PHOTOCATALYTI C COATI NG COVPCSI TI ONS FI ELD OF | NVENTI ON [ 0001] The present
invention relates to conpositions for inparting a photocatal ytic coating on
a surfacevobesozmeci fically, the invention relates to aepalskeosionzy2o

sel f-cl eani ng coating conpositions conprising photocatal ytic titanium

di oxi de particles and an extender conprising a m xture of cal cium carbonate

and an al t er nat e pgxg"d A%}g&iﬁ) o Ti tani um
di oxi de is a photoacti ng mat erial that | sﬁl?g;ewﬁzi;l y ai;fg%[?)gl gnent in

coatings, paper plastics and ink. For pignent applications, the photoactive
properties are not typically desired and the pignmentary grade titani um

di oxide is generally prepared pyinmeorqds/ tNpatorsuppress the photoactivity of
the material. Titaniumdioxide is produced in two crystal phases, rutile

and anat s Lt hat qibf efesh |f?1tu$r!tfb% StelaGt %esconJ %ﬁﬂh@%'i"& i @aﬁfﬂ .and

densities. The rutile phase is the nore stable phase and iIs d for use
i n pi gnenhotappily catcoamsy becaysdageut |N1@empgméana1$y hféwemaermogh@ﬁatasqet(r detive

i ndex thanHtthel r lfaﬁ.l%t ase caounter artsh resul.t.i ng i n E8reater aC|t and

whi t enes 8080 T TREMER SPA0R FOIMASEINS FORRTLUM HPeRPHASHS Cist 4P

phot oact bMi@[CI@B%ﬂdtéﬂeeﬁtéﬂde} QohPFifMmANAdn &8s §OL1BNRL OGBSMY Lh& aAPRLhGAL I I ons,
while the rutile formis used as a pignent. The photocatal ytic properties

of titankxigwéiroxi de result fromthe pronmotion of electrons fromthe val ence
band to the conduction band under the influence of ultraviolet (UV) and

near- UV radi ati on. The r%ﬁk&?@fﬁﬁtéﬁgﬁoﬂﬁ@ﬁﬂ ot hat are created

mgrate to the surface o rum di oxi de particles where the hol es
oxi di ze bed tter to duce eact.l ve h s and the
el ectr on@?’g uce é%’? B g&%&rﬁ Q}B) %é?ﬂ%@@%ﬂ[@%‘il 8%‘9 5}’@&1 SPEPGEh of
whi ch cam aﬁgﬁ@sdgaé@@ 1Anes MRliak] Fer QEaaM 5 pEOARAYNAS ploEXS) e 'prptehﬁzsa' r. In
vi ew of these pr oPer ties, photocatalytic titanium dioxide has been
are not typically desired and the pigmentary grade titanium dioxide 1s generally prepared
by methods that suppress the photoactivity of the material. Titanium dioxide is produced
in two crystal phases, rutile and anatase, that differ in lattice structures, refractive indices,
and densities. The rutile phase is the more stable phase and is favored for use in pigment
applications because rutile pigments have a higher refractive index than their anatase
counterparts, resulting in greater opacity and whiteness.
[0003] The anatase form of titanium dioxide is usually more photoactive than the
rutile form and used for photocatalytic applications, while the rutile form is used as a
pigment. The photocatalytic properties of titanium dioxide result from the promotion of
electrons from the valence band to the conduction band under the influence of ultraviolet
(UV) and near-UV radiation. The reactive electron-hole pairs that are created migrate to
the surface of the titanium dioxide particles where the holes oxidize adsorbed water to
produce reactive hydroxyl radicals and the electrons reduce adsorbed oxygen to produce
superoxide radicals, both of which can degrade NO, and volatile organic compounds
(VOCs) in the air. In view of these properties, photocatalytic titanium dioxide has been
emploved in coatings and the like to remove pollutants from the air. Such coatings may
also have the advantage of being self-cleaning since soil (grease, mildew, mold, algae,

etc.) 1s also oxidized on the surface.



enpl oyed in coatings and the like to renove pollutants fromthe air. Such
coatings may al so have the advantage of being self-cleaning since soi
(grease, wWoDl2deveo7eeel d, al gae, etc.) is al so oxidi zed onPCHASgWsH0ZI20 [ 0004]
I nternational Application Publications Nos. WO2005/083014, WD 2006/ 030250,
and WO 2005/08301 3 to Goodwin et al. describe self-cleaning and

depol | ut ygum4¢oat i NehieAERORI WpPNSarATMbIiSitREs Moot weahalRI®I4TWD . [ 0005]
When NOx species are oxidi zed b¥ the reactive species produced by the
phot ocat 3065@/%0215@% Wi 2HI 05361 AmdCaedwib gsaladesggbapadi-tlgampg andihe aci di ¢
species are neutralized tq nitrites and nit e alkaline fillers or
extender?o%ggléﬁféﬁ%c?ﬁ%hggg Féﬁ$§%ﬁg8§???%%§?gaﬁﬁ%h are renmoved fromthe

coati ng pyoosai nf al WhehheOgsties aramadiyedisedic exdcene efecles pe@lueediby ¢har bonat e.
[ 0006] Coating conpositions that conprise photocatal ytic titani um di oxide
can be nBEROHERINGC HREEQE BHEIC AYDHBIEIOYS 2 AgHRITRMBIdn ddESCHHC HssiehaSy st ens. | n
t he abse f : rj:al.s rgani.cobl.nders. o - presence
of UV 11 B ge s S infle e oo
present, co@pediidvrigwhiehdegreadatd Gonothe theingdstmmdz!l. Thesmpst@bhmemnisused

exacer bat ed en the coating is exposed to intense UV radi ation fromdirect
sunl i ght X1gRAGTds GRPURLIBRAEH an exterior paint. Such coatings are often

formul at gghept th in j i b, LGRR S M r
e b s i i O e

concent r atadonsng Bri&véns tigley of ogaticrigslecompriisispgeiphongbatlbdeytd of datherani um

di oxi de have. been prepared with silicone-base . rs,.such as sil oxane
pol yrer s TGy 0T R THsE: U 0Pt PibPaTerhabb i rT 60T OCHE: pr esonce
of activeaspard froREREMUESH I IIPRRN At RERL ALK 8 A6k N oFig UaEnef
bi nders exclusively conprising silicone-based polyners is disfavored
because 3hisipcdnenbaswdeibologrdes the easpg i dxipesasttb ynimred ) Bxphaigindsorg onpar ed
to ot her ani such as acryli i

G e K e e A
conpri si fgthandrege ephdariRtitodresit belghrchasedh pal ¥ ekniopBdioshthiytia | ower
oxidation at relatively low catalyst concentrations. Previously, coatings comprising
photocatalytic titanium dioxide have been prepared with silicone-based polymers, such as
siloxane polymers, due to the greater stability of these materials in the presence of active
species produced from photocatalytic reactions. The use of binders exclusively
comprising silicone-based polymers is disfavored because silicone-based polymers are
significantly more expensive compared to other organic polymers, such as acrylic or
styrene based polymers. It is desirable to prepare a cost-effective photocatalytic coating
composition comprising a reduced amount of silicon-based polymer mixed with a lower
cost organic polymer. However, mixing organic polymers with silicone based polymers
results in lower durability of the coating composition.
[0007] Therefore, there exists a need for an improved photocatalytic coating
compaosition that exhibits improved durability and optical properties at a lower cost,
while maintaining the ability to remove acidic by-products of the photocatalytic NOx
oxidation reactions.
[0008] The foregoing discussion is presented solely to provide a better

understanding of the nature of the problems confronting the art and should not be



cost organic polynmer. However, m xing organic polyners with silicone based
polynmers results in lower durability of the coating conposition. [0007]
Ther ef or ewotzh@y®7@xi sts a need for an i nproved phot ocat 2CYtise0080z1120Mg
conposition that exhibits inproved durability and optical properties at a
| ower cost, while maintaining the ability to renove acidic by-products of

the phot @ealialkd i £nyNWXy &xhOakhidRod £a61RAgr nbPARBIJ Teeih@sea0lRg di scussion
is presented solely to provide a better understanding of the nature of the

pr obl ens refersheoinitindetchastaret] sann adhouiod trtsuertmstocyedstimiealyriayt’as an
adnlsS|0@)§§i%§agrb@%:§rt nor should the citation of any reference herein

be construed as an €% on that such reference constitutes "prior art" to

the instant application. SUMMARY OF THE | NVENTION [ OOQ® | The
sel f-cleaning, de-polluting coating conpositions of the present invention
conprise catalytic titaniumdioxide, a binder conprising a silicon-based

pol ymer, and an extender coOhPEHARY (i THESONEANHIEN a ni xture of cal ci um

carbonate and one or nore alternate extenders. The inventive coating
conposi t I¥H8] exhi bilhe seiprlveride der pdiuting yozng copgositipnac! te posent cost, while

retainin ility to,renve from the, environnent.and . neutralize

et di o by Sl SRS TSR A AP P ORE P RE LBt ances.

| QOLG | polner.enbadicRRAler dohpot@atwhich €MMAst b inQRGird o dafetimGarmdhiee a

pi gnent, which may be pignentary titaniumdioxide or a mxture of titanium
di oxi de ARHOBHY r@@rerﬁiﬁ@aga Ghades. Theowvenjiverpratipe seapovfionsrxhiivent i ve

conposi ti i cakh: i L Q. 1.6 Jhn.addition to the
1T con- Baag st ByERilya R R EEIB IR B0 R IR R MR 2 SRRSO ons
t hat conmpid,Senatieicndonmenead eatirdoepeis mgpadsits oanhbasedcpolyyeer and
m xt ures of org%pig pol ymers or co-polyners. In sone enbodi nents of the
oxidationof NO, substances.
10010} In one embodiment, the coating compositions further comprise a pigment,

which may be pigmentary titanium dioxide or a mixture of titanium dioxide and one or

niore pigments.

[0011] The binder of the inventive compositions typically also comprise an
organic polymer m addition to the silicon-based polymer. Also encompassed by the
invention are compositions that comprise a binder component comprising a silicon-based
polymer and mixtures of organic polymers or co-polymers. In some embodiments of the
mvention, the organic polymer is a styrene polymer or copolymer or an acrylic polymer
or copolymer. Preferably the organic polymer or copolymer is a styrene-acrylic

copolymer.

