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COVPCSI TI ONS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[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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surface with a hydrophilic coating deposited ther eon
may be anti-fouling by preventing contam nants in
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rexpoder 1o, the outdoor environment. Building structures as well as other articles

that are exposed to the outdoors are likely to come in contact with various
contaminants, such as dirt, oil, dust, 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



[ 0004] Coatings having sel f-cl eaning and/ or
anti-fouling properties may al so be advant ageous for
application to surfaces that are exposed to i ndoor
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improving visibility through windows, mirrors, and/or eyewear.

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

hydrophilicity through the action of a photocatalytic material that is dispersed in a
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el ement. The photocatal yst preferably consists of
titanium di oxide particles having a nean particle
size of 0.1 micron or |less, where the titanium dioxide
may be used in either the anatase or rutile form,
The coat-formng elenent is capable of formng a
coating of silicone resin when cured and is conpri sed
of an organopol ysil oxane forned by partial hydrolysis
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dioxide. According to these patents, the coating compositions are applied on the
surface of a substrate and the film-forming element is then subjected to curing.
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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patents, however, the filmformng element in itself
i s considerably hydrophobic, i.e., the initial
contact angle with water is greater than 50. As a
result, the coating is initially hydrophobic, and it
Is only upon excitation of the dispersed

phot ocat al yst that hydrophilicity is inparted to the
coating. [0010] United States Patent No. 6, 165, 256
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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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to result fromthe presence of colloidal silica in the
conposition rather than the silicone resin itself. |

is believed that the silicone resin disclosed in the

'229 patent is not itself hydrophilic because the
desired pH of the resinis 3.8 to 6, which indicates
that Si-OR groups exist in the resin in an anount to
prevent gellation and hydrophilicity. As a result,
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DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a chart reflecting a Fourier 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



[0017] Fig. 4 is a chart illustrating the results of
the durability testing conducted as described in
Exanpl e 2. SUMVARY OF THE | NVENTI ON [ 0018] In one
respect, the present invention is directed to |iquid
conposi tions, such as coating conpositions, conprising
(a) a photocatalytic material, and (b) a binder. The
blnder of the conpositions of the present invention
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ordi nary roundi ng techni ques. [0021] Notw t hst andi ng
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e broad scope O e .l nyen ar e
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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 the
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



fromthe standard variation found in their respective
testing neasurenents, [0022] In this application, the
use of the singular includes the plural and plural
enconpasses singular, unless specifically stated
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The binder of the compositions of the present 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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tungsten trioxide, strontiumtitanate, titanium

di oxi de, or m xtures thereof. 10026] In certain
enbodi ments of the present invention; at |east a
portion of the photocatalytic nmaterial is present in
the liquid conposition in the formof particles
havi ng an average crystalline di aneter of 1 to 100
nanoneters, such as 3 to 35 nanoneters, in yet

Oﬁﬁ%na?mé@%ﬁ'@{‘é)&ros& QiR h%ﬂg'ﬁ'?qr%fr %Herggebmﬁ% eqehgy gap

nbodi nent's, the average cryst er of
pb@twe@n ke @@?ﬂucaﬁ@ éand)endvé‘mwvadmgcedmﬂdu afdhe onystal, dabees

S5 A RO LS L83 o
therahydeagreg eﬁ‘yoﬁ laéhlmchen meamatleular flertdechgpall tih ckasinmay
b . d rt d
oL R T LR LRIl oAl SoBriee
embtzd brigat sychsaggh@otidal inyoxadd, fem? wmhaibtﬁr?ﬁﬁ:trﬂiwdéfﬁ

ter nt rm o C i cl es: e .
~0bFY5R tich gl R anialt T Bheudlsn B B v et

JOOR g oreEcrdR e b BRtng BP nreSertvegion A leasta porton

edfeiad phetﬁbﬁﬁa@&ﬁ Qﬁzﬂerlﬂ@pﬁebéntqﬁ Yh?é ﬁd;w@ B@mPon (gﬁ? inCGtAe form of
raction

% be determn F gly di f
k‘??d%kﬂe&b aYIRQ &8 ARIFICHY SIS, aa}etfer %dd??‘]ooﬂl@"ﬁmﬂt@fén%&h as
abves nﬁlﬁfrh@tbﬂs oRtie b Edthe MBbOE MR, QQ@Q@'rbéhbﬁe%@n In these
exrﬁ %{5 {;t and absorgtl on of, for_ exanp

Poimgntsy theaxprage ey tawne@.@nﬂp@ofnhadna&tqlezﬁqcan rgnge
aRftivabm afybefbRNGS oPthetrBEitdd RRARY iHcsRRLdfARe rddtEd values. It
photocatal ytic material conprises materials that are

M&Ps&o@@f pakby,hosaekided Holhe akthahibeaveragermystaliige diameter
I@g?g@;??fglﬁl% rﬁ%ﬁ §& éé’ib@teﬁ %Eecﬂ’fﬁizfor?fhelﬁ%ﬁel‘tl@s bBSrdY BRI

are photocatal yti c upon exposure
tipcangonaiad igtq be licm@l q@arRositionh dusome; emkcstirnents. sumtantrally all

Bfi ph b@&ta%lfﬂ%te@?s 611%@%1#} Wﬂﬁéfoﬁgxoﬁ"%é{;ﬁ‘é&rtu?lﬁg The

ruti orns of titanium
rﬁa/eéag&earsstahae dieayetbieofitbe @hptocatalytip me@elhc oxide pertidesmay be

bl or SR SRRl M Src BRI Frsbb RSscope

famdrthe trystal @hawmbwodiqqarmalesamay imedederimdescc e Xirag diffradion,

bR R Rt oxi de,  and plasma treated
S92 ™ SRRl LSRR, oS PRA IBRY Bk Spon
Exposuwtedo,iand d{tfsofpﬂum cxﬁ foaesmﬁplepultravnsiemg Uvaly, andloe sistiile
FRFBEE Bl oG o BB ki e
material comprises matenals 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 chemically
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in the market pl ace. Exanples of such materials, which

are suitable for use in the present invention,

include, without limtation, 55-300A and S5-33B

avail able from M fl enium Chem cals, STS-01, STS-02,

and STS-21 available fromlshihara, Sangyo

Corporation, and NTB-1, NTB-1 3 and NTB-200 avail abl e

from Showa Denko Corporation. [0029] In certain

t I t

qﬂ‘g@ﬂ%&;}?glfﬁan’fg §r§§s@ o?ﬁféﬂ unh mr’egé]eh?% efh Hﬁpeq titanium dioxide,

ﬁﬂd i‘daﬁpﬁl’t@atﬁgi tﬁamamch@qdque titaniumoxide parti cI es

or a mxture of brookite-type with anatase-type and/ or

r[0028k- t ypén certaimambadinanteoithetoresast investiwr, dedphatocatalytic
o) I

IRl SH L RSP RS R R Sh b

asaﬁesattﬂamrsedbm wddar, tsech 8t attésni®abke rﬁudﬁmolﬁaré?fﬁanﬂ]&lavallable

o I fo. .
R e QAP PTG MR Fp v B s
ithy @rddenninvactiand éhclude| whieout limitaitivat $HB00AERd 55388 available -

PR B a5, ShEDtr S 02 A B et & beiom lshihara

BRRHOBICIrpyRidn,emd NTE-1pRIBorRER NTBc200" @R EbI8from Showa
0 r| es chem cally nodified titanium dioxide.

pgat 'Qﬂch mat er| aI s incl ude titani um di oxi de

cal l nD fied b s S as SC .
E@Sé@lan ) 1T geTtan S UenBg B hateRh v agiasT e Hqioshigvtic
byatari&hie mrasht bh th&esthd d)f%dsdﬂ 1:35 lsﬁgllﬁMeFﬁ?M titahium oxide
Vol unme 297, 2243- 2245

FREUH Bt B i & OGO MR B2t Py R eitlg-ype

teitd v LURI X £HBcl BB AIbacbY it dhaters SUER @bIskeA Hebrbbatkad
States Patent Application Publication 200210169076

dtydrolysis ofssktawnbtetraqiltar@eaw%er[cgmsm congitippeeyEh agfis tavaht by

IhiteRORLRRAAEN NI eI 7D, ¢ | WiHRIHEE MtPporaRd/ el 9 T8Rrence.
treated titani um di oxi de as described in United States

el at thisoly e Waomb, Ba suitable & usg in thenereaentiigvangpn include,
'v%@@ﬁl?rptmncﬂlﬂsﬁ LA Rl Of ﬂn%ﬂlaf&ﬁ{]gvéilamé féth hERaDerko
[ ncertain e I ment's e present

iGrrpartation, t he anount of the photocatal ytic materi al

that is present in the Iiquid conposition ranges from
@031 t o Slrpearteémembodimestshyf theipgaent kyenticns the phatecatalytic
C
TR TS Skl Rl R Emapt b
cogtposlstinairre titanitinedexiderbbelinimaily siodified byrflaone pysblysis as

%@%ﬁ’&e%t t?sl/ Xﬁér’? e{@.t, %rfzjic%ntt%ttochemical Water Splitting by a Chemically
Modified n-TiO,, Science Reprint, Volume 297, pp. 2243-2245 (2002), which is
incorporated herein by reference, nitrogen-doped titanium 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.



may be present in the liquid conposition can range

bet ween any conbi nation of the recited val ues,
inclusive of the recited values. It will be understood
by those skilled in the art that the anmount of
photocatal ytic material present in the liquid
conposition is determned by the properties desired to
be incorporated into the conposition. [0032] The

G, COTHRR805 10,88 93508 NSRRI, ) St

tré”rmmdaialmi@ matereﬂ m ist presergam thenliquics compositiaratanpes from 0.05

S 85 LR BRI g B i

bperdent'solidsbg weligiit being Haisaden the sehfsdiadnaveigtior thd y

for water wa 0,.assess the hydrophilicity of a
S JBeste b RuRRE’ Totpaut ot Phpocaliig niate bl that
Wik} be pleserdtiin meflmﬂm&d)niﬂdém%fbénrféh@é b@tkNeeh@an?Q;bFrﬂilrﬁ‘atlon of
tgbOdl ments of .t ?zent invention, the bin
RpPFiEssvalugh e of Pag recitRd vRleR, 1 il 9eﬁnﬂeﬁﬁsm§tbythose

esdickl ih Shd aMalk Athé ambaﬁttof%@t&aﬁlytwa@ﬁsl ;trbs?éhtim)theqrqwd
in other enbodinents, no nore than 15,

in

oqqmosér%walmwedrhy the PeoPartemdasy, ed[tg@ssrlcomorated into the
dsitidfd certain enbodi nents of the present

i nvention, upon application of the Iiquid conposition

t[0032p ubst Fde8i @ﬂ%oﬁ#ﬂb@ﬁi@% B tHE PreBht ihVeRtiof S%B'c,‘ohﬂﬁlse a

filmexhibits an initial water contact angle
ryidEoRMinbipdet rAs yspd hespie, Eyedstm nindey, rEﬁ’@fSrfalaé:mﬁahous

IRatePhl .nlwmwbamué@ lof m@o&%t@m&mc Rl §re a.;wsé& As used

prior top hot oexci tati on of photocata

rhar @lm Hie temR ehygleretilic @D@ﬂfamea@ﬁdh%@hﬁ# ejpeet kéﬂtﬁlfm?fseﬁrhaffmlty ,
|
3r ek Siuch \ﬁa {1 o Addesang rﬁfd?c%ﬁl‘fﬁ;ﬂg 8?‘&1%?5’(8#5]? fo%e%&frﬁ the

ape at e contact “point a the surface o
witaat angleasf wataiswitteal drit filmofeghed frendthe pnatadel iy céiéain

A e RSN AP ELRRG e AL 8 o
I\fhmiaa:lry Gilrn tiggt eihibits a veaderi cpmmt:t\angle d.ﬁalermmrerthan 20°, or, in

TS H b BB LA ot Tt ot CrﬁP%(ﬁmeﬁtgcnﬂawre

upavand° in front of a light -10_ source. ‘A sessile

drop of water is placed on top of the surface in front
q0033ie | i giits a wsult,de cerdaib feaatbddiraemtsmif'tﬁeepreﬁeﬂthiazention, upon
SGSEI l.e dr e.contact an

i1 BT e B SEmPhe aie ¢ mebalt g BhoRlPutuype. the
whsiting Sine gitiipitesn initial Watsr contaat apgletof ac e than 20° or, in
%%?ndeug%wbodlments, no more than 15°, or, in yet other embodiments, no more
than 10°, prior to photoexcitation of the photocatalytic 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 surfacé of the substrate as measured
through the drop and may be measured by the sessile drop method using a
maodified 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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[0034] In certain enbodi nents of the present

invention, the liquid conposition conprises a binder
that exhibits anti-static properties, i.e., the

bi nder can forma dry filmthat has the ability to

di ssipate electrostatic charges. As will be

appreci ated by those skilled in the art, one way to
assess the anti- static capability of a material is to

