 at col. 11, line 1 to col. 12 line

55, which is incorporated herein by reference.

[0098] In certain embodiments, coatings formed from the liquid
compositions of the present invention can be rendered superhydrophilic upon
exposure to sunlight for a period of 1 to 2 hours. Alternatively, coatings formed

from the liquid compositions of the present invention may be rendered
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[0093] The liquid conpositions may be sel f-curing,

such that the conpositions may cure without the aid of
w@pysaw7es cat al yst. Moreover, the |iquid conmpoBCT/USIN85/018626

of the present invention may, for exanple, be cured at

anbi ent tenperatures. In other words, curing of the

liquid conpositions of the present invention may be

b 2

suSiEFARILARGpal Rt RAUA B RaRPSY i Pty SrEWIRY for 1
hoenbodi nents of the present invention, the liquid

conposition is cured by exposing it to air for 2 to 3
[00999r s at AdTisdussad ipreévieusiypesdtirtisoihbd §iony tenliguid

hours to achieve long-termdurability. The liquid )
corppapiensiohthe presenkinypatiencan exbii \(ﬁwﬁ@\gorablggwmophlhc, anti-

stefil BF P e Sl doperith, SERIR Gnef VRR M ey re
hydrophilid, andpesddredsuberiauireshiby upsn photaexcitatien of thef or

3 to 5 mnutes and then force drying it at 800C to .
_phaiggatalyliy materjabaaatings deagrirony thegmiepsitions ehipe preseAnt
I e Sl e B SR Rl R ARG Yncior ant:-
fogg@g/ ptaperies.i Tse poeges invempipnpthiarefoed,)is Alguedicsoied by methods

ight total 1jds based the total,. weight of the,.

of rERFAERA BTaE R SuRRITals sefrennitd: sEAIBG: eRdler aa-
fodg%gﬁ_\ppl ied to a substrate at extrenely small film

thi'cknesses. In particular, according to certain

di . . T

0T By (o2 bPeRind< Y REL TR 11 o PRRShS Fhe
presieat investian ds that they iy denpardicolariyaunable. {TensiPfsing

durspiy of Sptiigrmederion 91 eompostintol fimetesed) IneRtiga can
be %éﬁur@&%%r%ﬁ?%&&ﬂ@% oPHSHRT shrf@No rﬁﬁint@iﬁ 4 Qoﬁtg%:t angle

nanoneters (0. m croneters). Application o
overttime amgies ectelarated weaather eawitionsavem laverdhe sieghee ofv

contagl g HRESRBE Bt by i Sp PRI ESREESE tifle gr number
of \ggﬁﬁ; tpdlet NBembrea@lirabRe fhadmm. %i_mmair@@bbﬂ@rmg &fftBk film can

e substrate. [0095] As nentioned previous

be eblainedsia weateringshemisrs; which ingkpedhe Cieland Oaadensing
CaJERTECCRHENBLR T8 [gHobl.e!of THE PN Comb Y, Cibveland,
Ohio). S

[0101] In certain embodiments, the photocatalytic material is present in
the liquid compositions of the present invention in an amount sufficiént to _
produce a coafing that maintains a contact angle of less than 10 degrees, such
as less than 5 degrees and/or a photoactivity of 3 cm”min™ after ekposure toa
CCC chamber for 4000 hours, where the CCC chamber is operated‘at a vapor
temperature of 140°F (60°C) in an indoor ambient environment which results in
constant water condensation on the test surface. Indeed, as illustrated by the
Examples herein, it was discovered that the inclusion of a photocatalytic material

in certain embodiments of the compositions of the present invention produced
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application, and prior to excitation of the

phot ocat al yst, the coating exhibits anaffinity to
wowrien18ikd s initial hydrophilicity results froPCT/082005/018626

hydrophilicity of the binder and can be illustrated by

an initial water contact angle of no nore than 20 or,

in some enbodi nents, no nore than 15, or, in yet other

co EXMBitihg dtanHRESly WO%‘QC’ dUPé’cﬂh )é%' dGthi Qtrédotgaoédn?lg%ositions

pho ocatal ytic nmateria however, e coatPngs
cotaining laehydrqphitic bordes sif thentyspea:festchlbep reseintbutmoephiotocatalytic

matgalovh GUEFefLRY BB 8 R srEinsradimepts of Gagresent
mv%ﬁﬁbh nl%% ;S}ﬁﬂoé’é‘tﬁlykﬂbtméteﬂﬁff @én SQ"H@G&(e I?'g'ih% &]‘m;% ﬂor}nl; an

5, even as little as . e nmeans
anmmnmseﬁlcient te yidld arapating tlpaionamlasytstmmbwam contadt angle

AP b DA S b B et gogtoct anle

wh@Pélﬁ f“lrﬁtr @ watat c@rﬁt@cpéﬁﬁlé’e?é?éﬁse@ tH@%t@K@Qﬁl‘éEﬁaﬁ@e observed
visible light, such the brookite formof titanium

aftel experaireds Upelightder ahouosg 88 descitbed inthedpeamplesanit efore
b8 1T BT oARARLRY B Bl coc

chd®BenforofB0ehours@s ddutribbt etbobendhetdis theadencatd a
rutile forns of titaniumdi oxide, tin oxide, and.zinc

phetecaialyigmatenia] vieldse picogting thateuld sobmaintainits ivtiadwater
coftalPyf I%%é}ﬁfrbﬁﬁétély%mé% r??{@?% ?su?ﬂrﬁéfnosure. Indeed,

nanoneters, nanonet ers anone
ther Examptes/iiugtratSuthatibl the Eidseack af acphod;mnatalgﬂc haaterial the

o SR P LSS A
an krﬁﬁ#@%s%ﬁé‘@dﬁ frEB0e ans! V@ﬁﬂ&?@enﬁ%\gound bgrany

evel and, Oni o, having an intensity o
thegqyn,athe lmeerﬁom( Wlm/)e that thiresurpaisinggresult cande @tmm@d ftm a

oo SRR TR0 oSBT Behgobo e i

|enmt;p@cw b’dﬁds mfthéfcobﬁﬁg;t THe dovBrkbisbdlievetHahsdife at
| east Ocm 1Imn 1 . Phot oact|V|t?/ can be eval uated as

ph@t@gatalﬁwma.ﬁewuta@ rhiresughagresslimkng evifersamee photocatalytic
el et A5l 3o upl R Byl odh b 40 ours of

COfvbrposmet s, coatings fornmed fromthe |iquid

[0102] In certain embodiments, coatings made from compositions of the
present invention may maintain a contact éngle of 5 to 6 degrees after expostre
to 650 hours in a Q-UV Tester equipped with fluorescent tubes (B313
nanometers) at black panel temperature of 65° to 70°C and 4 hours condensing

humidity at 50°C. atmosphere temperature.

[0103] lllustrating the invention are the following examples, which,
however, are not to be considered as limiting the invention to their details. |
Unless otherwise indicated, all parts and percentages in the following examples,
as well as throughout the specification, are by weight.
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conpositions of the present invention can be rendered

super hydrophi li ¢ upon exposure to sunlight for a
w@ersaom7ef 1 to 2 hours. Alternatively, coati nBST/USI008018626

fromthe liquid conpositions of the present invention

may be renderedsuper hydrophilic upon exposure to W

radi ation of an intensity of 28 Wn2 for 1 hour.

