PHOTOCATALYTI C COATI NG COVPCSI TI ONS FI ELD OF | NVENTI ON [ 00011The
present invention relates to conpositions for inparting a

phot ocatal ytic coating on a surface. Mre specifically, the invention
rel ates to depolluting, self-cleaning coating conpositions conprising
photocatal ytic titanium di oxide particles and an extender conprising

CF THE | NVENTI O LOBBORRC AT ok o o ETSeL e mR T RS o
that is used widely as a pignent in coatings, paper plastics and ink.
For pignent applications, the photoactive properties are not

typically desired and the pignmegi@arny ogfiddae:Ntibani um di oxide is
general ly prepared by nethods that suppress the photoactivity of the

mat erial . Th@ni um dirgXi gesdrt RLRAMGE drelatbst WO 68MSds@tlonPhBseSmphirtdhi | €
and anatase, that differ in lattice structures, refractive indices
and densi t iRsgtocathltic Gostng phasweiriage.t AMoRDwECi Beallyl depiyguionngslates to de-
favor ed for Mg, eiRLIE cd’%HHJrL ds%as PSAANRR: SHitdch@iyRt GRS adaue
a hi gher fractlve I nde han™ t r anatase counterparts, resulting
in great er p@p@tﬁstasad aanobxwm@remxsm@xq Theuigredtcalsaimt spibprste end apialipmate
dioxide is g ally nmore photoactive than the rutile formand used for
phot ocat al ytic appl ications, while the rutile formis used as a

pi gnent. The photocatal ytic properties of titani umdioxide result
fromthe pronotion of el ecBA R@BW%T%H@N@@JTBQHH to the
conduction band under the influence of ultraviol et UV% and near - U/
radi ati on. qﬂﬂélreactW@n@ﬁéaxmnamlp%omw@aﬁ@mttképwé widehuRs i RigBgne
to the surf [ [ FatbiGd:

oxi i e 2t B B bl o P Pl R a e PR et
el ectrons raEEdmtefpmaEEritﬁedd @W@emlmn@mﬂud@!tslup@mﬂl@els gertradbyl psepatsdt h

of which can n
the airr | BgRoE R RERRO Y BhBhicEieP SRR LB FATRRMAAR dhdtle Ephatha
has been erfptvayceglstalrphme,truﬂﬂgsn@mdatabhehdt|d[¢‘§:1 nrolamem@upcﬁi refitaatitesindicasm

the air. Such,coati ve t advant

sel - ¢l eani d?’isﬁléﬁnglbel ﬁgg](%é’?%%sf%&eﬁ?q%% APy ancp]ﬁgavgre%%lP t 95>e in gizgenl
oxi di zed oa@ppiketicidbtanss mtxﬂd}ﬁ@ﬂéﬂmhﬁkmaﬁgmﬂﬁhad-kﬁ/phmdeaﬂ: ha@rheir anatase
Publ i cati ons Nos. W?2005/083014, WD 20&6/ 030250, and WO 2005/ 083013
to Goodwi nCB{NIgPartsyEsHppGHE Lot oppdly A §HERSHepol | uting coati ng
conmposi t i opgegPPr i STihnRhed Redtoativhiver dibdde blx@&HD}@leiephmcspeﬁme&e

are oxidi zed by the reactive species produced y the phot ocatax %tl c
reaction, AHe foemand usadipoRhotoretalidic aprlicpinsenbilethe rlils 9rR 1SHELPEY are

neutrali 2691 SRl tHeltheRc ARG hlopatieSofiarRhds @ldk R rédulilihSthe prowdiender s
present in the coating conpositions, which are renoved fromthe

coati ng by elegliass dlom thfrﬁekmﬁsshan@@rﬁ?@mzsduerg@&&&v@@a@@ inflrepeq fjulfpviolet
car bonat e. &9?%&@9@6%9&9@&@0% rk&g&% #1!&%1% aﬁ@%apg}gtc%éh% %Jalecto

