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I nvention e present invention relates to a coating for inorganic
substrates, particularly to a coating conposition containing

photocatal ytic particles, and even nore particularly to 10 inorganic
granules (e.g. roofing granules) coated with such a conposition. Background
of the Invention Inorganic substrates have been coated with conpositions
that contain pignments to 15 inpart col or properties to the substrate for
aest hetic purposes. The coated substrates are generally applied or affixed
to speci f ipICROCATAL YTIPCOMPOSH 1026 ANDIMETIHOD BORRREVENTING ALGAE
exanpl e, coated inorganic granules are often utjili % on granul e-surfaced
bit @ nous roll roofing @ﬁ@%ﬁmﬁ‘éﬂ-&%%w'ﬁg ‘gfénul es, which are
partially enbedded in one surface of asphalt-inpregnated shingles or
asphalt-coated fiber sheet material, forma 20 coating which provides an

i nherently weat her-resistant, fiRiadr¢dfthelawintioand decorative exterior
surface. The layer of roofing granules functions as a protective layer to
shiel d the biEherpresonkintention rglates ig acnating s inqreenic substrates, prstirulady a(e.g.

ultraviolet.radiatign) and. .environ Al a 1.0, [ strates
are geneSfinp %%Roég‘(%voﬁ e Rg&gggfg%?#) ?H%g{?t %ﬁ#‘%@ [gér’ll@%rg |noér}lg}§llr?ibc

bi nger anghrphdBRRnuRS S g Ho8Sing gRindldsh eosetb®ithalich a tomposidod.ar form the
inorganic. material is heated in a rotary kiln and mxed with the slurry

of inorganic binder and pignent particles. The coated inorganic granul es
are first dried and then fired at- tenperatures in excess of 170 Cto
i nsolubilize the binder. The:resulting coated granule has a hardened

coating that exhibits a sel ecBaekgiohadionghellitvehtiohhe i ncl usi on of the 30
pi gnents. Coated granul es are often produced and selected to provide a
desi rabl e col dnotgenig substratesthane begrueaatadswith comppsitipgs that conkaip PLEMERSS 10 t hat
t he col or. be consistent over f{i LB.O . BQEE{?JSH ' {}g@ﬁg{:}:ce of
thelsgui I d{nlqar_tc °§859P83558%§woﬁ‘ub%§%# ?%rgares fr:trllcgbe and‘trg% E%thélfis% S E P 2004
WO 01/ 7112 4erRf1Y abiSiiell dt@8fRed to specific carriers to provide a desired color to the object.

For example, coated inorganic granules are often utilized on granule-surfaced bituminous

roll roofing and asphalt shingles. The granules, which are partially embedded in one
surface of asphalt-impregnated shingles or asphalt-coated fiber sheet material, form a
20 coating which provides an inherently weather-resistant, fire resistant, and decorative
exterior surface. The layer of roofing granules functions as a protective layer to shield the
bituminous material and the base material from both solar (e.g. ultraviolet radiation) and
environmental degradation.
Inorganic substrates are generally coated by applying a shurry containing an
25 inorganic binder and pigment particles-ento the substrate. In granular form, the inorganic
material is heated in a rotary kiln and mixed with the slurry of inorganic binder and
pigment particles. The coated inorganic granules are first dried and then fired at
temperatures in excess of 170 °C to insolubilize the binder. The resulting coated granule
has a hardened coating that exhibits a selected coloring due to the inclusion of the
30 pigments.
Coated granules are often produced and selected to provide a desirable color to a
finished structure or building. It is desirable that the color be consistent over time in order

to maintain the appearance of the building. Discoloration of roofing shingles and other
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building materials due to algae infestation is has becone especi al | 21 SEP 7004 '
problematic in recent years. Algae tend to grow on building nmateri.al's ﬁ n
areas wWWpd#1fibi2dture is retained. Discoloration has beenPETUSODBR6IS t 0
bl ue-green al gae, d oeocapsa nagma, transported as air-borne particles.
The infestation may be particularly acute on asphalt shingles. 5 1t would
be an advantage to provide a coating conposition that is capable of

pr event | WYdHmgyRateg to Aleae anfastaonisihas bacome psperially perhleatic I eeny

I nor gani S %{m : . ' i pvention
provi de %rs éoa?%élgehgg?‘rﬁom I%ﬁxl@%g&ﬁhﬁ%ﬂéﬂg%??g@*ﬁ%ﬁ?ﬁig%ﬁ%%ﬁg |%§1&{of t he

present Disxsiotation has beersathitial ©bli-gieentatgas] GRleogipdwinthgnia, iah$pbrre as
materials utilizing the coated substrates.. The present invention is

di r ect edtit-borae pagiclesg The srpsbatian may be pasisplaalyachieconcasphalt shinglgss r om t he

appd i cation h oat i Q Ltlon n r Q oat | an
2B oo wth t el 6ERR pnERTIO B colRh BRI IR SBOBM 8 OF ¢ e
present gdropfih alpal @R/NMIonYbuildfgudaRrialsSYRitk aicbrpdratBdBhted Mbraamibur al ity of
phot ocatal ytic particles. The silicate binder functions as the bonding
agent t Gubsitaigs.i sh the coating on the substrate. A plurality of
phot ocat al yst particles are dispersed throughout the silicate binder. Upon
i nsolubilization of the silicate binder, the plurality of photocatal ytic
particles are bound in the cogunidaryibthednviwticte are 20 included in an
anount that provides sufficien rstributron o he particl es throughout
t hE) resul t i nbhecpraséntdnvesudn privides adiosting lsompositiof forsubgmates. cThss i ndi cat es
t hat at .| east ortion of .sonme of the individual particles are.exposed on
the. sur AagapypRoR 8F etesty: iy oEhyppub sunhits s BRRLmSyRof phudity
Pref er ahMeriAlb @tiBRQRAEied subsiaes.| rh@Presaqliw&@oms 8héctéP 4 Bating
"conposition are netal oxides. A particu arl¥ preferred netal oxide 1s

X

anat ase CPNERSItPB, Fheated artickegresudtipg fioni the applicgsisini afdhoenating dompositen, The

bstrat i table for. th.i tion must be. bl e of withstandi
the 1 ri*Hg ARIREE? 1017Rn 0 ele Wb VBV RN e (o bond the

si {3 cate conppd édatinglcOmipb&itidn BE iHerBsenlireRtio® Sereedl B indfudSs a bilichiede
i nor gani (;m%rqanul es, rock, clay, ceramcs, concréete or netal. In one aspect
of the ibindenianda plaraityefaphotocatalyticopsticlgs.gThesilicase bindlep fungtionsias thech 30 of
t he roofiing. granul es. [ neludes an inorganic _granule wth atimng applied
onto an b(? . .aggﬂé Pae&t,ab f &'ﬁecof i ?;'é csub Ptél%& &Plﬁlﬁy%ggﬁl?(ﬁgcﬁtﬂé{?hdes an
anount  Qfartidléd £r8ldespeised Shrolphdit Bk silidiRe bBdet. "OpbPirsbBRbIIAfIORBE thedkiAoatk €.
The coating includes a plurality of photocatal ytic 2
binder, the plurality of photocatalytic particles are bound in the coating. The particles are
20 included in an amount that provides sufficient distribution of the particles throughout the
resulting coating. Sufficient distribution of the particles indicates that at least a portion of
some of the individual particles are exposed on the surface of the coating to suppress or
prevent algae growth. Preferably, the photocatalytic particles included in the coating
composition are metal oxides. A particularly preferred metal oxide is anatase TiOx.
25 The coating composition is applied onto substrates. The substrates suitable for use
with invention must be capable of withstanding the firing temperatures of the coating
process required to bond the silicate composition to the substrate. Preferred substrates
include inorganic granules, rock, clay, ceramics, concrete or metal.
In one aspect of the invention, a plurality of roofing granules are produced. Each
30 of the roofing granules includes an inorganic granule with a coating applied onto an outer

surface of the inorganic granule. The coating includes an amount of silicate binder to bind

the coating to the inorganic granule. The coating includes a plurality of photocatalytic
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21 SEP 2004 WD 01/71121 PCT/ USOL/ 06389 particles. The photocat al ytZESEP 2004
particl esygpgraef ficiently distributed throughout the coatpagysameideat at

| east a portion of some of the particles are exposed on the surface of the
coating. The resulting article of the present invention, when utilized in
buil ding materials, shields the building materials from solar and

envi r.onngattidlesd regdotocanlytichmmidesakisnfficidntiyodistribyted bnoughout itke coating
transmttance of UV radi ation an ther*%g‘%/§ reduces  exposur

f.th .
inder | yi 1§ 1888 leAshAPartion of sAmeIBHRS BATICIRF, A FEPISFA SBARE TAASR O B Soatingipap
of reducing - \nclealiafh LIS h prtSaitindioh, WRSPuRd iR baNEkE thitedhor 1 9

or less. The photocatafytic par s also prevent the growth of al gae on
‘'t he substshiidhe building mgeridlefromadolargnd Eavirgnmenabdegoddatioe. Fhe ssolting
invention, the followmng terns used in this application 10 are%eéi ned as
f ol Iows: cogingigducesthe rapsmigiapsedrty Uy sadiadoman @'ﬁffi’dr{ CRE GXRASuE Hith%ret er
from about 300 ' r ' i ool | anul e"
reans. or ARAFALng PRk uBpARRn, K prEleht BIVERALT s capAt 67 RdciiE? ',
means conpywRdsmitantd® dboliea% dqrdeds| aldeprefezably abbiitel % anipss.oThaphotbcatalyic nm
to about 1000 nm and "al gae resistant” means the capabiljty to prevent or
i nhi bi t tpagiciksalicperentithe growi of algae py the subsEAEHEIARIE the FAAt8moDNI v

Dot ai | ed Descrbrd el e Bt hlcHlio ck W w Aot REL T SRaiey

coafg Nng GesdeTiedia®@Toll®@fit ai ning a photocatal yst, onto a substrate. The
coating conposition is capable of preventing solar, and environnental

darmage on t he ‘igoanude g upes ropdly and impeans corppoundshaying: adiamgics from eyt ARO 25
i nventive_co sition  The.coati onposition of the present invention is
general | ﬁmﬁﬁo@%ﬁé&ﬂggg'ftdg yml r(:‘))ﬁ'?eg?rg‘i ng an inorganic binder and a plurality
of phot ocat al YihdrgBfit ghdhiufs” mddhe EMMRDfrbel) minéral@ddye derainic loe caharete;

tenperatures to produce a ceramc-type-coating on substrates. oghus,
conposi ti on mipartigle haeanssompepeduhayinga gran particleyizeinghe rangg ofabod

pre{#erablhg&%éo%{mm?ﬁﬁgmﬁso C, without exhibiting thermal degradati on.