[0012] The one or more alternate extenders in the inventive compositions may be
any extender other than calcium carbonate that improves the durability of a coating
produced when the composition is applied to a substrate including, but not limited to,
kaolin clays, silica, talcs, quartz and barytes. A “flash calcined” kaolin clay is
particularly useful with the inventive compositions. In some embodiments, the extender

component in the compositions comprises a mixture of calcium carbonate and one or



i nvention, the organic polyner is a styrene polyner or copolynmer or an
acrylic polyner or copolyner. Preferably the organic polynmer or copol yner

i s a styreoe@nylodc copol yner. [0012] The one or nore RCTAIS2@BMO7120 ender s
in the inventive conpositions may be any extender other than cal cium
carbonate that inproves the durability of a coating produced when the
conposi t inore iakerapieldxetidén @ Stabis tof abutisoEoudiaBgut douto eatbolit #3:88€h 4wt kaol in
clays, silica, talcs, quartz and barytes. A "flash cal cined" kaolin clay is
parti cul dridy: (e capafte tRalipmeiiapdes oipudlitrons. | n some enbodi ment s,

t he extender conponent in the conpositions conprises a mxture of calcium

carbonal go@ng one afDhCerfhkelonfoti Bl dets biled A bR balyp0 1o

about 90:10 or about 65:35 to cilum carbonate to alternate
ext ender spy Byrmvolrgheling 0@18itildhed ianvest fver conpesiréd drsecofayTyseally, the
photocatal ytic titani um dioxide i.n any for including the rutile and

anat ase fh¥%%?ly hf e digaidegp inHypppapicyorpn e P ‘Eff‘%ié’atd&? 91_6‘?tece_tt41¥fé‘jni um
di oxi de i tdix i@ &t RBSAQI R inRREHBIABE ¥r i@ RhRLRC Akt difibddih @R um
dioxide is substantially in the absence of the rutile form 1In one

enbodi ne#he phoecaphdicosaniamydipgide compiisanbdivosenddosoitprind ebowethe 8N Calyout 2%

and about, 10% P vol une. of the dry conposition. [0014 [ Jn one
enbodi ner‘{f)l}“lnfehoef\él}c%@%nctowgg%(gﬁti ng conpositions include a binder conponent

that conprises a m xture of a polysil oxane polynmer and a styrene-acrylic

copol ymefoag an exi endembeanponent ithative odRinsS@msiliont WGl 2 6akied um
carbonate and a fl|ash calcined kaolin clay. In one enbodinent of the

i nvent i vECEBMSEs ithat M ses Bi HiREHE <8 oRRioxesamol ey andni whipre-astylic
polysilo - AN QPO i Tratio of about

50: 50 1 o AnoReL Sl oS B o SR el P Bl YR
copol ynen flash odltieed eadiodilae ninsonetdntbodich@n derhecianpoirenbmdbsitibe, tcoblasd ti on
conprises a mxture of cal cium carbonate and a flash calcined kaolin clay
in a rat FEMBIBEENERIS ABOUX S AP aFBIGPoSIMT BngrstgersaeiliaBerilyBe: 40 to

about  70i30,rafbe LBt 50:50 to about 70:30 by volume, polysiloxane polymer to styrene-
acrylic copolymer. In other embodiments, the extender component of the composition
comprises a mixture of calcium carbonate and a flash calcined kaolin clay in a ratio of
between about 60:40 to about 80:20 or between about 60:40 to about 70:30, calcium

carbonate to kaolin clay by volume.

[0015] These and other aspects of the present invention will be better understood
by reference to the following detailed description and accompanying figures.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a plot depicting the durability of coatings produced from coating

compositions as a function of different extenders,
Figure 2 is a plot showing coating durability as a function of the binder siloxane content.

Figure 3 is a plot showing the coating durability as a function of the extender calcium

carbonate content.

Figure 4 is a plot showing the NO, removal as a function of the extender calcium

carbonate content,



carbonate to kaolin clay by volune. [0015] These and ot her aspects of the
present invention will be better understood by reference to the foll ow ng
det ai | ed WO=2009¢9rt0dn and acconpanyi ng figures. BRI EF DEBCRIUSTO0®N7IIE0 THE

FI GURES Figure 1 shows a plot depicting the durability of coatings produced
fromcoating conpositions as a function of different extenders. Figure 2 is

a pl ot show ng coating durabipitAas apkengpiamof the binder sil oxane
content. Figure 3 is a pI ot showi ng the coating durability as a function of

the extepggp cal ci ym gal aetn‘?oog%é SOy il § PoRbQly HRGYE N the NOX

renoval as a functi on e exten er calcrum car ate content” DETAI LED
DESCRI PTt@sbcﬁs@Mﬁdonhmlsmgmmtc@magdwetmndmn:bcntsdc mhmxprresémmlmmvémiedon
provi des coat i ng co g3| tio risi rlljg)ﬁghot acatal ytic titaniumdioxide,

a ni xturBH‘Hf"r AANGrEPHC BRdes |eﬁE? areTde rYHRT EOBPTITE A ANHTRRE ender

conmponent, WihCh SRR dnfi€ie 3r Hlokd MESnb cﬁ@ﬁ&wwm&baﬂ%%mg% one or nore
alternate extenders. The inventive coating conpositions produce coatings

when appbmrepbsutmnapscubm cadtegs hatn ephlicdito asxlelatesthtt akbrtabédcetigntand i nproved
opacity at cost Whl| retaining the abili.t 0,r ve NO fromthe
R TS R R S e TR e T BT R

oxi dat i ORI #eHPFEANER ind hO@allze BRiaicasabBHYdd Gof0BE bRSoEARRASI t1ons can
be made with a vari ety of binders or resin systens. Typically, these

coati ng evrApsi Qf’\é)@sStdﬁéi@pﬁﬁsse sili con based binders, such as pol yS| I oxane
pol ymer s ch ex 0 it nder th C |
S H)O%b Bfl a&g 9 1{12 mpgsﬁ" O11S C“H%S%Eﬁqug} & %%1 %HF’ blfnny cfr ogen,

conditio gam C nmpose car

oxygen apgreBintshages., Tg’;\;ﬁ}eamum}cdsé yo@mg@bi@dslbynémlmhem@aﬁaabyddl Kinddrd,ani um
di oxi de |n t he g/irsesence of W light to water, carbon di oxi de and

ni t r ogensusHies aPhsHerasp elvawrs, raud exhifyt gepd stability under the photocatalytic
redox conditions. Organic binders that are composed solely of carbon, hydrogen, oxygen

and nitrogen, are quickly oxidized by the photocatalytic titanium dioxide in the presence
of UV light to water, carbon dioxide and nitrogen-containing species, resulting in
degradation of the coating.

[0018] Although coating compositions comprising siloxane type polymers show
excellent durability, the cost of siloxane type polymers is significantly higher than the
cost of other organic polymers such as acrylic or styrene polymers. Therefore, it is
desirable to prepare coating compositions where the quantity of the siloxane type
polvmer is reduced in favor of a second organic polymer to reduce the raw material cost
of the coating composition. However, diluting a siloxane-type polymer with an organic
polymer composed of only carbon, hydrogen and oxygen adversely affects the durability
of the coating produced. For example, exposure of a coating comprised of 100% siloxane
polymer for 2000 hours in an Atlas Weatherometer resulted in a weight loss of 126
mg/100 cm®, whereas exposure of a coating based on a styrene/acrylic copolymer
resulted in a weight loss of 419 mg/100 em?. Using mixtures of siloxane polymers with
organic polymers in coating compositions improves the durability of the corresponding
coatings over organic polymer based compositions alone, but still results in progressively

diminished durability as the siloxane polymer concentration is reduced.



degradation of the coating. [00181 Although coating conpositions conprising
sil oxane type polyners show excellent durability, the cost of siloxane type
pol ymer s WO 2809%p9rdodcant | y hi gher than the cost of ot her POTg®2008/0p1RY mer s
such as acrylic or styrene polymers. Therefore, it is desirable to prepare
coating conpositions where the quantity of the siloxane type polymer is
reduced i[d0F9vor ofPhatweadnd congaldcniel e klsb Oyiedyd e IhikeinbAwWn kI al
cost of the coati n‘glj conposition. However, diluting a siloxane- type pol yner

with an OF GERPEHoIVRRYMERITSEE 2BPLIGHPYS. b ermpeneasdge pomanbxygen
d | -abi |.j e ' : For , exaanl. e,
adver sel y.@fteef & AiRgs dWiRbL c%%%g}?afpghg%oﬁg thgk N8 1%5%9%‘&058 ds F}({)t?ﬁ%%%é@(ﬂ%eﬁr <in

exposure of a coating conpris 0 Si ane pol ymer

an Atl as eWeaddre noyeterproede hidad: powa angitghtioh as pigafenk2 610@/iR0denBre Wher eas
exposure of a coatin ased on tyrene/acryiic cqopolyner resulted in a
wei ght | §8€7 BFUA -_15%5% %ﬁ@.a@s_nﬁ_@rqﬂ%&*ﬂw& eridireiandeyoPYmer s wit h
or gani ¢ peLiTRE Scidl: GR&kE AGHCOIRASLEA APl TR AR Frd BV EBRIhi ty of the

correspondi ng coatings over organic polyner Ease conposi tions al one, but
still regbbtosatplytiposgresspiE80y sphicrsniTehadriturad nitiatesaks fahedSidoxane

pol ymer concentration is reduced.[0019]. Photocatal ytic. coating conpositions
al so typiﬂggraﬁgaﬁ%?ﬁagiq %18%%%5&4(%&{% igs0} edé%{’séﬁﬁ yed Tromg tyogQHBg or

plastic apphtaaddi M wABESenCOTPARE Mas isalig O MRRhMe Let&EH D wWhA rdfuki | 1 ers,
while in coating applications they are referred to as extenders. Sone

ext ender §' A< adidonprdni darbrhd ngtsponk ps ealdufipachanete, aisc pigrmate.s. Most
ext ender -col . Extenders.that are al kaline are particularly
setul  boeliS T ahoRER hElun S IROE HhERbp SbFudnd fn e BRieh

nitrous acédhtibpapplasadion ok BBt @béitige. phot ocat al ytic oxi dation O NOx
species. The nitrites and nitrate salts fornmed fromthe neutralization of
nitric alP2Al t r ous lder becpsiapidniagdyioed thadhe brpoldihibm afiveadrestyineh upon
contact with- , € ' l.i.ne.is,capabl e of reacting
B R L R T S L e S
car bonat by paitially capldomnas part ofaesicinm cabhonainghastemder tompesndnn@iiQhe The

most Con’z)’r;)g}lo%/e e'fftseggatg &lexligll .e?s? ’Iehxeta tggnige extenders may be any type of extender other
than calcium carbonate that results in improved durability of the coating derived from the
coating composition. Suitable alternate extenders include, but are not limited to, china
clays, kaolin clays, silica, talcs, quartz and barites (barium sulphate). Furthermore, the
use of a mixture of calcium carbonate and one or more alternate extenders results in
coating compositions that impart improved opacity. Therefore, the inventive coating
compositions also allow for the reduction of pigmentary titanium dioxide without

reducing the opacity of the system, further lowering the raw material costs of the coating

compositions.

{6021] Definitions

All terms used herein are intended to have their ordinary meaning unless otherwise
provided.

10622] All references to “% by weight” herein relate to the weight % of the total

coating composition, including solvent, rather than the dried paint, unless otherwise

spectfied.



in coating applications is calciumcarbonate [0020] It has been
surprisingly found that the | oss of durability of coatings which conprise a
m Xt ure oVoaoevdoonoane-type pol yner with an organi ¢ poSyRer/usarsioeie@écover ed
by partially replacing a part of the cal cium carbonate in the extender
conponent with one or nore alternate extenders. The alternate extenders may

be any t)ype23pf ext endsed bilberht ham cabg viRmeaobopighent hatmeesul ts in

i mproved durability of the coatin degi ved from the coating composition.
Sui t abl e c4n¢BAE (BY{daderdo ihfcralegac “hefithade proet qricaptingg unlsss ethgmasec| ay's,
kaol in cl It : F | e).