titani um di ox can be nmade using erent types organi ¢ bi nders
or resin systserface of thetthaniwh slendds roftichas vderathe bwlﬂmxsdlzm@aﬁbﬁé“meﬁ@er S
deconpose Ix[(])td;[n.heerefcrtx 2FRgS fraéﬁ\éégng@ﬁe he 001580 ATk AQUbAE o 0B B

ni t rogen cB resu ng I'n eg dath on of
t he coati nglpefﬁhlcqunhcﬂbsl emhms? wiaxcamn Id@reaﬂ: N emdtvoi titroatimgcdmgpoangros ed
to intense r.adi t|o fromdirect t.he S an
exteri or pgi%{? )”é i‘?‘r £t ’ieﬁ“goﬁkéets‘épmpf’fgﬁs’Pg&%ﬁ&g}’tm&s@m?lﬁ o‘% heell?uhgen

bi nders or emplobedin gadtings ped mmﬁksm/emche ;aﬂmtmas‘ksﬁ @R tairt Guch coatings may
phot ocat al yt| c oxidation at. relatively | Qw”cat st concentr. ans.
Previ ous| ySebEitigdvaumgsq oFing 55%6{‘56’{‘5% 51‘%}1%08?%%1135115“@%"‘&“3&?@ 23have
been prepagedididolbxsdizddcanee: fasesd pol ymers, such as sil oxane
polymers, due to the greater stability of these materials in the
presence of active species produced from photocatal ytic reactions.
The use of binders exclusively conprising silicone-based polyners is
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100091The sel f-cl eani ng, de-polluting coating conpositions of the
present invention conprise catalytic titaniumdioxide, a binder
conprising a silicon-based polyner, and an extender conponent which
conprises a mxture of cal ciumcarbonate and one or nore alternate
extenders. The inventive coating conpositions exhibit inproved

durability opaci at .a r co Wwhi | e 1 etahii plity
to renove N@B&f}romt el@ﬁ%@L‘%ﬁ@ﬁF“%ﬁg&’bH%‘ﬂ’PPg}ﬁ%ﬁ%qogg)gg(g@: g&())ducts
from the phmeoatsoyiddowoxiodanraol 306 GhEwis ubst dnads.selFORAMME Anddve
enbodi ment, the coating conpositions. fugt her corrﬁpi se a pignent,

whi ch may HROUBIHEAEEE PRRSESIUFARTSER RGBT ¥are of titani um

di oxi de andoggs Or NMEHYVIRNMNONPEESs ard HAdikddhiehbidackere spécitsheoducedint thy e
conposi tions typically also (_:om()ir i se an Qrgznl c psl){l%n%?l in %ddrlatl on
to the siliRhorsHakbersaeiapmBitic WAFrarcAHHE LBg ety TRRETRIERT 8 are
conposi ti ong. & ABkd ORIt SHid RitRi R B 2l Ko ARPRINSNGr NPTk BieBight & the coating
silicon-based pol yner and m xtures of organic pol }/t nﬁrs or | d
co- pol yner somppsiigmewbich ath eeat fom theoitipgdpriaidll {Remgpigammenty use
polymer is (%te% HED8 PRl ¥R hat®r copol ymer or an acrylic polyner or
copolynmer. Prefera y the organi c pol yner or copolyner is a. .
styrene- acri§0i6t copolypatirs cor@opamEHbat sp@pPBe photoeatly teriaes ey dabs
in the inventjve ¢ o 12 i £ ORI Ot NAL bRABe SRk UM
car bonat e t”ﬁ‘fadte ulglﬁ]%(rag)%eg%hH{)gpgﬂgr}g%ﬁ]iﬁ?@&%?ﬁg&%ggti nsg produced when t he
conposi t i onmdtsrizpptdaeid Minless deabspasainethe peshands plg vV Bight taserber fickide t o,
kaolin clays, silica, talcs,..quartz. LSy 1o hCloAgeh
kaolin cl ay"i'¥ aﬁgfl&ggﬁrf %Orﬁ?‘"i}mﬁg %‘%ﬁfeg’v{\ﬁ}gse? ﬁé@é?ﬁ;@ggﬁc\g&éd%@%ﬁ& ti onlgg’.
In sonme enbogy prebits,is Hhecdxtcé nder the oopipg éntxppsed thitepenp¥yhdipgmsonm