The T unct gani c binder in the conposition is to adhere the
coating to “algae resistant” means the capability to prevent or inhibit the growth of all forms

t he

of algae, including the form commonly associated with causing discoloration of roofs and

other surfaces.

20
Detailed Description
The preseat invention requires the application of a coating composition, containing
a photocatalyst, onto a substrate. The coating composition is capable of preventing solar
and environmental damage on the building materials utilizing a substrate coated with the
25 inventive composition. '

The coating composition of the present invention is generally an aqueous siurry
containing an inorganic binder and a plurality of photocatalytic particles. The composition
is heated at elevated temperatures to produce a ceramic-type coating on substrates. Thus,
the composition must withstand temperatures of at least about 170 °C, and preferably up to

30 about 650 °C, without exhibiting thermal degradation. -
The function of the inorganic binder in the composition is to adhere the coating to

a desired inorganic substrate. Preferably, the inorganic binder is an alkali metal silicate |
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a desired inorganic substrate. Preferably, the inorganic binder is 2 SEP 20
al kali netal silicate . 3 21 SEP 2004 WO 01/71121 PCT/ US01/ 06389 bi.ndi ng
agent . AVRMTIRAL j cate bi nding agents include those sel ecPEXY0HA$I8Ae group
consisting of lithiumsilicate, potassiumsilicate, sodiumsilicate, or
conbi nati ons thereof. The alkali netal silicate is generally designated as

e A0k b ondBh ¢ e G5 A ol
vei ght r&tnkﬂliifll% of [1fhi kARG, p@{%ﬁgﬁm?siﬂc?té s?&.uﬁpﬂﬂéaté-&%bﬁgé@ﬁoﬁ?%eeo 38% 10

about 41% soli1ds 1 n sol ution, amount of 1 norganic bin I nc “in

t he codlhergdkdbmeoatistlicare is genarallydesigrages] &f MaO®RiO,,1vhdre Mibxlithitdf), parts by
wei ght per thousand _parts by, weight of granules, and preferably in the
range ofPOsISSIHM. 07 spdiugholhe Elegblaﬁ? ofyiOpta NhO r3pges feem ahowt h¥dite abgutei ght
of granu 681 HerBrdthy!l Wl FarRIRRERLEL B hboR B HS: £l abgtl § 201! Afigghuen e
coating corrp05|?| on Of  the present 1 nvention. Photoca zﬁys’ts, upon

acti vat i38% ¢ alsotn @49 solids if solutighlithe ambam éfihorghnicibisder dadluded ianke r educt i on
sites. These sites are _capable of preventing or_inhibiting the growth -of

al gae orfoaHeg sQBHPPFiHPB is nHbe Fnge of ybowt 1d4p abenta3 pastshyriveightaper shousandni zed

by thos || | t ar ' I r ( t r

Mvent RS Syt ERLEr drafuft i erBbbAR e [dlee UF Bl i b Bl B0 by

phot ocatwa¢iyht ger thxaand partoby siight bf grabuResi tion metal photocatal ysts
include Ti 02, ZnO, W38, Sn(2, CaTi G3, Fe203, MO3, No205, TixZr( |_x)QO2,
Sit) SrTics, Adbraityrof phatocaivtic patiglesere inslyded nTthe coating ceaaposiian, 6F Cu20,

Si 2. | nPh , i 4 . [ L O : rred
phot ocg/&g%%etsg%uew%f%c r%?%ﬁf#%&ggkg? gé%%?%fp%%?%@g ttor&?éﬁgtgtr %Jg‘;tﬁs nsition
netal cajoth ¥RidaBOn afd tdtfuation Sited0 dhesditels abeechpabieRT\Weéventing o€ Rthibitlhg the
‘Franklin, Tennessee. Optionally, the noted photocatal ysts may be conbi ned

wi th a resewth of alges an thpgubetrate cPhetoeatalytie patticdesgopventiosally secogpized bpt | Pd,

Au, GCs, . n i Or . Fe.. The ' .L.on

ohot ocartapy U inlhe At e bl ol bee Gjeh o SOTRARLLA PRee

phos ocatgHoyddatal pstd inelddé rabbitiod $eetall pHobstatidystel Biraples afshitableatangitione are
di scussed in EP 25 Patent No. 923988, U.S. Patent No. 5,518,992, and U. S
Pat ent N@etabplysacaglgsts ingluderEiQy; Za®; BO,, S8, od B, oF e, Mo}, eNB2O,,

the. meantingitonChesi ST CHsr GaBanp; CrBEbaBirakbhelofsHobi e per
wei ght O(Euz%%rsgbgl (S)Sz.-inhlgb,%u%'z. Ce0,, Ti(OH)4 or combinations .thereof. Preferred
photocatalyst are nanocrystalline anatase TiO,. A most preferred transition metal catalyst
20 is Catalite ™ 4000, marketed by Power Surfaces, of Franklin, Tennessee.

Optionally, the noted photocatalysts may be combined with a metal or metal oxide
selected from the group consisting of Pt, Pd, Au, Os, Rh, RuQ,, Nb, Cu, Sn, Ni or Fe. The
combination of the photocatalysts with the noted metals or metal oxides can improve the
photocatalytic activity. The use of the noted metals and metal oxide are discussed i;fl EP

25 Patent No. 923988, U.S. Patent No. 5,518,992, and U.S. Patent No. 5,994,268, all
hereinafter incorporated by reference.

Characteristics utilized to distinguish particles from one another include the mean
particle size (primary particle size) and the surface area per weight of parﬁclcs. The mean
particle size is determined by electron microscopy under ASTM D3849. The surface area

30 per weight of particles is determined through nitrogen absorption under ASTM D3037 or
ASTM D4820.



particle size is determ ned by el ectron m croscopy under ASTM D384921'I'$f<5!D 2004

surface afga1,3A2per weight of particles is determ ned thr gEmSUL0638geN
absorpti on under ASTM D3037 or ASTM D4820. WO 01/71121 21 SEP 2004

PCT/ US01/ 06389 The present invention utilizes a plurality of phot ocatal ytic
particles having a mean particle size in the range of about nmto about
1000 rim PrefBierpresemt inveption itdlizes gipherality ofiphotacataldispartis es@lwmg ameam, ¢ o

bout 100 th t d £ abouty 1
Bar L1 ol oPaiek HEF it GaeRigeTabgu Ham GapgHiogP RRH Pl BHRE sBE 16,
m2/g 5 ory, Y G g%&ﬁﬁﬁ%&%mmt%ﬂmmﬁmds 1 firtedraf @ GRaboll mnnmltb is

al so preferr at the surface area per weight of the particles |§
M2/ g or rabbet S0, Pasticley tefviangdsurfate @reatheg weight abths. pamtéequcabgghl mykgi c

| dd d h ff
Pbout 26 argnaue arrgmseraly IBrluged e vepivEERBPe 1Ak peterradResE 7
composi ti B&aceaé}eéhmgsgﬁi J)me;ﬁnfem y@gﬁ?& mdi@, &Rﬂn@ﬂadréﬁéré!ﬂ’y fo0laf/g 0 the

conposi ti'on"Tn or neutralize t nder. Conventi onal

al um nosidring@t.e The Iphomsialyalbq:aawlésadnb addedrto tigesiviry fin amampueiseffici¢ntvent i on.
The alum nosilicate conpound hé‘?ﬁ eraBLe%/ a clay having the fornul a

A12Si 205 (aChipse up to abpiiep &g Pesil BPLERBEP1 i cat e conpounds, such as kaolin

(A1203. 2Si 202. Iﬂq%?(),[ﬂaﬁ@eywﬂﬁ n:”ﬁ]bérhﬁzlgu gh@oﬁlfl@ﬁtdn%ﬁ'ﬂlﬁﬁﬁlcﬂfe%ﬁiﬁouh@ﬁﬁ}t I on.

The al um nosilicate co oun I nc n 15 the conposition in an anount

suf fg ci ergptibRalaehe sddedao tied compdsition ihordes tp acdtslizg theebigter. dfonventional

al um nosilicate per 1000 parts by wei ght ?’é‘i | es. Pr.ef er.abl b the ratio is
i ¥

7 to 13 pryminopilicatgeogpounds e gHitahle forjus ¢ PFESRRY IRVFEOn, T hGiei ght
granul es. vary.
Fonmver . imgRRichie Cofyrbbad ihrotctfbly Rk RAE the Ml R T 11| ess
than 0.5 Reseai] othardtamidpsilicat! c&mp(opads isetheas kpobint( 8L 1280:(h. 23BY), Ay be

mllinmeters in_dianeter) Optlonall Jl_ nts q rrblnatlons er. eof ,
may be i riilizadin practiriag @zﬁﬂ}sgqﬂtl inrntiam e Sipmisgsilie '?R?&PS&%{“& ”@f’f‘ @
Par §4 C1 ek Co BRLANS iaf EROLALLFRI tt@wwetayratlgwnlg% pRAGEP Wetghtap! d

i nc or e oun as car bon anl um oxl1 de

(non- act I :ﬂ@mﬁfosﬂhthtel = loothpamns hmwe»glhdg:anule‘s I Bwfe;rablty thmrem isphtonld pastsdny ne
green and blue, 25 ultramarin red | on o ferri and
i xtur oo whghgHalumingsicas R IOVORRES DY reisbhBatart B Beie T o, [ec
with the g aseRhichfV@iidodid mld) ey Sioleost, it ris Eé'iﬁrzﬁr)l préfegred that the
aluminosilicate contain less than 0.5 percent coarse particles (particles greater than 0.002
20 millimeters in diameter).