[0099] As discussed prevg pPLES§oatings formed from

the liquid conpositions Uggiﬁe—present i nvention can

exhi bit very favorable hydrophilic, anti stati.c and/or

Exaniple HaPreparation Ty HydaslyzaOngadditiete BRggguse t hey
are hydrophilic, and rendered superhydrophiTic upon

‘Pd@t OeXC'AErP%éIB'T\P@frolﬁlﬁg o%?éﬁ%&%‘hﬁldﬁ iréf H%Hetf)'fﬂalreln s solution
tings ma & Conbosit1ong of the pre ent
“Al, washpiieparea py exding 7,080\grarsgsalesorszéd waterahm anglean dry 2

ol conBner, i Shrien rd okt o 1RYBERS BbieEiies 20ed and set

asil hods of rendering a surface of a substrate
sel f-cleaning, anti-fouling, and/or antifogging. [01
[0t@F] Anot Hé&xS pearns(=0.00 rooles) 0488 et S ﬁﬁtrah"@thoxysﬂane)
ns_of t rese vent on i.s
refiSRatY RIS AITBIE ALl ey Pl s direy bR
3.6 gRIrh8 88 somten A 0W0.20endlesBPRLO) Was SbwlynddsErehe TMOS,
i nvention can be nmeasured in ternms of the ability of

copiselling lthe s¥pthesm Rousiapmndrea batl innaintaiiiedesparaturerbelow
: 25328?98{3’@ gﬁé %6?1??%0‘?@3““@ R &¢ sgiﬁlonTRetl‘IlQ é%ﬁ'@t)l/lpﬁ){cel rolyzed

con | e t can mal nt ai

sHsmmthnbaMa}x:IheMdbr bnhekoar a’n’d%feﬂ brf a weparge Q:ledrﬁsiry beaker,
nor e dur abl e th%Pfi Im Si agl at i ngﬁweat herin

20D RS L SihaRel 814 RIS ALREER §'RIREMEES %Ixed and
e T O P R SR B e,
Thendhe Ipkthdf thehdilnfed smarm;olumrm épit-ab)ywastdilistehts pHt-Be by
acBii B8R teis Gidlesial st Wbt TR smediastides sio2
blrﬁiéfrfsbﬁjti%ﬂtwéQ allwey ¢S fLﬂIyQ%?d)lpﬂe bbéFn iR VAt RSIng.

contact .angle of [ess than 10 degrees, such as [less )
[0106]n 5 dépplicatieman testpapiels witb @i we;sohftlozl shaw goed wetting

B aS oo W i P ol

hydraphilicity.

Example 2: Preparation Of A Hydrolyzed Organosilicate Binder

[0107] 15.5 grams (~O.;IO moles) of 98% TMOS representing ~ 6 grams of
Si0; and 3.6 grams of anhydrous methanol (cosolvent) were added to a clean,
dry 1 liter glass beaker. 3.6 grams of soluﬁon A (~0.20 moles of H,0) was
slowly added to the TMOS solution, controlling the exotherm by the rate of
addition of solution A. The peak temperature attained during the addition was
33°C. Upon the completion of the addition of solution A, this partially hydrolyzed
silane solution was held.for one hour at ~25°C. In a separate clean, dry beaker,
287 grams of ethanol and 290.5 grams of deionized water was mixed and then
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tenperature of 1400F (6Q0C) in an indoor anbient

envi ronnent which results in constant water
w@omndamsat i on on the test surface. Indeed, as PCT/US2005/018626

illustrated by the Exanples herein, it was discovered

that the inclusion of a photocatalytic material in

certain enbodi nents of the corrp05|t| ons of the present
adaaa%egyég afER VAR {A{;g%ﬁ fgérgrge SRRl $R1d ¥me. Then,
the:thcaflthe nijutedhsiinedoldtion (@Hﬁfﬁarwa:s‘ adjhetewuo@fqies Qrihyoadding

hereln bﬁt no hotocatal tic materi al |IIustrated

a8l oreres ohglaci! BEptEARdMEL BHEE: hsar retSHEmﬁrEée%lpz binder -
solu%ﬁ'%ésoé‘lioﬁ&ﬁtoohu‘ﬂgl S{@Péﬂ/ﬁ’é bGe |ﬁ" stﬁﬁﬁgbe i ncl uded

nmposi t1on’in an’ ano AT ent 9t o yield a
[Om&]t ing Wmmcamtmmmarteﬁ pangls WIth |abbvmbmtlomsritomdeweﬂlr@
t er_cont

ool Do oo B S B o Mt ha i BF Sosonvent
proVAd&d s&?ﬁ'fi‘)‘?é eﬁl&@érﬁshlyﬂ?&?é@ L{in}% 6d?ﬁes‘b%h@fn§°ﬁmo%?kaﬁaﬂ k& form

obser after expo for
hlglr@s ondlbewlar weidhd oligamelrs whisht d@ebns’eateﬂptbe wbseted behavior
ﬂ er) even after exposure of the coating to a
”P%%épé’ S5y for 4000 hours as described above, whereas
't he absence of a photocatalytic material yielded a

Ex8RMIé BIPHIEraté of ARl 'iaoeb éﬂo%ni kd BRHdapat er

contact angle arter ap 0 hours

O ", SEEEGHIT el AR 4 Goh

represéatiig aBogranes ot $re)zswa§ adéed ¢ bedsat drg 1NRer st beaker.
tinmes the initial contact angl e after exposure in a

3-Gegramy Pt 3BbiomAur9: 2malkeue! BePhyas Sinmymddesytorthe dOS,

|
copfSINGYRAERSGeRAHE b A8iRa7 b ROLBORA. b poak ™
terppertabmet&tteymed:duamsg:theahdmtlbh w4 @Gy aUpsnIthe abmpiétiarhof the

adiiPn e soliien Adhe Tt '@eéy%p&%% 'Sihe Solition et Rk for one
houpafs%@rﬁﬁéeéagﬂa@@ c‘éyg.l, gﬁyf rPheb @cggﬁ@/%f &hanol and

material remai ns avali otocat
296.& grams @frdmomzedfwaier weosd nh'mﬂ an«bﬁh@C@M&qbtrstheepartial

0102] - ln, certai odi nent s, I ngs..made fr

nydghEaLs TS BT e oBB Lk VB OR TP PRI 1 the
dil¢eatsiahe %Bﬁlti%ﬂgb 5? Wls éiﬁaét@a&o PH.9 BYRRRAAF 018D &%@ns of

hours in a wpg with fl dorescent tubes
glacis egetic acid W|th stlrrlng The 1% Si02 binder solution was allowed to fully
hydrolyze overnight with stirring.
[0110] - Application on test panels with above solution show dewetting
problems with mottling. The test results suggest that by not controlling the
exotherm and allowing the temperature of the hydrolysis to reach ~ 40°C,
resulted in a much higher degree of condensation to form higher molecular

weight oligomers which demonstrated the observed behavior upon application.
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nanoneters) at bl ack panel tenperature of 65 to 7Q0C
and 4 hours condensing hum dity at 500C. at nosphere

wo esopatgreaur e, [0103] Il lustrating the inventi oPCHUS2005€18626
foll owi ng exanpl es, which, however, are not to be
considered as |limting the invention to their details.
Unl ess otherw se indicated, all parts and percentages

Exdriipld®_BrebbPoREX 8] zeéSO hbsméattefmaahout the

Specitication, are
[01dEpar at MethaUOAamdBMNzwmQt@'amw mixest & Bil r(Wew) ratio under

stirgpg e e WP opRae BaborflenifianTRod df Goring | Soate

soll]tid}Q(M%Lﬁﬂ%lthéi'ﬁﬂc@ﬂ@éﬁfbréﬁéﬁrTél@oaJébé*ﬁ)"‘wag 'b}ﬁa@ed into a

| on -cont ai ner. stlrrlng . ramo

ga
glass teacttoraml@wm!sb)aadél@oami 50618 gif @ae pre}m)@d retbanplavaier

ol B e, TP B QPRI 0P

mir@ites. 1 Theh e5.24 615%26@&5@@[& gcif viiasded irfiothé réuttdr under
(-0.20 nol es O was slowy added to the TMOS,

agitadionr dhe |Sﬁbltlpﬁén'é<iwﬁh/é$$rk%l9t sisfashatambieat fertagditional 24
ol el SE1 B A€ EHBHBREF R B

partl ally hydrolyzed silane solution was held for one
Exdmple &tPredardlion OhAdHrirphizet OaassilicacyBindeker, 290. 5

f eth | d 290.5 f d d t
01020 s bpranal aeH ceioase HatEwats MHEd B B oy atio
undiir shirild. THel\fintdicl @ té’ﬁ@%\%’??'é’ﬁ#@ﬁ%@’%é” Eibed
corﬁalnpﬁﬁeﬂckaplchskduh@ Waﬁ(prgparmi by diuting #0.02g of glackat adetic
aciiath. 94 e Erarincl Wen SPved BiRulTe: o0 Gt RS 81 shtate

solé‘rt‘idﬁ Wa@%ha?é@aoﬂo ARPASS ﬁéd(%\f PcﬂloWé‘at b)péﬂ&'tlén\MfQ%ang‘é‘Pthe
sol uti on show good Wwetting wth no optical flaws an

prepaieds? -smﬁarwﬂwamrwaiwtdslxtm‘er&swm pgrtigpod he solution was

str e BEBS e Ebt BTN glion T FEbEbs st Hab R 4G
sol@fior?¥Ys Hddedrirter e BhtR® under 8gRaforRThe 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.