conprises a mxture of' calciumcarbonate.an ne , fe
ext enders iireg spRighG a5¢s ébfi?f?‘ 0- B EEOHS ’tgt§cg’:L 6'[%5%5 ag%%fﬁe{l Jérgrﬁgdg@to
about 75: 25yiticiabighMBbe@AERARI® of @nRldoBmad ehiek remekésta thphowshitalylic

[ 00131The inventive conpositi or?s‘ my use %cht gcat@l Xtaif% Ié&n%@fs{ﬁm
di oxi de i n HipreBHiTla Y e FHEYHEOMREIEIGNY TARATESe “YPR S K Pur es
thereof . Typbeahihiic iAgiuRNAbAGabAeWEdCprtpdran nitdéomeibdeedipplyinterd, heh as
anatase form Preferably, the photocatal y{éi c titanpi um di oxide i ive
subst ant i alsilgxang pelyercehdemiedhiogresiersabiliy Peibpss it 184 RSB Heht”

the phot chb@i%yrgdurcj:& AB WAL RE QXL Beree QRS | ﬂ?z&i&i@@f wa&hs abbutveB% and
about 10% PVC by vol une of the dry conposition. 100141In on ]
enbodi ment cotpesinnvidmievasebralymYS bohigoer sruse HEFUDgdongRTs 21
conponent tsp%gﬁcgigt?)“ %% pfustl )E:Hﬁf)gre@{o AR ] RNANSs, Ry RREryEOOr a
styrene- acry&I icec poioyrreP and an extender conponent that conprises a
mi xt ure of soatreibusadgmismoat kb isdvsirabld topstpateal cobirRipc kerathofpCatelyyic c4qingne
enbodi ment of the inventive i1 1 he Nk ndei £ RRAERh a lower
conpri ses a?oﬁlp%lﬁ?necoé?pnﬁgﬁ%?srgcﬁ%%g%%&%}gPg/‘?rféérb%adr%d&gt. y%lene- acryl i c

copol yner icBsi@rgamic mlpheralblowteva0mb0ng agaboptlymers 3Gthbsilicase bagd polymers
pol ysi | oxane polymer to styrene-acrylic copolymer. In other

enmbodi ment s“?s’”fthé’ ]83Yfre(§ﬂ§%q)f‘%@ﬁ%ﬁﬁ@ﬁfr}é&(}n}tpﬁse]g%éonposi tion conprises a

m xture of [ggU7gi um cankefoad, eheanekias 4 hadHorcalimbredd Kavddamdicapaing a

rati o of between about 60:40 to ut .80: 2 r_hetween 0. 40 to
about 70: 3@?“’6%%‘%‘?%‘%?%%8%’%HP%FOY%bq%é%ﬂ?tﬁ al&‘?%lg“ RV l]fr?eaég%g‘;(ﬂg%ﬁ‘hese
and ot her aaRRGhSn@hineBe MRS teniod¥ 8t OR-produktse teght eratuindeNSKood

by reference to the follow ng detailed description and acconmpanyi ng
figures. BREERIPESERIOPT| ON OF THE FI GURES Figure 1 shows a plot

depi cting tihgsgur abi irhd jorQoifaBichf@sh ipprREUER ol peoadd alg:ter
conpositions as a function o i fferent extendegs. gliéCPL@edZ ga a plot
showi ng coanflergiaetlingef th agruisof erpfle o rEPniEd g gt SOPdRL R
content. Figure 3 is a plot showng the coating durability as a
function of the extender cal cium carbonate content. Figure 4 is a
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| 00161 I n a preferred enbodi nent, the present invention provides a
coating conposition conprising photocatal ytic titanium dioxide, a