Optionally, pigments, or combinations thereof, may be included in the composition
and mixed with the photocatalytic particles to achieve a desired color property. Suitable
pigments would include, for example, compounds such as carbon black, titanium oxide
(non-active or rutile), chromium oxide, yellow iron oxide, phthalocyanine green and blue,

25 ultrarmarine blue, red iron oxide, metal ferrites, and mixtures thereof. Other conventional
pigments are also suitable for use with the present invention. Those skilled in ;he art are
capable of determining amounts of additional pigments needed in a composition to
achieve a specific color property. The mean particle sizes of the noted pigments may vary.
Certain pigments may possess a photocatalytic phase. However, the photocatalytic phases

30 of those pigments were not utilized as pigments in coating applications.

Optionally, dispersants may be added to the composition to assist in dispersing the

optional pigment particles, throughout the composition. The appropriate level of
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capabl e of determining anounts of additional pigments needed in a 71 SEP 2004
conposition to achieve a specific color property. The nean particle sizes
of the n¥Odd/7pignents may vary. Certain pignments may posPETUS/06389

phot ocat al yti ¢ phase. However, the photocatal ytic phases 30 of those
pignents were not utilized as pignents in coating applications. Optionally,
di spersants may be added to the conposition to assist in dispersing the
opt i onal dispegsienef particles|in ghe spary wakh aspistim achigyips 2icoptbag oA granylfopri at e

| evel of P 2004 ) / i i rticles
in the Sﬁu&?ﬁ%&?ﬁpgéﬁ F%tgg'ﬁ}é@&éé icﬁgaﬁﬁéﬁggé%ﬁgﬁﬁgﬁéﬁﬁ%ﬂ Ir‘c’s"’ggst rate
havi ng am@y Baksitablefdr@s@wlith the pfRk@linvdition. The 8R3pers@itds fypitall9 is€d in an

di spersants rmay be suitable for use with the present invention. The

di sper saamouns rangvig-up ko/abays @0iweight peroenuef the gigmeny pagicles, ambpreferablyaipght

t of .the pi t t] ] .ef er gbl 5 to.about 10 wei ght
Perfont BreopHicI CirEiBpeiait qtiheBienRil pRlFlsE A% kool adR 1R 2041 urm
salt of gdhfe8at sifnit-aa pitnfeat TomstalotRe congaRaR earkBed 8§ RilodscaRippdacal

N from Rhodia in Cranbury, "New Jersey. Qther optional conpounds include
zi nc oxi fitem RhndidiorGrasburyTheswlecssypounds are described in L. F. S. Patent

No. 5,411,803, which i herein,i. ted, by ref .10 | i
the conposi t i GHEF SPGB PEIRONEYs IAEINL,2ins e oad BGFLES, iese FarPodTds AT, o

bi nder i gestfibedtinU.5ePatdht Rod5 BT 80D WiAEh WtiePéin iddtRpaaRdHy referd@eer My vary
dependi ng upon the type of binder utilized. Wth a sodiumsilicate binder,
wal@r is addebh preparacghibe vompositivi dorpplibdiian to apanerganicsnbitsatadhght t o about

2 oL ARG TR IR0 a ek on S The Aol LAY B S
opt i onal ddpREAiRE uBBA the JPe oP BRIdECAtIRN! WitRakbiiahesliaiebiraer watldedaday t he

e
‘conposition along with any of the other optional ingredients. The
conposi ttoaghieve angipebahamt 1lipateyaterdhy weighpisl dbout 3 pans sodivbsilicatessolution

Subst r at bl g .of with di ng .t lication t tur f the
coat ng CBMOETE afieSinatuiny ey, ToedBRnR g Ve HEREMBhE SBR e { o
subst r at @grgahfel Bifer A8 ol optiBhA kB dients O Othe phBtdth@yticGRER Ik Care EREICT €1 €,

and netal materials. PlastiC conposition capable of wthstanding the
i nsol ubi addedtq te commpesitionieng wggaaygf)&b@thnriqphﬁe@l ipgredigptst r at es for the

presemt o Sndiln B LSS OB SpPUEUF Sl SR
of recei stpable df WathstadBingIte applicdtion temperatures of the coating composition are
suitable for use with the invention. Preferred substrates include inorganic granules, rock,
20 clay, ceramic, concrete, and metal materials. Plastic composition capable of withstanding
the insolubilization temperatures may also be utilized as substrates for the present
invention. Most preferred inorganic substrates are generally rock, mineral, or recycled
material (e.g. slag) in granular form that is capable of receiving a'coating. Suitable
inorganic materials for the substrates include those selected from the group consisting of
25 argillite, greenstone, granite, trap rock, silica sand, slate, nepheline syenite, greystone,
crushed quartz, and slag. Generally, the inorganic material is cmshed to a particle size
having a diameter in the range from about 300 micrometers to about 1600 micrometers.
The composition of the present invention is applied onto the substrate to form a
coating on the outer surface of the substrate. For purposes of the invention, coating is
30 used to describe one or more layers of coatings applied onto the substrate through the use
of the present inventive composition. For purposes of the invention, the term “coating” is

preferably directed to the complete covering of the base granule, although this is not
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inorganic materials for the substrates include those selected from £reSEP 200¢
group corgheiingrof 25 argillite, greenstone, granite, tr PTTOSH/06389 i ca
sand, slate, nepheline syenite, greystone, crushed quartz, and sl ag.
Generally, the inorganic material is crushed to a particle size having a
dianeter in the range fromabout 300 mcronmeters to about 1600 m croneters.
The conpapetificallyaiequined. pFlespnotess forenatiog thessubpipateeis generally Hisclosed in HitS to

f ti ter .surf ft bstrate. . F . f th
et 1 orfacag i A1 883 chesSl Retep Rl Ry kGrort th oty BUGRRECS, Prgs ™
appl i ed q;{}ér%a{ggﬁn 340ty RIE I REGNARNE ARatsS B a RingePRuid dT2BBHE 65™(S Y Abba

conposi titon. pur poses tthe 1 nvention, the term"coating" is
.pr ef er abl M0, eFHeambating tdrapasitipn isttherc appied o usifornily chatdhe grasulese, al t hough
this is not 6 21 SEP 2004 WD 01/71121 PCT/ US /063€i9 speci fi,cal |
reql red. The Pregatsof apglication: fpn theoqEpositiop (& fhepranule max vary QCRngégdg’ed in

Us Patg fanggnf é%@égne%&%ﬂ%&ﬁé eo&laﬁsﬁgtﬂerm&sg sRillell G el &re cAPSHIOLANUI €5

are initially® pre In a rotary or equivalent neans, to a

t enper at WetrdinifP this plpefratobabd upon thetrafipes Previousdy notgd forgibsithpanentss t hen
applied to uniformy coat the granules. 5 The rate,of application for the
conposi t i B heat efithe granylas driygs Oif spine dbe, water %thﬁﬁoa@%toriéﬁtfé'e M nent s

Wi Ehin. t Heve 8FRSH: 0.6% to 202 996 Thd Ehudd o ardd hredhéh FcaRahbSeiberatures

determ ning thi's proper rate based upon the ranges previously hoted for all
confpnentikcessddyao peatidoinsolubilzaton behednorgearsic birfdes anbthub éormaa eeramic t he

coating to achieve a noisture , | evel of about 0.6%tqQ about. 1% e coated
subst r at é9algd dnqreanic geanuley The insolybilizations tﬁﬁbﬁ’élﬁ’é?g F5 ﬂf%b’ﬂfjj'i)"\ﬁ“ggc'em y

i nsol ubi | Lzat i I ' 'thh ﬂﬂﬁn nfi?é} h s oat ed
I nor gani crhég%%ﬁpg? Js‘f%@s?rlllgglrag%ﬁ?lzat | ongo tﬁg' g.:ﬁ%ggétm égﬁgf@g‘t(ﬁem %i nder
suf fi ci endolting e@fpesiot takes placsatitempenatiires inaherange obalantil#0 4€ tombeutiG¥. The

heating, or firing, of the coating conposition takes place at tenperatures
in the raﬁ‘g@dcﬁf‘?@mz@@c@%"%gégt E:650 C and preferably 200 C to about

538 sga 15 Depg:pgasemagn rbng Jgg ;%d%g{lﬁg%afer@taﬁd a@shrea@gdqeaitﬁ@@baeaﬂsdmm; he .

coa% substr e post-treated to inprove the handling
of the mahgy bmionally be pesthecatal totimpraviths hamilimiz dfttee materiabiostolesherdedhe o
ot her substrates, [ treat neégfls, Lhou h.not the sub‘J&ﬁct 0

Yot o

present iadhesion Bﬁfhl?égé‘(léalﬁﬁb%@ : Y T@f%ﬁ%‘ge _ Prgh Fﬁ%fﬁF?e: _
e gt DI P A e ForBe oeivin:
HL15M7"  ashenvicpd solatibmss auch as solutions of magnesium chloride, and the like. One useful
.20 silicone is known under the trade designation “Tegosivin HL15M7” an organosiloxane
silicone oil, available from Goldschmidt Chemical, Hopewell, VA. Traditionally, slate oil,
such as that available from Cross Oil & Rcﬁning Co. Inc., Smackover, AR, has been
utilized for dust control. The compounds are added to the coated substrates in an amount
ranging from about 0.0025 to about 0.7 weight percent of the granule, depending on the
25 material. Those skilled in the art are capable of determining the proper amount needed to
achieve a desired result. The additives are generally applied during the cooling step of the
coating process.
The resulting coated substrates of the present invention exhibit a durable coating
containing the photocatalytic particles. The photocatalytic particles are sufficiently
30 distributed throughout the coating so that at least a portion of some of the particies are
exposed on the surface of the coating. The coated articles, when utilized in building

materials, are capable of significantly reducing solar or environmental degradation on the .
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silicone oil, available from Gol dschm dt Chemi cal, Hopewel |, VA 71 SEP 2004

Traditionally, slate oil, such as that available fromCross Ol &.Refining
Co. | nc.WOSagtdver, AR, has been utilized for dust cont PET/USTNE638HPOUNds
are added to the coated substrates in an anmobunt ranging from about 0.0025
to about 0.7 weight percent of the granule, depending on the 25' mat eri al .