Example 6 - Preparation of Liquid Compositions

[0113]' Liquid compositions A through G in Table 1 were prepared as
follows. Charge | was prepared in a one liter glass veséel equipped with a
magnetic stirrer. Charge | was prepared by adding the binder material to the
vessel and then adding deionized water to the vessel under agitation. The pH of
the mixture was adjusted to 1.8 by adding 2N hydrochloric acid under agitation
until the desired pH was achieved.

[0114] Charge Il was prepared in a 4 oz. glass container equipped with a
magnetic stirrer. Titania sol was added to this vessel and the pH was adjusted

to 1.8 by adding 2N hydrochloric acid under agifation until the desired pH was
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Si2 and 3.6 grans of anhydrous nethanol (cosol vent)

were added to a clean, dry 1 liter glass beaker. 3.6
w@r@sa18784 sol uti on A (-0.20 noles of H20 was BCDWA3005/018626

added to the TMOS sol ution, controlling the exotherm

by the rate of addition of solution A The peak

tenperature attained during the addition was 330C.

aci P EeF T Bkt Ao o SafEe Pl e e
hydraghhiewWongiositdirfs. A kiiroaghepar at e cl ean, dry beaker, 287

grans of ethanol and 290.5 grans_ of dei oni zed vvater
was nixed and thenadded to tﬁ@'—&aﬂti al hydr ol yzate

I 4= 3

i RERE ﬁmg;%gga SR TP TS Teehrsa
to-pH=3 oH-alr "I al acet l Fod ant d

Wit I'Aqt irr Lnn éfr eqd uIﬁG@ 1%@% 2l bi ndl9 sollution

was Bl | oned t@&/gla y hyd@Q0dyzb A896ni ght 4P8h -

stir@ing. [0108]0.2¢pl iica#tDon pnS5Bekg panel.6gwi t h abowe

sol ubi on show.3Hoek i ng B1gbl Eme7W g h| not1t27aqg. | The --

testgresulfts ospgoest fhapsghe) 1 gglagp! on aigrgsol vent .

prov,‘f ded fior @ 3pre e‘figiygnt —hyéﬂg | y<b| S P58y

0

L rjlll:‘[ ITOT TCT t le 59

X

el it T i i gl LR
*M é°i' hydirg| .'-° Gsjlige ﬁéiﬁ@%%e'f gﬂpﬁog*f@erc'a%a%ﬁﬂaP'FZtWWJ&wblsh'

UF 'nd 09
gﬁﬁﬁﬁ?ﬂ%@ig%ﬁg@a TS i

1 liter glass beaker. 3.6 grans of solution A
20 m?I es of H2O was sl owly added to the TMOS,
Flogf Glegs dest BUPaYaRSt he rate of addition of

[013|§(]jUt '°”Tﬁe 55%8%%%” kP ioat gfa%FQéét%dT)% ?%&re a%dﬁé%aréd by

ition Upon the ¢ etion o tron
Cleaﬁlr@dhetSLdDBtrAte with g d:lhntdad IairlyZ‘rQ/dolutlgz écormimexcially available

froguisdn Chemital fiol, Jhed Rierarss o iRganeeBrhtagar 200

wntﬁ%&.ﬂé@mté}fsod%@me@@luﬁ@ﬁ Abd¥eEShdBntRioARd 590 €910% Dart
ded to the partial hydrol Kzate with stirring, after

21@ hé’ herstibistrate wes then riesedivith, hatitep piaterf andhthen deiorided water. |
tian H~ ) ted, to pH=3. 9

ThE gt Riesals B8 sbPiea iR PuebkBlaT Wibeh Gt ¥ paper towel

‘ (K@dr?@'d&nm@@al#@@ul%le@r@%%lnﬁérlym@ﬂk @agp 3l | owed to

[0116] - The liquid compositions of Example 6 were each applied to a test

substrate by wipe application using a BLOODBLOC Protective Pad,

commercially available from Fisher Scientific. The pad was wrapped around the
foam applicator. Then, 1.5 grams of the hydrophilic composntlon was applied to
the pad using an eye dropper or plastic bottle with a dropper fop. The
compositions were then applied by contacting the wet pad with the glass test
substrate with straight, slightly overlapping strokes. After application, the
substrate was allowed to dry at room temperature for at least 2 prior fo testing.

Results are summarized in Table 2
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hydrol yze overnight with stirring. [0110] Application
on test panels with above sol ution show dewetti ng
w@e@bhesTe4 Wi th nottling. The test results suggPGI/US1vas/018626
by not controlling the exothermand allow ng the
tenperature of the hydrolysis to reach ~ 400C,
resulted in a nmuch higher degree of condensation to
f orm hi gher nol ecul ar weig gB gl goners which
denonstrated-the observed haw or__upon
Caqpbosition gn. Exﬁn‘gl e| RCARpepimat 1)oh ShifateHResislividd Haze®
O ganosi | i ciaigécrBr) Adler [01 11] Met hanthmyﬁcrdé)aonl zed
vwateg were myed at] 1°1 (@igy ratfo unggny$p?rring. 1%
The,ﬁh XUUNE W55 TO ed T OgT{o0MT UET eraéﬂmau 019 ‘0(2%

W el
VS~ bl | | C UTT \2 CoUUT S II uarcrroal

. L CornhA an levea— 'Ianan 1\Am r\h >V macL | nf o0—a al aAce T
O at+-h \vn —G1 gc< 1 =4
pagynr ol | Q@d \/ ar‘lrh ﬂi‘?ha of 104 8 gof t hg -

pre-i xed |net Bahol /wat er 28 vent fri xture -as one -
orthon. The 8dt utijon wasO&kirred|at 20-22 0OC for| 15 --
m nuBes. Then).®.2 |g of gbdcial acetic ackd was added-

185%@ e ﬁg"“érx-*é? st ﬁ?&%waﬁl.“? onal. 24 hours.

870 t?' G,F?AV wes [t ﬁ?teﬂﬁstcﬁéc e Uptiedeiatanf %\ﬁe{“hN%

t@ cgl, 1 | 0 A Hvdrol vze
S ?‘@ §l?ﬁlwt§a\faé Pl ¥ 7 e Mpdal 300 H@gehmﬁf@ausmg
e pl C Illrp [ _qﬂ%@,segﬁrra} gns on the
can 7he ?ﬁ@s (v A P OBMCHAILER PR ot
tee o s SR Bib et a"et 5e@%?4%°”a¥e’?u%  Ghalsbip from
Pa@ ic CisPje NP FV% Bﬂt xture. 5.0 g of VB- 51
silicate sol ution was charged into_a gl ass reactor,
fol | owed by additi@.ﬁ_%b_'_gﬁl_%_iﬁﬂ.ailﬂﬁﬁ_’lpre m xed
o P Test SuREG Lot o R RS R A e
plated ig aomlepel@:nurce@&d@tbaloat@hamberdofsex‘atlhg e 1405F 6. Each
into the reactor under agitation. The solution m xture

teshgubgisate was rerBaved framiherghanberaueskly ang tesipddg determine

T, t 9 ;
the \Elﬁtef‘r cﬁfﬂ;ac?"a%lé: OFHS@BOR%&IU@; gﬁh%nédgﬁpﬁ‘%@ﬁo& Wa¥ delefined by
me@snpng ithe aader] mmaq:t angjel d(fferem:m betare mdﬁaftdrrrexpghu@ ofrthe
Esubsafrate (6] OW.Shtp ' eaégposure interval was 2 hours to a UVA—34O lamp

supphed by the Q-Panel Company of Cleveland, Ohio or direct sunlight. The

| locations

water contact angles reported were measured by the sessile drop method using
a modified captive bubble indicator manufactured by Lord Manufacturing, Inc.,
equipped with Gartner Scientific goniometer optics. The surface o be measured
was placed in a horizontal position, facing upward, in front of a light source. A
sessile drop of water was placed on top of the surface in front of the light source .
so that the profile of the sessile drop could be viewed and the contact angle
measured in degrees through the goniometer telescope which is equipped with

circular protractor graduations. Results are summarized in Table 3.
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follows. Charge | was prepared in a one liter glass
vessel equipped with a magnetic stirrer. Charge | was
wo@e@patsds by addi ng the binder material to thePOBEESHIN5/018626
and then addi ng dei oni zed water to the vessel under
agitation. The pH of the m xture was adjusted to 1.8
by addi ng 2N hydrochl oric acid under agitation until
the desired pH was achi evegdy %114] Charge Il was
prepared in a 4 oz. glass confalner equipped with a
magnetijc stir CeompoBitianAa sol was adde@otrpokhios Bessel
r@w@(gs 1ﬁrh$I p*d;dlvﬂéctf’iral U@gﬁﬁbﬁgnt@?‘? oreet flﬁglﬁ'\' ontact Qﬁn le
cochlimdie Bagdrd [underamgpi tatiion dgyle The| desi ged p
vasechi elggbodial de |t hen 2dggaciirer] 0Eghl