NBEGHE & AL s ﬁccﬁ mfa?érj |§g>|a\ébﬁl ¥nlbp 'bPﬁe@l oné ﬁ’l frant | the light

certai n enbodi ne resent" i nve
bEeidee sedmgithe pefite ofthe sesﬂnle dromtan b viewrat andihy dontaet

t f 7: 5

R s N T R R
t il cltoudnt @o0achngtacinBtionsThe surface resistivities
reported herein can be determined with an AC:

Si0ABKH1 | de  [Vodehin@btbddirgehtsef ére presay imvenitien, tha ligliar ge

i R L U T
obihdar ckn forma km:adryﬁpad:t&ti h28/hé alsiligso arsﬁrdateaéleﬁl@dsﬁétﬂit charges.
ons_on resen

RSB S0 8o Sk STReS siliS B S Bheiie Pessdne anti-

hammga;sawhy ané mateiaaid © rReaNRs tHeesu rfab@C?@éﬂ;tuthp%f ltHeQM'afénal

Sltl 0 resent _I nvent i on conpri se
%@ﬁam ?'Hﬁ?d' ?féﬁ% PEgpeatbEaRtion fRe Kiade Cémrg;es a material

hﬂﬁdf Eary et aaaﬂ@ama%étlmtbﬁs a&s:rﬂaés%snéww bffromesi R

n,S|I| refers to a conpound containin
of agﬁ? : fﬁs@,zeowha@&r?mbadgnqnt%w rapW@nﬂ&a@%“’mhms/cm

W@&ﬂfﬁe%lsﬁmlésaf@pért% ganrAstAd 6aHeRminAal Wfea ACL Statitide
w thout |imtation, organoxysilanes contalning ?

oVg&eli 890V egniynetabhtiag either 1 siargeexecasionprabes m@eﬁedrﬁ
OXNP§dteft é’d’ﬁr@é‘t%e%ﬂ?fb‘&éﬁéﬁé W%ﬂnﬁﬁ% | cf}Qg of;f]\eg?ét‘é?ﬁé‘eﬁboard

mai n chai n constitute

[[oBe3 SFFFF@do?r/@ amh@s gpali g seiaidacations oo the bample. stoavesult,
t

| tIH E}n %k"é%}n‘f‘ﬂy@ﬁﬁ(&en@ r?cl: u‘gg&%hoﬁoh@g{np&ﬁﬁe? gﬁltl‘dﬁégwtra,@ﬁ\gasru%h Rk
kﬂtaﬁmweéeﬁnescycl ic alkyl groups. Specific exanples of

the organic groups that may be bonded to the silicon
d088%X hr oughe dinuidxopgwsiivosof thetpresent grveotion compese a.binder

[ 0 t
it-H%r & ns‘@'sntalﬂ éléts%hftérb/ c%H ?Q?VFEHEB%&F rggr#dsd{g]ﬁfeyl 1@/ used
ihepeint &lle,temne&pgaqulncatféxgﬁe,rs tocd yd>mpmuﬁdmnﬁta|hmg c@anlc groups
t L 04 al k are often
2389, 248 2P o S gtvdin Lou? PR G Bapes s
||millmmjemmoyt limikatioyl, orgmphysmyhe@l:ortthlelrigl flser or@hﬁlc groups

qate cont ai or, nore dlffererrt Ki nds .
gqoﬂg?gg%ﬁ S |§Praago§1¥ through an oxygen atom and organoxysiloxanes having
a siloxane main chain ((Si-O),) constituted by silicon atoms. -
[0036] The organic groups bonded to the silicon atom through an oxygen
atom in the organosilicates are not limited and may include, for example, linear,
branched or cyclic alkyl groups. Specific examples of the organic groups that.
may be bonded to the silicon atom through an oxygéen atom in the

organosilicates include, without limitation, methyl, ethyl, n-propyl, i-propyl, n-
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[0037] Specific non-limting exanples of suitable

or ganoxysi | anes are tetranethoxysil ane,

t et raet hoxysil ane, tetra-n-propoxysilane, tetra

| sopropoxysi | ana, tetra-n-butoxysilane,
tetrai sobut oxysil ane, tetra-sec- butoxysil ane,
tetra-t-butoxys i |ane, tetraphenoxysilane, and
dinethoxydiethoxysilane These organosilicates may be

er0h ; _
t her eaqdwl t_BUt : ﬁeﬁg)lﬂ?-lp %ﬁr})ogﬂﬁ %g&gééﬂ%&w orthé like. Of
ﬁieeseaalhylrgmw I(hrkeCaatiM/bgropas trabiten inged (quﬂes of other

shqw h rea for
G HRTHE R raes e PPl pesbedBes Thanol
orgamsilicaied®39 orSpiadivbios nisre-differeit Kitseofargares gefups.
sui tabl e organoxysi |l oxanes are condensates of the

§BORA- or gaBpagic hanksitinglexanpisesisaliaisie ofegiorgsihet he

Nb ' t | ar | icted. |

e S I R KB e A e SO
et dIsaprobexyshngs tétepmeamyewbrieytettdaeobgtdxpyuana fe@’féfﬂéca
| S rom

e S SV R LA

ann@thg;'m:lléthgkmﬁne SHEdbeasrgShodiftates ma) b¥lused G3Rlor the
or or ubscrlgt X represents the condensation

88 mtigp of RRY g PigRairethetgnin Ampnodhessaisanasilisates
et R hsthakysnehd Bhd/ei ééﬁlélﬁ“ﬁyd?ﬂl%oé@goﬁo%%%s )Ehergﬁia&g)v@é‘ high

avera%g condensatlon dedr ee ounds represente
feretiyBn{ns hydewlysis %n%ﬁ“@rrefOﬁe X2, reaqhb/ Rspgenecsiaapl araues.as
a nmonomrer, and_ conpounds represented by the above
3811 a wheresllic ml@'tlne@éample@m%a% PrasspsyriipKanes aye

BORGSTRSR LS tﬁ@b@éd&e&ggb{oﬂéﬂ&h@é THY %H&é/r%‘aﬁon de?ree of the

condensation. Al's onpounds represented

aEReXYIoNnaNes Wﬁlet e&rﬁc%aﬂy reeémqie@‘,pmmtatmersbmments the
EShddrisalion HQgre@‘ﬁBé WltﬂanHFQQh ﬁpﬁg‘?@lﬁﬁ\;lhg F)rmula:
degree X he or ganosi |ca use the prese :

invention is in the range n&o 1. 2 such as 0 to
1.0. The siloxane main c ﬁ have a |i near,

PhaRgh ek 86maY el 1.8 atd &%tfl‘!{rﬁ 1thoatt)\'/§ﬂtl’ﬁﬂer GroliR§ gﬁ% )$2x+y) is 4;

The above formul a:’ e determn
gnd RARaaraaye gr%@dsucrh ag g+ @hCu éﬂKYBt at es -Pat ent
6,599,976 at col. 5, lines 10 to 41, incorporat ed
K938I n  byThedpeios acaubstopwoTensesanintheseadersation stegrachef the

Qld?(‘aﬁé hdelsiiGng HOMRCS holdBir Ve eg‘htfﬁlstrmu‘?igﬁ%e factor x

I nvention conprises an organosi |1 cat
@ggl@manael\/]epag@cﬁmﬂ@m@tlyn degree Compounds represented by the above

formula wherein x=0, are organoxysilanes as a monomer, and compounds
represented by the above formula wherein 0<x<2, are oligomers corresponding
to condensates obtained by partial hydrolysis condensation. Also, compounds
represented by the above formula wherein x=2, corresponds to SiO; (silica). In
certain embodiments, the condensation degree x of the organosilicate used in
the present invention is in the range of 0 to 1.2, such as 0 to 1.0. The siloxane
main chain may have a linear, branched or cyclic structure or a mixture thereof.
The above formula: SiOx(OR), may be determined by Si-NMR as described in
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hydrol yzed. As used herein, the term"essentially

conpl etely hydrol yzed organosilicate" refers to a

mat eri al wherein the organoxy groups of the

organosilicate are substantially replaced by sil ano

groups.to an extent that the material is rendered

hydrophilic, he., the material can forma dry film

that exhibits a water contact angle of no nore than

200jted1Statien Ratdre Noe 81308j9renit $ol. B0 iRy ) totztnarhcb%porated herein
other enbodi nents, no nore than 100. This

h§ﬁ¥ nay produce a network polyner, as

[ rated bel o OCH3,, --S9- HBO CH, O ----CH3 N, ?

Hﬁ% 70 TR eae8 et e bindRice s b samppgons of the

nprezensinadation domptReFBh@rgdliilRatd thati8ldsabmtially com |etely
enbodi nents of the present invention, the essent |g

coyspeety Asygee |h959éa the fegan @ssetially sompletely Sydityzad | y
f 6RnBEIIERe IFPbR Yo a%étsﬁeﬁ WAEH tt%! o%ﬂngxggr&pg%t the

suitabl e anal yti cal technique. ng now to -
Fprganesiligaigaee pubsiatinlareptieged b>e$llaee dragpate #TeRent that the

aﬁ‘t%téfﬁil ) r‘éﬁ'\dé‘regrﬁgldﬁdplhﬁbf% ”ﬁt@ rft%t%ﬂblséé?trt can(ﬂ{/ @Etﬂa’t &xhibits

bi nder materi al S|gn
af Wahyseanes aaQ|GtQﬁ60$ﬂ0fe]’éh@'Da@I° \mvenmdmembodhnemts nesmore

I 0 A
TS et P PR Bem B R “tnsagﬁvway
f priogute agebeorkmolyandryas festrated ORlogr oups, wher e
represents C+ to ¢4 al kyl groups, as evi denced by t he

absence of any[ sg P@ antial peak at the
wavenunber, wh ch IS {2900- 3000 [0042] In |certa n
enbodi man@ﬁ othgiespendip | y_lddapl et ely_h

or ganosi | i cat e "PCl uded i'n the binder of t e pr sent

invention is the hp uct of the hydroly | of an
organosilicate wt | ar ge anount of Hi'n fe
presence of 13 an aci'l hydrolysis catal yst. The

h drol SIS may be conducted with water present in an
GEAL dEhositiye QF@‘Q?égra'tqustnﬁé"%ﬂedh%fhﬂor*ﬁaﬁ?ﬁ«?ttn

Ee"fﬁbkﬁt!lrrfé%@&' tRe Qfeseht’lﬁf/éﬂtbbﬁ' fHe é’sfs%ﬁﬁét Jg?tteﬁlorﬁkrél%d

organosulcate It is belleved t hat t

Qiganesiicale Bsyibgiantialtyfrre of- Qﬁaﬂ@upalas&%ermlmw FTIR or other

HURHPR Q{atpﬁ;égﬁgcm udlydrol ysis of the organosilicate
to coexist"with a Iarge anmount of water, thereby

[0041] 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
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 Cq to C4 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

-13 -



preventing the condensation reaction of the silano
groups. [0043] The hydrolysis of the organosilicate
may be conducted in the presence of one or nore acid
hydrol ysis catal ysts. Specific exanples of suitable
catal ysts include, wthout limtation, inorganic
acids, such as hydrochloric acid, sulfuric acid,
nitric acid and phosphoric acid, anong others; organic

o6 850 N PSSR P B PRS0 e rcen

be meﬂmstumfoonsidembiyogreﬁienﬂmndhacstcdchlcmheimalanmm cahable of

TR G sforoR LR e o Bl el Ras fud By pcicion

hoyfciuok |amheaxcpsm% sinoomtoyf dratx ajleuwscsalamltgﬁmdp@br@mc&i by

mmo ani.c mne ¢ ou ds, organonpetal ljc
ToE kst i edar G dexEE e AT a@ea&e of Wafer1thereby
qj’reaémmdthé@bﬁ@ens@tl@n resefigR bPthiersile such as

di butyl tin dilaurate, dibutyl tin octoate and
dobasy! ti rrhdwﬁyaaﬂ;zyj@of the gagmbmaat@uﬁay 66 BORIIRESH ingHE h

as alumnumtris(acet tqnat e m nu

RS O et Sk GV B st chARCUIE Samples ef fultable
tdatS( s %Ilﬁ@h@tﬁ@@ﬁlﬁhﬁ@ilon aﬁérgﬁhlbyécﬁd?sekﬂéwﬁé Ay®ochloric acid,
;I&lgfm num di | sopr.opi onat e, anot i tani um conpounds,

Hrig acid; pisfig 26id ad paggrhe ae £idh ABON8 PHISEY:, OreaRia AFida such
ki sS4 d2uit: %w) behteﬁ{e@ww& as8l LRRhesuIfMt Adid %@léﬁ@b&l%rﬁ@aond

n- but oxi de, and gan02|rcon|un1 conp ounds, such

AtPBehAsReR Wi 76 (t&é@ma&tcbtpaﬁﬁhé)ec'dz Meltinaeish formic acid,
k&tﬁ& BRIOXKY onIfoSécﬁ’d: hdrRCRhoRaL R cét'afy%%n'sﬁ% as sodium

ISOprOpgm% IS acet Iacetonate and “zirconi um
thedr a5%iume hycérﬁ&d@d?admum BidEs anyuetiaand goania

trhind cBHi h&‘? k@ﬁ%cﬁﬁé’tﬁlﬁc g gund%r ortrﬂ?tai élkg)ud& QQnA’lfil)uME
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bis(acetylacetonate), zirconium (isopropoxy)-bis(acetylacetonate) and zirconium
tetra-n-butoxide, and boron compounds, such as boron fri-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 alcohols, 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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gl ycol nonornethyl ether, propylene glycol rnonoethyl
et her, diethylene glycol nononethyl ether, diethylene
gl ycol rnonoethyl ether, ethylene glycol nononethyl
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[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 hydrolyz.ing the
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of the first stage is a partial hydrolysis

pol ycondensation reaction product. [0048] In certain
enbodi ments, the first stage of the nulti-stage binder
preparation process is conducted at conditions that
limt the degree of condensation of Si-OH groups
formed as a result of the hydrolysis reaction. Such
conditions can include, for exanple, controlling the
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tetralkoxysilane.