Those s ed in the.art are capable of deter the

needed (Bildke pawEas iifpfiaing BEesent tnyeRtif.o Teastn SfenBPareE e e
during theshRpRidd 6 @Rt rddiMRionCR¥xhiteR USRS the 1Y tfa‘?l§iﬁ|§sid?lgteﬁoat ed
substrates of the present invention exhibit a“durable coating containing

t he photdesabeal intthe “Prarmples’tsctithe Wienttbe edvatingtdompoaitionds atlizadaosohf i ci ent | y

30 distribyuted throughout he coating so .that at |east portion of sonme of
t he par tfPBF%%E%“B{"Se‘BB&"é’& BPEYRIL & ?"é’é@%f’h‘g}é‘ BYAFYREY iplgh hight.

ar tg cl esgobeR t
Si gsnl fi (S:fg%t 'y P g{(?ut(k:l% ﬁg@%ﬂ ?U%%tﬂﬂg%@%ﬁn%{rgﬁlaé&gg ?@lﬁ??@?\gggﬁ%gspﬁ?aﬁlif SEP
2004 WD lipht ﬂ&%h@ﬂﬁ@ﬁ%ﬁﬂﬁ%&e@ﬂ%m@ #80 am, & knowickor jeoelataterg t he
present i vent ion. The o&s@g i nventi.on reduces the _transm ssion of

ul t ravi dingesiFable weather .asmhﬂ&detlﬁpwghwehéswwm%@éhemw&epcny.
desri bed.,J | n
1 zed it and ERRLARAIGRT AR siHE" A TR O BLECTBRSN bedeite o
| i ght, paphalciel the gyanuldsindéstloged hnd)thie, gramdi¢soiracomeetindged fromithe asphaltitg

I ng t{aﬁgé)halt Exposure of asphalts to W light, especially light in the

ﬁb fr approximately 290 nmto 430 nm is known to accel erate

unde5|rable re , loss
of thernopl aﬁéﬁ&éﬁggcr ac ?ﬁﬁmgngﬂt q{'ﬁﬁrﬁa#é%%b%%@g&e %ﬁ{:te S |ngl e. As a

resul t, evhmamdhe gropenhqnﬂ:r défferenygramdes waphalr adherddte tige estingasplaldelst r oyed
“and the .granul es becone renoved fromthe asphaltic 10 base. The percentage
of the dtesnsrally destrableitghaye gragulep withlawsr aq*-rswtsgquSOf&h\é lighblansmytiarseeasuat e
the pro deNY
asphal tRE%Sb‘IO%lsJeg%HgI; %F?tﬁagﬁgilg E(‘f‘}éo‘?ti%é ﬁ]aé@gg}rl&;h%ﬂggﬁ\%; %P?"O\i}lero gé;é‘t cent ages
of 13UV | |r.gm Theaamnmgtcampesmns bfithy ppesent ideerdiiintare capableef redecing tiengV f or

t he Shl e and result in Iess ranul e ] oss over 15 tinpe. The coating

composi (1EShEARImAEREGHoabaR: 2%y deté pesprding te sVl BRSTAERNET gt the LV 1 ght
transm tﬁr@f&%@%@ﬁ@ﬂ&a&ﬁﬁﬁn&e‘%%&ﬁﬁ%QHE? to the W Transmittance test.

Preferably, the UV transmttance | s about %/oor | ess.
The coated inorganic substrates of the present invention can prevent the growth:of

various forms of algae on a coated substrate. Upon exposure to UV radiation, the
20 photocatalytic particles provide an environment that prevents or inhibits algae growth.
The Accelerated Algae Growth Prevention Test, described in the “Examples” section
indicates a test for determining the coated articles efficacy in destroying algae. The
present invention resulted in no algal growth according to test standards.
The coated granules of the present invention are ideally suited for use in various
25 applications in building materials in areas where the materials are susceptible to algae
growth. For example, the coated granules are well suited for use as roofing granules. The
' coated granules may be applied to warm bituminous coated shingle base material of a felt
or fiberglass. Additionally, the coated granules of the present invention may be used in
various interior and exterior products such as, for example, roofing materials, concrete and
30 cement based materials, plasters, asphalts, ceramics, stucco, grout, plastics, and glass.

Additional examples include pool surfaces, wall coverings, siding materials, flooring,



The coated inorganic substrates of the present invention can preveng 1t3t€ 2004
gr.OV“-h'OfWOBﬂHIEPS forms of algae on a coated substrate. Wegig®ipgmyre to
WV radi ation, the 20 photocatal ytic particles provide an environnent that
prevents or inhibits algae growth. The Accelerated Algae G owmh Prevention
Test, described in the "Exanples" section indicates a test for determ ning
t he coat dtitratién syseesns; tooligctpwirs, besys; ssawaldls alegaang Walls, docks; and camalest aon
resulted in nqg_algal growth a cordi,ng to test standards. The coated

gr anul es ®Pravide ?)F%ﬁtcai’?h’%ﬂfﬁ"ﬁﬁ“ép freg £z giscolPfaligns or use in various 25
applications i Lt af: OF | ' r | . are
suscepti bl e toﬂa ggégﬁ%odvﬁﬂt@&g@#%fgaﬁ%mﬁ%%é% @g pgér%ﬁllr}r‘gé[ﬁla% wel |

sui t ed f dinlessethawiedhdieated) the fdiksving st parathads ywernuskd in g exinapkgpiThed t o
war m bi t um nous coated shingle base material of a felf or fi ber_gl ass.

Addi i ondlarticulariaaterials ard amaws sxcits in esperamples. ahyel af giherggndidonsand | n
various i ri . ¢ : ,Ng

ot er | a1 a2 o BE bt PhroBI ot MR uthlg dXbe bR o LRETE

cer am cs,restiictCorQimi@ telihverdtiondh agg wagnd gl ass. Addi tional exanpl es include
pool surfaces, wall coverings, siding materials, flooring, 8 21 SEP 2004
W 01/71121 PCT/ USOL/ 06389 filtration systens, cooling towers, buoys,
seawal | s, i 0l . ed rovide a surface
capabl e %ﬁeﬁ%ﬁg?&r#ﬁa Iruégz?&rj@ﬁnh [ 522&8%39?40%(?&%ﬁe otfefo(;'\?\'/i ng non-limting
exappl es further illustrate the present invention. Unless otherw se

I ndi cated, the follow ng test procedures were used in the exanples. The 5

particul ar nmatlerVY| Eransmittaneentesty ecited in these exanples, as well as
th diti i | ' ael v:.i t d
T o o U el g

shoul d not be or nventi1on 1 n

way. The ageiionufphetbdaaBbtidtpattictaadoitiie glarale coxtiPingseventng ¥ Vitight i bed bel ow.
10 1. WV Transnittance Test: The UV transmittance test procedur 1S used
to di scovensmssions fSaeptisiesiy dovasfopnpd thap groujes goged m@tr&@av%lwgw OHURE i c| es

2 (42 PIEM B AP CaREL 0N M i BRGS0
phot ocat ainiflarly esmédgandleRithl Highwe doxligieiéls afi bigmedne gmdeNhdr ansni ssi on t han
simlarl %hg?o%gtea?yu%;ﬁ?%t?\%)Vr\fxtEIQTri]&)gher | oadi ng | evel s of pignent grade (non
In order to obtain a narrow, uniform size distribution of granules to test, the
granules to be tested were screened usiné 10 and 12 mesh screens. The granules passing
20 through the 10 mesh but retained on the 12 mesh screen were chosen for testing.
Individual granules were then carefully placed into each of the funnel shaped holes on an
opaque lower template. The template consists of 100 evenly spaced funnel shaped holes
such that the granules fit into the larger end of the hole but not the smaller end allowing
only light transmitted through the granules to pass through the holes. A similar template
25 was then place upside down relative to the first template on top of the first template in
order hold the granules in place and provide a smooth flat surface for the placement of
film sensitive to light in the UV range. The templates also contain a row of 10 holes
separate from the grid of 100 holes. A step wedge is placed over this row of 10 holes on
the lower template such that each of the 10 holes allows a progressively greater
30 transmittance of light than the previous hole. The two templates are supported on the top

of an opaque box containing a lamp fitted with General Electric R-2 photoflood bulb. The

top of this box contains a filter which cuts off light above approximately 430 nm but
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| | |
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t enpl at eKadak\Pslytiremap HE filmpsagiglackidface dbwih covering thé holes isthettemplate on
top of the first tenplate in order hold the granules_in place and provide

a snoot hinclugingsthe wedge halest Aeplaterarmiptedver the fifmsterhald (e plage; Thsdighh t he
w T tal f f h
ar 13 of YRR SRR S TR R el ik bciiled FRGETHE, (L0 e

| ower t e%ﬂih@li:@. Alted Wad used ed coidtrdl e tifeloflefposatd 1ok thatPhOfrst 88 thecdtyp
greater 30 transmttance of l|ight than the previous_hole. The two tenplates

are suppWeégechales repetaddp 2 barely yisiblg gxposvsscmesnem thsifHm. aThin adows feed wi t h
CGener al ctric R-2 flo T . of this box contains a
filter |“EII’I"(F‘&F’é&&I‘IeD‘III)‘IEJ‘%Fmé‘gg"\?g’%g‘geﬁr“o‘gﬁen‘ﬁbfe)@?%mo nmbut 9 21 SEP 2004 WO

01/71121 PCT/ W§er 50382 aid dewslopaiat 6ngit fismpPeleaiunibet 6f ViBitidassots Resaltfry ont o
t he exposed Eortion of the granules in the lower tenplate and onto the

hol@s. wi framithe geid @b 10R bgles cpntaising grasuley weEhequntegeand; reggrdekasia percentage.