+ Ol o o nmy,

U~ UTdalfyc 1 ‘lQU Mt UucltT™ Ic—1Ty UpTii Q COMPOST T OyS™ 7\
+ InQ ouah '2 Rl E_ 1 MNH 290 hvddolyvze Ll

ugl LAA 4] — rll] A A | y

1998 ol'ilds) dfmerdial ly Svailatle frdén Mtslibi shid
d96ri cal CoBforatilon, Tokyo, Japan. 27 NTB-1]|titanBa
doB5comerci3@l |y gvail abBe from Showd7 Denko| K. K. , 3
Polyo, |Japan8 3 STS-O t4tanialsol cgmerciplly 3
a3l abl e Tpm T shi hara $angyo |Kai shag LT d. anpl g
og8l { assghest gubstrages [0l I5] gfe surface of

q 11 1 e 1 4 s ) N P | |
1T O0dat 'aSSITEST SUDSTTages—We epatr—<€a
)3,565 - a Hi | 0+ A Dgprf p') 1(‘Lu5

- eanthg—the—substrate—wth—a—¢gi-tutedbart—210 '
200801 i én (cormercilally available frohdNadisbn Cheftical
Co., Inc.) prepared by diluting concentrated Dart 210
wi th deionized wa : - t on had a
concentration of ?%rtagﬂltgmﬁtfz?%s@ e substrate was
[011Bgn ri nEkel durakilith of testsubatratesasmatedadithdigluithcamgositions A
wat,er.. Th e substrate was sprayed, with Wndex(r
throygh gél\%%%?ecﬁttgﬁ &yme%s%wemet%&?%g%mglp)a\%r expgs&reto
uv?gﬁg]@ @%ﬁbhwe@ésbwehﬁpﬁé% piaEaREhYnGhe'detOBRd) -

~The liquid conpositions of Exanple 6 were each
‘CongipnsationtGhambes t Thelsameasubditates perathsn placedin the 6§C as

desBrraRoE o ehet 40 hifles RIMRRC e Movbeturls Sibsirateg were
theh@adoaed kb CAL ight absscribel dbodeTaref tebitR) By Heidkihh $he water

conposi tion was ‘applied to the pad using an eye
cordaehnete.oRegulis are swamarizeg ini ableifopper top. The

4
g

" TABLE 4 t
Composition Contact Angle Contact Angle After
‘ Before CCC 4000 Hours CCC
Exposure
A 3 5
B -3 4
C 5 4
D 5 3
E 6 2
F 5 9
G 3 3

Durabilify Testing — Test 3
[0119] The durability of test substrates coated with compositions of the

present invention was also compared to substrates coated with compositions
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conpositions were then applied by contacting the wet

pad with the glass test substrate with straight,
wa@hioghtd794 over | appi ng strokes. After appli catiPeT/Us1ve5/018626

substrate was allowed to dry at roomtenperature for

at least 2 prior to testing. Results are summarized in

Tabl e 2TABLE 2 1Sanpl e anal yzed usi ng X-ray

ool R AHGEn AR Bdet|chcare BRIBE BLERY thé pBGldattis Fbterial
Hy@réphilic’ 66mpbsitiohs Bldnd FidfeExanhsle @as wkllasl & Bieniflr.cofhposition
Surface resistivity was evaluated with an ACL ‘ .
haging:3 binger i tianiuso divedp Fafia @f-984). A dcampasition 1) wese glaced in
' Lk | QB : al
the SR R COR OB DG imbsP b ooREEEd aPB% & rickefl
rerpbobe andExpeded BAUVNdIe sasageacribat abewver dlormpagdiivens on

the sanple. 4 Haze S a ted with a egard(r) . . .
COWM@!""NGGL‘ %-%niu'rﬁﬁgw @éfﬁ%%,a@val'@lésﬁm%ﬂ%paeﬁ ﬁ)mklzah
ontif oG . Y.l i
Tokfio it B paNayy 20! Ty o B d My ool il from
Mitsiudpishil Chexmpioali @orposatibrna Tdkgo whapam | Bee test subsithiegavenedested
Condensat i on Chanber operatin 1400F (.60QC). Each
for WAlET SRRlees APEe AR N B RO IR LA AR 7l -
tested to determ ne the water contact angle. The
photoactivity of the conposition was determ ned by
ExARAAES WorepBRatitit G LGB GGhpBSbAs di f f erence before
and af ter _exposure ot € , supstrate to UV light. The
[02(QJosur e Liquié coaiposidiong Hhandd were prephdreddn thampanner.

lied_ by t P f C | and, Chi e
dedipiiid FErimbhe! Sreebhine CVRBR Bes Tidided FisrctripShition in
the\BRRDURE RREtiRED BY ThPIR 5 8A& the B/ TOLNRSHHIR A Ras as

nodi fi ed captive bubble indicator manufactured by Lord

adjusied asiset farth, iniTrable Seqihigope@bility bf thesermomdiéens was then

anfiBReHAT I aRRbef Senr e TR 7RSHRT IR o Risuits are set

forti pNTaee @ | i ght source. A sessile drop of water was
pl aced on top of the surface in front of the |ight
source so that the profil EABLEthe sessile drop could -

be Vi emeg T SRS Ti®I9 T Amount of | Amount of |
Weight Ratio | Binder/TiO,' |. WINDEX

H : 0.35/0.25 30g -8.91¢g
I 0.35/0.25 30g 6.26g
TABLE 6
Composition H - - Composition |
Hours in Contact Contact ~ Contact Contact
CCC Angle Before | Angle After | Angle Before | Angle After
Exposure Exposure Exposure Exposure
0 4 4 5 4
330 27 2 21 2
834 19 2 31 2
2390 26 3 23 5
3374 18 3 16 3
4022 38 4 32 11
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nmeasured in degrees through the gonioneter tel escope
which is equi pped with circular protractor

w@e@dusgeons. Results are sunmmari zed i n Tabl e PCT/US2005/018626
3.Durability Testing - Test 2 [01 18] The durability
of test substrates coated with |liquid conpositions A
through G was tested by neasuring the water contact

Exggﬂgg_a_ff&rbkﬁéﬁmgﬁidt@o!ll[rﬁ\ﬁ Img@% as descri bed above

evel and Condensati on

[01&3nber . Lituid sempositios 1atLe M veridOt Were p#e@me@tj irnthtehaanner
CC&? scri bed above for at | east 4000 hour
deggiihed ip plefhexeemdbatdhepHhmias qdi'eﬂeéﬂgé%uam@ a%forth in

Teb oS A O TR e 7

are su
quzﬂud dampBsifioBs Ny [R,| aridyQ Vesrei prepareteipit a awe[rmbl%]mfrdr&o Example

6. Sxoqi e of Rards bHeadst afist qcﬁ | G0 I was & mixture
of ﬁfébtﬁéﬁ@ts%? a?\ﬁadqum%fl RvRSTROH L é ?Qﬂﬁlﬁleﬁg'i@dllute the titania
hydrophi i ¢ organosilicate binder but no e

solframd&ab ablids to 2t solids withHddionjzed wate:ro ibespH! iob @hakye Il was

nofafsisarisl GHBIdk f vits Afdas e Baits G

0
ek i e s
coftmpoBHiBAaI fﬂr@’mﬂbldlﬁg bﬁtk@s@(‘cﬁﬁnﬂ)@slﬁcﬂﬁs %Q%ﬁéﬁ%ﬁalyzed over time
Condensat i on

er as descri bed above a@gerlo i cal

by ﬁewaé’detﬁf Masied BRT-4 000, maghfacisrerbby Sh an&m&acturmg

ne PP thiie SRRA i, 3800 &Sl Ao % i Aétheter by o1
mne drfemigd ivith o fiamisstidm o Rd3ute sird/Bkt fth indhatlé abl e from