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

making hydrophilic compositions comprising an essentially completely

-16 -



percent by wei ght based on the total weight of the
conposition. In these enbodinents, the anount of the
organosilicate that may be present in the liquid
conmposition can range between any conbi nati on of the
recited values, inclusive of the recited values. It
w Il be understood by those skilled in the art that
the anount of the organosilicate present in the
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to 5
[0054] In certain embodiments, the liquid compositions of the present

invention can further include inorganic particles, for example, silica, alumina,
including treated alumina (e.g. silica-treated alumina known as alpha aluminum
oxide), silicon carbide, diamond dust, cubic boron nitride, and boron carbide.
Such inorganic particles may, for example, be substantially colorless, such as
silica, for example, colloidal silica. Such materials may provide enhanced mar

and scratch resistance. Such particles can have an average particle size
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mcrons prior to incorporation into the liquid
conposition. In other enbodinents, the particles may
have an average particle size ranging from1 to |ess
than 1000 nanoneters, such as 1 to 100 nanoneters,
or, in certain enbodinments, 5 to 50 nanoneters, prior
to incorporation into the liquid conposition. In sone
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dichlorophenoxy)-5-chlorophenol, and 4-chloro-3-methylphenol; halogen
compounds, such as trichloroisocyanurate, sodium dichloroisocyanurate,

potassium dichloroisocyanurate, monotrichloroisocyanurate, potassium dichloro-
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copper arsenate, ammoni acal copper arsenate, and
cuprous oxi de; organosul fur conpounds, such as
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certain enbodl ments of the present invention,
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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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understood by those skilled in the art that the anount
of the antibacterial enhancing material present in
the liquid conposition is determ ned by the

properties desired to be incorporated into the
conposition. [0059] In certain enbodinments, the liquid
conpositions of the present invention may conprise an
optical activity enhancer, such as platinum gold,
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adhesion of the compositions of the present invention to painted substrates.
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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conbi nation of the recited val ues, inclusive of the
recited values. It will be understood by those
skilled in,the art that the amount of coupling agent
present in the liquid conposition is determ ned by
the properties desired to be incorporated into the
conposition. [0062] In certain enbodinents, the liquid
conpositions of the present invention may conprise a
e ac
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GAREY bl e e FHslBhah S betigennyt
Q@énsb%ﬁﬁlonl ofniee 6€ritad dalupstiaclusi® af &g ré’atetNalllLl}& It will be

i ne

00 0 4
PRI B Bie® SKHBE I Lok beempisy oF keupiBgagent present
[iR@a3] d.mc@mpbgtnm RIHeshTREY By Be rogerBES 88 Siked to be
|nvent|?(? I{q}lt%@am)unt of surfact ant that is present
0

IRcqrRrafed cﬁ?ﬁH@St'PBn ranges from0.01 to 3

&gééﬁ an g\boam%g$ ?@chti GoTpBgl’Elgt‘%né g ePﬁ‘?SérS‘&
ws,\ve@siﬁbn bﬁ@;e@brapngd@ stifdodl actiee aBentoivhRAlhals fbnextdisple, aid in

ositjon. |I.n these enbodi nents, the anpunt of

JTPFORS{E Watkino REAPepies Y JerAMpasTioRe Pftigyiagy when the

GOMRSIHohaf afaid GVee 8 dRatcdeRibsBas, SRHANALLBSrAE cbaﬁd with
recited values, inclusive of the recited val ues.

VAN ArOBRIC GRAENG t BrRMBIpS Pﬁ%léréa@kathagem¢StSHéa%letfortu$@tln the
taa@ser@ﬁm»éﬂaomncm@ @vﬁﬁ&ﬁthn%ﬁ&’? nﬁe hiatd s IdeHHﬁéH in United

I’TpOSItIOﬂ I's determ ned ropertles desire

(e Aty et G Thelt 10 fomBds eaioa Ipeciiiand nied
GRL{RIPL SR B o1 L | dcah & 46 ?&P@Z%(?,H@Q%Q%vhﬁéﬁeare both

present invention may conprise a

desgpeeiatadorere®Ub refdrened. eani ng conpositi ons i ncl udes
those materials that conprise a surfactant, a sol vent
4986%dm watregertaimembodimentsef thejprrsenhigvanion, theawhusisof

BB L TR 2 oAU LRI Pl 0.1 prcen
By 4639 M3Sychning 6191dd 2alensed byaveidtezor, mgotbenpmbodiments, 0.1 to
LSi vent conpr | Y 1N

UL A% BeFele B S AR SR A LB LoBRkbARR
o sei eTgb swtimeaty, thesaraburatsof aurfﬁiﬂtamdhﬁﬂmay byl peeseng iryihelliquid
%loﬁ%los%%lq%gnmgﬁ/éenget\?veterqta%y comblnatnon ofﬁ1e rggﬁ]edavacfues 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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Sui tabl e conmmercially avail abl e cl eani ng conpositions
i ncl ude WNDEXO, comercially available from SC
Johnson and Son, Inc. The inventors have discovered
that the inclusion of a cleaning conposition to
certain enbodi nents of the present invention can

i nprove the wetting properties of the present

conmposi tions when applied to painted surfaces, such as

ab %ml aalg@tmb%em RABNas SRsfteSoid B n%rﬂ’g{b‘r‘\m SA %hﬂ%ole Adniige

aresul't, in certain
p@@fﬁ@@‘dl%ﬁﬂmsﬁdé@ Unded States BateatiNpr 3.4631785, which discloses

B T
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basgd on t he total ht of the liquid conposition.

V6% AYMEEst Fetng. B el f§ & EHbsInGeBAInembodiments, the

CoMREH SErfatd1REePAb waban&p@idrr&s}aaatc@hbﬁlbﬁtﬁéﬂ%u&mm
to those skilled in the coatings art. [O

pOBRAFHIONR PE Hig Qfﬁsﬁ@st IBY&WORi rected to net hods of
?@Skl ng |iquid ositions. According to certain
Plds of H@"‘p‘?’@@ nents/ ihe Bresent 'nvwoah therefore, are

CrERRS thiligDidl c%nﬁﬁc%‘ﬁﬁfng%o%nélﬁ? @)" é’t‘l’egh’ﬂg c%n"ﬁb@fti%ﬁhéﬂd ®) an

mat eri al conprisin essenti al y COITp et

rﬁﬁa%ﬂ@ﬂywm@awmdrqlb@deorgwﬂ@m twwr@wowms may also
hb{&ﬁ@é’ﬁ'phbfbcﬁ?aﬁﬁfc‘ atelidl, B9 dBOG BekiRaRies: 5 (D) .

providing a sol” or pasteé conprising a photocatalytic

ebed) al dlrﬁé@fa‘-’rﬁ@nib%d%&ité Lfﬁé‘&lga??(ﬂ?%% otsl?%nr?é"pféfseﬁﬂﬁthe

sol i's no -22 nore than 3.5;
Hwndocmmnqsdlqmﬁtoéﬁh%prege@t\mmon in @ra)ammunhotg atée@ﬁno veight

%t?%?‘lt g{u‘&}ﬁ ' a@t%ﬂ lé%y gr@&%@t%?ééﬁiaﬁag X ih @%n@?&%‘ga& "f’ééﬁ & weight

fmt ittt weightiperceohtpring bagatsomiigdotay welghs Of‘rlhBHudldc an
ghe for over 12 nonths with little or no
aggr;ﬂ oeration or precipitation. The pH val ues

rj;g?’ée’{]t ed hergkfefahe @Satﬂﬁtc%rrﬁﬂo@ﬁgn%ﬁh%nﬂﬂls b8t

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 hydrobhilic 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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commercially available fromFisher Scientific. [0069]
Certain nethods of the present invention conprise the
step of providing a hydrophilic material conprising
an essentially conpletely hydrolyzed organosilicate,
wherein the pH of the hydrophilic material is no nore
than350r in sone enbodi nents, from1.3. to 3.5
in yet ot her enmbodi nents 3.0 to 3.5. In certain

SRRSO A TR AR W e o

pArASHH n@vaedam g)italdispergerthe iphgtoaatalydis seateriallih she hydrophilic

ilica t h
craengh o HarBaP BT RS oS Bs MRS i fipfidy Zan be
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Tommeniallgxanidite fram Fiehér Suiadifiear | i er, the
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BhEOrE RO BATOES 4P d Tol Yeapthes SHHoEMega ddo 3.5.
tIn@efgihl ghsbodhPBhRNT t9d nichebdayd tEdbrebbs: iAvErioh duch a
thereby allowng for the formation of thinner filns

dydeRptdici 'B%"&”B‘éﬁ Ghraineshy firsheioyiglingm atefal semaHsiad aﬂo
té%@eﬁﬂéﬂl&%ﬁmdlétélyfm/ﬁﬁﬂyﬂd erar%glliéﬁfe \X/H@relrﬁﬁeth«%ﬁﬁé material

i.ncl ude i norganic and organic acids. Suitab

nﬁeie@a@ﬂtbaramed%esweﬁ@m@d thﬁntaﬁiamg aqigra theinprferial untll the pH of
nuéi hREMDTd o ﬁﬁiré’thﬁ% fslarr |ﬁ sa&b%mgu rabﬁts%nﬁh% a.5,0r, in
p osphoric aci , anon hers. Suitable organi c aCId

ivet Piee eabedineerdsi d0 to a45c Hics eaele, s awgndioned earlier, the
:hg%dg#esu @Flélcmég rgph?é‘ Per}\%Hl r‘e\r&i/&% 1200 silicates; both

oni c enesu oni c

eff Mmli%eaméymsallyfmnwde@bvdhe dunphien af aapl d)f 3|cﬁ1ttorﬂa54 c

acid, maleic acid, formc acid and oxalic acid, anong
dOhEd]s. - 2B qoEIrREMBedinzEnts qfethhmh@is ofitbe prm@h'mvention,

itﬁ‘é’ﬁ%ﬁrbgﬂlllgﬂ@éﬁa??n Sty th a%rlﬂt\-fﬁ @h 8s @8 er%';' a

pas nprising a photocata tér di sperse
ionganic slmli/erﬁnbefovmmddlﬁdnmfpaldddb floh exaoplep reqmaettlme scshds

han fromi1l.3 t0
%8&1%31? ,Sf tltnﬁ% d opZa f? épatgﬁgls g]eﬁ%tmag% ?Wnﬁ)stthoe @rm?ﬁnon of?lhlnner ‘
¢ieng,@srdeseribatibefent s, the pH of the sol or paste is
substantially the sanme as that of the

[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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hydrophilic material provided in step (a) of the
invention. In certain enbodinents of the nethods of
the present invention, such a sol or paste is obtained
by first providing such a sol or paste wherein the pH
thereof is greater than the desired pH and then
adding acid to the sol or paste until the pH of the
so[ or paste is no nore than 3.5 or, in sone
¢ | ment seftb@thdthdds 6f the préient IveHén &Hiffise the step of
enbodi nents, 3.0 to 3.5. For exanple, as nentioned
@awqilae a §9her pAgie SEMPHFINE APhokecaia!viig matesial diapersed in a
S I I
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t he hydroph materia prqvided in step of
f'ﬁelqnwﬁéﬂﬁ%ﬁﬂat['@%?m h@ﬂ%@@rwaqwmmﬂames NTB-1
hAY SITH- 08, \GIRETRIN t5E sbh&)rﬁﬁr%@s%frodﬁltélt% tltbhﬁm’ﬂbfﬂﬂé’lﬁﬁhkle‘é or
mat eri al Brow ded in step éevvlth he sol or paste