Furt her ﬁﬁ%ﬁﬁﬁoﬁ;ﬂ&g@m&%ﬁ%ﬁ%gﬁg?@ é%lﬁ{;%fg?lﬁﬁr# ﬁ%g E)%gga}%]gmgﬁ% gyﬁ’g)tyor nor e

al t er nat eobxtcdndbresnaledutht photocaalgtit gDC piupasit, tex endert dhatpolypar t i npr oveﬁ
opacity. erefore, the i, ntive coating. conpositions also allow for the
reduct | oraa-[%fﬁ pi gmedt'argm W@nirﬁ UIOIRG PECHP PO TrPARET 7Y A Bpaci ty of
the syst eMobdif dbete) AMRHIDHLRE FMhdBgHIR! Costs of the coatlng
conpositions. [0021 J Definiti ong Al'l terns used herein are intended to
have t heil@025{ di nar Yheeeami ‘Hislundlemsd bidimroht secforowi aded]in |c0Q22pd Rkl by a

ref erences.. g tA) bﬁi we'hght" herein relate to the weight % of the total
coati ng 5%’&% HYESACIHEE BECRY sol vent, rather than the dried paint, unless

ot her wi sepiapci fi edhl Q9R3lexARdMSedinheued 1 HRE it @LIHMABDY MR LB
"pi gnent vol ume concentration” (PVC) refers to the vol'unme %of the dry
pai nt or Asoled hgcinuthie gy ‘Grrradwi gefesple e fil@daniThetgpiponenits off the dry

pai nt or.coati ed to.calculate the."% by.volunme" yalue include the
bhot ocat A1 FIE e SRR € Tl Tha e TR R MeOBRAT BEDRE 8~ No
refers tehat hRy3Re@iuesy Nohshhicht BARO cOMtind @lcdans bNOW( Mk LHOGE PidhaX vBRmeei t her

collectively or individually. [0025) The term"flash cal cined kaolin clay"
refers t6ORECREFIGNPUE haye ﬁggrgfnggglégpwtyé{a]though lower than Ti0,) above the critical

pigment volume concentration. The extender materials are typically lower in cost than
the pigments, includingTiO,, and allow for the replacement of some of the pigment in
certain situations.

16027} The term “critical pigment volume concentration” (CPVC) is intended to
have its customary meaning in the art, such as the point at which there is just sufficient
polymer to wet the pigment particles or provide a continuum of pigment particles and
polymer. Below the CPVC there is sufficient polymer for pigment wetting and above the
CPVC there is not.

[0028] The term "aliphatic” is intended to have its customary meaning in the art,
and includes without limitation straight-chain, branched or cyclic hydrocarbons which are
completely saturated or which contain one or more units of unsaturation but which are
not aromatic. Non limiting examples of aliphatic groups include substituted or
unsubstituted linear, branched or cyclic alkyl, alkeny! and alkyny! groups and hybrids
thereot such as (cycloalkylyalkyl, (cycloalkenyljalkyl or (cycloalkylalkenyl.

[0029] The term “alky!” is intended to have its customary meaning, and includes
straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon.

10030] The term “aryl” is intended to have its customary meaning in the art, and

includes any stable monocyclic, bicyclic, or tricyclic carbon ring(s), wherein at least one



rapi d heating cal cination process. | 0026] The term "extender" is intended
to have its customary neaning in the art. As used herein, the term

"ext enderwonreddn9z00to an i norgani ¢ material or m xture ofPCIrASe8072120
materials which have refractive indices simlar to the nediumof the
coating so that they are usually transparent in the coating medi um bel ow

the cr i tfigal JhAdTRAs #gg%@y ARIERALT HHH0IID U ARNEC S bbyi0BACI LY

(al t houg ower t ove the critical pignment volume concentration.
The ext emgpbihvrat erials are typically lower in cost than the pi gnents,

i ncludin and_al | ow orth of _sone of the nt in
certain &Bbﬂatl ongrhel @5127]“3“?‘??@ e?dﬁteﬁﬁ?ﬁc{mg‘ﬁ?e B ﬁﬂwar\yéﬁl%ﬁgpéc%n%ent ration"
(CPVQ) i §ichiabentadmhe RAY thak i 1kids LOBR ¥ndBARI NGk yieBn Ihigo@htor such as the
point al which there is just sufficient polymer to wet the pignent

particl eBh(ISPthn@mthea@)H@élntfmguum of pi grrent particles and pol ynmer. Bel ow

t he CPV e uffi Cl“en t he CPVC
there is Omﬁ [002@5’ ¥R ?3 ‘Chm%erwl i rg|§}%(ei’n }“etré @%nﬁﬁgl &B ﬁs/gcustomary
meani ng dié’ﬁﬁeb%b@afetimk%ﬂ@oﬂﬁ&h@léﬁﬁe wr@ﬁgmm] Jlityhgt"@.ip &rdeﬁhécaatghte. chal n,
branched or cyclic hydrocarbons which are conpl et el ¥ sat ur at ed or whi ch

)

cont ai n 883lor mr@h%ﬁmlsdﬂiﬁ%n§§{eﬁ$%@P%‘ﬁs%iﬂec\ﬂ‘iﬂd}‘? t © Wk 35¢.  Non
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components used in coating compesitions known to those skilled in the art.
[6035] Any form of titanium dioxide may be used in the coating compositions of
the invention, including the rutile or anatase form. Furthermore, mixtures of rutile and
anatase titanium dioxide may be used. The photocatalytic coating compositions of the
invention comprise particles of photocatalytic titanium dioxide (TiO;) which are capable
of forming electron-hole pairs in the presence of electromagnetic radiation, particularly
ultraviolet (UV), near-UV, and/ or visible light. Preferably, the photocatalytic titanium
dioxide is capable of substantial photoactivity in the presence of visible light.
[0036] The photocatalytic titanium dioxide particles for use in the coating
compositions are preferably predominantly in the anatase crystalline form because of'its
higher photoactivity than the rutile form. “Predominantly” means that the level of anatase
in the titanium dioxide particles of the paint is greater than 50% by weight, although it is
preferred that the level of anatase is greater than about 80%, and more preferably greater
than about 90% or greater than about 95%. In some embodiments, the photocatalytic
titanium dioxide particles of the compositions will be in substantially pure anatase form,

meaning that the content of the rutile crystalline form is less than about 5%, more

particularly, less than about 2.5%, and more preferred still, less than about 1% by weight.



[003 | J The tepH "heteroaryl” is intended to have its customary neani ng,
and includes an aromatic ring that includes at |east one sul fur, oxygen,

ni t rogen WO 2p090®pieer us in the aromatic ring. [0032] ThePC&rusedogiozdiryl "

unl ess otherw se specified, refers to an aryl group as defined above |inked
to the nol ecul e through an al kyl group as defined above. [0033] The term
"al kar yl I samt esbodintvatsiileehspeatafyite ditanieh elicxidopanclad Wil bgrospr @s defi ned
above |inked to the nol cuLe t hrough an aryl group as defined above. [0034J
' addi t FBRCHETHRBREERERYET GG PRRAL P DRo SIS oy wastallpmapyativag
conposi ti ; k £ ypi.cal ' r onent s
P b A O S R S b
conposi t ifoms heydégned elteydthiickenend thdispe s drt@ystatiné poamagantsaredone or

i fyi ) t t end , ;. bi nd il ‘ i
ool yor o e EOACEaRE TROFe SRBPRG ARtENsE REFI T HRO RSB ponent s

used in GRANIPNYEATBRSld DfcckiTONBoLRalk/ BOSLInT iR ioh Wilifaglt - [0035] Any
formof titanium dioxide may be used in the coating conpositions of the
i nvent i owhofoagthlytv Hgpnive draxtdel e or anatase form Furthermore, mxtures of

rutile a at ase ti tani.um. di oxi.de .may .be. used.. The.phot ocatal yti c coating
cpnppsit?@%@gof thg%Fna%ﬁ??%ﬂy%% FidE BﬁﬁtechycﬁF o?ﬁc&iéﬁ?ﬁfé“%%taniun1
di oxi de (EdinfoiitivhimGh t@piealGapakl & Sferd @ Piride &l RCKRRA-NMIEs BRI pHikIRs the
presence of electromagnetic radiation, particularly ultraviolet ,

near - Uv, aBspib ags sapfter pravipleyhight. prsathe paiicle, sizen degivar wryatsalalit the beid gart um

di oxi de i ) t anti al agti Vi i.n the.presence of visible
gnt . G0ERR TR Sohor S ARt o BIRC sk s e b ERRRE R ] 2 (e
coating panplskizeQns lrsebgunebbtealdy that etteriimadidxyde Patidfesanat &gdble of
crystalline form because of its higher photoactivity than the rutile form

" Predom ARNIPE IgpbRdhe pable wpecraye il hefitannu divsidepattirdesfor melusiandndhd de

Do Lt bt g e R S ULl L g Rl i,

pr ef er abliy sgneatdodiments, the particle size of the photocatalytic titanium dioxide particles
will be between about 5 nm and about 20 nm, 25 nm, 30 nm or 40 nm. In a preferred
embodiment, the particle size of the titanium dioxide in the paint will be between about 5
nm and about 15 nm, and more preferably between about 5 and about 10 nm. Reference
heremn to the size of titanium dioxide particles (or crystallites) will be understood to mean
the average particle size of the titanium dioxide particulates. Where the particle size is
modified by the term “about,” it will be understood to embrace somewhat larger or
smaller particles sizes than the indicated value to account for experimental errors inherent
in the measurement and variability between different methodologies for measuring
particle size, as will be apparent to one skilled in the art. The diameters may be measured
by, for example, transmission electron microscopy (TEM) and also X-ray diffraction
(XRD).
[0038] Alternatively, the particles may be characterized by surface area.
Typically, the powdered titanium dioxide photocatalyst will have a surface area, as
measured by any suitable method, including 5-point BET, of greater than about 20 m*/g.
More typically, the photocatalytic titanium dioxide particles have surface areas of greater

than about 50 m*/g or greater than about 70 m*/ g. In more preferred embodiments, the
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is 100% anatase, and the surface area is between about 45 m*/g and about 55 m%/g and
between about 80 and about 100 m%/g, respectively. Of course, other sources of suitably
photoactive titanium dioxide may be used in the invention and photocatalytic titanium
dioxide may be prepared by any process known in the art. For example, the processes
described in U.S. Patent No. 4,012,338, which is incorporated by reference in its entirety,
may be used to prepare photocatalytic titantum dioxide used in the coating compositions
of the invention.