m xture of a silicon-based binder and an organi ¢ bi nder and extender
conmponent which conprises a m xture of cal cium carbonate and one or
nore alternate extenders. The inventive coating conpositions produce

coatings when applied to a substrate that exhibjt e

durability ﬁﬁﬁﬁﬁﬁﬂ?BWéﬁa%ﬁﬁgi “ﬁpnﬂshﬂﬁg?aESgﬁﬂmﬁﬁﬁﬁéiPg aﬁﬁw t he
ability to fesmeehdOn Yercomtiude aepvidnmsmmnkat amdh raﬁtmxbatqnxmuaasfm(rr art”
by-products fromthe photocatal ytic oxidation of NO substances,
[00171PhotoEﬁ?%W?@WﬁmEW?PPﬁg conpositions can be made with a variety
of binders or resin systens. Typically, these coating conpositions
conprise silicon-based binders, such as polysil oxane polynmers, which
exhi bit good stability under t oc |yt g ox conditions.
Organi ¢ binders that are conﬁ@gﬁﬁggg(g]ghgﬁﬁgggggﬁﬁ hydrogen oxygen
and nitroge

n re qui oxi di z t he tunocata um
di oxi de in PA&lprese éf @@nm;éﬁpoﬁgnﬁépﬁmgco f%%% éégﬁa
ni t r ogen- combeitioh a@nﬁx@@aﬂa@@ncnmm diogide, b edpr amiaﬂsmsurg ofiliconebaswiat i ng.

}0018] Al th h coatjng comnpositions conpprisin |.0xa o] rs
show excel | Ié‘ﬂl’m?f U AN X OCTCRIPRIFDY WB‘F%?TB‘)‘?&% 8 mt’%'g 5?]CI¥rT'gir & PbonthE

si gni fi cantjyy Jak ghgbrd MRmathatmast. v&:@t@ﬁﬁeaﬁ@a@b@np&hymeeﬂnmuch as
acrylic or styrene polyners. Therefore, it eslra

coating conﬁﬁ@ﬂ@?éﬁ@bﬂﬁ%WE“ﬁﬁ@“dﬁéﬁ@??ﬁoﬂf“? e?FW&&Bﬁ%“b?BE yner
s reduced g r?fﬁQ{il ¢ QviRnSERANE nQltAAN &:1@@%5@%&9%’)@@!}&@1&&&2}%\&/
mat eri al cost 0 e coating conposition wever, diluting a

si | oxane- t ypedatioh phdP: witltskingds- or gani ¢ pol ymer conposed of only

car bon, Ny diRggn and (PYOERAMNENSEE YoahEeGh ol HiRPLbbcalpiddien,
coating producéd. For exanple, exposure a coating conprised
10096S|IoanQC@uwyﬁennﬁnwﬂ@00@mh©mﬂsmkhfaﬁ*Aﬁﬂﬁ%OV@@Ph@Y@ﬁﬁﬁﬁﬁndOneOr
resulted in A ight 1oss of 126 ng/100 crn2, whereas exposure of a
coating basearéﬁ’ %yrene/acryllc copol ynmer resulted |n a wei ght

| oss of 419 pg/loo %ﬁglnH%rWQ‘ﬁkxﬁy&ﬁﬁeq%gQBQQ&%n%/ 1Y oS chirle an
organic pol& S in coating conpositions I nproves urabilit of
the corres pmgathmgokyomt nmgédmmerto dregahdiop- jpeddypdymyas é@oc@@rﬁ'@mﬁﬁ?

alone, but still resu N Pragressively di d Lilidbn@Bsed
t he S|onan@ %WP?ﬁ?fmggﬁgk |8ﬁm|§3?e ﬁ%egh@b%gggg%%Lg&%cétawytﬁz
coating co rmﬁﬁhérlam snigtfe otf wgamalpb;ymemd»rwdqaoi}nm sgahm sonkiefribegignegis of the

ext enders yper or. stlc a |cat ons

commonl y réP&WB%B %°§§n¥ﬁp3@#§ ﬁﬁ&ﬁ@e ﬂ m%a? Q%]f?gg?gﬁgﬁé?fﬁﬁh
are referreg t@podsnext epdansly Hontrgaxt eters myomﬂlssmrprsom dredd- @m‘ig
power and functlon as pignments. Most extenders are color neutral.