Briovivgear Wogﬂ%ype(vwher@t%ﬁes @@@d{qﬁéutﬁ@ré\fn?ctaa@uque
am.@re»sahspéﬂsém vh@y[g.r qnhahléhm’r@wsaére tyiial aq; grré
IS not eartlcu arly limted and may be acconpli
ampliepavertt dfralo 4- m xi ng techni que known to those of
skill in the art, long as the mxing results in a

BOZ8kr si oS thaé W&w g1t9 thecsoher eapigl comprising the
PYStbeRHivkik ‘Fna\"f@ﬁ& It ébmsﬁﬁe?l—%t@@ﬁ?f ?rlcltfdéeocfﬁﬁ ﬂ?eeﬂBrg[amc and

Invention is also recte I qui d composITtions
d@aBici asids desrrinpe earlienmasigpthers. pMcertain te@nmmws wof the

h r
besBR IRE o Bt ftid BUE R Ay oot o poskicophilshife
phdiecataviin owrieddl is the gamesasid thahweatﬂdagirtp tlae hydrqphldc material
&%mgﬁllﬁl @g)ngljop{hgqme%%lpy (a) providing a hydrophilic

nat er an essentially conpletely

WQ&P' yzed]-r%r ﬂ@fh%ﬁblo'f &%tpqesé’m ﬂ{v%'nﬂor]i HSmBFL@ {h Qgp 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 technigue 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

<24 -



hydrophilic material is from7.0 to 8.5; (b) providing
a sol or paste conprising a photocatalytic materia

di spersed in a diluent, wherein the pH of the sol or
paste is from7.0 to 8.5; and (c) mxing the
hydrophilic material provided in (a) with the sol or
paste provided in (b) to disperse the photocatalytic
material in the hydrophilic material. [0076] These

neidvednefeir e %ﬁﬂ‘n’étchb\S%ﬁbh RIné RIBRE tixh 3 N&IcALER.Plo 3.5,
pr ovi di ng a hydrophilic material conprisi ng an
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[ i nvent the hydrophilic material may be
ﬁw(ﬁ g”CVW?li‘?”ﬁ!ater prior to addition of the a base

d be VAt | s that

TP ol R TR Pl b KB Bl B o
tdnev@qutdwfw&apbhlhmmlat&tel tmtn;lmshfggarm essdmiaths cangietely hydrolyzed
|no exa .S 0
RO B R MREAHdr e TRy oleriel & Tt &) G185, such
|a$c7rh0d@8 omart tmwmda embbgﬁnemts 7;'&6 t28.0. miﬁbzﬂtalhké&m j Ing@ﬁs of

C asS  sodl r oxi.ae ot a SIU FOXI1 de, an L
e DR RIS SO Ay G EoP T giagal § obtained
ayyTRst provibndrpxiaee i c@rusrhsuagsarﬁ @&ée’#ﬁ‘kh’% bommétmy Hrolyzed
hydr oxi de and tetraet hanol anmmoni um hydr oxi d

S 6o i e g1 eRBeri & 185% HTaé‘ttH?ld&ﬁir?d)l?H and

ﬂﬁélpécﬂ‘dlﬂr? al bastfoHp’Hqud $otHeQRbIRLNYH Ihd S8 9 tlﬁ%gteﬁﬁl is from
trimeth sul foni um hydroxi de -25 and tri et hyl

L #Cb%rﬁuﬁwy%ﬁ 6Xi ta -0 gudt IMAEFSeh EspiechPum
dr_oxi des such as tetranet hyl phosphoni um hydroxi de
A&Qj  #letrae W“%ﬁ@%ﬁém%ﬁ%dﬁpﬁﬁ%mﬁ%ds of the present invention,

WIRNRSHhRO AL 8 ’ma%}&%‘dlﬁj%& it Yafst SridMo addition of the a base

y-am nopropyl si l'antriolate, tripotassium

OO Be elergiihed gark@i nopr opyl sil antri ol at e,
[Qtf)Ot assi um di net hyl si |l andi ol ate, potassium
t

Tt hyl sMetaisisthat mey detasided i iheysiiorriumeterial to adjust
dhephiNd ebt ABLLR!HkPorganic bases and inorganic bases. Specific

examples of bases which may be used to raise 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 tetraethyl ammonium hydroxide and tetraesthanol
ammonium hydroxide; ; amines such as, triethylamine and 3-(diethylamino)-

propan-1-ol; tertiary sulfonium hydroxides, such as trimethyl suifonium hydroxide
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bi s-tetra et hyl anr noni um di net hyl si | andi ol ate, and
tetraet hyl amonium trinethylsilanolate; sodium
acetate; sodiumsilicate; anmoni um bi carbonate; and
m xtures thereof. [0079] These nethods of the present
i nvention conprise the step of providing a so[ or
paste conprising a photocatalytic material dispersed
in a diluent, wherein the pH of the so) or paste is

Lt Lordhydin OURRARS afatBrdzy BrdknrBhiun) Rud@iBes, such as
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' gbv %thae id gﬁgé%ﬁﬁtlaqa?m éaﬁﬁe tae%aat%ﬁf % hyafro;mme rﬂgtetnﬁﬁ(gg) In

l'ic materia rovid in step (a) w
merq@ase@boglﬂmw@fdtheﬁe gteé‘pad(smf tm%pmsgp@ﬁg@tlonesuch a sol or
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o of =S
PRI ARE Sl B8 1y oL P8 Fom 75
rtat8e®| aI in the hydrophl lic -26 material. It has been
found that |iquid conpositions made by this nethod are
s[ﬂaaﬂb f or B24es ma“i?ndydnﬂ 8ddnidtbtbe1lsgl @ pewstd dorapnining thef

tion h tio
DS o Bl BT TRe b biBeDBRER I BYRHHiEehd Sroanic
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gnwantlon ﬁvecbasesihat is adgeg to-the %ol of paste compnsmg § e pho?ocac%alytlc
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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) fo 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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(0082] Referring nowto Figs. 2 and 3, there is seen
(i) a schematic cross- sectional view in an enl arged
scale of certain non-limting enbodi nents of the
present invention, and (ii) a mcrograph illustrating
an enbodi nent of the present invention, respectively.
As is apparent fromFigs. 2 and 3, in certain

enbodi ments of the present invention, coatings are .
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agglomerating in certain compositions of the present invention, the compositions

O_

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 present
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{0084] One advantage of the |liquid conpositions of the
present invention and/or the nethods of producing
liquid conpositions of the present invention is that
they may result in stable one-package liquid
conpositions. Therefore, the present invention is

al so directed to one-pack liquid conpositions. As used
herein, the term "one-pack |iquid conposition" refers
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Aled. t Abbreing Qg IcBRBh i Behta f iiZSresentdBreitiod IAE stable one-
herein, "low haze" means that the fil mhas a haze of

Rackstid P%raﬁos'borma%smleée @éﬁU@@Str?eﬁ@f‘tf‘écPrh'érC@ﬁﬁm other

h
e L e R

fogent i i qn depaPREMbodRnkME! thaRiguRBeorMSbsitions 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 Shaban 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..
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[0087] The liquid conpositions of the present

i nvention may also be present in the formof a

mul ti - pack product. Therefore, the present invention
is also directed to nulti-pack products conprising a
first conponent conprising the previously discussed
phot ocatal ytic materials and a second conponent
conprising the previously discussed hydrophilic
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coating, roll coating, dipping, spin coating, fl
'A%: brushing, and w ping. The liquid
C nB sitions of the present i nventi.on may be applied
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ositions of the present invention thereby
dﬂgg
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¥ |
%60& Iggﬁist%g é g{‘ ré{QBgem) d?%\r/éedq%fzhah'%é’s/s Ul():g agpfﬁrieé%mple’
|amc¢>u@tatmm ol cosating, mlmmmg onjn wiatidoviw cedtinds hiushitig, and

SRS Pl s JUEL 5080k ARGl ol eSS
giyirceric, cestmiomemtsste premattxglass sqmodt 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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goggl es; masks; hel nmet shields; glass slides of frozen
food di splay containers; glass covers; buildings

wal I's; building roofs; exterior tiles on buildings;
buil ding stone; painted steel plates; alum num
panel s; w ndow sashes; screen doors; gate doors; sun
parl ors; handrails; greenhouses; traffic signs;
transparent soundproof walls; signboards; billboards;
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substrate of the present invention,
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TchH B c8Hpidr dlPiayshough  not Dbeing bound by any
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ydrol yzed bi nder are condensed so that Si- bonds
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catal yst. Moreover, the liquid
[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.

It is believed that the presence of these groups enhances the durability of

-30.-



conpositions of the present invention may, for

exanpl e, be cured at anbient tenperatures. In other
words, curing of the liquid conpositions of the

present invention may be acconplished by allow ng the
conposition to stand in air, Le., air drying.

According to certain enbodi nents of the present
invention, the liquid conposition is cured by
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onposi tion. Consequently,
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to Certain enbodi nents
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t hi ckness of no nore . ) nano
racErERREcEris Fumd by exposing itdataddona te § mingies @nd digen force drying
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ment s he present |nvent|on 20 to 60
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of the photocatalytic material, however, the
the present invention at’such low film thickness can be partlcular 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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coatings fornmed fromthe |iquid conpositions of the
present invention can be rendered
"super-hydrophilic," that is, follow ng excitation of
t he photocatal yst, such coatings can exhibit a water
contact angle of less than 50, even as little as O.
[ 0096] The neans that may be used for exciting the
phot ocat al yst depends on the photocatal ytic materia
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compositions of the present mventlon exhibit a photoactivity 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

59, 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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static and/or anti-bacterial properties, anong others.
Because they are hydrophilic, and rendered

super hydrophi li ¢ upon phot oexcitation of the
photocatal ytic material, coatings made fromthe
conpositions of the present invention may exhibit
advant ageous sel f-cl eaning, anti-fouling, and/or anti-
fogging properties. The present invention, therefore,
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certain embodi ments of the conpositions of the present
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As illustrated by Fig. 4, in certain enbodi nents of
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B idifd BB Hodiflord & tHO BREHE H108htldh i#3n amount sufficient to

produce a coating 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 exposureto a’
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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amount sufficient to yield a coating that maintains
its initial water contact angle (i.e., the water
contact angle is within 4 degrees of the initial water
contact angle, wherein "initial water contact angle"
refers to the water contact angle observed after
exposure to U light for 2 hours as described in the
Exanpl es but before exposure to the CCC chanber) even
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yWBPRIEedp teg §C Cb%*ﬂﬁjgbqrhe‘fwf%&?(%‘ﬁﬂe?ﬁﬁ‘q ¢AREiAg 49 8 CCC
hehir®ee fdrio0S RS a@B@évcm‘PiBéB abiyld, Qvﬂma%r i3l atlsBKES oA t

in such crosslinki ng e some phot ocat al ytic
rReEcREIYticaRalanial WoldpH aoatinghabRewid et Bajntaie its initial water

E&%ﬁia\éﬁ&héle e Bp%&ﬁaté?@@@@ WIEG0Phou r%@s@ﬂp&?pﬂfsﬁ re. Indeed,

I'n certaln nents, coatlngs m
derrpuanplegriusiate Ht Inﬁhégbﬁcnqemfmhcﬁwawwmmamrml thea
FonieEP and S nPuhicoincle B RINE el 1fbe RERIINE B Bofial
E8gEFftearaneswed) adiChFacb0paoels. t\é/utpemtdzammb@jncsw any

R R
ipavtéihcrozsahmiﬂleg Dhmefpdxbtomiatygwemampéla@th t\bwblomganoshmmmmlmch
FRBiSer sRheS WiedSehly nlho TehoRtr b e G Dar o
ahdtopetatydictragtesial takédigart ol dushicngsséiniing)| eisile somse prbtbcatalytic
R P G S Mt oo s o
OQgaprsddureat e i 3i nder [0104] An acid hydrol ysis

catal yst solution, referred to herein as sol ution

'[0!1'(12] was pmecrmfraademo@d@ntsg cBattide rgadeBolf colfasitione @f the
water . to a.cl ean, ty

present invention may’maintain a contact angle of 5 to 6 degrees after expostire
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] Hllustrating 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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gallon container. Wth stirring, 1.0 gramof 70%
nitric acid was added and set aside. [0105] 15.5
grans (0.10 nmal es) of 98% TMOS (tetramet hoxysil ane)
representing --6 granms of Si 2 was added to a cl ean,
dry I liter glass beaker. 3.6 grans of solution A
('-0.20 noles of H20) was slowy added to the TMOS,
controlling the exothermby using an ice bath to

mai ntain the tenperature I C. Upon the

conpl etion of the additioggém‘s!‘ﬁtion A this
partially hydrolyzed silane solution was held for one
hBxamjale 1: Ps€harbioraOs Agdydadiezedl @mmnodilivatb &gy, 290. 5
grans of ethanol and 290.5 grans of deionized water
WBrie4m xed Aanakid hp@m;@@d@mlm sbivdomaetarald Bérsih veabrition

h stirrin one hour, hol d .t .. Then the
ol oSt isharatleBacdh 2 DOZFus o RoppRee YAl A 6 b 2
t galiphtcdnimet. Vagdsieng. 80 gt 6570% rilridGlcRd was 88H&d A% Skt
W|th stirring. The resultant 1% Si 2 binder solution
vgid& | owed to full y hydrol yze overnight with
Sfoitbsj ng. [1@@@%&0@01@%@9 &rgsb/@mw@ﬂe{rﬁmmﬁd&ym%?