{0040] The inventive coating compositions will typically comprise from about
1% to about 40 % photocatalytic titanium dioxide by volume of the dry coating
composition (PVC). More typically, the compositions will comprise between about 2%
to about 20% photocatalytic titanium dioxide by volume of the dry composition or about
5% to about 15%, and preferably from about 2% to about 10% or from about 5% to about
10% by volume. In one particular embodiment, the coating compositions of the
invention comprise about 7.5% photocatalytic titanium dioxide by volume of the dry

coating composition. The foregoing amounts of photocatalytic titanium dioxide represent
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about 55 HAGit@d of the invention may further comprise one or more pigments. The term
“pigments” is intended to embrace, without limitation, pigmentary compounds employed
as colorants, including white pigments, as well as ingredients commonly known in the art
as “opacifying agents”. Included are any particulate organic or inorganic compounds
able to provide hiding power to the coating, and in particular at least one inorganic
compound like pigmentary grade titanium dioxide. Such titanium dioxide pigments are
disclosed in U.S. Patent No. 6,342,099 (Millennium Inorganic Chemicals Inc.), the
disclosure of which is hereby incorporated by reference. In particular, the titanium
dioxide pigment may be the particles of Tiona™ 595 sold by Millennium Inorganic
Chemicals Ltd. Pigmentary grade titanium dioxide are typically in the rutile form and
have less photocatalytic activity. Pigmentary titaniuni dioxide may comprise a coating of
aluminum oxide, silicon dioxide, or the like as a passivating layer on the surface of the
particles.
10043] The coating compositions according to the invention typically, but not
necessarily, have a pigment volume concentration (PVC) between about 40% and about
90%, more typically between about 40% and about 70%, and preferably between about
45% and about 65%.
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bet ween about 80 and about 100 nT/g, respectively. O course, other sources
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particle size an r surface area as defined above. In other enbodi nents,
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[0046] For compositions that include photocatalytic titanium dioxide, it is

preferable to include at least one silicon-based binder because of the excellent stability of

these polymers to the photochemical conditions produced by the photocatalytic titanium

dioxide.

10047} In some embodiments, the polysiloxanes according to the invention may

be, for example, polyorganosiloxanes including without limitation polydialkylsiloxanes,

polydiarylsiloxanes, polyalkylarylsiloxanes, polyalkylalkoxysiloxanes or the like. Inone

embodiment of the invention, the silicon-based binder includes a polysiloxane polymer

represented by the following formula:

Ry Ry Ry
| | [
R@-—S[i o—sle 0—Si—Ry

R1 Rz n R1

wherein
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or self-cleaning properties of the paint are excluded [0042] In addition to
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i ncludin t not mted to |atex bin such as natural |atex, neoprene
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nor e comprises a polysiloxane polymer and optionally an alternate binder in a ratio of between

In

about 20:80 to about 100:0, polysiloxane polymer to alternate binder, by volume. More
typically, the binder component of the compositions will comprise a mixture of
polysiloxane polymer and an alternate binder in a ratio of between about 40:60 to about
80:20 or between about 40:60 to about 70:30, pelysiloxane polymer to alternate binder.
Preferably, the binder component will comprise a mixture of polysiloxane polymer and
an alternate binder in a ratio of between about 50:50 to about 70:30 polysiloxane
polymer to alternate binder, by volume.

10050] In one embodiment of the invention, a polysiloxane polymer may be
mixed with an organic binder. Suitable organic binders include organic polymers such as
styrene polymers or styrene/butadiene copolymers; acrylic polymers and co-polymers,
including alkyl acrylates and methacrylates, acrylic acid and methacrylic acid polymers,
acrylonitrile and acrylamide polymers and the like; and polyvinyl acetate polymers. In
one embodiment, the binder comprises a mixture of a polysiloxane polymer and a
styrene-acrylic copolymer.

[06G51] Suitable organic polymers also include, but are not limited to, methyl

methacrylate, styrene, methacrylic acid 2-hydroxyethyl acrylate polymer (CAS # 70677-
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pol ynmeric binders that may be of the sane class or different. F

organi ¢ binders may be conbined with a silicon-based binder. [OSLSFX'GII'%' =
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coating compositions.

[0053] The coating compositions of the invention also typically comprise
extenders or fillers which serve to thicken coating films and support the structure of the
coating composition. Some extenders may also provide hiding power and function as
pigments, particularly above the cnitical pigment volume concentration, and most
extenders are color neutral. Common extenders include clays such as kaolin clays, China
clays, talcs, quartz, barytes (barium sulphate) and carbonate salts such as calcium
carbonate, zinc carbonate, magnesium carbonate or mixtures thereof.

10054] Some extenders are alkaline and have the ability to neutralize acidic
species such as nitric and nitrous acid that are formed from the photocatalytic oxidation
of NOy species. The nitrites and nitrate salts formed from the neutralization of nitric and
nitrous acids are dissolved and removed from the coating upon contact with water.
Extenders that are capable of removing acidic byproducts of catalytic NO, oxidation may
be any alkaline species that are capable of reacting with nitrous or nitric acid, and include
carbonate salts such as calcium carbonate, zinc carbonate, magnesium carbonate and
mixtures thereof. The most common alkaline extender in coating applications is calcium

carbonate.
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groups. Any of the groups Ri and R2 may be optionally substituted with one
or nore functional groups, including but not limted to hal ogen, cyano,
nitro, arwoeposloramy, acyl, carboxyl or sul fonyl groupsPCIOB2@B/H0R1I2e abl e
pol ysi | oxane pol ymers include those sold under the tradenarne Silres(r) BS
45 from WACKER- Chem e GrbH which is an al kylsilicone resin sold as an

enul si Oni/qdegts ter gouomnl ﬁ(i}) ggﬂ%?@ﬁghlgg%p%ﬁqg?p%eﬂ&% 984 in the compositions,

pol ynmet h oxysi | oxane i nder conponent of the 1nventive

coat i ng bowpas, typaaly ttpimahtive corpigi sespaaitpob ysiripoxabetveeh yabent ardto
optionallg an altern t% bi nder in a ratio of between about 20:80 to about
100: 0, pBP3HEiOPEx&TiEdss Py Moo Y ¢k r Mare BBl gr the GompgFifinRS Wb FEMPYi cal |y,

the bindgemeamopaniyo 1t 4aOPES HonPRBol |dv, GOMROLSA0%, MPXILHGEly Ofhe
pol ysi | oxane polymer and an alternate binder in a ratio of betweén about

40: 60 t ocabpositid®d: vl wmprst wesveeabbott A6 60 ab@ut AbBuer FAWSe alpwit Y§1d oxane

polymer to a rnate binder. Preferably, the binder conponent will conprise
a m'xturéboélfg%)??l%’/‘g‘?"ﬁ&%}é(’qb@f?yner and an alternate binder in a ratio of

bet ween Ema; 50: 50 HQ RBPUhrpAGn3H RALY ShdOXARe RPAMUARS ¢Aciaht QFRALe
bi nder, by volunme. 10050] In one enbodi nent of the invention, a

pol ysi | oxethengel ywes alyatb exiensderd invsdd arphoragandichioatisg cosppiiadise thsr gani ¢

bi nders i,ncl ude ani ¢. pol rs such as.styrene..pgl rs,.
ot ot oney BSAHAELORE AL RUMIRE R G335 4F ERFHBS b MBERUOKs where oty i o
al kyl acgytiahecrbandtdBtRas by habasndaC Mkinca atkdrantendthackyonae adial

polymers, acrylonitrile and acrylam de polyners and the |ike; and pol yvinyl
acet at e péiryare esiendel rendisapwaTayehdurabHEY 9F HifehAAFH YiEe0aing RkipR iof a

oL ! | CKBRCOL NG 7 UESAEE G BRI SHBRAN ARk
st yr ene, onmiiladider mdthaat ebn2Zprbyikiaxsretduydbilagrofitiad eoapagy e dOGASit# of the
70677-00-8), acrylic acid, w nmet hacr I_a’E“e‘, _fsglyrenelz, hydr oxyet @ﬁl
acryl at eCORTEOMPEFYICBY 8 DBY Ay er3lo3griet GatYES BEryFht¥ et hyl
met hacryl gh€ed RY QALY oM @t®nditions. The alternate extender can be any
extender that when combined with calcium carbonate improves the durability of
photocatalytic coating compositions. Typically, the alternate extender include, but are
not limited to, kaolin clays, China clays, talcs, quartz and barytes (barium sulfate). In a
preferred embodiment, the alternate extender is a “flash calcined” kaolin clay. A
particularly suitable flash calcined kaolin clay for use with the present invention is sold
by the wradename Opacilite™ by Imerys, Ltd. The present invention also contemplates
replacement of some of the calcium carbonate with mixtures of two or more alternate
extenders.
[0057] For example, for a photocatalytic coating composition comprising a binder
component with a 60:40 (by volume) mixture of polysiloxane polymer and a styrene-
acrylic copolymer, replacement of about a third of the calcium carbonate by volume with
Opacilite™ resuits in a reduction of the weight loss of the resulting coating when tested
for durability from about 265 mg/100 em? to about 126 mg/cm®.  As noted above, the
weight loss of 126 mg/cm? is equivalent to the weight loss of a coating comprising 100%

siloxane binder. Put in another way, the loss of durability of the coating due to use of a

mixture of a silicon-based binder with an organic binder is eliminated by replacing about
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pol ymer (CAS # 25951-38-6), butyl acrylate, 2-ethylhexyl acrylate, methyl
nmet hacryl ate, acrylic acid polynmer (CAS # 42398-14-1), butyiacrylate

pol ymer (V0O3069/@%0087-47-9), butyl acryl ate, 2-ethyl hexyPCRarsgio&ioas120

met hacrylic acid polymer C (CAS # 31071-53-1 ), carboxySated styrene

but adi ene pol yners, polyvinyl alcohol polyners and copolyners, polyvinyl
acet at e poiyise shaerdcivo- Eobonaer sctaddr whe ah lakernateqixinaat, isiSasahpfger«t han
one organyg bi Hder ar,e al so conterrgl at ed to be usefu! in the practice of
the inventigh.!f GOES{CT FOUBMRENE fEB G Heht W54 W@XBIFf‘ga)tﬁL ‘”éﬁ%@ﬂﬂy%;m abérrer .
chosen anDpgilaePO| s : hut adi : rs, and. co _
of esters of gg?ylti C ég?qgféﬁ%x‘feﬁg}gé%l cu g?.g(a:t(g@(;ﬂy}r%grés%gtf) %@Yy\?llﬂgﬁg rylic
and st yr e/ aswEpificaneistnspeemadnt it diratplissart bepmehtie doyabiity beo&atdgt Uih€

copol ynmer, - s, copol yners of styrene/acrylic esters thereof. The
stsr e%e égPec%Ig&gﬁ%‘%§$8%%§%ﬁ%oqﬁnder t he tradename ACRONAL(tm 290D ( BASF)

has been [f@8f)d to bm pas tdmenddanty, Wsehlenase %Batg%g%aﬁ“tﬁgmi&gse%cir&s# rlﬁ%
inventive coating conpositions. [0053] The coating conpositions o the
i nventi oﬁ’t%f*% of 3&% eadtPsatdphip eodage v ashided so drat filid iveight Wi off tiserominto