Ext enders t%8PIYEFE al kaline are particularly usefid because they can
neutralize acidic species such as nitric and nitrous acid that are
formed frongbfg phot qeabal yi n6reQiiethatei earenddrs NOhs peentes.cofipesindsrmayes
and nltrate salts forped fromthe n tral$zat|on of, nitr &

nitrous acidy wf@den adel thep @ saboade Hhad PRyt Ikt fi‘ﬁrﬁ uB’oﬁp%ocr? g
with water. )r&ﬂﬁée@mh@ﬁ‘% cdisitiof i@kiRleing al ebaapakcmdol, baamulmgtcvl/lw h
nitrous or nltrlc aci d, |nclud|ggqcarbonate S I%ﬁ’sucg ﬁ ﬁ um. o
carbonat e, kbl dasherist.elalitagiasd Gt CEFBENat 5 es P b et
The nost CQ%HRQEY 1y USEdl @ik ld Gt eRESSsitloRs ¢ Cgﬁédnﬁ&exﬂﬂﬂhmﬂﬂi itleenesxrdnger
cal ci um carbonate, 1002011t has been surprijsingly found %XQHF Ios
of durabi | |Ct0y}pglﬁ6fxt@atthmwlwit@ﬁ5 CORpiscs @ 1§*xf°ﬁr‘kt"ﬁr¢%‘c‘6‘fr‘ T8

pol ymer with an organic polynmer can be recovered by partially
replacing a part of the cal ciumcarbonate in the extender conponent

with one or nore alternate extenders. The alternate extenders may be
any type of extender other than cal cium carbonate that results in
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As used herein, the term"extender"” refers to an inorganic materi al

or m xture of inorganic materials which have refractive indices
simlar to the nmediumof the coating so that they are usually
transparent in the coating medi um bel ow the critical pignment vol une
concentration but have significant opacity (although |ower than t02)
ab ove t he cpbf a‘ﬁ@!na{%' e&%?érg ViR la!ll% HB6SH %b.rS@tt% byt %1?0 g%&b%ﬂg@ :35 to about
materials are typically lower in cost than the pignents,

i ncl udi ngTi 0225, aaldival ¢taphwnfigrto slenatepitadeneit vabimsone of t he pi gnent

in certain situations. 100271The term"critical pignment volune _
concent rat | @pis)( CPYOTH:Sin G068 dRiond TS bk HHOMARL YidRAR WRGide
the art, such as the point at |% there”is just sufficient polyner
to wet the pivgivent insludingcthesruble qndoanathee dorgoat mydumes dhergifgmBymically, the
particles | yer. ow.I-he. CPVC. there .S..S b Ch | M FanfiRr
et vt TR i MBS R e sIREE foBp BB P PO
"al i phati c"titasuinntiended dmbsthaiaby it the abshormaf $he medniforg. i In ¢rzecrzirodimeand
includes without l|imtation straight-chai.n branched or linG N
hydr ocar bo ntée ?t%ﬁ?tdg‘lfuecatg%nﬁ%ﬁnedtmexl’(% S ?%?tbgav%’rl ag%ultgh" %‘8 n%%a{flﬁn1 O(§° nitév%rb Y
nmore units wwiunmnsaheddtdoamodititn. Wwhi ch are not aromatic. Non limting
exanpl es of aliphatic groups include substituted or unsubstituted