sol ution show good wetting vv|t no opti cal

prsggeégn@m P geame p§/8t§§edws,acw&ﬁﬁ@ & cﬂﬁaig d@owter glass beaker.
hy di5PRhk 'of Sbildon F{ABOEnAes %’fﬁ{l@rﬁéé 312 e'd%grﬂ‘?é Yﬁl

Organosi | | aate Bi nder [0107 0. 10 nol es
gfonggiing Ursexetpers émuswg an ige gathrte nmmtaa tamge@tge below

QZB"‘@B eboﬁﬂwg&ﬁﬂ%tl&‘%%e%ldd@89%@gylﬁgﬁ%Amﬂfgﬁqgmﬁolyzed

cl ean Iter gl ass eak
s?cbllam soltian (Ma@ hed tablope hofir #2Q5°Gadn aﬁeoweye glédeodry beaker,

t T , t
2.9 s & Hhai)anfi R0 orahichy BB aARE e niea an
dhempdeet thuthempgrtish @y@:@wzateomth/\aﬁrin@fﬂﬁer Wpoong heur hold time.

XA 66 Pl orhe BGioB sPadd RO GPLB) baB sl & e g by
raniaimga@ 80 2B4ns bﬁglasrapan:aiceacm widnstirdng. ﬂibakesultanﬂﬂ% Si02
.et hano of dei ontnzetd wat e

S8 solush AERroRe 18 My Dl R Rerighphy S
F[Dmﬁ]l yzat Appllddnoﬁﬁlnrt?ﬁtn@negfvlﬁl&f aﬁddwe s{bﬂﬂuoh@h?m{ﬁdddl wetting
0 e di ed silane sol uti
onlfEie SR e Snd Reftes A Ao iy SRaidh R e Si%ns of
g1yampa.r||cny‘et| c acid with stirring. The resulting 1%

Si 02 binder solution was allowed to fully hydrolyze
egh__t 0108] Application on test

eh SuaResiicate, Binder
[06107] 15.5 grams (~O.ﬁO moles) of 98% TMOS representing ~ 6 grams of
SiO; and 3.6 grams of anhydrous methanol (cosolvent) were added to a clean,

dry 1 liter glass beaker. 3.6 grams of solution 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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problems with nottling. The test results suggest that
the inclusion of cosolvent provided for a nore

ef ficient hydrolysis and correspondi ng condensation to
form higher nol ecul ar wei ght oligoners which
denonstrated the observed behavior upon application.
Exanple 3: Preparation O A Hydrolyzed Organosilicata
Bi nder [0109] 15.5 grans (-0.10 nol es) of 98% TMOS

tetr ho i | ape representing -- 6 grans of Si Q2
&%‘fd‘eggang ePé %‘ %ﬁrcﬁa?bfzataw@thlssﬂrﬂrtgle@%@! fagsonséw@éhold trom% Then,

ahaipH of theQliiulcd@ade 6Quitéh wak ddifte d/%spﬂil:@% addi
addg—lto the TMOS, contro Ilﬁz the exothermb fy4 o

& 8@ 9KMa ghiglerighacsticasidwithatirang.ThBe prsaiting: 19 Qablmrier :
astowdhardaéiawdw&j tm@nﬂgﬂfr&yfwoxy@ﬁ fiPGith SAARgL he

conpl eti on of tion of s ['ution A “this

daieshl | y H\D@H@ﬂtw@m tesll panelsswithiabare s&dsilqm@f@wfdﬁw@hm

gf#seﬁ%sfwrgf? ort]t!)llﬁb %h%qggtdggl@tscéugﬁgst tﬂét Jgggrﬁ%ﬁgééo 819%1sglvent
vmfowdmi fech anock efficientldeaytio anti eopasparaing ¢nrdieaksgtioat te form
St Bh Alech M R i s PR pebfor
tupopéplication. addi ng 0. 80 grams of glacial acetic acid
Wth stirring. The 1 % Si Q2 bi nder sol ution was

oot il st o eeb e ol

aepreskhivg n@ grbmstoﬁﬁw.{\ﬂtayéed@ftoteheleBNCHr?HMﬁdzr&gléés beaker.

235 52’?{@%{3 %(HUW%"SZ @Sﬁl"ﬁ%’?og%cg 0 g l)oéadgiﬁs%o the TMOS,

QohGeImRg $hef\étx&herﬁeﬁpfrﬁet radd @rdaddh@nqﬁ%@ruwaﬁi Abei'ﬁb/péﬁk
’I§on applicatio Prepar ati on

P8I s Bingd ot s SR RIeISF JOIG, e pmalation of o
%@URWnZ&@oWﬁbﬁ% L1 Saﬁb%yﬁﬁycﬁblyéedsﬁéﬁe@oldt%h'vPaéWél@ for one

Stlrrlnéb he nlxture Wwas CO0O0 to roon1tenperature
toupal~&e° GueEn=ssanarate slaan, 4o kpakenh 20Ma grapissfiethanol and

@@@ns @'msqﬂfo%%rﬁiéoﬁﬂater%)’é)m th@f?%dg&?gﬁlﬂg Cﬂaﬁ‘aﬂ a
| ass reactor owed itio
arofyzadeiwitb stiaing) Afierttoe one @pwelmld et uTr@natham& of the
RALIond RIS RS SLAL) Rale 8830 050 e o
igcial Heetie aeid tvwith amrrm Trmgi ‘Yoa‘iloarbnndm@olwbuwaarallowed to fully

%éFoWz% M?niéﬁt%itl?gﬂrﬁﬁ&d at anbient for additional 24
[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 molecuiar
weight oligomers which demonstrated the observed behavior upon application.
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hours. The final Si Q2 content of the solution was 1 %
wth a pHof 3,5 Exanple 5: Preparation O A

Hydrol yzed Organosilicate Binder [0112] 1-propanoi and
dei oni zed water were mxed.at 1:1 (ww) ratio under
stirring. The m xture was cool ed to room tenperature.
In a separate container, acetic acid solution was
prepared by diluting 10.0 g of glacial acetic acid

WixtpB94 0P @ pafatibn mlf@pav@lolma DrgSM0siRAte BingkHr €. 5. 0 g
51 sjlicat ution was charged into a

f@m ﬁﬂ@\ﬂ@ﬁa%fg%laww YRS erg glivedyabt: 1t(WéN%| ratlo under

Bfil@ Xﬁélnixtefeqpa@@da&wt&r oRPlenfithatifet 1 sli
porrtnlg]on The sol ution vvaso st |erredaat ngﬁwg g oate

APiEipe sMitsHushi Chemicab Coppasatiorn Jakye “epen) waasharged mto a
?E:Jsgtré oldSiod éd@ﬁt%ntd?%oﬁg%aggﬁﬁhe 295ixE9 n]g\teﬂ{%ngpwater

utlon m xt ure was kep tlrr at a
sdaeni ordure 24 qmmogtlonrﬁélefaohélbnsra@@tw@dtaéao 2% °G foe 15

BOAME it L Bk oL, uncr

egiaias. Thessliution hrixughwas keptHiied at ambient foreguaitiodal®t

b8 e SHARRR bR RENED LsToP Rl o iihr 857" s

prepared by adding the binder material to the vessel
D jonl €} dnli ydrdlvead &rgampsdilivatevBimdet under

24 ng' SRR AP R-Q M Rt Pt 4013w
uhéerdﬂsxgmged hpl-rﬂm/gse mllalgggleg ;?]Ermm@mmatl.ge In& s?/ﬁsrgte
PRERBES cocelle A BhuiofyRRcr 3P L0 LB PR b Jalsspc
acid witreOQbl grets -prdpess|htet soier niiytussd db.0 g éfI‘N/IS 51 silicate
RHLhSE MR chubddtiod e et debToneh bl ageliSn fEES. 7 the

pw mtsdonpmaﬁbmger ‘solt/@]tﬁmmﬂllﬂ@ &s bhe poktiom: wﬁ@ isbiu€ion was

G__ TAB
&1 2088 ator 15U e iyl 6o i pisatid a4stie i o
gggfioﬂ' a8 RidaedMtd Zhé/\@a@fdir uRaé: Kyitatién Of HElEbIRicPBRktFe was
keptcs]tirr_eﬁ_a't éh’ibTe_nT?or additional 24 hours. The final SiO, content of the

tsolution was 1% with a pH of 4.1.

Example 6 - Preparation of Liquid Compositions

[0113] Liguid compositions A through G in Table 1 were prepared as
follows. Charge | was prepared in a one liter glass vessel equipped with a
magnetic stirrer. Charge | was prepared by adding the binder material to the
vessel and then 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 |l 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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-- 0 5/0 3 5009 48094-g. ----- - - ----- ---- C_
0.410 ,24 40a 58 44 1.6g D 031/ 019 319 677g 1.27g |
..... 0X510 25 251 . ---- 73 3g --- --- _ -----F
0.9/0.1 47cl f 2.3g 033Q . 0.510.3 25a 24 59~ --
0.5c; ' Msti-200 hydrolyzed organosillcate (1% solids)
comercially available from M tsubishi Chem cal

Cor poration, Tokyo, Japan. NIB-1 titanic sol

SRTTES! Bl bR e ALl °“E§§am® rkos L e

Ir@brdmm@ comngsitiokaissthrughds. Exanple 7 -Float d ass
Test Substrates [0115] The Sﬁ”bg e, of 9" x 12" fl oat
gl ass test substrates were p BFLFed by cleaning the

S‘Uééh{p%%ﬁlowt&l@afém@ﬁ dBiRaEt” ZBOWaerUtTiaRia Sol” | Titania Sol®
(lcommer ci al | ywayqpt Ragbe from Madi son |[Chem cal [o.,
||y )Rreparjed Q)g/cggl Ut|i T dPNCenBh Gt d Dapg 21P wi_th
deiomi eTOE®, hrat|—t o) u‘@e& frad 30g —
4 BA 0 | "t sgal | Therggostrate
AL A a1 1 O B (7 A A
nd \vl\lE d \lﬁtz5{ Zu ngp25g+ “37’3% Kay r1\7 Zg .

onmor £ a1 avgGhLo 1 418 K g ! o
CD_’I1R1 GThe | i n|1915/0*31rrnn 5&ncnﬁ-§4 jgpa| enﬁwme. ‘ prng
;qu %g %s@r%yze@fgangygogieﬁwéow FPpEelY pralehle fomdfitsypishi

G e G N B

oam app Ica anll r
corrp03|t| on vvas appl ied to the pad usi ng an eye

ELARREL 707 Bk RALLLTRR bl @ dr opper top. The

CONPUS oS Wer et fem apptred by contacting the wet
mmﬁ/]/l th thbe gum afeS tx 125 dibst glasfete\at subsdratesi vydre, prepared by

htly o er ti t
e YR SRR AL P 210 SPRRER SRRl 43Fable
abm Rasliscd @hdnoicaltCo.} [@st) ipheparedRes uilmﬂngacrmcenmtad iDzetc210
WIthT(ﬁalomzed wa?er so that the solution had a concentratlon of 5% to 10% Dart

Lragm

210. The substrate was then rinsed with hot tap water and then deionized water.
The test substrate was sprayed with Windex® and wiped dry with a paper towel
(Kaydry® commercially available from Kimberly-Clark Corp.).

[0118] The liquid compositions of Example 6 were each applied to a test
substrate by wipe application using a BLOODBLOC Protective Pad,
commercialily available from Fisher Scientific. The pad was wrapped around the
foam applicatoi'. Then, 1.5 grams of the hydrophilic composition was applied td
the pad using an eye dropper or plastic bottle with a dropper top. The
compositions were then applied by contacting the wet pad with the glass test
substrate with straight, slightly overlapping strokes. After application, the
substrate was allowed to dry at room temperature for at least 2 prior fo testing.