[ [ Il t the. structure of the coating conposition.
some. oxt ongerary OBy R R R B et etk caee g e,

arti cul as teuatidyeattiémt 20%tdotphreRitg TRBAINQUHITR: GRNCEHINAL ORpodhith FOSt
gxtenders aef]e col or n_eutraol .ﬁ%om‘mn ext enders 1nclude clays gucﬂ as iaol in

clays, CHPRFNE % sfalfié%%%fb%%ﬁsz@? B&ﬁey@f@sﬁm@g’t@g?ﬂjmm?élgnftn??gmégatahjogpat e
o S S A R RPN SRR RO
t o neut r &biag &asici b corspedti lest d0%hcomspardd toi Lc@M@] BbihpOHSoRCMrd Rafcatt e
formed fromthe.phatocatal ytic oxidation of NO species. The nitrites”and
nitrate glaeln‘i‘gghlgtg’rpggl?‘? ?Wé%%mﬁ%‘tﬁdrféﬂm E}&tipmﬂf’é’fﬂ CAMPP§ gorad lrlrf]ﬂmaSO:UB) aci ds
Bt ender o 1 hat are CapREr Sy kRS FAELROsROR, ST o ERhR e nox
oxi dat i opfabahiyy of the inventive coatings is such that the weight loss is reduced by at least 75%
or 80% compared to a control coating produced from a composition that comprises only
calcium carbonate as the extender.
[0059] Figure | shows the weight loss of coatings produced from compositions
which include a binder mixture comprising a 60:40 ratio of polysiloxane polymer to
styrene acrylic copolymer with extender components comprising several types of calcium
carbonate and alternate extenders, including talc, China clays (kaolin clay), silica, barytes
{BaxSOy4). The figure demonstrates that replacement of calcium carbonate with alternate
extender reduces the weight loss of the coating when exposed to accelerated weathering
conditions.
[0060] Replacement of an extender that is alkaline, such as calcium carbonate,
with non-alkaline alternate extenders will likely reduce the capacity of the de-polluting
photocatalytic coating to remove acidic species, however, the rate of removal of NO,
should not be affected as long as the composition comprises a minimum quantity of a
alkaline extender. It has been found that replacement of up to a third of calcium

carbonate with Opacilite™ in the extender component {by volume) has little effect on the

rate of NOy removal. For example, changing the extender component from 100%



be any al kaline species that are capable of reacting with nitrous or nitric
acid, and include carbonate salts such as cal ci um carbonate, zinc

car bonat eyvorzagm®@sioum car bonat e and m xtures thereof. The@CRASRSOMTON

al kal i ne extender in coating applications is calciumcarbonate.[ 00551 There
is no limtation on the anmbunt of extender used in the conpositions,

however, ctlyfintarbyndtheo bM\KOIR Mex(@eadti AR 1GANRAADIEIc G SOMPThRE cRRhNeen
about 1% tq about .60% extender by volune (PVC). More typically, the
conposi t PetsasPPacilisivp onlyerchetcndinatieiut Os sereey ah e nt alswud Bt affeo? absut  10%

to about ,40%,.Fref ekaklys 3ggitions will conprise between about 20%
to about 0400%0& ebet\/\(ggr?géob%f:}ge %’g@ﬁﬁx"about 35% ext ender by vol une. [0056]
It has bé#elsur pri $i hgd yisbobwed fonad thixerepdacommtune aopogi@hcofuthec aslbianat e and
one or nore alterpate extenders is used in photocatal ytic coating

conposi t FHREAE AN PIF LHITY §igRate RErepdest s igindBREGYRE PACE P 69ati8: t hat
of identi Iotd : j an i
h€ AbteHRMPO By gcgﬁérlag]&geg?aalmn%h £ Algg{ﬁg%ﬁg}ae,%ﬁsﬂgﬁgg(?}gn der

extender. Using a m xture cl um carbonate an t er nat

resul ts rcaiciunprabattdenmabit in the oterndbecqiystosafrahyitOits coatimngyrbomakd og i t
possi bl e togq'iﬁ)l acxﬁ_ a rtli on of the sil] C(9I’]- ﬁgs&d bi nder | p] the .
conposi t fn HUERG r Yahf e Ut aEPnier ALORAGHES om STREPYERIEICABTTI% v of
the coat tagficitheodweabbdiinbyrh 4.060C98t | MRERRPOSI {dnANSBLEINRWA HALIRD by
the weight | oss of the coatings per area, when exposed to accel erated

weat her i Aycglondia poripn Thécartleinnacaberatendeeploanl be eamyorxtenddermattat when
conbi ned_w i carbonat e. i npr.ov the.durability of.photocatal ytic
coating g%*‘ﬁ%%g%(ﬁ%% .rympﬂ”){j%ia(ﬁ?y fgl?%éaréﬁﬁgf Hhps C@%’% pqSHhcf)nﬁdsefe%BfF?l are
not |im twetlotiaffckand ihe dphaysef GBCORiG. TUS opdcdlyGTF thAtthZ iRnchsbarsthes

(barium sul f at e?,. In a preferred enbodi ment, the alternate extender is a
"flash cHiccPradiitekhorifiscmate lighpasaticeng ardigs sefockbide withaghtheal edleiedr kaol i n

o2, O A B LR BT IR 0L D R S

r epl acen#i; wofbesodicedf Thidhemealtaif pigreait bignate bwirdducsd xi theasvaative Woatliy nore

al ternat gompositions depends on the alternate extender that is used and its effect on the opacity
of the system. Typically, the inventive composition will allow a reduction of between
about 5% to about 20% reduction in the amount of pigmentary TiO; (by volume). More
typically, between about 5% to about 15% of the pigmentary grade will be reduced.
[0062] The total amount of calcium carbonate that can be replaced by an alternate
extender is not limited and depends on the performance of the photocatalytic coating
compostition which is determined experimentally. For example, some alternate extenders
will have less impact on the improvement of the durability of the coating than others,
requiring a larger quantity in the compositions. Other alternate extenders will have a
smaller impact on the ability to remove acidic species than other extenders. The
inventive coating compositions will typically comprise extender components comprising
a mixture of calcium carbonate and one or more alternate extender(s) in a ratio of
between about 40:60 to about 90:10 by volume, or between about 50:50 to about 75:25,
calcium carbonate to one or more alternate extender(s), by volume. The balance may

comprise more than one extender. For example, for an extender component that

comprises a mixture of calcium carbonate and one or more alternate extenders in a ratio
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extenders. [0@7] For exanple, for a photocatal ytic coating conposition
conprising a binder conponent with a 60:40 (by volunme) m xture of

pol ysi | oxxspeopaldyiver and a styreneacrylic copol ynmer, repCadseesn’aRo about a
third of the cal cium carbonate by volume with Opacilite(tm results in a
reduction of the weight Ioss of the resulting coating when tested for

dur abi |'i by 75 2eMALDY 2 6&EHsk00 nhklird 6f aldedthah26heMBlERHe RARNAGL ediopboVve,
the weight loss of 126 ng/cnR is equivalent to the wei ﬁ_gt | oss of a coating

conpri si BPIEOG pysadre wimpeasnt Pt comprastot Heiktway!f qafumogssbafatedardabi 1 ity
f th ' . i xt f a,silicon-based hind it
of gant o ATIEE AURGbOI T, of LI BoR oBa b 5B PRGN el "

car bonat é0gRtteatart 70t3(h calbival taboakeieticendesxieslel) as wapase | Piabhiy, Wen
t he extender conponent contains a 50:50 m xture of cal cium carbonate and
Opaci | i t HESHMROBY ORIVl IPIisha MEjyR ol calsamp rarbpeate dad RRgliFmatccsirider t o
only 76 SRt Ber SR Fh- i NP j r.abid. i [ gyond t he
dur abi | i ?Bé (J)'(? 1%coat P?lgesn %bgptlfé@%ggéba %ngggﬁﬁggg%&g%#ﬁggﬁ?%ﬁosgy(ﬁ;agg% In one
enbodi nentlgivtrthearbonaentd viercoeatkrgdaonpbsiitlilengphrar eatesd ballsd abiteidry of

t he photqcatal yti c cpatings produced so.that the weight | oss of the

coat i ngs%ﬁﬁﬁgﬁ_ WL egt% e_g&eeg?relfla{%eeawéwa&q%ng EQTPORTIAE b et Fritechanche

met hods  dgsgiohhed a@ﬁfe%ldaaiaétehgt%m@h@%ﬁe@ﬁaclc%ﬁ@BsiEQr% conmpared to a control
coating derived froma conposition that contains only cal ci umcarbonate as

t he ext e8] conpohlarecessiuny, sdrivess ogeb odinpentds mayHe added) it the osmpoditivrhet
coatings,,produced fromthe. inventive ati conpositions is r ed by at
east SOUF GFeR T et Fordssihghr WA A0E0 ROF GRTEBIESS b5 ORI NEFe
typical |l yhotbétfﬁvdy,r@paﬁi;iiyqu{ontsfﬂ;ﬁn&?q;trw@ﬁesmm@%%Ql_ti%%tewﬁgﬁf ERMENE] yie
conpositions is Increased to an extent that the weight loss is reduced by
at | east sBhosdhtieml lceappugBoincdef kitaat) yuch ke @taabi kaltye, oflay.held Masit | ve

coat 0% 02NN S RLORE. el TS RbeR b

onl'y cal pignitheaidbpeat@s ascit Re RKpABHRates, polyacrylates, phosphonates, naphthene
and lignin sulfonates, to name a few; wetting agents, including anionic, cationic,
amphoteric and/or non-ionic surfactants; defoamers such as, for example, silicon
emulsions, hydrocarbons, and long-chain alcohols; stabilizers, including for example,
mostly cationic compounds; coalescing agents including, without limitation, alkali-stable
esters, glycols, and hydrocarbons; rheological additives like cellulose derivatives (e.g..
carboxymethylcellulose and/or hydroxyethylceliuiose), xanthane gum, polyurethane,
polyacrylate, modified starch, bentone and other lamellar silicates; water repellents such
as alkyl siliconates, siloxanes, wax emulsions, fatty acid [.i salts; and conventional
fungicide or biocide.
[0064] The present invention will be described in more detail with reference to
the following examples. The examples presented are illustrative of the invention and are

not intended to be limiting.
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[0059] Figure 1 shows the weight

conposi tions which include a binder

| oss of coatings produced from

m xture conprising a 60:40 ratio of

pol ysi | oxsi0eopalvyioer to styrene acrylic copolymer wth @<Tarsd@s/ocaeponent s

conpri sing

i ncluding talc,
figure denonstrates that
reduces the wei ght

ext ender

sever a

repl ace
| oss

Chi na clays (kaolin clay),

nme
(0]

haflief

types of cal cium carbonate and alternate extenders,
silica, barytes (Ba SO4).
| cium carbonate with alternate

ati ng when exposed to accel erated

The

weat her i [@espndi t i ©ns efffQ060}wdrapltecemeaitirdionaif pektdnadet pblyater irsthal kal i ne,
such as cal cium carbonate, with non-al kaline alternate extenders wl|l

likely rbadeeolitheconpriaiony ogfthe falitynd e eoaigeh et SRREFYPY Beeddis ng to