Cempl at oL Fonit b borBtnpaR pRER e O BB ERYSIert i BBl OVLC 1T 1

hol d it frinspliftgse ahiehd béthir tieyfaill thisietken foraobfip@paanties. fil min areas
‘where |ight was transmtted through the granules. Atinmer was used to

control the tine of exposure such that the first of the step wedge holes

resulted in az_b rcg‘lelxr%\iieéi#tilgge§§3@§§e%%n #he film This allows for
0] e®granul es |

consi stent exposure etween ferent trials. After
exppsure and HeycdkoEealuatd the atpakigrowth greventioh @eopekties of detvat sipiagk resul ting
10 . fromthe grid of 100 hol es containing granul es were counted and

r ecor deds#Rples Pemcsrelagied labrpratary spiting the Spwang Egferosrdupias Bsqdecthise the
O L gL RO T Bl RS IR A Sl
Test shingle sample in order to simulate the actual roof environment. Furthermore a growth
media simulating actual urban rain was also used in order to account for any components
20 in rain water that might affect the photocatalytic activity.
The test apparatus consists of a series of plastic bottles 10 cm in diameter laid
lengthwise on a Bellco Cell Production Roller base manufactured by Bellco Glass Inc. of
Vineland, NJ. Above the bottles is a bank of lamps providing both visible and ultraviolet
light approximating the range of light available on a roof although at a lower intensity.
25 The light bank consists of 23 W Sylvania soft white DuluzR compact fluorescent bulbs, a
20 W RS UV-B medical light with a spectral maximum at 310 nm (model “TL’, Phillips,
Holland), and 15 W black lights with a spectral maximum aI 368 nm (model F15T8-BL,
General Electric). The full illumination from these lamps provides a continuous photon
flux density in the visible range of 330 micromol photons per square meter per second,

30 with 2 UV-A maxima of 0.38 mW per square centimeter and a UV-B maxima of 0.08 mW

per square centimeter.
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15 In order to evaluate the al gae grow h prevention properties of adtuehP 2004
shingl e va@optAs1in an accelerated | aboratory setting the FCTUSHiopssst est
procedure was used. This procedure allows for the evaluation of various
photocatal ytic fornulations in a conplete shingle sanple in order to

sinmul ate the actual roof environnent. Furthernore a growmh nedia

si mul ati ng actAggroximoaely 5aim widesshit glo samples are pactdrinside the bottles saeh thaty

e oot thensrLAlbRE fHeiiadidt SicEice 2t tih e, 3pe Siiaole ke Bt T8e Jop bfach Gr V' 1V
di anet er o alidy o1k Eﬂﬂ’co g%a@'}o@mﬁﬂhla%en@bﬁ thgﬁ)%ﬁ!éCtT%BQlH REdidase

manuf act ur e of Vi nel and ove the bottles is a
. bank of I(apmm;maml?dbﬁgﬂb@s iddedso bhch Bowde. uAppmxumhlety 12 mibf statppraok phasei ng

the range of ht avail abl.e aon of, al t ho at ‘a Jower, jntensjty. 25
The ¥ i ghtcul%fﬁl@ £ Glpeqcapsa isglilyisdyp %9|ﬂ§amﬂath§d\f gwma meinm 3¢ Laﬁﬁae[ o
fluoresc | /Tum at
310 nm (? Falﬂé e%h %.,ZOFW& 1Wonﬁ an a??%onda t%gf’ewwa' acﬁ’%?gﬁ{ gé\%vlst 1
spectral rom@eed rrhmphtm@&&ﬂamh(—mgﬁem thi 568 p&iad keapivey the eﬁtlemurshm)gle Sdmepleul |
i1Tumnation fromthese | anps prowdes a contin R&F I?Irux density in
the vi si BYes and jpeonsact 33th the SHlS bUbRlse Jheontast ‘%‘MP@R 1588tond, 30
th f
W a UV AR ughcgﬁcﬁie,%riwqjﬁ%{%?% SEP ‘31 @w%gfd?%l ma o

0. 08 nW Tper squ re ce 4 PCT/ USOL/ 06389
Approxi mMak@ith tb ocouw The mlrngllugim;ﬂméxesmar aswdlkgcadluaﬁrsi foethelpredeace bEs such

that they curl alon he I nsi de. s e of the bottle, one sanple per
bottl e. 'Pi‘lﬂile eskon the skig Sﬁg‘i%ﬁg%nple is facing toward the center

of the bottle. The growth medi um (approximtely 100 m) is added to each

bottle. rox f. phase 5 culture of d oeocapsa is
di |l uted ﬁ%g( lgﬁ%ﬂseglsﬁ%sg%‘lh&ﬂe %’m and 1 m wused to inoculate
each bott cqqt@n{rg Ty § B at room tenperature. The roller base

MgeRHiPe i as%g IrEi-’ottles t hroughout the test period keeping the
encl osed&(l?il ngl e sanpl e 4.h&Mmgnd in contact with the culture but also in
contact Wa@ the air (th®%mgle is not continuously subnerged). The test
was run fNaNG@3 | east 4 weeksmgo allow tinme for cell 10 growh to occur.
The shi ngiig49aspl es wer e91.6aig vi sual |y eval uated for the presence of al gae

gr oy h est3el4 pragon t hez sggl e surface. The nedium fornul ation used is
descri bed bel ow _ . . _
Made up to 1 liter with water. Diluted to 1x for working solution (1 liter of 1x rain stock).
Concentrated H,S0, is diluted 1:10 (to 180 mM) and 67 microliters are added to 1 liter of
the 1x rain stock. Concentrated HNO; is diluted 1:10 (to158 mM) and 37.2 microliters

were added to 1 liter of the 1x rain stock to provide the final simulated urban rain medium.

25
3. Accelerated Exterior Algae Growth Prevention Test

In order to evaluate shingles incorporating the principals of the present invention
on preventing algae growth in an exterior environment the following test procedure was
used. In this test the shingle samples were exposed to the environment near Houston,

30 Texas. |

In each test, a new shingle sample made or treated in accordance with the present
invention was attached to a north-facing panel board, which was positioned at an angle to
the horizontal of 45 degrees. Each shingle sample had a row of old non algae resistant
asphalt shingles which were heavily infested and discolored by the presence of

35 Gloeocapsa algae at the start of the test attached at the top edge of the inclined panel. This
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100x concentrated rain stock contains: 15 MyCl2.6H20 12.6 ny KC 4215Ef004
NaCl 5.96 ng NaNG3 11.3 ng NHANG3 97.6 ng 20 CaSO4. 1/ 2 H20 32.7 Made
up to 1 WOOBAIRAth water. Diluted to | x for working sol ut ?Gﬁm@ﬂl’i‘q:‘ggr of 1
X rain stock). Concentrated H2SO is diluted 1:10 (to 180 mVW and 67

mcroliters are added to 1 liter of the Ix rain stock. Concentrated HNO3

is diluted 1:10 (19158 nd 37.2 mcroliters e added.to 1.liter of
Lhe I x 1t shinele e gHOYrA Enhe octerpied tarindie e Bf B Afofdrinirnlesss
Accel er gh ek &Xt &id éld@h@ﬁ‘ﬂit@ oy evention Test In order to evaluate
shingles incorporating the principals of the present invention on

preventing alDieese gisostiibglenware mohftoiedreveryd months dor 2lpac froiwitb by myakies a
procedure was _used. In this test the shingle sa

. , _ J h
envi r onnéshal FRyigw phheshingleszmdrating the lpvel o Hl%@gfnﬁlogwg!ﬁ%ﬁ%?@g&'am% °
ma or 1. i iyt . . ALt q
o he 1 aUp RS HEReu FRREPIS T Rerk 8 nb dFeaR aRE 3T, com PR IR aRRuBl, TheeC fo

hor i zontrate @fwhiéh slegt le pasgiessbs frohrethe dnirihlel fanidgao adinab$ rating ison al gae
resistant asphalt shingles which were heavi_lg_i nfested and di scol ored by
the preswomparestthgsateobsesvet o agogyel shinglaewhich is 2 yandard cPEE‘E“S’Pﬁ&Ched at

the top f ' i H?ﬁ . is - 11 21 S[ P 2004 WO 01/71121
PCT/ USOﬁ%gg%g’ m@&i%é‘er}g'lﬁlkﬁg e ggrlllmﬁ]-‘?omed for the accelerated introduction

of the discoloring roof algae to the test shingle |ocated directly bel ow.
These test shi ngl es were nonitored every 6 nonths for al gae growth by

making a vi shahceelenated Weatheringilesl es” and rating the level of
di scol orat i ong,dyg. 13 e@g@géisgi@ownégpg{@%ﬁggyﬁef#&n& Hellloh o wedthdridgd® S

where 1 is nongﬁ gae an estation. e rate whi ch

a test rfogin@ndd Ol e ARty saaiplédwetenedtedibsidg & stahdgydDfermnf3-hal 5 rating is
o e Weatyerbmeter fromm Atlas Eleatric Device Company of Chicago, 1L, Tis insttuen. <
allows samples to be placed in a closed chamber and exposed to an environment of
15 controlled temperature, moisture, and light. The procedure used is described in ASTM
standard G26 Type B, incorporated herein by reference. The samples are exposed to a
repeating cycle of 102 minutes at 63 °C without water followed by 18 minutes of water
spray. The light was kept on for the duration of the test. The samples were removed-from
the weatherometer after 2000 hours and evaluated in comparison to a control Sample for

20 visual appearance, cracking of the substrate, and granule loss.