M t subi shi Chem cal Corparation, Tokyo, Japan. The
test substrates were test BOBEBr’ water contact angl e as

oescrl bed aogve. Resutts pre il usf[’uﬂ[)lﬁﬁy‘(NTUﬁg n?fnﬂ
O T- (1 IAYIY ul U 1 DST UlTS ULl aU]
Cotffb?é“l&ﬁ‘ ‘?W'% pglnd m'j‘ lre :’fé ared trL 6~

t tIIQ'\ l:\(:mm e 1] egd%ﬁljlainl%ﬂ]ﬂ'} WQ&H"S

i nK ded! i n0198-3amndkP8i brd9% 1 hoBrolint 5P8entli f 668
i nLTabl el 5 8f03he Bi'hGér) 3B §H2 Rati 66Was |as 653
adMust ed| ad).860.2orth1in Tak2t 5. 388 dur 868l itly d#2
thRise compaeBbicens Wagsshenympal yzeid i h t Bgs5manney2s

degcribed igigfgBabi 1198 TESA{HT[ - 4881 | LI~ sRESUlTS 5BRe
>Cp 0.5/0.1 3.1 | 145 143 | 145 153
Q 0.9/0.1 3.11 149 143" 145 162

Example 10 - Fogging Resistance On A Plastic Lens:
[0122]

the present invention. Thermoplastic polycarbonate lenses that were previously

This example is intended to illustrate the anti-fogging properties of

coated by the supplier with a non-tintable hardcoat (Gentex® PDQ®,
commercially available from Gentex Optics, Inc.) were surface treated by
washing with soap and water, rinsing with deionized water and iso-propyl
alcohol, and air drying. The lenses were then plasma treated. For example, 10A
no additional coating was applied to the lens. For example 10B, the plasma-
surface treated lens was coated with MSH-200 hydrolyzed organosilicate (1%
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forth in Table 6. TABLE 5Exanple 9 - Turbidity of

Li qui d Conpositions [0121] Liquid conpositions K, L,
woRooanms7ed wer e prepared in the manner descri beBCT/NS2005/018626

Exanpl e 6 except that the pH was adjusted to the val ue

set forth in Table 7 and the Binder/Ti O 2Wi ght Ratio

was as adjusted as set forth in Table 7. Liquid

soﬁegmﬁhhb%iéuy\bvﬁabw ftof Mﬁ%ﬁbl@hi@@ﬁéﬁﬁ’céﬁ TpBRITOR! Tokyo,

simlar to anpl e 6, except that the ar ge
Japas. fror Ea@mpie é@C amj ptawn@eunface\asa’@mlens wvas cdatedh ewth a
an_anmoun

cogpditighesithe ik AEE LR F Pl € ORI B, bycsip goating at

anf éxtFétie A Irh@SorM 30 nigingRi zed water. The pH of Charge 1|
was not adjusted and Charge Il was added to Charge |

[0123huke tHeggingpiapectyripas evaloatedipeplaging tﬂuetlyensbverhasep

MG TR drPRr.  The 6 e BRI Fradd Bushp? esirp area

thdfo F6é Wrisef E)Eb}mgl'é 108 fddidd WWHOSGQ%Vd)ﬁth@raréé'tﬁQeéf The
8rrmd|ameterb mm i n | engt

sanpl e cuvette of
leng SEE@mplaﬂ%ha@motwng@néhésg aceémnqzof n TabI e 7
TABLE 7 Exanple 10 - Foggi ng Resistance On A Plastic
Lens [0122] This exanple is intended to illustrate the
Eantple ﬂdgngSwhoeeotﬁoemanovtAIﬂomoase rBrean\mmtl on.

OF24 obs i Exbawle,F iiegiprikenale e an anwaultngﬁraseales of
IDQPRERAR RS0 RS ARG BhiRh R 4

nt ex tics, Inc treate
Daﬁml;ér[)hxgyshartﬂvemodupn@ddntmﬂm even asgasgusing matéqntg]taped The

WS WeR st R B adhl RERL cn it JebnitityRee Wi onp wheel

(whEe #1 )%@hgsmlléwom ABRI psbenget bite! B8 thEBther wheel

exampl’e 10 E asmasurface treated | ens was coat ed

(wheehibeing stal iy Heifronidrivesis| sidewt Erior iodnstaliadipn, the five

e B ot nR A, BRY e FadyerB Bl eBogd,

pl asrra surface treat gdhéslns PapHESBed vvlth a
conposition of the type described in Exa

npl e
[0t%posi t iFoier to Bistaliationoen thegvedtlclanth@(ﬂwea@ﬂaaérofwme@l #ﬁ were
treBted Q@féﬂo%s No coating was applied to Area 1. Area 2 was coated with
Hi-Gard™ 1080 (an organosilane-containing coatmg solution available from PPG

Industries, Inc.) by curtain coating using a wash bottle, air drying for 5 minutes,
and the baking at 240°F (116°C) for 3 hours. Area 3 was coated with Hi-Gard
1080 as described above for Area #2. After baking, Area 3 was then coated with
MSH-200 hydfolyzed organosilicate (1% solids) commercially aVailabJe from
Mitsubishi Chemical Corporation, Tokyo, Japan by wipe on 'applicatioh witha
soaked sponge. The MSH-200 was then allowed to air dry and self-condense.
Area 4 was coated with Hi-Gard 1080 as described above for Area 2. After
baking, Area 4 was coated with a composition of the type described in Example
6, composition E and a mixture of deionized water and ethanol (50/50 weight
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[0123] Foggi ng property was eval uated by pl acing the

| ens over a cup filled with hot water. The | ens of
waEx@eapisg24 0A fogged over the entire area ther ep€T/UI1065/018626

| ens of Exanple 10B fogged over 50-60% of the area

t hereof. The | ens of Exan'pl e 10C has not fogging on

the surface thereof. nple 11 - Resistance to

. . 4
ratlc) B SPBRERD @{ st PPRRE AR St EPfteB with o
Comfposhien'mfebewpej desribedrin E&wn;ﬂélﬁncnmpcﬁlltleEV\hea S
chaseg_from DaererChrysI er wer vided into five
n ar edSeyshigle wasdrivent fop QHGWM@@ Téhreugh 5 of Wheel
I i t
1'3@?‘“%# sl P w&*ﬁ@i@%@ﬁ%@ﬂ%&é’fﬂeﬁﬂ% Aftr
bemgsmsegiamtls wader feord d gardmhmsemwbleewm@és #QArd%i Nt 5 of
Whi ng%i on the front g g ?0 .. Prior
PR5T aM e mSﬁSU‘ieﬁ’é)'? pwp&a % 'S e(/\h'é'é\lbe&fqﬂe&ﬁag a
cleghBP5uifacd®eTRe b e%rﬁﬁx'ah%‘@ﬂ?% Blg# 1

Preparation [0125] Prior to iInst atlon on the
vehicle, the five areas of wheel # 1 were treated as
follows. No coating was aggéL %ﬂto Area 1. Area 2 was
coated with H -Gard(tm E

or ganosi I ane- G&yagai ni Ng coaf 1 ng sol Ut 1 oNCRa&HIhaks
fTom PPG IMdUST{Tes, TTC. ) DyT:urtaln COAtTTy USTg &
WablIUUllc dl UIylllg | 5-m luca, lu .:= :: A‘i-
i - Gard 1080 as®described above for Area #2 SAfter
haki no Ar es A hen oalt ed with NGH OOuo 0 e
organosilicate 1% solids)| comercially avdd abl e

fromM tsubi shi Chem cal Corporation, Tokyo, Japan by

Wi pe on application wth s,gaked sponge. .The NMsH 200

was then allowed to g%@—eél-%g—dﬁﬁ—@g’lcondense Area 4
[012¥3 coat powtd i?')s{élllaﬁ@ﬁ S8Rl ec%rﬂvg%}eéﬁ B Whe8l #2 were

Area 2. After baking, Area 4 was .coate
treatedpassiallpws. dYo cmtmg/wes deplied hedrea 1E>«0mepl2bwes coated with