remwea%ﬁg

affected as

ﬁmg%ﬁﬁ&ﬁse\%

ng as t

osition

iﬁ% b%@fmoxﬁﬁ%f@%ﬁ%

e |

n8farke

IRl Ok dNPrn3RRUld not be

rrses a"mnimmaquantity of a
al kal i neaexlieogeiymdrt Thasompkn: foundittonatreaepicacdneibblef] higpowoThet hird of
cal cium carbonate with Opacilite

has | it t PRSI RAG COFH PR quapRHicsst

ext ender rgyggponent from 100%al ci um carbonate to a 80:20 m xture of cal cium

n the ext

gimdb &icle

ERER)

er

npl e,

conponent (by vol une)
changi ng t he

carbonate and an alternate extender, such as Opacilite(tn), only reduces
the rate OFNOx renoval from about 69%bkfiier 42 days of exposure to about
68% of t hertetat-NHKr—[-0061}+t—has—at-so—been—found—t-hat—replacement of a
portion of | the calngicsmona¥bonate witth one Dr noBe al ter hat®e ext@enders
resul ts i npraproved-opacity-of-tihe-coating,—as determmed—byJscatteri ng
coefficient Megiediertment sfunggomn iexanpl e, nodiifying the ¢al ci um carbonate
content in[the extender conponent frgq} 00% cal ci um carbonate to a an 80: 20
m xture of | cal ci um carbonate and Opaci e(tm _inproves the scattering
coef fi ci ent Nafrodoli®! coathickgnér om 4. 4 $.0,,Th for n nme odi nent s
of the inveptoMan, a portion of the céﬁ&iun?é rggﬁatéﬁ%g r%%?acgzﬁgy one or
nore alterpate extendensp,ahdit he am of ,t,He pigne y 444 2,i,n the
coati ng COT§8?F?§3§Q) s reduced with % af%éctigg'thgig acg?, aof%tlhe
coating. Thg,gRAGKYY panttthencoat)ing ingreagss bgcause s | 03| 0.3
PC105 Ti0: 209 209 209| 209| 209| 209
photocatalyst
Tiona™.-595 | TiO2 pigment 417 4171 417 417 417 417
CaCOs extender 516 516 St6| 5l6] 5le| 516
Water solvent 182 182 182 182 1821 182
Part B
Water solvent 172 147| 123] 110 98| 73
Silres® BS4s | SHoxane 75.0 1 60.0| 4501 300 150 0
polymer
; styrene
Aaronal™ | acrylic 0| 150] 300 450| 60.0| 75.0
polymer
Texanol™ coalescent 3.8 3.8 3.8 3.8 338 38
Bactericide Bactericide 0.3 0.3 0.3 0.3 0.3 0.3
Total 308.2 1 303.3 | 298.4 12959 2934 | 2884
[0667] Each composition comprised 5% Tiona*™ 595 pigmentary TiO; and

7.5% PC105 photocatalytic TiO; (PVC) from Millennium Inorganic Inorganic

19



the Qpacilite(tnm) is has nore light scattering voids associated with it
than cal cium carbonate. The inprovenent in opacity by using Opacilite I M
t hen al | owe 20v09piogment ary Ti O to be reduced. The anounPCefUSPIGHBIIR0 t hat
can be reduced in the inventive coating conmpositions depends on the
alternate extender that is used and its effect on the opacity of the

system icall i I.Ve C .5l i ugt i of
ot ween SHSUERsoAps baTe Y aRb UG CRTPRRuIIN 16 binrnRR) End BEUESIAR T4
(by vol unehe iddediehty pi Talt ¥ ardeicvasitelghadtd &% ttor @hbutixih§%ndfhde he

pi gnentary grade wil| be reduced., [0062] The total amunt 0 al ci um

car bonat €S¢1Hag TR nHEgsl BiEeer Weahlgaﬁkwﬁ%%) ‘?—i%’t“étﬁgg:lm P%"t:ﬁioghel imted and
depends - 0 n Loca b8 tFRELE RUKGIIRRSI tion which
i s det erl%n%%gﬁg%gger{df&r%ﬁ{}%fél %yl%&pgggx&égfefe?éségm ;E;I| ternate eg?%nders wil |
have | eslliowpabéy tloncdaescdntpndbanentidecofTelengonats hietfyrtipér miked wat i ng t han

others, requiring. a larger _quantity in.the conposjtions. her .alternate
ext ender STRATH M TAInY Y P%F%Wﬁ%%’?“ Bqu«ﬁgitlég?qtﬁtgpd{%{)ﬁ}gg%% HEdi ¢
speci es foaa@ ot her sextendensp TN rBUERL]IVECHGRAIIUEQRPAS b daRShinidr|

typically conprise extender conporients conprising a mxture of calcium
car bonat &vailnlile dihem oBARDBr e Aatdnef Mal ¥l xoewpdiery §§%i hy aveight eolsl Pewaen about

40: 60 to_about.90:. 10 by vol.u of between about.50:50 to abo 25,
cai of um SPBOT 95t oitbebigns Slvedr ki STubREbeR LR e Rt e
bal ance BRYeCREMUIS BoRDWEcih@MepReAext ender. For exanpl e, for an extender
conmponent that conprises a m xture of cal cium carbonate and one

or _nore
al t er nat W06k ender Eadbnpasntrsamiplsols apBligzhat a ¢nvenge phy 7 @onpfhased an Hiedrifle of
nore than o l.t er nat e, ext ende r.e i h t g nent
will con%?ligggogﬂ?ﬁ Qe SF % lﬁ) fr%tr%l\{%gr %%*gl# getgié%%wg{et %?tﬁgttgqgg{ngnger %i n a

rati o of inhRtveennakeite 6idka: 0 @hewd-a89li2Lopolyhet veethalboubild0: d0theo about
70: 30, calciumcarbonate to alternate extender(s), by volune. Preferably,
t he conpo®iiftgon will conprise a m xture of cal cium carbonate and an

o et ot By o AyShyligeer, soout 1030 o bt 80,20 o

ext ender [(®y0] |t Wi The kemplpanemiodotgyhis edesdeidihied dunatihgy af the paints is
described in U.S. Patent Pub. 2007/0167551, the disclosure of which is hereby
incorporated by reference. The methodology involves accelerated weathering of 20 to 50
micron thick paint films on a stainless steel substrate in a Ci65A Weatherometer (Atlas
Electric Devices, Chicago) under a 6.5 kW Xenon source emitting 550 W/m?® UV at 340
nm. The black panel temperature was about 63°C, and water spray was applied for 18
minutes out of every 120 minutes, with no dark cycle. The durability is measured as a
function of the weight loss of the sample following exposure. Coatings produced from
cach of the compositions 1-7 presented in Table 1 above were exposed for 2000 hours
according to the testing protocol and the weight loss was determined. Table 2 below
summarizes the results for the durability testing of coatings comprising mixtures of

polysiloxane polymer and styrene-acrylic copolymer.
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that the anobunt of total extender in the inventive coating conpositions is
not limted and based on the desired characteristics of the specific
conposi t iwA.20000688 | f necessary, various other conpoun@#sTisgodssadded to
t he conposition of the invention, but preferably such an addition does not
conprom se the shelf |life, photoactivity, durability or non-staining
properties of the resulting coating. Tétadpl es of such additional conpounds

i ncl ude f| | |e /o\ Such as ﬂllﬁ 1‘7 r\9|r‘lfn cl Q\I f:.\lr‘ harite an‘l/ or
Na- Al -si | icatle, SQEPOREONHKe: | piesmesStyicke Tj O | , and ot her
i nor gani c pi grrent s; dispersants P@mﬁhtea\éolpmbyphosp yacr) | at es,

phosphonat es, napht hene and |} gnin Ralibonat es|, W wet ting
agents, including anibnic, cationic, @.gphot er| c and/ ozré}on ioni¢
surfactants; defoamers such as_for anrml e, Isilicon | si ons
hydr ocar bons,| and | ong- chai n fal cohot;g,gost abiljizers, ipgduding for exanple,
nostly cati oni—e—e&m&&nd%*eeal eset-hg-agents—i-nel “H' Ag—wi-thoeut-{| i m tati on,
al kal i -stabl e esters, gI ycol s, and h§dfiocar bons; rheok&dyi cal additives |ike
cel l ul ose derjvattves; (e g, carboxynethytcettut-ose—amnd/or
hydr oxyet hyl cel | uj oseés xant hane gufty:6gol yur et hane, pé:F%/acr yl ate, nodified
starch, bentone and of her langllar ll.cates;| wat er IIents such as

al kyl siliconates, siloxanes,| wax eﬁrgal8 ions, fatty ac salts; and

conventional [fungicide or bi E;ci de. [Q064] The pr esent4jg1venti onjwi Il be
described in i ! e following exanples. The

exanpl es presented are illustrative of the invention and are not intended
to be limting. Exanple 1 [0065] The effect of |lowering the concentration of
pol ysi | oxane polyner in the binder of the conmpositions on the durability of
t he coat {(1g3] was exanrhoed nbyamr: epthe idogibditx o€ RROSt g 10 Advatsd affedtyd g
anmount s of pol ysi | oxane. m xed wth styreneacrylic copolynmer. The

conpl et e "CHRPGEIRG RROEP 06?@§%@WHW‘WPE’W%@I%@W”W@ abejtpp BERICON
conponenhoGHRA ik 881y ArdodPhRirdedl &idioRy W& #PLuiRE A Bdized by the

photocatalytic coatings to form water and CO,. The relationship of weight loss of the

coating after exposure as a factor of percentage siloxane polymer is linear. A plot of the

weight loss as a function of percentage polysiloxane is shown in Figure 2.