S. Alkalinity Test
This test provides a measure of the unbound, soluble alkali metal content
remaining in a ceramic coating made from reacting an alkali metal silicate and an
25 aluminosilicate clay. The silicate binder reacts (when calcined at temperatures preferably
at about 500 °C) with an aluminosilicate clay, and the reaction product forms a water
insoluble ceramic coating. The remaining soluble alkali metal (most typically in the form
of NaCl or other alkali metal chlorides) is an indirect measure of the extent of
insolubilization of the ceramic coating. This test provides important insight in to whether
30 or not in the example of adding the photocatalytic particies to the ceramic granule color
coating, the photocatalytic particles result in a degradation of the original quality of that

coating. Since this coating serves as the binder for the photocatalytic particles, its
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avai’l abl e, non al gae resistant, white shingle. 10 4. Accel erated WedtlnEhP g

Test .In qyggs,7§19; eval uate shingles incorporating the presepgriy§amsgson for
weat hering performance and durability sanples were tested using a standard

Xenon 3-1 weatheronmeter fromAtlas Electric Device Conpany of Chicago, IL.
This instrument allows sanples to be placed in a closed chanber and

exposed tduraili6 \YsoRibIERY istdn ekberti@bisqQire@ent ia bediging 1eng-husting algae resistant
light. The pro%ure used is descri bdgd in ASTM standard G26 Type B,
i ncor por agresilefer ei n by reference. The sanples are exposed to a repeating

| f 102 m nut 63 -1 b t f;ql | ' f ter’
chray. The 1 grt St RLpte 4o Mifutfers At ol PtF ey pfied RS O LT
1 enoved- f g fifmdyRe NHBAWIRER IR ﬁrevﬂ:‘élgfbeaﬂ B8ilaDES oPdvlutily alkidR). EThwity-five

conparison to a control sanple for 20 visual appearance, crackiqr}g of the
subss r at egramn df graanlesdo botestedovergaiddgd teiths baidisg warasiware 3girepsiafes a

nmeasur e of, the, ynbound, soluble al kal i, netal cont.ent, ~remmj Al '

ceram c dﬁ%&f’&ﬁat qu'f?ir?rr@%{“igr{’é" WPET%&?FI | s gefingd, e&gﬁgggﬁm €

al umi nosi b, fHafictirh Y the KYRrSehni 6@ ESndehi6tedn)! ThE Watdr\BRAULRS) Aidrirdictor were
tenperatures preferably ™ at” about 500 C) with an alum nosilicate clay, and
t he reacthailed fomaiperiod of Heménumest dPecantation ghthe bedlingwater was performugldnto an

i ni | ubl | kal i t al t, tybi cal J
ot her ol cERenmees A Appgioaely THm dRB R blnod WateP bk ol A3 oo
i nsgh ubi | e Bﬁfl&f‘gﬂfﬁufcﬁ' Gnd SWATHIC TR MW téOvasThes ad®d o RhOWiglast Hoilpa vt

insight in to whether 30 or not in the exanple of adding the photocatal ytic
parti cl esthatchadradready hedncdagratad) e col or  coating, the photocatal ytic

particles result in . a degradation of t rigingl it : coat i ng.
Since this co;ﬂ' ﬁ‘enﬁ’t%l@ﬂ/;@gt 8&‘” 'RE VAT Epﬁlfaqu @ﬁ@fﬂ?@#@ég@%@ 'll%:lrb%té?tt i cl es, )
its -12 VIQQddd Gdhde SImaeriAPPdvailRETE/ fHpPiHO83MEn s @bmbhiy Insirdmehts Ine.idfy)
is an essential requirenment i'n obtaining |ong-1asting al gae resistant

gr anul es. WestbugadhY + Hdhe solntion @s pink|immedéately afiey additipp of thedndigater, thats

oM g SRS i 200y ALY et B e o
to the bojifuid 206H EIf BE s¥REiBn Had hBPSinR immediately after addition of the indicator, the
solution had a pH less than 9.0, and thus needed to be titrated to end-point using a base .
(0.1 N sodium hydroxide).
The ml of acid or base required to reach end-point is called the “alkalinity.” The
20 alkalinity is positive when using acid, negative when using base tritrant. For granular:
materials of the invention, any alkalinity result between ~2.0and +2.0 s acceptéble. In
general alkalinity values that are less than 0.2 units apart are considered to be essentially

the same value.

25 Examples 1 thru 9 and Comparative Example A: Photocétalytic roofing
granules as a UV blocker
The procedure described above for measuring UV transmittance was used in this
example to demonstrate that a desirable reduction in UV transmittance was obtatned with
granules containing photocatalytic particles in their coating. The results obtained for
30 granules containing photocatalytic TiO; particles are tabulated below versus the uncoated
base rock, and the same base rock coated with a non photocatalytic rutile TiO; pigment.

The ISK ST-O1 material was an anatase TiO, obtained from Ishihara Sangyo Kaisha, Ltd
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phenol pht hal ei n i ndicator (turning point pH=9, where "pH' is define@ QSER 1084
negati ve base ten logarithmof the hydrogen ion concentration). The water,
gr anul ew,0 mym1iindi cator were boiled for a period of 15 mOTAUSE/06389
Decantation of the boiling water was performed into an Erlennmeyer fl ask.
Approximately 10 ml of fresh cold distilled water was then added onto 10
the boiled granules and swrled. The water was then added to the original
boi | ed imatagan. TheaTithsidmaDicsads Pematediat st bldnd ohantileoand anatasaieryssdl wat er was

e a7 R RSl oo e e oSyl kb St Sy
Vst bur i, af¥-1 dek fgﬂ}ls%ﬁl g{agems%& “@}@*srie'ggﬁﬁ% Foi8dws. A SRyl Hiedy @ing he

i ndi cat or, that d the solu ad a pH above 9.0, so the

sol uti ob2 pass kadlmadlsy 26ipakts aquabusBodiubh sikicdté solutomI%H % sbiids, 7S mtot | on was
not pink imrediately after addition of the indicator, the solution had a
pH | essSiQeda Na2©), %gﬁa{tﬁh%mﬁeghﬁﬂ“t‘ﬁa‘ﬁé @SW%REB{MWC BaGESa base

(0.1 N I+ k: f o GG r s

tnd- poi O L I TIRRL b fihatvei B tnitn BAGRICT I VIR DL GRER, e
usi ng abasdd onel@pércentwiadditive pelaties® the itdtabweighfafithg coated granple)mia eactal s of
the invention, any alkalinity result between -2.0 and +2.0 is acceptabl e.

In ggnféasaﬂhimsl@m V2% §iXe4| 1p @InIXg R At IgPE CEPSratys v ith dlabaratary sealemixes
i . i | . | d
consi e{&%&%&;ﬁﬁg&;{%ﬁk Y1 ok elﬁx@@?er‘(x@% g&ggulzg-%ﬁ,@a 18 mbsh %@%ﬁzgc

Conparative otocatalytic ro anules as a er The
procedupehesdtd b’ Givhile uirmblimpdsoughngrdthytmixesaria aenafebeasd@& kg pen t hi s
exanpl e to denonstrate that a desirable reductilﬁn in UV transnjttance was

obt ai nebow (The shien wae thea seated ontR)ths iRsehsated-groayles Byamixipe the prgheaied

coating . | I Pell I C
02 popehlRs a6T Mk @ hAIRET Rer “heUBRY BRA BB Pitp M ORI ©,
same bagea fovarly kilnainddired ahs H) TOwithtmtexcedsadxygercinrthe kile of 2BGuti0Edort .  The

| SK ST-OL material was an apatase Ti Q2 obtai ned from I shi hara Sangyo
Kai sha, 28quy 2 migutes aagthepgoplsdo 01171121 PCT/ USOL/ 06389 i n Japan. The

TS o, O RS AT B e RO i e efoB Gt
Sanpl esultasiodst lighn all abédtoltransmitthroughqframdegwhith lhave acdativey eonpaiepgr ed as
foll Ombhcﬁ\ogaltzllegatrig p%%lergrélggvg ?ol trt]:g amount of UV light transmitted by uncoated
granules, as well as granules coated with rutile TiO,. It is surprising to find such an
improvement in the opacity performance with concentrations of photocatalytic particles
20 even an order of magnitude less than the traditionally employed levels of rutile TiO.. It
should also be noted that the photocatalytic particles are able to provide this improvement
with or without the additional presence of the white pigment grade rutile TiO». This
indicates that this benefit can be obtained in other desirable coating colors, not just white.
In addition the granules in table 1 were all tested submitted to the alkalinity test
25 described previously. All granules samples were found to have alkalinities within the
acceptable parameters of -2.0 to +2.0. This indicates that there is no interference of the
photocatalytic particles in the cure of the ceramic coating and that the coating meets

traditional roofing granule requirements for insolubility.
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Exanpl e Exanpl e DescriptionTransm ttance

Examples 10 thru 20 and Comparative Example B: Algae Resistance of

Photocatalytic Roofing Granules.