Sof AR50 B i SieBribiie-Bom AR shotg BhEliof feiable
fromsPRG md&gmégd'W@Uﬂé’fﬁ%aﬁn%@%n@é‘%h%dtﬂe 3air drying for 5

conposition of th pe descri

mirkgapoyid thenbaking @1265 Friiel 67eNifen & hades. dAreaefh wiasrcasited with
Hi-WRe 4 10@5%%%35&1%8 Lé%l?)vg f8F A%ef.l After baking, Area 3 was then

coated with MSH-200 hydrolyzed organosilicate (1% solids) commercially .
available from Mitsubishi Chemical Corporation, Tokyo, Japén by wipe on
application with a soaked sponge. The MSH-200 was then allowed to air dry
and self-condense. Area 4 was coated with Hi-Gard 1080 as described above
for Area 2. After baking, Area 4 was coated with a composition of the type
described in Example 6, composition E and a mixture of deionized water and
ethanol (50/50 weight ratio) by wipe-on application using a soaked sponge. Afea
5 was coated with a composition of the type described in Example 6,

composition E.
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# 1 showed no significant difference in cleanliness
prior to a water rinse. After being rinsed with water
wo csnss7gar den hose, the cleanliness of Areas BECT/OSH0®18626
wheel # 1 was neasured on a scale of 1 to 10 with
hi gher nunber reflecting a cleaner surface. The
results are summarized in Table 8. TABLE 8 Weel #2 ,
[01% par at ¥R veffsd IvaBdrRbniiSr e WRIKA!ARBS ANt 5 of wheel
cIe I've areas of eel wer e
#1 SbbWdeo dignificani dlﬁemeap eleamdiness prieatda wate|anr§semaAfter

coated with S 330 coat
beigg éﬁﬁ@gu"}"ﬁhwﬁg’dﬁa %\ &)&j depdoshg %?'E?PW%A@B% to 5 of
[ [
WhEEQPT RES, PRSI Giba sLAdf 1 T oReififettBdidaa
cleaheraOfdfcd, The @sulisrard sumumarized BaT3bleed® coated with
H - Gard 1080 as descri bed@'gé)o%l for Area 2. After
baki ng, Area 3 was then c b5 =i t h MBH- 200 hydr ol yzed

0T ganosiTi cafq\liey’/o solids) CoMmer Ci al'l Y G¥anli@RE€ Trom
—Mtsubrst Cnemi catr—Corporgtiomn, IOKyo Jangn Drw pe
—01°r—app1—|—eaf—|—eﬁ——§wﬁﬂr a—soaked—sponge—The—VBgF2060—was
Jhan aJ_LrnAnrl te<air r~|r\/ an caI-F cof |an|oC r ca—4—Was
cated with Hi -%ﬂrd 1080 _as descri LQL__ALe_a____
f baki n 4 was coated with a cHhposition
of the type des@ribed in Exanple 6, conpositQdon E and

a mxture of deionized water and ethanol (50/50 weight
' 0 aked sponge.

) so
5 GRE Y “-u €t he type
cri be l i
lm%i. cl e %éé a"fé‘i’gﬁ 'F‘A@U:%ie mééﬁ"'bﬁ%%sb%b%ﬁédoﬁgﬁdg'“&thme
gramteef S#rfynellﬁftﬁﬁecavadatslegmm iAdridtoddicts)do dfifegriams of a liquid
rior Afte
cofppatinn oL e Bis desgliofe i F3eatn'd i cofositioRds SR sktig the
midgeas 1 to 5 of wheel # 1 was neasured on a scale of 1
to 10 with higher nunmber reflecting a cleaner surface.
The results are summuiBanetiPreparatioe 9. TABLE 9

[0 1@6?'"{) | , eSAi'lﬁfAﬂnﬁPrﬁj p%ggs, pépt%étgatv‘nﬂp BbE thﬂéﬁgatsfg(fozf‘%ere

coated with Truform® ZT high ‘gloss‘white polyester coatjng (availablé 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 (peak metal
temperature) for 30 seconds. For Example 12(1), no additional coating was
added.- For Example 12(2), the above prepared hydrophilic composition was
applied over Truform ZT-painted aluminum panel by using wire wound
drawdown bar at 0.05 — 0.15 mil dry film thickness. The panel was baked at
350°F (peak metal temperature) for 25 seconds. |

Exposure Test Results

[0131] Coated panel and un-coated panels were compared after six

months in Malaysia. Results are set forth in Table 10.
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[0129] Exanple 12A: A liquid conposition was prepared

by adding three grans of Surfynol 465 (avail able from
wa\R00sRIsTAuct s) to 100 granms of a |iquid conposPeT/OR200$/018626
the type described in Exanple 6, conposition E and
stirring the m xture. Panel Preparation [0130]
Al um num panel s, pre-treated with Betz Pernmatreat
1500, were coated w th TrufOr 5) ZT high gloss white
ol yester coating (avail abl'e Trom PPG | ndustri es,
I'nc.) by [@sMogties Nal#ysiwund dr awd @vmobés séuth:FloridD. 8
m | dry flifdsifidH 6KP8AEI: hditforiant e PeitisH SLpRAMRANES° S8fh
e e B Tl AP R ed KL agiod o
UD I 1 L] ma al | VWA S

or l&j‘l_z{ L/hgge ahrnl Q qn:n'red 415'? .
u%?bphl I|i-&- %@rrpo& ti %n' 1/&8@ appl i é@ g@‘ér Tr uf oG9
I

ZT- pai nted al um num panel by using w re wound drawdown

bar_at 0./05 - 0.15 nmil{dry filmthickness. The panel i
' Lightnebaitd aatdetSo0redysimga MatBéthtColpdr@@u2 15 $mectraghotometer,
availeblerindsn thEXylachetiediVismn dR&slmorgep MiSiiimeDds i éghhtrpsael and
measurevattsdvgranaien hefore and mfiar @dpoabitedestiiganddhe biferamce (dL)
rechidedyA idh.vaResibses tararo {pasitiveror negativEaindieatisd. tktter performance.
A ldtw ghivaleissnédns lesscalatahange) ddnegsting valud/aeBes theGodating got
darkgredaigr cinplarifg & theapigpabemdratadiny.al loabA & dn-eashdtearea would
indidatteht thdipehsliveas lods didl Wwtbo@evashmgt r unents.  Li ght ness
measurenents were taken before and after exposure

[01323t i ng Esadniplr@me PRITBRGA pahels! Hieotresed vﬁtrﬂBetéqbéwnatreat

cl 0ser to zero (positive or negative) indicates better
15%r\1f/@lel’m‘&i@d with RDuramiar@bersi Giemsscdading (avhitable franyBPGA

| h d |
indi5fits, 1) Pt i il 0 dBR st R G EXRmei B
[0193] MSheF‘oﬂEﬁéMﬁ%’HQ((%)”ﬂieQﬁ%@ E:Bﬁfpo‘sﬂi%nnﬁa@%hbé@% Egample

difty without washin Exanpl e 12B: Al um num
12pavas @pplmdeoverébewranahpaaeteﬂ Femingmeane] bpoisingswise wound

ardfEiiibag! P08 Do il g fim (RiCR ek 3ol s, FRef
350FFS (Pl tleial tdmiparitere) dx. 25 Qé&?r]dsFWorEB%mbl% 1448)Toto

the 1iquid conposition described in Exa
Frontier Research Co., Ltd. finished the painted panel wi h t|tamum dioxide-

containing low maintenance clearcoat. The panels of Exvakmples 12(3) and 12(4) .
were exposed at South Florida for 13 month and 14 monthé Cracking was
observed on the panel of Example 12(4) and no cracking was observed on the
panel of Example 12(4).

Example 13: Abplication to Millwork Substrate

[0134] Sample preparation: Control samples were lab generated or
commercial production panels finished with a commercial solventborne
polyurethane millwork coating. Test parts were prepared by first wiping the parts
with isopropanol. Next, liquid compositions of the type described in Example 6,'
composition E were applied by lightly wiping a soaked paper cloth over the part.

Coatings were air dried overnight. Samples were prepared over four substrates;
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12A was applied over the Duranar painted al um num

panel by using wire wound drawdown bar at 0.05 - 0.15
woredosdesr24 i | m t hi ckness. The panel was baked apPCBBESDBB5/018626

(peak netal tenperature) for 25 seconds. For Exanpl e

12(4), Toto Frontier Research Co., Ltd. finished the

pai nted panel with titanium di oxi decontaining |ow

S eI O il

fibengthssputtpusios (VCPIcand ginsawinoloseswesirade (NhE).pSaaiples were

senTIAdN Srpaskih SN m biRlgySkEtaiHiies HeRtRypHiasses BHof bp being
retMrJéd"Q’fd(e\%lQéfeﬁ%P cot %ﬂbn&é%ﬁ%l@é@ﬁéﬁfdr\o nlﬁe&‘j’lfg A set

l'es were | ab generated or comercial production
: forkb'aneTablénmshed with a conmercial sol ventborne

pol yuret hane mi || mrk_'coerlrb{%_%pgaest parts were

prepared by first w ping ts with isopropanol.