Example 2
[6072] As discussed previously, it has been surprisingly found that replacement
of a portion of the calcium carbonate extender with one or more alternate extenders
improves the durability of the coatings. The ability of the inventive coatings to remove
NO, pollutants, their durability and the effect of replacing part of the calcium carbonate
with Opacilite™ on opacity was investigated by preparing seven water-based
photocatalytic coatings comprising a standard 60:40 mixture (by volume) of a
polysiloxane polymer (Silres® BS45) and a styrene-acrylic copolymer (Acronal™ 290D)
as binder, with varying ratios of calcium carbonate and a flash calcined kaolin clay sold
under the tradename Opacilite™.  The coating compositions were prepared using the
same procedure described above for Example 1. The extender make up was varied by
replacing a portion of calcium carbonate with a “flash calcined” kaolin clay sold by the

tradename Opacilite™. The coating compositions were prepared with a ratio of calcium
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[0Q66] Table 1. [0G57J Each conposition conprised i 5% Tiona(tm 595
pignmentary TiG and 7.5% PCL05 photocatal ytic T1O2 (PVC from M1 ennium

| nor gani cwOrzeedyemiog Chem cal s. The coati ng conpositions &Ce/Use@garadoi n two
parts (part A and B). For part A, the ingredients in Table are successively
added to water with mxing and the resulting mxture is m xed further under
hi gh sheanrbboate 20 Opmiilied dForoopar 80:B), the0 psd:ysi hoxaneo@ndiar 0:100 by

styrene- ac[élpécgéo({)olﬁiners wer.e added to water with m xing followed by the
coal escenP'BHd WO EF FemMPIHEORSGHH Basited By Babie)p brlew. nkdeldompenentid ni mum

of five Mhdih&bhy Fo{ght AriBSibIeNC gt W L k3Lt B under high shear mi xing.
[ 0068] Acronal (tm) 290D is a styrene acrylic copol yner used as an organic
bi nder avail able from BASF. Acronal (tm) 290D conprises 50% by wei ght solids
in water. Silres(r) BS 45 is a vvater-agglgqi abl e solvent |ess emulsion of a
silicone resin used as a binder avail from Wacker Chem e AG J0069]

Each pal nt sg [e.I.s appl'ied at_a cpverage of 777 g7 t‘odaeu mtte—dried
wei ght| of the° ral bs | wdfe |t estldd tc

BAYENYY on a subdtrate fand tthe |sub¥st

determin jympac .jncreasi ng pnount of gtyrene-acrylic copol yner jon
t he dumg}gﬁlﬁ%ﬁtnf t ggénn(g]fi mg. Determ nation of Coating rabill.ity 10070]

The conpl ete net hodol ogy for determ phmg durability of the paints is
descr i bed-i-n—U-Sr—Patent—Pub—2004-0167551—t-he—di-selosure-—of-whi-ch—i-s-
her eby, g%té%{rﬁgr ated by reference. The nethodol o%y iinvol ves acgel erated
weat herPPRFIEE 20 it o 50 i cr onU9Ai ck PN SPHP o U6H k6@ AP8Es OstWel
substridfB%in a C5A Weat herometer (Atlas| Electiric Devices, iicago) under a

5, Chi
6.5 kWharsal'¥our gbickerierti ng 550,,W at,, 340 The, bl panel
t enperiatdMR was gbout 63C, and y t[epﬂzsﬂay%\gs 529] [ e’}cjiﬁf DY ﬁg m nut €51 out

of every;daQ iy pytdespersahd h no dank cycj.f The (durabiTity I's, grasured, as a

Nopco NXz | antifoam 03/ 03, 03| 03! 03 03 0.3
PC105 ;gggocata]yst 209 | 209| 209| 209 209| 209 20.9
Tiona™-595 | TiO2 pigment 417 417] 417 417 41.7] 417 41.7
CaCO; extender 51.6 | 413 310 258 207 103 0.0
Opacilite™ | extender 00 78 157 196 235 314 39.2
Water solvent 182 182 182 182 182 182 18.2
Part B
Water solvent 1721 147 123 110 98| 73 4.8
Silres® BS45 ;ﬁ?;‘;‘;i 45.0 | 45.0| 450 45.0 450 450 45.0
zAgcggnaIm Ziﬁ?f 30.0 | 300 300! 300] 300! 300 30.0
polymer
Texanol™ coalescent 3.8 38 38 38 38 38 38
Bactericide Bactericide 0.3 03 0.3 0.3 0.3 0.3 0.3
Total 308.2 | 303.3 | 298.4 | 295.9 | 293.4 | 288.4 283.5




function of the weight |oss of the sanple foll ow ng exposure. Coatings
produced from each of the conpositions 1-7 presented in Table 1 above were
exposed WO 200007¢0durs according to the testing protocolPCan$2e0sm72426 ght

| oss was determ ned. Table 2 bel ow summarizes the results for the
durability testing of coatings conprising m xtures of polysiloxane pol yner
and styrene-a i 00711 As shown in Table 2, the
durability of Efﬁ#et oﬁ?ﬁf(&ﬁ%&é’%&gdﬁsgﬁ)e%ﬁl&g fected by increasing the

proporti M73f t he Thyeae ohomfdcing eopd] theealciukscadiswotessitld Ophbolie™ sragani ¢
polynmers with only carbon, hydrogen an X n.are qujckly.oxidi zed, by the
hot ocas sy S Eb i e e e ores Enfiel kP HEAE T <ler ght
l'oss of 1@ coabbiRGoR 1 81 weXRAaHALR daFteRel RELRToP0MRBIRE hadeicS Al oxane
polynmer is linear. A plot of the weight I'oss as a function of percentage
pol ysi | oXamtheignatérdviilai Klgguipeviges, Ehmaptle The[roQite areayetintclug Jable 3

previ ous% it has been surprisingly found that replacenent of a portion of
the cal cPUM'carbonate extender with one or nore alternate extenders

i nproves the durability of the coatimgs3 The ability of the inventive
coatings to remove NOX pollutants, their durability and the effect of

repl aci ng parit ofompesiced €i um €alban@peciliet™ |Opaci Wdighttleds on opacity was
i nvestigated by preparing seven Watiene Rased phot o¢aigalOPtang) coat | ngs
conprising astandarg 60:40 m xture dob vol urre) of a ysi | oxahe pol yner
(Silres(r) B%45). and.a styrere-acryilc copol ynmer (Acrional (tm 290D) as

bi nder, with ivarying?3atios qgf cal cgunmgcarbonate and g | ash cal ci ned
kaolin cl ay ol-d—under—t-he-t-Hadenane @aCI -teltm Tho - -coatina

uuuuuuuuu AT TTATTE cTrTryTT T ooatTT 11

conpositions |were pr é’par ed udi ng th&:4@anme prqcedure dBslcri bed apove for
Exanpl e 1. The—extender—makeup-was-varied by reptacrng—a portipn of

cal ci um carbgnate wi a "flash cal 24:#éd" kaqlin cl ay7gol d by the tradenane
Opaci lite(tm|. The ceating ccrrpomt*d)l%g Wer e prepared,l,ﬁnth arajio of

cal ciuncarborjate to Opacilite(tm of 7100:0, 8§0:20, 60:40, 50:50, 40:60,

20: 80 and 0:100 by votune. The conpjgg@ conpasitions gee presented in Table
3 bel ow. Eacrmco.apon1e3nf S

0:100 58

[0074] It is apparent from the resuits that as the percentage of calcium carbonate
in the compositions is decreased and replaced with Opacilite™, the weight loss of the
coating is reduced significantly, indicating improved durability. The results for
composition # 3 are consistent with results obtained previously with 100% calcium
carbonate and a 60:40 mixture of polysiloxane polymer to styrene-acrylic copolymer (see
Table 2, composition 3). The results also show that compositions with an extender
component that comprises a mixture of calcium carbonate and Opacilite™ in a ratio of
between 80:20 to 60:40 by volume recovers the durability lost as a result of using a 60:40
mixture of siloxane and styrene acrylic copolymer.

Example 3
Determination of NOy Removal by Coatings
[0075] The ability of coatings produced from the mventive compositions to
remove NO, was tested to evaluate the effect of replacing part of the calcium carbonate

with Opacilite™ on the efficiency of the photocatalytic oxidation. Although replacing
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i ndi cated by weight. The ratios of CaCOs are by volune.Effect of Alternate
Extender on Durability [00731 The effect of replacing part of the cal cium
car bonat evai2009/09p@di | ite(tm was studi ed using the samnePgEUSRSI002190

descri bed above for Exanple 1. Coatings fromeach of the conpositions 7-13
were eval uated after exposure for 2000 hours in a G SA Weatheroneter (Atlas
El ect ri ¢, DeVirGRS ¢l GRiCasRInateThah resin-dlRalatece xpreise nilé dedune Tiabtapagitbel ow.
Table 3 f0074] It is apparent fromthe results th E\gﬁs t he ree t age of
cal ci umtleactomgs do iramphe nEBFPHS; RTEHS aF@Sod@Erré%?s‘éﬁ 'dfeﬁwﬁﬁgg%%‘ it
OpacilitelM . the, weight |0ss. h [ | dosi@pintih@anoy,

i ndi cat it %t}?ﬁ{}%\}?gdlﬁgﬁrcﬁﬁﬁ %Pg&eq‘hgh?ggﬁﬂége ?%trﬂogg%%gsi tion # 3gar e>y

consi st eaboWiltih degsiHeliSinobisai Meadh: Puslitaoiosl Yo @07/ AB0%6 tathei displetirbehat e and
a 60:40 m xture of polysiloxane polyner t

S . g styrene. acrﬂsi ¢ copolyngr (see
Tabl e 2,whidnpesierston igprporsed ris arieenss s oCoHHESt HEPYESMSBY £18nS Wit h an
ext ender  conponent  th i GRS7-83 My in€ &hveisud Eidibanatisnand
Qpaci te(ljg1ﬂ§)g?tﬁi}glcrcgf‘?%§ 8'&9@25%\(2%? g%n%;ég ;ﬂg@rgo:}% by SvoI ume1 recovers the
dur abi | ivjefe k@sdd RSom@idesUht s@hdars innghalobryd B3mitkt treesapiples VR AR MY

styrene acrylic copol yner. anmpl Det er,m nat, on_qQf val,:
Coat i ngn[apo7g]t Sﬁ’ﬁ@%’%ﬁ?‘??%ﬁ%ﬁ%ﬁi‘t ?h@%ﬁf%%a@aé“é%ﬁfl? %n%otuﬁgﬁﬁ%gﬁt\ﬂ%a

conposi tj on MRS 18 skehs! RoBMAl) wabegt heichfM@dhinef oxiép), aci ng
part of Eb egscgé glr grg)‘)ég(regl%?te vvisth q)aslci Ioi tel)l Mon the effici en%%/%lof t he

phot ocatazly tompexiedatironontAinigowgierr eppaic pisgsimsiued tIRE ¢BF GhamPEarbonat e

wth a non-al kaline extepnder wll reduce.t ei & he ipgs to
renove rrEdGEMaRE IKYEo Ee 5‘5?5\#5% aig H’ga‘#{gtteg “gﬁ] Wrﬂ]enl%?//é? I%t#gﬁllnggﬁgn@g

t heor et i Galgo%o 280 Sine o £ Lympfviesd ad.-6ThE36D &P} Kt eanvatchodolvelgygthor
determ ni ng lﬁ& renmoval 1s described in U S Patent Publjcati

s tl C}E NoO.
2007/ 016TEH1). tihidakdivslotosud dinof volre kafies e Bt EEIRBI08 @4 BYX rEFEr ence.
Coatings prep: rb%‘,da &fit?g‘ée%a(ﬁﬂd&f Ar}lgﬁ?ser Mode! ML984 1B (Monitor Europe) connected

to the sample chamber. The % reduction in NOy was measured as (A NOx / Initial NOx)

< 100. The results are summarized in Table 4.