i near, br d or clic al kyl | kenyl. and..al | .. ar. a,

nybr i ds tnabLat such hany SoBrdiruy P AElvE PRk SN R B Bed Sncer
(cycl oal kylcpaipkedy Ithat 106Sickhe ntietnra dfad loylysildxsnd pblemeeand o shawre-dctydic
customary negﬁlng,m%nd |gplgdespstra% ptB Q&%nchegli %%a%%&%k&bomﬁqmﬂ
primary, seCBhIArY: G EEPETTART WAt e IEh> S 100301 The “1%eP M aryrs
i nt ended t @ AN eQaltingd RuUSInQNBY Vn FREOHRGimént bh heafitenti engbnipasitivelale Binger

stabl e nDnoc%ﬁlic, bi cyclic,. or téiﬁ clic caépon r'ng&géj erein at
| east one PRGNS COVBIEE PIVARIYRE PHEY AP PR IS ARES TR 2 i1 e CORRd™e"

i ncl udes phgnyhiio RiFRBERYI0: 5000 MARNTOYE by 1BRBLL PRgsitoRbAB plligher Radiytbe-
is intended to have its customary neani ng, d includes an, aromat|c

[ an
ring that ieligdeRolamer ebisethemenbadimans, thexgigerer simnopgrpshe composition
phosphor us c'o&p{igag PHATRE I it cat3R 1EAG fRh uicRERIKNIn Cla £88i0 of

e

ot herw se speci , refers to an aryl group as defined above |inked
to the nol deireen tthewufiie altdey B0GP suipetreccd ebpiedd:dbvebouy §H31cpfeum
term "al karyl nad ﬁ%ﬁ g&%ggw@ggwspecified, refers to an al kyl group
as defined above [inked t he nol ecul e through an aryl group as

defi ned above. 100341lIn addition to photocatalytic titanium dioxide
particles, I8H&] coat i hbeseonpetict 2opals of the Reeset awepion Widithegpr understood
typically lefi& QLREHN6H FddsOPMIn bR REESPATKd&d in the
art. The p%@?@%gtgi@t?%ocoa?%%gﬁg%npositigﬁs may ?n@?%%ﬂéthickeners,
di spersants, antifoam agents, one or nore é%ﬂqcif i ng agent,
extenders, binders such aBREEF BRARRIIHONGY | @fHQKW@%rs, a coal escent
and stabilizing agents as well as other conponents used in coating
conposi t i of&EUkNbAPVSH RIpiolsBicERg th drapilitg Heoatings PRCBSTIINY 43P of
F'tan'Pn‘db&%b Stid Xs?ﬁnMﬁ&ﬁgf&ﬁ&@ﬂeﬁ&ﬁ&&Qg conposi tions of the
invention, including the rutile or anatase form Furthernore,

m xtures OfFigui’Eti & rﬂ&dshé@ﬁ Q:%?tin_tgi &%ﬁl#ﬂa@l RRLER TR B8 S8kand Gftent.

phot ocat al yti ¢ coat'i ng conpositions of” the invention conprise
particles efe R0L0GALRhYLING thd LARALMISiY 288 flnEiGRIf MbbaERF @iG@aRabl e
of formng e€lectron-hole pairs in the presence of electromagnetic
radi ati on, cgphenatcesntanty ultraviolet (UV), near-UV, and/ or visible
light. Preferably, the photocatalytic titaniumdioxide is capable of
subst ant i aFigsteat Gadiotshevyingshe Nex jsmesdme @ fgreton of the extpidghealciyyo361The
phot ocat al y},i,6.atd d@Rippm di oxi de particles for use in the coating



conpositions are preferably predomnantly in the anatase crystalline
form because of its higher photoactivity than the rutile form
"Predom nantly" neans that the | evel of anatase in the titanium

di oxide particles of the paint is greater than 50% by wei ght,
although it is preferred that the | evel of anatase is greater than