The accelerated algae growth prevention test described above was used in this

example to demonstrate that a desirable resistance to algae growth was obtained with

asphalt shingle samples containing roofing granules with photocatalytic particles in their

ceramic co

ating.

The ISK ST-O1 material was an anatase TiO, obtained from Ishihara Sangyo

Kaisha, Ltd in Japan. The Titanium Dioxide P25 material was a blend of rutile and

anatase crystal structures of TiO; obtained from Degussa-Hiils Corporation in Germany. .

The Catalite ™ 4000 photocatalytic material was obtained from Power Surfaces, Inc. from

Franklin, Tennessee. Samples were prepared by treating the granules as described in

examples 1 thru 9 and applying these granules to 2 heat softened asphalt coated mat. The

applied granules were pressed into the asphalt such that they were partially embedded in

the asphalt. Asphalt coated fiberglass mat spreads were previously prepared using a pilot

scale shingle maker. A shingle sample preparation oven was preheated to 182 °C. A
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#(% 1G anules coated with 0.05 % | SK ST-01 0% 2G anul es coated with 70} SEP %04
| SK ST-01 | % 3G anules coated with 0.15 %1 SK ST-0l 1 % 4G anul es, coat ed
with 0. 0% 84R2H2% 5Gr anul es coated with 0.10 % P251 % 6 GROTAUS/0688% ed with
0. 15% P250% 7Uncoat ed base rock granul es18% 8G anul es coated with 0.70%
rutile Ti2 + 0.15% P252% 9G anul es coated with 0. 70%rutile TiO2 + 0.15%
ISK ST- 1 %01 AGanules coated with -0.70 %rutjle Ti02 7%5 Eéarrpl es 10
thru 20nuRbered a4 egntifretendm) X303 oy panglspysds s thg aspbalbcededal yt i c

Roof i ng The, acgel r | 1e3ta Aessked bed
above mggrglég%%?aﬁs?%&s Glélﬁcgﬂ%%éa‘f?g@%@%cﬂegt@g gaﬂ?g[t‘ﬁgg&%rgg?rra I4e res%ést ance
to al gag meRMdusphslt Qlffidienay swilidl grampdsadouldty aplied skereoe {Theasphialti wag
roofing granules with photocatalytic particles in their 10 ceramc

coat i ngsuffinientiske®8¥d hemat justiran offthe éigemms spweadpup habhe glasey shiym | shi har a
Saggyo Kali shaé Ltd in Japan. The Titanium D oxi de P25 material was a bl end
of 7r ut | FRPCAIFGC '&nat ase crystal structures of Ti Q2 obtained from

Degussa- Hul s AGahRdleaeiiétyljir Wity fIBEY with hBeutG@5airhe of giindREOTRB giraead al ytic
materi al was obtained from Power- Surfaces, Inc. from 15 Franklin,
Tennesstien cowarpdl #dthielié hpyiop apeedetgrminechrymberiand spacingpeholessaidat aft bed i n

exanples | thru 9 and a I n es ranules to eat , spft ened,asphal t
coat ed ??éﬁ“.&'ﬁtﬁgut‘%‘bﬁggré‘ﬁﬁggﬁgpégl@r% %F&?@bcf%?%dq?wgl‘a YA ma égch t hat
they vepRnRRE!0.84 ki ABRBREROles Werd igdasphal t. Asphalt coated fiberglass mat
spreads were previously prepared using a pilot scale shingle nmaker. A

siDngl e sanpBdigenepeleaseiagantovasrappicd po 2 Stamtlesy stegl trapam tosa sppgula) TBEP 2004
e L iR A s peerer (i F Rt Zhark e TS R 1 G o'in Qalta 4D PN S

steel tray. Immediately (in no more than 8 seconds) thereafter a quantity of granules
sufficient to just cover the panel were applied using the delivery jar. The stainless steel
tray was than tipped and lightly shaken to remove excess granules. The granules still

15 sticking to the asphalt were then quickly embedded into the asphalt with the bottom of a
250 ml Erlenmeyer flask, being careful not to dig the granules into the soft asphalt.
Immediately thereafter, a second quantity of granules were applied, the tray tipped and
shaken, and the granules embedded. The object was not to have every space of asphalt
covered but to ensure that the granules were well embedded and surrounded with asphalt.

20 The granule coated panel (shingle sample) was than placed on a flat surface to cool to.
room temperature (aboixt 25 °C). From the cooled shingle sample a 5.1 cm x 22 ¢cm piece
was cut and used in the accelerated algae growth prevention test as described earlier.
' Table 2 below indicates that comparative example B, asphalt shingle samples
containing a surface coating of roofing granules with a pigment grade rutile TiO; in the

25 fired silicate coating and no photocatalytic particles, shows no resistance to algae growth.
The asphalt shingle samples containing a surface covering of roofing granules containing
various amounts of the photocatalytic particles in the fired silicate coating (examples 10
thru 20) are resistant to algae growth despite the UV opaque nature of the granule coating.
Furthermore, a lower weight percent of photocatalytic particles can be used to provide

30 algae resistance than the amount of rutile TiOz necessary to deliver a white color to the
granules. This.providcs an additional unexpected benefit in that the photocatalytic

particles can be used with little impact on the desired color of the roofing granules.
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Examples 21 and 22: Non-leaching, long term algae resistance of
photocatalytic roof‘uig granules.

In order to evaluate the longevity of the algae resistance of shingles prepared
10 according to the present invention, it was necessary to demonstrate that algae resistance
was retained even after considerable exposure to weathering conditions. Examples 21 and
22 demonstrate that the photocatalytic particles remain in the binder (non-leaching) and
remain active even after accelerated weathering. This non-leaching mechanism provides a
significant advantage over the current state of the art in algae resistant roofing which
15 requires large reservoirs of polyvalent metal ions, such as copper, tin, or zing, in order to
provide sufficient material that can leach out and control algae growth over long periods
of time.

Shingle samples for examples 21 and 22 were prepared using granules prepared as
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WO 01/71121 21 SEP 2004 PCT/US01/06389 Table 2: Results from accehaqrgrtpen;
al gae tests of asphalt shingles containing photocatalytic roofing

gr anul e®0 oerarml eExanpl e Description*Result 10G anul es cparaAkownéiss0. 05 %

| SK ST-01No alga growth 11G anules coated with 0.10 % | SK ST-01No al ga
grom h 12G anul es coated with 0.15 %1 SK ST-01No al ga growth 13G anul es

coated with 2.0 %1 SK ST-01No al ga growth 14G anul es coated with 0.05 %
P259| i giescibeskiafoamgley]-§and thshingle aakapgmethod;of Exgmples kD5 NEhey | ga gr owt h

3% Cat | DRI IL b Al Al el A s XA BB et Rl ©°
al ga grmﬂ)fholn%io%&diﬁ% tcsimgtpe@biwm désctibedarettiodl | Olssetvibion of i safrpiésh

20G anul es coated wt % Catalite TMNo al ga growth BG anul es coated
wi t h - cafep esposyrg indthgiverthesametgr showedaw sgnifigans or gpusvaherapiing ofitheges are

wei ght pe ntages, of t | ndj.cat ed,c nent ,rel ative to.the of al

wes ot BEhFEF BITS Ganpl Bt e AsinC FBHERY dSRidg e dicevafuadf o o
al gae r@gigsihaneeiathiedaNQERCabLMY plebeftif fefi0 THeaBdIBSsumMaPledah title 8Yal uat e
the longevity of the al gae resistance of shingles prepared 10 according to

t he pr eshemt thapnthe shingle samplesscontioue kseesigt algagigiovnbt r at e t hat al gae

resi st ance etai ned.even after, consj der abl xposure to.weat hering
condi t ons. bl SO Rl s el fEH b S f AaphaftSBingltsondinife 1 c
parti cl girdctmitt iodffnReritiulediier AetidaRa Meateriagd remain active even after

accel erated weathering. This non-leaching nmechanism provides a signjficant

advant [dgecampter | Example Description® of the art in BRegde resi stant roofijng

whi ch [15 requi fes |large reservoirs of polyval gnt nmetal ions, such as

copper[,"tin, of zinc, in order to provide suffficient material that [can

| each O30 and CephLks AlARPWER2B % BYESTIING PERL R grfbi T B Shingl e

'sanpl gs_for exanples 21 and 22 were prepared ulsing Qranules prepared as
' 22 - | Granules coated with 1.0 % Catalite ™ No alga growth

10 *Coating percentages are weight percentages of the indicated component relative to the

total weight of the coated granule.

Examples 23 thru 27: Exterior Algae Resistance of shingles containing
photocatalytic roofing granules.

15 The granules and shingles used in examples 23 through 27 were prepared using
granules prepared as described in Examples 1-9 and the shingle making method of
Examples 10-20. In accordance with the previously described test procedure for
accelerated exterior algae testing panels containing the sample shingles were placed on
exterior exposure near Houston, Texas. These panels were monitored at least every six

20 months for algae growth on the test shingles and rated 1 to 5, where 1 is no algae growth
and 5 is complete algae infestation. As shown in table 4 all shingles incorporating the

present invention rated a 1.
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of asphalt shingles
In accordance with the provisions of the patent statutes, the present invention has

10

Resul ts fromaccel erated exterior algae tests

been described in what is considered to represent its preferred embodiment. However, it

should be noted that the invention can be practiced otherwise than as specifically

illustrated and described without departing from its spirit and scope.
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containing roofing granules as described in the exanpl e descripti on3.1 %EP}UU‘
Exanpl eExanpl e Description *Result (rating) 23G anul es coated with 0.15 %
IS K ST-0 1(1) No alga growh at 6 nbps. 24G anul es coated with 2.0 % | SK
ST-01(1) No alga growh at 6 nbps. 25G anul es coated with 0.15% P25(1) No
alga growh at 6 nos. 26G anul es coated wth 0.15 % Catalite TM 1) No al ga
gromh at 1.3 yr. 27G anules coated with 1.0 % Catalite TM 1) No al ga
growh at 1.3 yr. *Coating percentages are wei ght percentages of the

i ndi cat edCkARMSnent relative to the 5 total weight of the coated granule.
In accordance with the provisions of the patent statutes, the present

i nvention has been described in what is considered to represent its
preferred, enbadiofg grantiR¥eyBprisihg: shoul d be noted that the invention can
be practiced otherwse than as specifically 10 illustrated _and descri bed
wi t hout depar tai pgrality @fj qogted piopfing gmnulasogech of] said reopted orpafing Arangles) .