Results are summarized in Table 2
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TABLE 2 nposition Ti PCA (cm mn 2 Com Surface

Resistivity Haze - ----- - ------ C?!' glcnR} (ohns/cn®
L -A1239384x100110
T Bl 23816 25x10 0.2% - ----------- -
-------------- - C0.7 2.1 -- - - ---me e ameem -
e L e L Di 0.5 1.3
------------------ ---- - ------ ---- - - E 07 26
-------- Fo40619 ... ~8BLEZ2 5 . ..

Comfpesitibe | analtyzed mm@rﬁﬂmw 2f|$l(mf£§é3Ré§1§Mty Haze®

apal ysis. 2 |Raglopgdt al ytic acti vi ty wahngy@htat ed as
descried in Uniped Statesziatent No. 3844 766[atp 1%
col .~ 13, Tine Ip80 c¢l, "I2g fine 55. 3 hgee 0.2%

r esi SICVI ty vvaso_g_val ted Q/I th—an |ACCStatitideModet_

800 lve[gonme Er _§gIrng ei I.Illfl3 (I)—targeextension —

p UUUbEpI aced _50. H-met-er decu.l at—severat—to¢ ik
op—they —sanple; 21— 2) L..co.écter -S—onboart—probes —
spaced2¥%4+nehes—apart—aj_—several—tocatrons—on—the

s anpl eG “Haze ‘vug eval-vatedwi-th Hazegard{r) Mddel =

N@arrmL&wwzmzwm@rﬂuowwnca@helym om Pacific
ScEhetotathlytic Ldiniyams, evaiubtedms Spsdrined inNhite DS tads Ptént No.
ﬁe@tﬂﬁﬁ@ at cdlekt, lide 1 @IcbT]12Twet55subst rat es coated with
I"iSytfpep r@@lﬁtp/ds wep eyaluatedvith B el Statifidealdede! BPD Megohmeter using
G'tb%‘"e(ﬂ bﬁwe@esmélﬁ@ aroPenrlarrarballinsiris aparhef saveraldomtions on the
h%e oratihe nekats CeRTE PERPES RRSeH 1rdVEWS PPYhelSgueral locations

ze was eva?uaté/d v?ﬂwd Ligzsetgggz@t Iaoéjeﬂ\ler)w_ E? 1 haze meter, available from
Pacific Scientific Company, Silver Spring, Md.

Durability Testing — Test 1

[0117] Test substrates coated with liquid compositions A and B were
placed in a Cleveland Condensation Chamber operating at 140°F (60°C). Each
test substrate was removed from the chamber weekly and tested {o determine
the water contact angle. The photoactivity of the composition was determined by
measuring the water contact angle difference before and after exposure of the
‘substrate to UV light. The exposure interval was 2 hours io a UVA-340 lamp
supplied by the Q-Panel Company of Cleveland, Ohio or direct sunlight. The
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 to 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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the water contact angle. The photoactivity of the
conposition was determ ned by neasuring the water
contact angle difference before and after exposure of
the substrate to UV light. The exposure interval was
2 hours to a UVA-340 |l anp supplied by the Q Pane
Conpany of O eveland, Onhio or direct sunlight. The
wat er contact angles reported were neasured by the
sessil e drop. net hod using ified captive bubble
i ndi cat or manuf act ur ed by-E%$g? nUf acturing, 1nc.,
equi pped (W th Gasmpesitiseinent i Ti € gonloagﬁ@bsﬁgﬁgps.
oA 4CE Contdet NETOMEA AngRS | DIoAERE AN BBhtAP ARk
DoSCEICON,| ARfid BefowpIar d, aftdt front oferrd ' gh SO%@E- A
S

sessi |l e dr opypkumat er prsoRlraced opydp-of
N fpont [of thg T ght sougce sp th

te z5gssile i gp cotid-be; vieweft-and- bhe—contact—angte
re%f;ﬁ im—dggrveesﬂm@%e-gvﬁi—g?%%er el eseppe
nhi £k -sregqughed—wth—eireutar—pr 02 act-or
Jr-adiigt-eons: &"s&lt“ are—sSuhrarzed ;Q\' Table—3- _3339_
TA 3—— Composi tHen—A~A-{ Conposi-tion (3 Hours 9 n
ﬁn;g@% 1 g&ngggt Aq.g.l_-g_&p_t_ar-f Angl &6Cont act Anfﬁp
“(‘(QQE;BQI e RpféQp After Before After 3§Xp0'§l M
xpoXifr e |Exposure -b----- . L ___ 30 .| . 5.. _
_ 4040 _]__ _ - S T T L 4.
- --- 498 14 3 12 3 373 1962 3S3 ~_ .. _. 1535
32 3 27 3 2221 . Mgy Mk Tactivem: ... 4~ 3
2573. .. ... 30 3 " Duifbitth Testing+Festa- -+ * 7 5

POINB] 2 - 3¢gThe dBability F36% substr@8s codted with liquid compositions A
through G was tested by measuring the water contact angle after exposure to
UV light as described above but prior to pla.cement inthe Cleveland
Condensation Chamber. The same substrates were then placed in the CCC as
described above for at-least 4000 hours and then removed. The substrates were
then exposed to UV light as described above and tested by measuring the water

contact angie. Results are summarized in Table 4.

‘TABLE 4 §
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
ll 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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4 .. Durablllty Testlng (r) Test 2 [0118] The
durability of test substrates coated with |liquid
conpositions A through C was tested by neasuring the
wat er contact angle after exposure to UV |ight as

descri bed above but prior to pI acenent in the

G evel and Condensati on. Chapb The sane subs es .
AR 800 RGP RGET IS SR RES AR Srateral
atiydrephilic 48080dHsB and FtJTEEB(aﬁﬁﬂ@G ed wellt® $Hsihsillaf éérﬁﬁosmon

were then exposed tg WV light as described above and
theving2 Qy‘dﬁ’é%td?mH@‘ qipduaatiorof %@ﬂ@d&?mﬁﬁﬁf'@n JRysg ngced n
%@ CIeVBIRYd é@ﬁdéﬂ%aﬂ&pbﬁaﬂwbeﬁseﬁgs&bge EBQ% Ea'p%ﬁo&%@&

Angl e Contact Angle After Before Hour s
eremoved aﬂﬁpa@;ggqr@ to-UV lightms described alqpv‘qa Comparam@ 4 -

| Takyo, Japan mmparat}veTmpqaglon Bress MBP[IQQQQ?vthéle from

q\?ﬁ%ﬁﬂ 4H| @ﬁe%caﬁ %ﬁp Q‘tﬁ’(ﬁ{ r'f%‘( Qﬁ eqlhg\”tést? sgggpé%éé \thPJ]%sted |
0 & resen ven so conp 0
s‘abwatatcestac’oa’(m awdeis'crcb@dmue i Ehesults alﬁ |Ih.mlr|atédsihngg. 4.

hydr ophi li ¢ organosilicate binder but no the

photocatal ytic material. Hydrophilic conpositions B
980 19's FHBBRLB0 oPPiGE! CoiBodtidiis™ | a7 composi ti on
[0120] Liquid compositions H and | were prepared in the manner.

described in Example 1 except that WINDEX was included in the composition in
the amount identified in Table 5 and the Binder/TiO,Weight Ratio was as
adjusted as set forth in Table 5. The durability of these compositions was then
analyzed in the manner described in Durability Testing — Test 1. Results are set
forth in Table 6. :

TABLE 5

| Composition | Silicate/TiO, | Amountof | Amountof |
L Weight Ratio | Binder/TiO," |. WINDEX

H 0.35/0.25 30g -8.91g
I 0.35/0.25° 30g 6.269g
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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having a binder to titaniumdioxide ratio of .9510,5

(conposition J) were placed in the C evel and

Condensat i on Chanber as descri bed above a periodically

renmoved and exposed to UV Iight as described above.

Conparative conposition A was Shinsui Fl ow Ms-1200,

avai | abl e from Dai ni ppon Shi ki zai, Tokyo, Japan and

conparative conposition B was MsSH 200, avail able from

MLt SN TERRITY G LiddRd BBAAbLIGOns TOKyO, Japan. The

test substrates were teste Oor water contact angle

d913tscri beiguishenaposidansi.4-, M.and|Q were ataparechinthg mapner
R rat. I GLLAL i .

(IR 1 P Encthife B kcppOngl b gl CIRRRb 0 FalhdSéttortn in

neartee ¥ and dless Bindeed i@\ elghipato Waeas egiustedzs saft RDEXNWeable 7.

OB CEIRTE 98 kg BTl Y

ddjeusemdhatshs pH dfdPharge hwaalnbtadjustét.eartUChbigei It wanh mixture

00 PR VR M AP ML ALl o

set frofnor&’h solitsTtalil % s6lidsTNBL BeibniZedpasart iToe pH of Charge Il was

AP G Yl o Bon 1 e B L1
-composition- The-turbidily & t38eCotiposionsd wiBaherd ABAIEZ& over time

Byt i RO R R BB LR s ERd b Shahg Slabtasiuring
AngllHe FBedgiienekits Bigéien Hkihga saﬁéd]ﬁi‘zw&te_of@mw&ameter by 91

R et Sl bgfgmoiRestigas set st 16 w 3
TABLE 7
Turbidity (NTU)
Composition | Silicate/TiO, | pH Initial 1 3 6
Weight Ratio month | months | months
K 0.5/0.3 1.96 | 490 558 569 652
L . 0.5/0.3 1.57 | 438 552 567 653
M |  0.35/0.2 1.8 321 383 393 442
N | 0.35/0.2 3.25 | 454 412 385 425
®] 0.4/0.25 1.8 415 488 511 573
P 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] This example is intended to illustrate the anti-fogging properties of
the present invention. Thermoplastic polycarbonate Ienses that were previously
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-propy!
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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----------- - ------ 41 Exanple 9 Turbidit}~ of Liquid
Conpositions [0121] Liquid conpositions K, L, M and O
were prepared in the manner described in Exanple 6
except that the pH was adjusted to the value set forth
in Table 7 and the Binder/Ti O/Wi ght Ratio was as
adj ust ed as set forth in Table 7. Liquid corrpositi ons
and Q were prepared jn a manner .simlar
bl TSI @y NG oG CRRENGA GorReatioy Tokyo.

agi st €Gr E@Qﬁ\p@“%@ethéjplé@ﬁ?a Surficsitidaged Bhs WaR doatednlith a
sol' and deionized water in an anmount sufficient to

deqropesitianeofthe tiveglesstped indaanile 8 otqrarROsitipRBdy @R erating at
Jﬁ Qxﬁjaeclt %}8%1‘2%%? ghe pH of Charge 11 was not

ust e arge was added to Charge Ito nake
tllﬁ)éZB] qui d Foggipggroperty, wahevaluated &Y placsig mﬁés@s over a cup

PR e e B i EC A ThatedPrer Yo Puimaree

I\;ﬂhetﬁcﬁcifhe iamg of IErxempl’re 108 fdgusti oveed@-60%i of the @reajmer@faThe

WEIRofE RO P b OTHE elteoB el "rabi @ 7.

TABLE 7 ------ oo ooiooo oo

Tur b ( 0i|icte/%;él_%_gﬁ”r|'ihi_iia| 1
Il:J 85 1% F£\n—31§1(2mce fo Fou@g_%léut Sy nt hs
nmﬂtzh]s | ~ Gh!'leb(a'inﬂle%mfﬂé}Qiﬁ & Bi@stratbGRe GAE- foulmgprepemes of

552 567 653
0 PEEPA NS topy TR A dEm B0y Yoge PG EBeAgem o5
- DaimierChrysier were-dwlded in fiveté\dnZdreds 83n4§5neﬂs$(8195té|1e t The

573 1 P 0.5/0.1 31: 145 143 145 153 ~-----
whaelg were ipgtaflgd ong 19965mo§e| Cghrysler ‘?eep Cherokge \?v h one wheel

(wheel #1) being installed on the front passenger side, and the other wheel
(wheel #2) being installed on the front driver's side. Prior to installation, the five
areas of each of wheel #1 and wheel #2 were treated as follows.

Wheel #1 Preparation

[0125] Prior to installation on the vehicle, the five areas of wheel #1 were
treated as follows. No coating was applied to Area 1. Area 2 was coated with
Hi-Gard™ 1080 (an organosilane-containing coating 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 hydrolyzed organosilicate (1% solids) commercially available from
Mitsubishi Chemical Corporation, Tokyo, Japan 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
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- Exanmple 10 - Foggi ng Resistance On A Plastic Lens
[0122] This exanple is intended to illustrate the
anti-fogging properties of the present invention.