about 80% and nore preferabl t 90% or greater than
about 95% In sone eﬁbodi ment ngiﬁg‘%gkggﬁﬁq@ﬁ c titani gm di oxi de
articles of the conpositijon il]. be in substantially.pure anatase
1P orm meaniBY% hat t 3@8*?{78%?%‘?4"%’3’ t:hﬁf”fefeéﬁlevf/l}stloglqr%ﬁ%%fa ofm 1% | ess
than about Bffpodirecdadhisingphatotatalytiasisnithavxadeoaini@ub¥%f a ailidonybased
preferred still, |ess than about 1% b vveiﬁht - }ﬂn SOme er;lbo[fcé\irrr%nts,
t he phot oc¥ndey#ndantqrganf {?}ﬂqeﬁ?’&f&?xﬂ@dﬁéﬁoﬂ’}@ EVRP COPR™T 88T ¢ he
rutile forgciBafikGatenall ohd6 hstk bli@ngit yatalerst ahdinvenietcodigect abl e
by crystall ography. Put another way, the phatocatal ytic titanium

di oxi de parcpmepsERyoduehenaliags isooPRliedia s sutesHA harH LG EE b
crystal | i zaf i af; EoRa LSy Af 4 Ih&r &dsY Sihak kdiginp ARsdilay & reasur ed
by X-ray dﬁl%a(rgg]ctf%inl. h!’I(Fl Lgt Eeﬁ?(yerret‘)odi Frer?t s, phot oggt alytic ruffle
titani um diNGi ften freyenbieorampl eifasutaize heidis G redigisdeorp e pRaeeREV Y yst |
or in conbinati 4 h se photocatal ytic titani um di oxi de.
100371The ﬁﬁ]o %@d;?t\gill(t;/’tslugﬂ?ﬁegni um di oxi de particles for use in_ th
coating cA®MAsi ti onPhwitbdatalytisicoatingcommontions cay by made Witk & vemedy of pders
whi ch enabl es _the particl.es,. t > LB tEa\eh B &ld HiddRt -
As the par O &8> ftglgg' Jg)eaéga% ,@g&%&%@kglcﬁﬁxﬂ? %g%gn&pg%epblbet vvéien t1 he

val ence anduchongubsileanbasigsnedeehicneddbiTined stabilitshunsigs thie ohetaeatslyaimal |

particle sizes, it .has been aobseryed that ti | LOxi dey.patt i

are capabl éecgf‘ Cﬁ’b‘giﬁ?’ﬁi ﬁ%ng”i“bﬁflgﬁrﬁ%%aée 3?“%‘?%?%3%2 pl?gé% C%i%n?ﬁ %ﬁé&@h% Fﬁfn
di oxi de panhd sl@ger, @fc duitkluii@iBed by thhighdtevamhitic vienpen diosidwiin the presence
typically have a particle Ei ze b.gt yvecgn_abou.t t1. urpsand1 s—aFe%ti'lttiné‘ O rim

In some ent9bHiVnitsht & WitRe CHEPT FIEPES &1 BB N RRAPHG B At al Vi1 cot1 t ani um
di oxi de pardgg]g&g@-lwﬂﬂecbgﬁ@et ween about 5 am and about 20 rim 25
urn, 30 nmor 40 nut In a preferred enbodi ment.,;t.pe%rgﬂrti c(!len]f:srgze()\vof
the titani dPH18] oxi deAfthoughe P tOmpPY pons SOPRY ket ARG UY PSP T S

about 15 nichye@idiufaiify RhEERE sbisxheiReRlyaReUS signdathiBitogtcr 1@n tren.
Ref erence herein to the size of titaniumdioxide parti

es. (or, .
crystal | i t g3t ofpther QFgain BRIy HE16 SUEt S a%hﬁmt%ﬁ)@ewba'@%‘-pﬁﬁ?‘f%fee‘*éﬁ ze of
the titani ym.diQx] bl BhSSsit M anRret e qRalit] Fhig Sloxeltgpe
modi fi ed b;ﬁ@%;%gf%iﬂé ‘%"9“36%‘5%“ ilgéi/lvtikl I bereund%r stlf)yod to enbrace,
sonewhat | aplyerr sredwed Indavayaf B isedond oxnie goly maRtorARICE Hg AN TRAETIRAFYSE