Table 4
" - -
Composition # Ca S S}; H?g ’;‘;itlii;em Ei?ti?;E [ilzr;sm al
exposure
7 100:0 69
8 80:20 68
9 60:40 61
1o 50:50 57
1 40:60 50
12 20:80 48
13 0:100 15
[0676] The results of the tests indicate that changing the extender component

from comprising solely calcium carbonate to a mixture of calcium carbonate and

Opacilite™ in a ratio of 80:20 has negligibie impact on the ability of the coatings to
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phot ocatal ytic coating conpositions 7-13, with decreasing | evels of calcium
carbonate, were tested according to the standard net hodol ogy. Briefly, the
sanpl es wepeopl@zwd i n an air-tight sanple chanber and ®ealusA0sDrE26anpl e
chanmber is in conmmunication with a three channel gas m xer (Brooks

I nstrunments, Holland) through which NO (nitric oxide), and conpressed air
cont ai nir@%OV@N@K VAR fraiahé Bhviasuead Fatieribe, diaddeshats tiedetability ned

| evel s. The sanples are irradiated with 8 Wn2 UV radi ati o ;tﬁgxe range of
300 to 400hamohtings @ tndvamPONDdenaipeinsE v stigr JeRloceams t%}% V8f engt hs
(BDH). Initial_ éal %{es,.t%&? fciﬂﬂgqlM val ues (after five mnutes irradiation) of
NOx wer 3fEHB G4 HY YA 'NFRY 0gen  Oxi des Anal yser Mbdel M.9841B ( Moni t or

Eur ope) connected to the sanple chanber. The % reduction in NO was neasured
as (D NOx / Initial NOx) x 100. The results are summari zed in Table 4.
Table 4 [0076] The results of the tests indicate that changing the extender
conponent from conprising solely cgk&hH]@Z;car bonate to a m xture of cal cium
carbonate and Opacilite(tm) in a ratio of 80:20 has negligible inpact on

t he abi ljghy7jof t heTigoatatingsf tatiegode vOippeticasyelHBeTQRROSHVISMGHRERL .
Furthernore, the data shows.that the a iléty}/ of .tt he &I%a&&@%%mti 4 enmove NOx
i s mai nteviahetrdevepllamEasoe Hisi N AR AT BERZIUIOSHIRES (3l oY e Donat e wi t h

Qpaci i tect n). KexamhGud (AL T8 rARRGIEY 0@k oBQatddngsn dar tasads fitrosm t he
i nventive dgorrpoa tions was al so evaluated. Scattering coefficient

measur engnisstafdaadnptisilology Endwil 81 the pe (Ghtdarmealofig M gnmEeRb e a- Mink
equations from.reflectanc ata obtain from i fid g
st andar ﬁﬁ@ﬂ%‘d%oﬁ?lul%%m%nﬂée%&f 0?%%%%?%%['%%\% I{/gvgfinrtlésdt 1?(5%%5%}(5"

BYKGar dngl,JSA, Col unbia, Mi). The results of the neasurenents are
pr esent ed in Table 5 bel ow. Table 5
Table 5
Composition # CaCQs: Opacilite™ | Scattering
Volume Ratio Coefficient
7 100:0 4.4
8 80:20 3.0
9 60:40 5.2
1o 50:50 5.9
1 40:60 6.1
12 20:80 6.3
3 0:100 6.6
[0078] The data presented in Table 5 shows that the opacity of the system 1s

improved in coatings that comprise less calcium carbonate and more Opacilite™, Based
on these results, it is possible to reduce the amount of pigmentary TiOs in the inventive
compositions without lowering the opacity of the coatings.

[0079] All references including patent applications and publications cited herein
are incorporated herein by reference in their entirety and for all purposes to the same
extent as if each individual publication or patent or patent application was specifically

and individually indicated to be incorporated by reference in its entirety for all purposes.
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10078] The data presented in Table 5 shows that the opacity of the system
is inproved in coatings that conprise |ess cal cium carbonate and nore
Opaci | i t evORPo9BEZ®d on t hese results, it is possible toPcedse@sona2@nmount
of pignentary TiOin the inventive conpositions w thout |owering the
opacity of the coatings. [0079] Al references including patent

appl i cat vane nfRRERHEN £RVLARS $afisNEI@iBn 3LEbE REAE RAMBLEGPARTRI oY
reference I1m their entirety and for all purposes to the same extent as if
each i nditsisplitial andukdope até omillobe papersnt 6o thaseerkillapphi dat tdn Thasspecific
specifically.and indiyidually ind.cated to be_ incarpora I rence in
its enti ?@?‘%’WB‘?‘S gFia%E‘? 58@5@?%&’% r‘?fi)t@f PRES ieyo(?{gglgnozl%élﬁllsg?%%lﬁgﬁg this

i nventi o GARmRed m#bgtﬁ@@éﬁmm&tmgﬁeﬂm&h@ aBRENVith and fisCepee s Wil |
be apparent to those skilled in the art. The specific enbodi nents descri bed

her ei n agqicidgrtedvibgh weeh chfimexegiitiddednl y, and the invention is to be
limted only by the terns of the appended clainms, along wwth the full scope
of equivalents to which such clains are entitled.C ains What is clainmed is:
1. A conposition for formng a self-cleaning, de-polluting coating
conprising: (i) photocatalytic titaniumdioxide; (iii) a binder conponent
conprising a polysiioxane polyner; and (iv) an extender conponent
conprising a m xture of cal cium carbonate and one or nore alternate
extenders; wherein the conposition is capable of providing a coating on a
substrate having superior durability as conpared to an otherw se identical
coating which does not conprise said one or nore alternate extenders. 2.
The conposition according to claiml1, further conprising a pignment. 3. The
conposition according to claim?2, wherein the pignment is titanium dioxide.
4 . The conposition according to claim1, wherein the binder further

conpri ses an organi c pol yner.
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5. The conposition according to claim2, wherein the organic polyner is a
styrene polyner or copolyner. 6. The conposition according to claiml,
wher ei n tWe 20099amniog pol yner is an acrylic pol yner or coporyusee0s/072120he
conposition according to claimb5, wherein the styrene copolyner is a
styrene-acrylic copolynmer. 8. The conposition according to claim1l1, wherein
the pignent is titaniumdioxide 9. Tuaigenposition according to claiml,
wherein e gne or nore alternate extenders is selected fromthe group
consi st i nYBAS KABIAAScl ays, silica, talcs, quartz and barytes. US2008/ 072120
10 The conposition according to claim9 wherein the alternate extender is a
flash cal cined kaolin clay. 1 12 The conposition according to claim?9
wher ei n tihe alX ermatséiexbefulaing ssdi-dedrahg de ToButompesing icompasiegr di ng to
claim9 wherein the alternate extender is a baryte. 1 The conposition
according to ¢i)ahotolatwiac Gtanidnh@iodldeer nat e extender is silica. 4. 1 The
conposition according to claim1l, wherein the photocatalytic titanium

di oxi de is subsfantidl bompdhehNOrARESNCLr AL sifoRend Wilher- hggm 1 5 The
conposition according to claim1, wherein the conposition conprises between

about 2% and dogit 1A bGhB5REL b b AR 6 G118 BN GLURE oRf of e Y
' more alternate extenders;

wheremn the composition is capable of providing a coating on a substrate having
superior durability as compared to an otherwise identical coating which does not

comprise said one or more alternate extenders.

2. The composition according to claim 1, further comprising a pigment.
3. The composition according to claim 2, wherein the pigment is titanium dioxide.
4, The composition according to claim 1, wherein the binder further comprises an

organic polymer.

5. The composition according to claim 2, wherein the organic polymer is a styrene

polymer or copolymer.

6. The composition according to claim 1, wherein the organic polymer is an acrylic

polymer or copolymer.

7. The composition according to claim 5, wherein the styrene copolymer is a

styrene-acrylic copolymer,
8. The composition according to claim 1, wherein the pigment is titanium dioxide.

9. The composition according to claim 1, wherein the one or more alternate
extenders is selected from the group consisting of kaolin clays, silica, talcs, quartz

and barytes.
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16 The conposition according to claim1l, wherein the ex

conprises a mxture of calciumcarbonate and one or ngr;egtj?;rﬁg{rgonent
ext ender sworro@/maioso of between about 50:50 to about 90PLE/USC@BOI2ICN
carbonate to alternate extenders, by volume. 17 The conposition accordi ng
to clalgéL wherein the extender conponent conprises a mxture of cal cium

carbonate angy0 Lsif o8 8 i ' [ '

: B6silTO Ge@bigE N3 ttiiexd endesis thalernat icatentiehistavBesh about
65:35 to aboup_ [;g %5, ~calcium carbonate to alternate extenders, by vol ulrjre
18. The conpeostintdRadoodsdi ng to claim 1, wherein the binder conponent -

further conprises a styrene-acrylic copolyner; and wherein the extender

corfppnen% congprises a.m xture of i 1 | ci
a0l i n dray. TheeomreSuaE el ARG I B e e D nder
conponent conprises a mxture of polysiloxane polymer and styrene-acrylic
(p:) g{);)lrrgre%ol n t’[%e E@ﬁlb@siﬁ@cﬁ? hebwaentcadant 9 8GesMh tho alibwate cxender iﬁélb;'i‘gyit?-ox ane

. styrene-acrylic copol yner, by vol une. 0. iti
accordirg to claim18,. vvhere'_ﬁ b Y on The compos Lt on

_ t he extender go t i i
oF oal ¢l um o eAmpes HARATOHNE oo e d TEdl (P Rragt B b SRal TN een
about 60:.40 and about 80:20, calciumcarbonate to flash cal ci ned kaolin

clay. 1 ‘ﬁhe it i ; . : L
i GOIPOSH b AL GEQ Gin B Otot Blagh ai Mvh8reinvhiee gihintdchilyeict Bradam
Egg})iogegf aCO_”Pr I'Se'SIES'abEm@‘f)‘(tj[ Ere OE gal ci u?%]gartgogat e gjnd fl as}ﬁ cal ci ned
y idioxde atsiostoftiabpimierbatict! B0 14OCANE-about 70: i
car bonatie.to flash cal cined kaolin clay. ut 70:30, calcium

5 The composition according to claim 1, wherein the composition comprises
between about 2% and about 10% photocatalytic titanium dioxide by volume of

the dry composition.

16 The composition according to claim 1, wherein the extender component
comprises a mixture of calcium carbonate and one or more alternate extenders in
a ratio of between about 50:50 to about 90:10, calcium carbonate to alternate

extenders, by volume.

17 The composition according to claim 1, wherein the extender component
comprises a mixture of calcium carbonate and one or more alternate extenders in
a tatio of between about 65:35 to about 75:25, calcium carbonate to alternate

extenders, by volume.

18,  The composition according to claim 1, wherein the binder component further
comprises a styrene-acrylic copolymer; and wherein the extender component

comprises a mixture of calcium carbonate and a flash calcined kaolin clay.

19.  The composition according to claim 18, wherein the binder component comprises
a mixture of polysiloxane polymer and styrene-acrylic copolymer in a ratio of
between about 50:50 to about 70:30 polysiloxane polymer to styrene-acrylic

copolymer, by volume.
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20.

21,

The composition according to claim 18, wherein the extender component
comprises a mixture of calcium carbonate and flash calcined kaolin clay in a ratio
of between about 60:40 and about 80:20, calcium carbonate to flash calcined

kaolin clay.

The composition according to claim 18, wherein the extender component
comprises a mixture of calcium carbonate and flash calcined kaolin clay in a ratio
of between about 60:40 and about 70:30, calcium carbonate to flash calcined

kaolin clay.
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