Ther nopl asti ¢ pol ycarbonate | enses that were
previously coated by the supplier with a non-tintable
hardcoat (Gentex(r) PDQr), comercially avail able
from Gentex Optics, Inc. ) were surface treated by

WA Dt BBl usiie Bisbeked i Arfo Prius Seied with a

|C&1m$ltmrcﬁthé1WeMe@§mdlh®Ja&¢Ie @%or@g@maneg IOA no
ﬂg i onal oat was applg ed to t | ens,

3 ‘Jﬁéﬁl e 108 etVﬁ k WaRHOvVes\fof Qe Wer aﬁé%ﬁﬂ ‘éﬂgoki@bﬁ of wheel
coradiRivetl s HRCAARYERQ) K2 RshrBR GO @%ﬁe.( e After

sol ids) commercially available from M tsubish

ARinE dagedoyitthwatar ifion a verdes, hossatﬁgrplearwnea@wees 1dc¢5 of
WitRoch haSER REASRES ohLRlRIod £ O"@ﬁh h EPH r‘%%preﬂectmg a
conposition of the type described In ?

CHIRIGS St iTaee- EThttg/redsubs asagimgaazed lanTeéwJ@ Bact ion rate of
230 mm(m n. [0123] Foggi ng property was eval uated by
placing the lens over a cup filled with hat water.

The | ens of Exarrpl e 10A fo'@@%lcEaver the entire area

t 100 ad Ao CO AN004A - AF

eof- IIIC f é I:)(allpl 108+ ogged CI 1 oU—0U 7001

I p— ?eélj-h,\ Eanataf—Euamal ~ 1}¢ 9 J-me$§n+
the—are C C €Ol e T nmS—jot CAapPrt—xIxoC |24.o LRAVAS
f ogoi r‘.g—an the—strface—thercof- Exarple—1L
- Rest-stanece—to—+Fgu-ng—by—Adt-onpti-ve Br-eak—l;ilsi—_[_o;ﬂ-]b
Thi-s—Exanple—s—ihtended toillustrate the 8

nti—-fouling pr nAhrfl es—of the present | nvdBtion_ Two
ng_um num-all oy wieel s purchased frnm Dai_m_dPchr ysl er

were divided into five even areas usi ng maski ng tape

The wheels were instg) model Chrysler

Jeep Cherokee with ong i # P g‘@@ #1) being

W57l | ed 8ﬁ0!ttﬁenstaldﬁﬂonmstb@wrgl@clestrwe‘weaaraas hiwbedl ¢i2 were
) t h

SRR e MIBEE, Kgloodfhileh 28bi SPvaH . IghiZ Wis coptag it

Solard® 330 evrtivy (a1 cgathositere-carainieg eottimpsadtiasavailable

| 8P ML T E6BAnab B0 E0RL SR, g s
#iinwtes eand thedtakihgest 2HOPF (S CNor Gdatirs) gAmaS3 @pp coatdd twith
IR TH ATIR Rt ke
toated MG MSH-200 hydrolyzed organosilicate (1% solids) commercially
available from Mitsubishi Chemical Corporation, Tokyo, Japan 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. Area
5 was coated with a composition of the type described in Example 6,

composition E.
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I ndustries, Inc.) by curtain coating using a wash

bottle, air drying for 5 mnutes, and the baking at

240F (116C) for 3 hours. Area 3 was coated with

Hi -Gard 1080 as described above for Area #2. After

baki ng, Area 3 was then coated with MsSH 200

hydr ol yzed organosilicate (1 % solids) commercially

avai l able from M tsubishi Chem cal Corporation,

Toky®, Japane %hmeqﬁamnmﬁw i week V‘Né’asa1 trﬁ%ﬁ@of wheel
onge., The NM5SH- 2 t hen lowed to air dry and

5& &hoa\@qimglgmﬂcam@a‘fexemm@mb@ew RIPr P a@¢ater B8O After

JERRLARER, @REVE Honfs Biren etk ohe, AR Rtke (iGRed 1 165 o

Exwmepite wa@ measrpres ohiacstale afridod Onwntm blgheohurdbemﬂa@m a .

0 ) by wi pe-on
appﬁ%le(rzg hgh S‘Jﬁ%%g séu(gn@%rg] d4% f@r eéags was coat ed
with a conp05|t| on of theTABtly:Eanescrl bed i n Exanpl e

- rOoMMOocit i oh- E [ O126] Th vehiel e wace dri V-eR 'F or

y  CUTTPOSTt éua.l.ul 1 V-erH-C+Ee—WasS Iul T
ne—week—Area eq . ouah—5-1lof wheel H1C @@.‘ﬂlﬂ@ﬁs no—
|_g_n4__f_|_g_a_nt di ff p1r ence | n_clleanliness nr| or<to _a water

inse. After h9L2ng rinsed W th water frnm § nardpn

he cleanlithess of Ardas | to 5 of kel #1 was
riefl ecting a cl daner _surfade. The results Hre

sumTari zed in Table 8. TABLE 8 Area Cleanliness - 2 6
------------------------- 8 1

-------------------------------- .m 5 10

\oe2d] #2 PE&@mpmmﬁn A I&ﬂJRi7¢orﬁ>pcn31rhrort was psipfmi'échlbyv addingn three

t he vehij r tre
SR SRl Rt D Al e zf AR ey 35
wampoeidibe of td fype Sebdsired (in Ex33plec®aton@s(t@an E and stirring the
or.gﬁFosi | ane- contai ning coating solution avail abl e

®PG | ndustries, | nc,) by curtain coating using a

wash bottle, air dryingdnerPlparatiout es, and the baking
?6132510': (1& mtfjr%rpanes pre-treate(? Wltﬁ Bw%ic' P%Pr%ét?edat\%bg, were

coated with Truform® ZT high gloss white polyester coating (availablé from PPG

(0]

-~ v o

=

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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H - Gard 1080 as descri bed above for Area 2. After

baki ng, Area 3 was then coated with NMSH 200

hydrol yzed organosilicate (l% solids) comrercially
avai l abl e from M tsubi shi Chem cal Corporation, Tokyo,
Japan by wi pe on application with a soaked sponge.
The MSH 200 was then allowed to air dry and

sel f-condense. Area 4 was coat ed with H -Gard 1080 as
descri bed above for Area_2. er baking, Area 4 was
coated. with a conpositi orTA@IL type described in

Exanple 6, CGXOTBﬁﬁistMé]Qyﬁa and a n X8 @ichtRd sélfth FiEr@8d |
wat er and |@ERaRe! of P BoMBIngt [ Pbbifdn BY paMdPers®RBouth |
ApPELEAbIOT 1 Al FOKRR SROPREE] UlvEBhedA %ﬂ?&ﬁ
W T opo A on—or—tne € 0e€PCRINBET ;
cor—m,lCDHGT"';q'éé‘Fé‘F o128} RES: e—veh 605\%‘13 dri-venf-or
ong' K. /w’?a%ol t hr ough 1golof V\/nse??’s#l sho \egmo

SI gnl fi cant di fference n cl eanl i ness prior fo a water

hnl nn - B uu_t_h \n r -Frnm:. nar den

‘% @e(:fz{gné%ie e%°§r 8\1%?01;]??“ %—b%we% &5 21 % éﬁciﬁgiter,

Iuei: %%Eﬂ E‘S ri fosHefter performance.
SA‘ImrL'\é rhéln Qoldr ch gaf‘ ve value means the coating got

T Iy pep— - - -y o= [

t[0133i nt edF&ulEf(aanple[maz)Q]heEquampd:canﬂﬂsmonﬂdéslcqbedjnn Example
1%va9§9|, gpp I%d\’\g/%r H-{ eBSrra%gr gélntag alurﬁlnum 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. For Example 12(4), Toto
Frontier Research Co., Ltd. finished the painted panel with titanium dioxide-
containing low maintenance clearcoat. The panels of Examples 12(3) and 12(4)
were exposed at South Florida for 13 month and 14 months. Cracking was
observed on the panel of Example 12(4) and no cracking was observed on the

panel of Example 12(4).

Example 13: Application 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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[0132] Exanple 128: Al um num panels, pre-treated with
Betz Permatreat 1500, were coated with DuranarO Sem
A oss coating (available fromPPG |Industries, Inc.)
in a mnner simlar to that described in Exanple 12A
[0133] For Exanple 12(3), the liquid conmposition
described in Exanple 12A was applied over the Duranar
pai nt ed al um num panel by using wire wound drawdown
bar at 0.05 -- 0.15 mi| dry filmthickness. The panel
WaISE lcakeari: at  350F (peak netal tenperature) for 25
seconds. For Exanple 12(4), Toto Frontier Research
Co., Ltd. finished the painted panel with titanium
dioxi d@a-|i ggﬁ&ﬁh@ég’lﬁ)r{ @cymgﬁé,ﬁéenance cl earcoat. The
panel s of Exanpl es 12(3) and 12(4) were exposed at
Sout h f@)cr pladogadplytig mederial, amdl 14 nont hs. Cracki ng was

observ [ '

e ob o D B8 ARt o3P B ke A oM GER TPy zec

18rgamppllicatet i on to M| )wark Substrate [0134] Sanple
reparation: nt.rol sa Ies e |lab ner at ed_or .

Commor B 8{EACRUCTT ST BAHETS t RnGREA SPPRNgal e of S-OR

CQ!‘UE@%QW&breﬁ@'W@@?Mn@Q npby kgt Gianps)rahbwor k

coating. Test parts were prepared by first w ping

parts WQptn iReopapREEIN hagaPH ofi Ruingre Bi@posP oF 8@@ 610 to 8.5.

the type described in Exanple 6, conposition E were

applied by lightly wi ping a soaked paper cloth over
t Be pafhe lig@dapimpgsitimera ckdim dvitedeiowas tedsy btporiBanpl ths

B BAEME SNl s e PR §Piea st RO B B905Ee
( pybtallinevdiayleterlodd tof3sherrginastsrspul t rusi on (VCP), and

pi ne wi ndow substrate (NLP), Sanples were sent to an
exposure site in Malaysia for three nonths exposure

pgior t@e h&u@g;onfp%ts}ﬂlbﬂféﬁ chivél ﬁ%éﬁ@iﬁ@ﬁe bﬁéto%@fa%c materlal is

change and g oss retention. Results are set forth in

Tgcﬁe@teﬂrorrr grovp conBistinapbtheLroskits fonmntof tlmwmshmd@

fie %?t ﬁ%ncl nygéq%?&%d ?‘{%pgeé/SL?D gor Cﬁ%tltamum

1diogide, Slapma tiexted ﬂta'mu]rﬁ.dmmg a]nl rBixRur8s tHgrédfoss 1 64

47 76 j 108 6 87 71 71
4, The liquid composition of claim 1, wherein the photocatalytic material is
provided in the form of a sot comprising 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 compaosition.

6. The liquid composition of claim 1, wherein the organosilicate is selected
from the group consisting of organoxysilanes, organoxysiloxanes, and mixtures

thereof, wherein the organoxysilanes are selected from the group consisting of
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ERetention I [0135] It will be readily appreciated by
those skilled in the art that nodifications may be
made to the invention wthout departing fromthe
concepts disclosed in the foregoing description. Such
nodi fications are to be considered as included within
the following clains unless the clains, by their

| anguage, expressly state otherw se. Accordingly, the
enbodi ments described in detail herein are

| tdtishétAbkyans)] tetrasthorysiane! tekralf-bidp@xysiahee scope of
the invention, which is to be given the full breadth

fetf%%’%%%ﬁéé@“%lt%tﬁ‘f@ %Hﬂxﬁﬂ?”%ﬁatr%!ﬁpbu'f%!ﬁ"\?Bﬁetﬁf@ sec-
t 4

Bgfo??%llar?ge ?etr‘éEt) ﬁtﬁ&%ll%g c%%réf)b%rfugéy?rléé}@t erl Iegﬁéﬁwbﬁ?ygi ?tlngysnane
aany darisiyred therasifnder conprising an essentially
conpl etely hydrol yzed organosilicate, wherein a dry
filmformed fromthe binder is substantially free of
Sv - O dThgtiquigsofvduaitieinrof Rlaiept, edemeis tid otg)arﬁélllahfeylb present in

oups and erein the c 03|t on h H of

sefinroRbetieh it Srpmsnt B o 052 pBish by Sveignt
CoABeBtdd SNSE @bgédnba,thénmamé}gﬁttofltﬁ@%;bm@o@mahI on of
the photocata 2Iytlc material is present in the form of
particles havi ng an average cryst alline dianeter of 3
te 35 o . .
(8. 35 TRORARHELRRYiolE AR SAGAERSE bh8RearflcthHeral and
fﬂmnrglaaoghmamp ao&)plsaseht rmgheﬂlquie:ohnmxskimeatfaamtiomf 0.05:0.95 to
:T%@a:?bum di XI de, titaniumdioxide chemcally

fI ame pyrolysis, nitrogen doped titanium
di oxi de pI asna treat ed titani um di oxi de, and m xt ur es

t her eof id conposition of claiml1, whe
t e ph/étseéaﬁf%tﬁﬁola@%mﬂé@. cred §m Brewdden the igud £gmppSition of

ofjaftn g0l conprising particles of photocatal ytic
material dispersed in water. 5. The liquid
conposition of claim1, wherein the photocatal ytic

ot 1o bR BBl 5! el M CnBoIROR ) A UfdRss or 201
bé3 ednometdne t ot al wei ght of the conposition.