Roof i ng C L8l nd. i : j l.es, each
of sai q APlh ancRRREhE! Bayd s d Tpddnk SRR ah B AETRY BT
coating dpmigaic geaiute, 3nidosviattig mehidigpeaw hmaantdof armnalkaja metal gilivatel binderai d
coating ingludi ngli’_an anpount of an, al kali netal si,IiT te hi ngﬁ{ .Ssufficient
to bind SHFfFiiahiAgsaid cQatng 19 sad BRFARICEHARNE Wan Biely 19pf feslcEsn t t he
silicate piRieRdRl saidPatifdl iHcIa@Ak h PlrhiRG b¥phdiScatalpldfanidiésy of photocatal ytic
particles. 2. Roofing granules as recited in claiml, wherein said

phot ocatal ytic particles include one or nore conpounds selected from Ti Q2,

Zn0O, WOB,, SnO Ti O3 e203. . 3, .Nb205 i, .G rTi OB,
cds, GaP.% | nP,%*"@zﬁﬁE,gr%“f‘rfscﬁﬁ gﬁiﬁﬁ%ﬁ“ qaégog, “’h"%‘!"zﬁ’%‘g Q’h?ﬁf’;%ﬁi’agfclﬁg, MDS2,
| nPb, RuGQgcludeeé®® orTinbretdothpotindsasgiecred tfionmn Ti0H) @nep W03 .SnBeoCaTiO; Fea0yl es are
recited in claim?2, wherein_said hoé&(’:'at al &/st is conbined wth 8 nmet al or
net al oxiMeOsdYsPs.ctix4111010:2: BIE: §F Hils pab;, infy GerspBaTifly, KINGOs,G2:0mn |

RU02, Nb.pigdy, NGO! cufd, SicoE M CRPBI RS, 088, HARSIERor cdhnb RRRsiMkigicanul es as

recited in“claim Wher 8 n sai d photocat Al ytic partic having a nmean
particle size in the range of about 1 rimto about 1000 rim 5. Roofing

granul es 5 1 GELRRS orthuds A Teied ET2 500l i Sl el Jfhaudes
with a metal or metal oxide selected from the group consisting of Pt, Pd, Au, Os, Rh,

RuQ;, Nb, Cu, Sn, Ni, Fe or combinations thereof.

4. Roofing granules as recited in claim 1, wherein said photocatalytic patticles

having a mean particle size in the range of about 1 nm to about 1000 nm.

5. Roofing granules as recited in claim 1, wherein said coating further includes
colored pigments.
6. Roofing granules as recited in claim 1, wherein said coated roofing granules

absorb UV radiation as indicated by a result of about 2% transmittance or less in

accordance with UV Transmittance Test procedures.

7. Roofing granules as recited in claim 1, wherein said photocatalytic particles
prevent algal growth as indicated by a result of no growth in accordance with Accelerated
-20 -



6. Roofing granules as recited in claim1l, wherein said coated roofizngEp 2004
granul es absorb WV radiation as indicated by a result of about 2%
transmttance or less in accordance with UV Transm ttance Test procedures.
7. Roofing granules as recited in claim1, wherein said photocatal ytic
particles prevent algal gromh as indicated by a result of no growh in
accordance with Accelerated -20 21 SEP 2004 Algae G owmh Prevention Test
procedures. 8. A coated substrate, conprising: a substrate having an outer
surface AlgseaGtowth Preveniia Téshproaedmoest i ng; a coated applied onto the outer
surface of said substrate, said coating including an anount of an al kali
nmetal silicate binder sufficient to bind said coating to said substrate

upon i nsq. ubi |5 gatddbatatd, Remptitihg:at € bi nder, and said coating including a
plurality of photocatalytic particles, wherein the binder includes an

al um nosi | i catasubyrrAYINg am outer swARceFuaithe for seceiving 7 aatingd in clai m 8,
wherein said - e i i . eS. anCl QY
ceram c, conc?‘te&t% g&g?ﬁ@g{d:ﬂnfo Jfgghﬁg%oaatgghf ésaﬂcgé.ﬁ)?g%tg, Sg{sdaér&g{(lzl Ygafu?fr}lllé(?fl aim 8,
wher ei n saioinsof arcaksli metadl eilicats birides aiffitienti ta dihdodaidacdatinp es sdid sebsaite200C or

greater to far i.d coating.. 11. A coati .conposi i pn. conpri si.ng:. an
i nsol ubi HPQEd"%r.jﬂ]llﬁg]:@“H%t%tﬂgisﬂlicé'ﬁtlén_ rn@ﬂéf gaéﬁi&‘) it Bredine,? PR (9fc| es,
wherei n - diBgcRhRHE bartiofel, WtRSeif thedinder RRIdes SREBMERIINRMEEombdund® COat i ng

conposition as recited in claim11l, wherein the weight ratio of
photocatal ytic particles to binder is no greater than 1.8. 13. A coating

conpositipn as, recited in._clair 2 r el i tic
parti cl esg(‘)i ncl%8%§%¢1%U%8ﬂﬁ3F gé%%?‘r%%ﬁﬁ{ s§s‘e”Pg§{ e "{]? o%fegg?él%ﬁ%fﬁ%& Sn02,
CaTi G8, hpaganic RaBles, Moclolay ldexafiic) congett orShetal. Sr Ti 3, CdS, GaP, | nP, GaAs,
BaTi O3, KNbQBi Ta205, Bi 203, NN O Cu20, Si02, MS2, InPb, Ru02, CeQ2,

Ti (OH) 4 or conbinations thereof. 14. A coating conposition as recited in

claims 15001 12,co8R8" Gidrstel 5 PRALECAL Blaith | € whekeld GhifSsillaste GndkoR
particle size I1n the range of about 1 nmto about 1000 nun. -21 21 SEP 2004
insolubilized at a temperature of 200°C or greater to form said coating.

11. A coating composition comprising:
an insolubilized alkali metal silicate binder and photocatalytic particles, wherein

the binder includes an aluminosilicate compound.

12. A coating composition as recited in claim 11, wherein the weight ratio of

photocatalytic particles to binder is no greater than 1.8.

13. A coating composition as recited in claims 11 or 12, wherein said photocatalytic
particles include one or more compounds selected from TiO,, ZnO, WQ;, SnO,, CaTiO;,
Fe;03, MoOs, Nb,Os, TiyZr.x02, SiC, SITiO;, CdS, GaP, InP, GaAs, BaTiO;, KNbO;,
Tay0s, Bi03, NiO, Cu0, SiO;, MoS;, InPb, RuQ,, CeO,, Ti(OH)4 or combinations
thereof.

14. A coating composition as recited in claims 11 or 12, wherein said photocatalytic
particles have a mean particle size in the range of about 1 nm to about 1000 nm.
-21-
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15. A coating conposition as recited in clains 11 or 12, wherein Sa?qSEPZWl
conposition further includes colored pignents. 16. A process for providing
a photocatal ytic coating on a substrate, conprising: (a) providing a
coating conposition including an al kali metal silicate binder and
photocatal ytic particles, wherein the binder optionally includes an

al um nosi licate conpound; (b) applying said coating conposition onto a
substrate; and (c) heating said coating conposition and said substrate to a
t enper at urSe  sAItbatingesvimplosition s Iredited iz elairhe 1 kiok i12 awberbinnsiet campbsitmnm a

coating bonded to, sajd substrate. 17. A process as recited in claim 16,
wher ei n stﬁ'\'tgﬂﬂ%é't‘qeﬁé%&ﬁ?@n%t&a tenperature of 200C or greater. 18. A
process as recited in claim 16, wherein said coating includes col or

pigments. 19. A process as recited in claim 16, wherein said substrate is
sel ect ed ¥6r omA processdveproviding il photacatelytic epating ondrsyhsteate, SOMPHYENE or net al .

20. A coated str . reci i i . ral aﬁhf tio of
said phot oca’ig%byt ipgévgtgfgé iacﬁ%g%ﬁ%e godgg)lsgio ilﬁa 'g?mgmsa& r?géagrr%a egrfﬁ% an " &8. 21. A
process as recitedand phoicatallfic paitizies| wheletn dei binter ayjtionaldy irschudts an
phot ocatal ytic parii cles.to said binder is no greater than 1.8. -22
aluminosilicate compound;
(b)  applying said coating composition onto a substrate; and
(¢)  heating said coating composition and said substrate to a temperature
sufficient to insolubilize the silicate binder and form a coating bonded to

said substrate.

17. A process as recited in claim 16, wherein said heating occurs at a temperature of

200°C or greater.
18. A process as recited in claim 16, wherein said coating includes color pigments.

19. A process as recited in claim 16, wherein said substrate is selected from inorganic

granule, rock, clay, ceramic, concrete or metal.

20. A coated substrate as recited in claim 8, wherein the weight ratio of said

photocatalytic particles to said binder is no greater than 1.8.

21. A process as recited in claim 16, wherein the weight ratio of said photocatalytic

particles to said binder is no greater than 1.8.
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