Subliféte TT O d qUUPOST{ons UDTe [P FIfECT ed TGP

SahpRePre o, EXam- r@xaﬂﬂp A- én- | Exam-
Wprng a S%jeﬂ fand Lgﬁ%s'fﬁ ?olpdbfxe e S

Cofvc&@aglgés ‘E‘g;\nﬂﬁ Z\Hauglfo %l :nr 25-7’6“ € et 23
% G fi be@%ass"fﬁul t rl@l an Wﬁﬂ )6§VI yff-’- cllad’ 71

[
Re Qfﬁ@lﬂol ass pultrusioni(VCP)|, and pine W ndow|substtate

(NLP) . Sanpl es were sent to an exposure site in
[0188] aysi altivgll bterreeéllyrappﬁe@laéa@bydh@@sklﬁed trotheearrh@wat

o AP A P e dBle e A SR PO B coppents

distie&88lin the Wrégo»hg desseflplion. Buiresibaifiedtions bRoREDS kbhbigdred
in the art that nodifications g;;%/ be made to the

as jnpldad wﬁhwthﬁdgldovuagmlm@nle hendlaton dyigheir Ianguage
ool R8P ifieMise PSPRRIRg SRR OB e st

herteIiTEafeaillhmm@ cmlylam arel restdiniithveg mer@codeyofttheumventlon
| angua expressly state ot herw se. Accordi r&g , the
Berd By a

whichys & Rergivenytheciullibsgadth ofdbaiappraded glaimg an nd all

only and are not limting to the scope of.
eqlt“kél%ﬁ{ns\r/@%{r%{cgn which is to be given the full breadth

of the appended clains and any and all
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equi val ents thereof . WE CLAIM 1. A liquid conposition
conprising: (a) a photocatalytic material, and (b) a

whyasoe4 | i c bi nder conprising an essenti al | yPCT/US2005/018626
conpl etely hydrol yzed organosilicate. 2. The liquid
conposition of claim1, wherein at |east a portion of
the photocatalytic material is present in the form of

Wf?tiﬁ/ﬂ;‘es havi ng an average crystalline dianeter of 3

anoneters. 3. The liquid conposition of claim

1, wherein the photocatal ytic material is selected
fromthe group consisting of the brookite form of

1. ti t Adiquid d@mpbditipntcmrmﬂsmg di oxi de chenically nodified

l\ame 0 e doped titani um di oxi de,
pI a P@§ @J@Yﬁ 'Hﬂ{] | de, and m xtures thereof.
h @% hydm Hlllémlddn%hs%g éh%s%eﬂtlalwk%ﬁP@télv 1ydrolyzed
phot o

cat al y ic material is provided in"the Tormo
orgegiostliedisi si ng particles of photocatal ytic materi al
di spersed in water. 5. The liquid conposition of claim
1, wherein the photocatalytic nmaterial is present in

2. t heThédiguid mnpwitubm oﬂcllarman wHergintathéadi nPoftibABidhd
to 0. 75 percent ht based on the total wei ght of

ph@tﬁ@a@mﬁd@ﬂqwﬂs desen in| thg PN o ppBisias baviag ap avarage
cry‘éf%fﬂfr% ({i‘lah{b?et%f?@f@% 'n'aﬁﬁfr%néer;s. sel ected fromthe group

cConsi s of ~or ganoxysi or ganoxysi | oxanes, and
m Xt ures thereof wherei n the organoxysil anes are

5. 25 BB Sk BB SR Hdfe photocatalytic material is
selb@tteﬁa\‘rdh Rﬁé’@%débbﬁéi@hn &f thdl %Bkﬁ@@%bfﬁbﬂ tRARium dioxide,
tetra-n-buto. x [ ane et r ai sobut oxysi | ane,

titanistmn dJ@@dﬁ)ghmlly arrrmjlfledabyélame)pyr@igm Imtrmgen doped titanium
rapheno th xydleth si,l ane,. and
diofeley BIFRETH iplesh tianiuth gl BB 0l ai m 1,

mhereln t he organ05|llcate |s present in the liquid

I‘lﬁgSItl on in an anount ranging fromO0.1 to 2 percent
4. py hee davidceorepositienobeladn de wheseisdhe whotecatalyie material is

prowde%hh tRIe f&l?ﬁ of 8%?3651'p?§i‘ng particles of photocatalytic material

dispersed in water.

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

by weight based on the total weight of the composition.

6. The liquid composition of claim 1, wherein the organosilicate is selected
from the group consisting of organoxjsilanes, organoxysiiexanes, and mixtures
thereof, wherein the organoxysilanes are selected from the group consisting of
tetramethoxysilane, tetraethoxysilane, tetra-n-propoxysilane,
tetraisopropoxysilane, tetra-n-butoxysilane, tetraisobutoxysilane, tetra-sec-
butoxysilane, tetra-t-butoxysilane, tetraphenoxysilane, dimethoxydiethoxysilane,

and mixtures thereof.’
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8. The liquid conposition of claim1, wherein the

phot ocatal ytic material and the organosilicate are
w@e@sang724 n the |liquid conposition at a rati o BET/US2005/018626

0.05:0.95 to 5:0.3 by weight. 9. The liquid

conposition of claim1, wherein the pH of the

conposition is no nore than 3.5. 10. The liquid

conposition of claim1, wherein the pH of the

ositionis from7.0 to 8.5. . 11. A substrate

7. coat be liguicdhcamposigidn fof iclaimaot, daereirothet erganosgjlicate is present in

e IR R n f Mk dbugr g Bt Lo BLpBioe5b8) Malgr
cal&@%@é@b@@Oz,l@aséU‘@n HbphaalGight ofthal dBridositiier ei n the

ilmexhibits an initial vvater contact angle of no
rmre than 10 prior to photoexcitation of the

8. pho%j{@k%&b@gﬁ%&ﬁ @3 c!g(rif' vg éerﬁﬁfyﬁw%t él%t&é}gly%c%menal and

thepbejaprsllishicsare prieeehi intheXiguid ¢smposiidbeat angtie oM0105:0.95 to
water of less than 5. 15. A nethod for nmaking the

5:0.3 yiweigbhposi tion of claim 1, the nethod conprising
the steps of:(a) providing a hydrophilic naterial
conprising an essentially conpletely hydrolyzed
9. or gilrnesilduild: ebmposition &f glditmel ,prherein the iyl dif dphcomposition is no
nmat er i is no more than 3.5; (b) providing a sol or
m%g %ngoﬁrprl sing a photocatal ytic material dispersed
in a diluent, wherein the pH of the sol or paste is no
nore than 3. 5; and (c) mxing the hydrophilic materi al
10pr oVihediuiich compositih of ickaisol, wineneirsthe pi of thikedoimpogtbipn is
i to gj gﬁse t he photocatal ytic material in the
fOPR/E o%ﬁ Ttc material. 16. The nethod of claim15,
wherein the hydrophi lic material provided in step (a)
i s obtained by ( : rOV|d|n a _hydr Philic material :
1 1conﬁf$@a’@tg.¢og th & qujed }rp|f@qr@qeq/ RYuthe! liguédi composition of
Clﬁﬁéglanom licate, wherein the pH of the. hydr ophilic
terial is greater than the desired pH, "and (2)
addi ng acid to the hydrophilic materi al

12.  The substrate of claim 11, wherein the film has a dry film thickness of 20

to 60 nanometers.

13.  The substrate of claim 11, wherein the film exhibits an initial water contact

angle of no more than 10° prior to photoexcitation of the photocatalytic material.

14. The substrate of claim 11, wherein, following excitation of the
photocatalyst, the film exhibits a water angle with water of less than 5°.