11. The substrate of claim 9, wherein the film exhibits an initial water contact

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

12.  The substrate of claim 9, wherein, following excitation of the photocatalyst,

the film exhibits a water angle with water of less than 5°.

13. A method for making 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 no more
than 3.5;
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6. The liquid conposition of claim1, wherein the
organosilicate is selected fromthe group consisting

of organoxysil anes, organoxysil oxanes. and m xtures

t hereof, wherein the organoxysilanes are selected from

the group consisting of 4q_ tetranethoxysiiane,

tetraet hoxysl | ane, tetra-n-propoxysil ane,

tetrai sopropoxysiiane, tetra-rr-butoxysil ane,

tetrai sobut oxysil ane, tetra-sec- butoxysil ane,

tetra-(b) tpumadmgid soier ptaeter(apimfmg/aiphamatalytic material dispersed

RSB 5 b e 0% b R AR 880 L anl

Or ganogj) |nhl§|ﬁb€!hé ﬁy@fo@hmetmater|altph6vuhéaim Qa)Q@Mé'sIol @Ppaste
in an anount ranging fromO0.1 to 2 percent b
gy 8.}1@ material.

cArvidest isdbhie CQ{SWSG RES @BO@ﬁaharv@cmtanalm ithgh

conposition. 6. The liquid conposition of claim1,
wherein the photocatal ytic material and the
ofiganoshé nedbed af @a'pim dé8ewbeiam theenydirepliiltc matges ptavided in step

o s PRl B Wi g & Byastoi? mifesRstMprishiodiuessentialy

| b@mblét@pIhfpoml)medrbrgénosilllcmténvl/herém thdpel sithsthiydiaphitic material
claim9, wherein the filmhas a dry filmthickness of

26 GBOteE LG ARSKPS PH ENCRb2QURG PPk te The NygimpRiliG Material

\A{;@ﬂqh@dgg}'eegbhrgggmbpéas an initial water contact
angl e of no nore than 10 prior to photoexcitation of

the photocatal ytic naterial. 12. The substrate of

chaim P, %c?d 8 %lgfﬁ# H?%H@rﬁﬁﬁﬁ' LY bg\g?éﬂa ptrg\ﬁ?ed \I,u %tﬁp (b)is

phot ocat a mexhi bits a er "an

wab tarn eaff byl (el$$>r¢\h<ang B0sal or pdsteLomedrisod) & photmhtaMmtrhatenal
l'i,quid gonpo nof claiml,. the t hod

HEPaRef BT bt Vb i BHenaplis ot fuoteatThap te esired
cpﬂpém@mgao@mgeéa@rﬂé td ol of aBlealrtil the dusitedl pH Rbachieved.
organosi licate, wherein the pH of the hydrophilic

material is no nore than 3.5: -49 (b) providing a sol

0‘1 6. paSA?nétHB@’fdr%QQn@trPé‘%&& AbRpYLiEn BREKH AL the method

di spersed
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.
17.  The method of claim 16, wherein the hydrophilic material provided in step

(a) is obtained by (1) providing a hydrophilic material comprising an essentially

completely hydrolyzed organosilicate, wherein the pH of the hydrophilic material
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in a diluent, wherein the pH of the sol or paste is no
nmore than 3.5; and (c) mxing the hydrophilic materia
provided in (a) with the sol or paste provided in (b)
to di sperse the photocatal ytic material in the
hydrophilic material. 14. The nmethod of claim 13,
wherein the hydrophilic material provided in step (a)
is obtained by (1) providing a hydrophilic materia
conprising an essentially conpletely hydrol yzed
orgasotidni thatdesirelieHeiand t(Ppadith@t Hake tdyteh Bydtophific material until
ngafrlal 'HE greater than the desired pH, and (2)

deriediR tSof ¥RV Ssy dr ophi li ¢ material  until the
desired pH is achieved. 15. The nethod of claim 13,
wherein the sol or paste ﬁrOVIded in step (b) is
obBai néle pietpag Obclawn dbnyhareipinediol papasiequayidedimgten (b) is

mﬁgttragft%t @L@t gﬁ\@?ﬁ@ é[ﬁll org ec,rczI IS"&&? gﬂbt %ml)mg: material

déspes@d ipH, dieedt, Weraid dhe g Haafi sl bopashe islelss tharpthet desired pH,
unt i | .desired s .achi eved 6. A nethod for

kY () TR Gt & DI o Par et e dfsiret Ate astiied
conprising the steps of: (a) providing a hydrophilic

material conprising an essentially conpletely
hy@r ol VZ%HQWFJg’QﬁH&SFtP@an@'a“Wth@e\ﬁe'ﬂﬁ@e bW'éfCOFﬁ@S'tlon is in the

h%ﬂ'hocgm bhé&paat FF%url@lco obtiBAhavRAg 4 §’n<§f—|§e df B least 3 months.

provi ding a sol aste conprising a photocatal ytic
material dispersed in a diluent, wherein the pH of

{08 SOl LaRPRLEakB AT G SobBulRoRfadFlamh Kahgapon nes
os shasdife offatdvasi@dmbntheb) to di sperse the

photocatal ytic material in the hydrophilic material.
17. The nmethod of claim 16, wherein the hydrophilic

npg er i ﬂ*le Qétﬂﬁbglﬁgn bR cialrg RO, (v%rélﬁtt‘%%?é P&k Ryuid Edbmposition has
provid lic materi al con‘pr|S| ng an

e@§€ﬂ'ﬁ“@l q)fya“%%ﬁ’fﬁﬁéﬁémtiﬂshydr ol yzed organosilicate,

wherein the pH of the hydrophilic material -50 is

| ess than the desired pH, and (2) adding a base to the

hyZr ophid campasigon af claimh 21, whbesird#s coedpguitiorshas a turbidity of no

achi eyed. Ti t hod of claim 16, wherein the sol
o'inobeaﬁ}ag Gp(fogWHe%tqrr'ﬁ @9@%’ (h) is obtained by (1)
Providing a sol or paste conprising a photocatalytic
mat eri aI di spersed in a diluent, wherein the pH of

sof- orA patbed pEcoaiing 3 Rupsitate cemerisiad ﬂb@-ls'fepﬁrﬂﬂ (2)
addi ng(a?aﬁe@ﬁ\ 118 th88uB&tatethP A& cHRbitibA®f dRfhrednaH

is achiev
(b) curlng the composition.

24.  The method of claim 23, wherein the composition is cured by exposing the

composition to air for at least two hours at 25°C.

25.  The liquid composition of claim 1, wherein the photocatalytic material is
present in 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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[ f;. The liquid conposition of claim1l, wherein the
liquid conposition is in the formof a one-pack
liquid conposition having a shelf-life of at |east 3
nont hs. 20. The conposition of claim19, wherein the
one-pack liquid conposition has a shelf-life of at

| east 6 nonths. 21. The conposition of claim 20,
wherein the one-pack liquid conposition has a
shelf-l1ife of at least 12 ri onths. 22. The

COompashiatm Oharébat o 21@00 wb@rrsewnetém tf@@@@tﬁérﬁlﬂeﬂ@%p@rated at
turbidity of no nore 9:00 NTU after 3 nonth

D 8 VRO IR BTe GRat S iy 0 G LA BPEOL IS PRraeent which
StERMs ¢ Coﬁﬁént"’\pﬁt‘e)’baﬂdér%aggﬁgﬁ%’éwsﬁ‘%ﬁrféﬁ liquid

conposi tion alm1, curing t
conposition. 24. The nmethod of claim 23, wherein the

COPeSThL MRS G R PLRR DR mSRTBRRAHIAR Bt
cprgzest i the lighidcdanpostionhermearmotimtes uffftddradabeddidoeca coating that
material is res ?Sf‘@gthel UId conposition in

aﬁtﬁlﬂ?'ns%f;?”té i 1 A degEer e(ﬁé?os%ﬁlt%?g]ﬁ‘ée'a”d

| EHnbBhddtRdh (‘Dﬁérﬁbeﬂ@ﬂh@@@ hai@! ﬁ/héfélﬂh@@@@ﬁéﬁﬁnﬁé’r id operated at
C evel and -51 Condensati on Chanber for 4000 hours,

wheRePhterReralnre ohafbidr (5Q Coperrinsiposambieg@nvironment which
¢ RIRRE A H&‘?sté?ﬁt vi'zﬁt@r Eof(feﬁ%%tlbﬁ‘oﬁrﬂh f&‘?%rf?é@" ent

envi ronnment whi ch res n con ant
condensation on the test surface. 26. The liquid

nater: b PR seBy BBt 1 ReBRahE S Br i BRarg by @

apritets sulktieei fegth: t o produce a coating that maintain
a cont act anﬁl e of less than 10 de%rees after exposure

to a daé@ema istagp RERSEsa cPrERiBRg Pt plgpe xdwseiRsupatial
}"ﬁggiprgllyg Jbtgy%e%@é‘t'mﬁrea'cﬁorpﬁﬂdﬁﬁﬁg f@ltme@by ?é}%tmg an

of 140F In an 1 ndoor anbient _
epidanofifeaie Wil waternrethﬂ mrgsempa:@ran arid h\watdaws catalyst, wherein

C%ré%gt%? S O@%g?ﬁt |F1ha% érﬁﬁﬁnﬁh‘ét i Eeess tﬁgn tﬁ@&o‘éhﬂ)%gtn‘é%%ount

position bi nder
acapphbbe essymly\zmgetdefdr@mnox@@raupmd)ftthesirg@manoataamd a second

conprising a first Wherelna rtial
SRbE lisarisdne ean i uRebe D cenStas fagtely Produbtls”
r @@fﬁbtt@a vitth a Mrgaresdunt eaivatepd foriba e esédhtially Bompletely
presence of an acid hydrolysis catal yst, wherein
hydrolyzed organosilicate, and
(b) reacting a tetraalkoxysilane oligomer with water in the presence of an
organic acid hydrolysis catalyst and/or an organic solvent, wherein the water is
present in an amount that is considerably greater than the stoichiometric amount
capable of hydrolyzing organoxy groups of the alkoxysilane to form an essentially

completely hydrolyzed organosilicate.

28.  The liquid composition of claim 27, wherein the binder is prepared by the

multi-stage process.
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the water is present in an anount that is |less than
the stoichionetric anount capable of hydrolyzing the
or ganoxy groups of the organosilicate, and a second
stage wherein the partial hydrol ysis pol ycondensati on
reaction product is contacted with a |arge anmount of
water to forman essentially conpletely hydrolyzed
organosilicate, and (b) reacting a totraakoxysil ane
oligoner with water in the presence of an organic

aepd hvdeaxhysﬂ ®nepdstiorsst g 28, vatereingas watérqb\peégent during the
wher ej resent in an_anpunt th

n t
B Slaeuie, BBiavesti Rotohearabis BHRUHEDRING Shaerment of the
C@R;?A@Jo&y@frombgdéfqh%r@&o%ni@aféoxy groups of the
al koxysil'ane to forman essentially conpietely
hydr ol yzed organosilicate. 28. The liquid conposition

ci ai 27 t r

mJP't i gﬁgéléwgr Ot C%It{bnéged%hlréﬁ wde?elpl tﬁ@ﬁsq%t%v |§|01§nccj);r|cted at
ctanditi@8s thathémdithe dbgramatfe)ondenmmeﬁt&@m lgrcgjptsrfermed as a
flrsy tﬁ% n a St 0i thﬂEtrIC anount capabl e of

ﬁaf Ey@@3ﬁ§?%@ﬁ 0%t t he or ganoxy groups of the
organ05|llcate 30. The liquid conposition of claim

wherein the first sta?e i's conducted at
céﬁd. t 1 BRASAYIHAONMRGH o K& %@&%évftﬁreladh@iéﬁg@tlow@t limit the

She e PrURach t%ﬁ%f@.ﬁ Cg-l go ltbrfkg EE% r@féﬁ’ﬁ %‘%1%' Rydrolysis

reaction. 31. The |1 qui ; osition o
WRSICEDN ardy éelectﬂdil frorogontroliing tHeneactitre exetbgrre dyaefxternal cooling,

COIMETDR Lo BLe bRk R 3 Bk 5 bRl B
r slageihgaraysit irethe dupsextiar addenco @ ang orgarivtosdivémg
the rate of addition of the acid catal yst, and/or

conducting the first stage hydrolysis in the
substanti al absence of any organic cosolvent. 53
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