15. A method for making the liquid composition of claim 1, the method

comprising the steps of:
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until the desired pHis achieved. 17. The nethod of
claim 15, wherein the sol or paste provided in step
w@ bjositss7ebt ai ned by (1 ) providing a sol or paBtBEUS2005/018626
conprising a photocatalytic material dispersed in a
di luent, wherein the pH of sol or paste is greater
than the desired pH, and (2) adding acid to the sol or

P et A Fu TR oRlEst BB B e SR i ¥ letety
hydvet GreERbsifcats, Wherdih @RS pPrf of thadhyRFEPHiE Atérial is no more
hy rophil'ic material conprisi ng an essentially ,

P etely hydrol yzed organ03| licate, wherein the pH

! G AR5 TS Bl d Bl 8 e B sporos

in ardileshiwhdrsinehe ?61 ofitha Sdil bﬂgaéte mer’e tHuh B8, ahdt he
sol qr paste is from 5; (i m xi ng the
W

hyd(@rmmng:thedwmmmrpmﬁeu@loorpwd@g)mm ith iiae §@l orpaste
ordRRSP P st (oo SRR et BUARSHB A faveria

of cI aim 18, wherein the hydrophilic material provided
1610, ThE T ot el bl e o e 26 & step
(e RN BT RORATS S0Pl BT R lgd B ooty
comp}etaumy@olazemg@armsﬂ |beteh weherphi thiecphief e hyd roph rhrclrhaterlal

d Th hod of cl ai .

s argBtiion e BRreuBhoati 121 edng neti e oicpp s riagerial

unfithgidessteRiH isldchisvad. di ng a sol or paste conprising a
photocatal ytic material dispersed in a diluent,

wherei'-n the pH of sol or paste is |less than t he

des
7o ThE g2l 2 BB bRl o

obmimbbym Pivooiding aisel dr padterceiniprigiey bi ghotecataee shatedsl

is in the formof a one-pack liquid conmposition having
dlsaessm in.a dilyerds whereinthe ptd qfsel ﬁ!% paste is oreates thassihe dﬁslred

ke (2L Pk PR 98t bOUs RO IARR
con‘posn tion of cl a| m 22 wherei n the one-pack |iquid
h i .

18. co or%'e%ho(yqfor %Saking the liquid composition of claim 1, the method
comprising the steps of:

(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 material dispersed
in a diluent, wherein the pH of the sol or paste is from 7.0 to 8.5; and

(c) mixing the hydrophilic material provided in (a) with the sol or paste

provided in (b) to disperse the photocatalytic material in the hydrophilic material.

19.  The method of claim 18, wherein the hydrophilic material provided in step

(a) is obtained by (1) providing a hydrophilic material comprising an essentially
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a shelf-life of at least 12 nonths. 24. The
conposition of claim23, wherein the conposition has a
wo eoositgd7ey of no nore than 600 NTU after 3 nonP@iBUSRB5/018626
A net hod of coating a substrate conprising the steps
of: (a) applying to the substrate the liquid
conposition of claim1, and (b) curing the

cofTBRH) bl El ordafpeliEald Whorehl FdbA S Ry Abrlsmateria
is kiss than tlae desiesd pHyand ¢2) adding 2bliase2i. théhwdrophjlud material .
{%(?q?ltlcégp f claimi1, wherein the photocatal ytic
&g 'gﬂ%%@ﬂ?v‘? the liquid conmposition in an
anmount sufficient to produce a coating that maintains

its initiral water contact angle after exposure to a -
20d eVidieametmbeiclaim d)& Whardire thd sol erqEsid providedvirestepr(b) is

oD BBE By A BN R hab BRSteSRRTS B PRsiRERENR Bateral
d|§®?§éd f b@lIGQﬂS%%FeM’Qﬁé FFSF‘&ﬂ'b?i‘ia‘sfH‘lsqgsé ﬂﬁaﬁlﬁ%tdeswed pH,

surface. i quid conposition of clalm

angh(@) eﬁdlrlcm bpmta)tt@t g0l pr ipastmuedilithe desirpd @i-bnstaqmewelde
l'iquid conposition in an anount sufficient to produce
a coating that maintain a contact angle of |ess than

2110 dees| abinpbsEYAT ¢l D, whéieqy HeanflidepaposRIoNnds in the
Chanber for 4000 hours, wherein the CCC chanmber is

forgp of arse- a@ckah%cb@@rnp@ﬁw@ndiawr& afshelfdife-of sueest 3 menths.

i ndoor ambi ent . environnment which results in constant

wat er condensation on the test surface. 29. The liquid
22conitw ¢ormposifiore biclaind 2 1widreeein th @nkkpatkrliquid porpasitidn has

praocess lected from (a) a multi-stage process
a%@#@ﬁﬁgf@éﬁgm?” Bage wherein a partial hydrolysis
pol ycondensation reaction product is forned by

reacting an organosilicate water in the presence of an
23aci dheyebropgsitien ohtlalny £2, whiseeieithe tone-vatkdiquic cpmpesition has

n a t t is,less than the stoichionetric
a %ﬁﬁ? Oggg%asiqgﬁn?@a?m yzi ng the organoxy groups of
the organosilicate, and a second stage wherein the

partial hydrolysis polycondensation reaction product
24i s ddwetcarnpesition of claim 23, wherein the composition has a turbidity of no

more than 600 NTU after 3 months

25. A method of coafing a substrate comprising the steps of:
(a) applying to the substrate the liquid composition of claim 1, and

(b) curing the composition.

26. The mefhod of claim 25, wherein the composition is cured by exposing

the composition to air for at least two hours at 25°C.
27.  The liquid composition of claim 1, wherein the photocatalytic material is
presentin the liquid composition in an amount sufficient to produce a coating

that maintains its initial water contact angle after exposure to a Cleveland
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with a |large amount of water to forman essentially

conpl etely hydrol yzed organosilicate, and (b) reacting
wa@2aostirsgad koxysi | ane ol i gonmer with water in theCT/US2005/018626

presence of an organic acid hydrolysis catal yst and/or

an organi c solvent, wherein the water is present in an

anount that is consi derably greater than the

Co&?ﬂ%hg&'l%b% ﬁ‘B@l%l le%relmﬂé 'oeed 'Jﬁgm?cfﬁqqg BP¥rated

koxyS| ane to forman essent
at 8 ¥apbe terhyefaysiealfyizedr ¢60=Disi dn indber aﬁﬁhieﬁl”a\vhroqmeht which
conposition of claim29, wherein the bjnder is
reﬁwfépsa@@aswtwaﬂéerrﬁmden%%@ oprthedest syirteceThe | i qui d
conposition of claim30, wherein the water is present
during the first stage in a stoichiometric anmount
capabl e of hydrolyzing 50 percent of the organoxy
28gr oUpe linfuid bempogmonmf iclaimt &, wisereirTihe phajocatalytic material is
conposi,tion f claim3Q, wherein, t
presHm A ina i3 eoftrositoRdh AkbemprRl tinenBpRitgs d Soating
f1er, fiotghe
thSAHARIAH gl FASH e o 10/dRfo6S ool BRYLISHOY
Cle\lreiam ExndeheatiomChembesfai 40%bouwsawharemtthe tiéC@exj\a@mber is

opiasS ot SmBaa o AT E IR0 CL TR BRiRs RERER

enbifEnmRAtivhth @S0k BT BdrtaRiiatdtTonaersatit of @ tedt suffgce.
the rate of addition of the acid catal yst, and/or

conducting the first stage hydrolysis in the
subst anti al absence of any organi c cosol vent.
29.  The liquid composition of claim 1, wherein the binder is prepared by a

process selected from:

(a) a multi-stage process comprising a first stage wherein a partial
hydrolysis polycondensétion réaction product is formed by reacting an
organosilicate water in the presence of an acid hydrolysis catalyst, wherein the
water is present in an amount that is less than the stoichiometric amount capable
of hydrolyzing the organoxy groups of the organosilicate, and a second stage
wherein the partial hydrolysis polycondensation reaction '.pwroduct is contacted

| with a large amount of water to' form an essentially completely hydrolyzed
organosilicate, and ‘

(b) reacting a tetraalkoxysilane oligomer with water in the presence of an -
organic acid hydrolysis catalyst and/or an organic solvent, wherein the water is
presentin an amount that is considerably greater than the stoichiometric amount
capable of hydrolyzing organoxy groups of the alkoxysilane to form an '

essentially completely hydrolyzed organosilicate.

30.  The liquid composition of claim 29, wherein the binder is prepared by the

multi-stage process.
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31.  The liquid composition of claim 30, wherein the water is present during
the first stage in a stoichiometric amount capable of hydrolyzing 50 percent of

_ the organoxy groups of the organosilicate.

32.  The liquid composition of claim 30, wherein the first stage is conducted at
“conditions that limit the degree of condensation of Si-OH groups formed as a

result of the hydrolysis reaction.

33.  The liquid composition of claim 32, wherein the conditions that limit the
degree of condensation of Si-OH groups formed as a result of the hydrolysis
reaction are selected from controlling the reaction exotherm by‘ external cooling,
controlling the rate of addition of the acid catalyst, and/or conducting the first

stage hydrolysis in the substantial absence of any organic cosolvent.
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