to account ﬁg g}rg cgé%%rcé%?&@&n.%&%vﬁn i&*ﬁ & gglea'gsilo%cﬁelt% FRASA VR or gt

variabilit twee erent nethodo or neasuring particle
si ze, as Wpblymeecappaedof orfpcabme, Bxdrbgeadni pxydee adverselyrfteck i draplaly

may be neasured by, for e | e nsSMm.ssi r _
(Thny and 3 06 ctPapr Gt aat Sy SR i3 ae B R T cofiRthane
particles paymkefehas@edes inzedithby Veurfare anealtediypi eaghtyoss phé2o

powdered titani um,di oxi de photocatal yst, will have . a, as
measur ed byPEAIY) 8 VABFE el’fg?sﬁbea‘? fa‘i‘ ﬁo@?/‘ﬁ%iﬁ?ﬁé gt ap%?’ﬁtn g§§¥{lé g?%%lﬁ?%e gt er

t han about 20id#h@.wdW Sosk ¥Pi BahEN 00 Ehe el ao@ired oftsiloxdn palyimem with

di oxi de particles have surface areas af gﬂryga er tgﬁp aft%{l)é’cgo 50 Or;g%(ng or
greater tharEaBISEALNTES WELHING GOMPEHECSPBPENFRYC SHRBHRAERES SO

ti tani um di @xingoRAbEdaGcERIRY BaRUEEBE® it NS ABNE et redu@ in pbgressivEDO
n2/ g, and preferably greater than about 150 n2./qg.

. | n sonme
embodi ment gimipisked durghiity s dieokpaae pPSTERISFREC SIrFQW‘?S\QC;e a surface
area greater than about 200 nR/g, greater than about 250 nR/g, or
even greater than about 300 n2/g. 100391Photocatal ytic titanium
di oxi de available from M I | ennium I norganic Chem cals under the
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45% and about 65% 100441Typically, the coating conpositions of the
i nvention conprise one or nore organi c binders, preferably a

pol ynmeric organic binder. In the broadest aspect of the invention, it
is contenplated that any pol yneric binder nay be enployed. In one
enbodi ment, the polyneric binder is a water-dispersible polyner,
including b t i %
neopr ene | atbté’)](?lo nitr :’ﬂ[he?(ﬁ(gatttd@tlé %aﬂ%?&rﬂ&ﬁ(ﬂ%hs 5‘19&%@:? IQ@%M @lnot%%lfgxl, ers
styrene acrylaxteniat.eky p<3ytwlemelamm@dh®mend atesm,onmdertthe‘e kokmonl¥he
present inventi e ace it on that in s
b %2 xt ur S o RS DR Tt mErcelEhe) PR Redione MR, BBk
cl ass or di &fierdentmayfdio ;ﬁ&(‘aﬁ@hlémg@b@aﬂmd talnicndeﬁ«smgfayntbe\/toambtenmﬂsmt h
a silicon-based bi 0451The_ i nventive t oc coat i ng
CoNposi t i on%(’%‘fr)}]ﬁ}”é 1%&8% ﬁ‘ia%"ée pkelsere s ‘ﬂ‘? 18’0 fa % %%eéfd?a%l nder
by vol une ofeutriiezcGORfid $pecieONRP S hitrRMin( RNDs acT@tlﬁtﬁ@lﬁﬁ'&iaﬂlﬁahi e refers
to the total binder content?ﬁ[;?(éﬁ vol une_of _the cqorrggsm

i ncl ude ni xRhgFesatalyfic Eyidatin PEHeferidie nHEegaR4 n teé‘flﬁéc?)ml‘?ggj{%h@ﬁt s

and sol vent e, Wik &by Bf Gl dbd nftR8s &t d8do1RHRE@ FertdVed RBmaBNRRAGHE | ON
is between about 5% to about 50% about 10% to about 40% or befween

about 15% a¥en&pwfadt Witowagr. el rendetlaat dsalisyipe iscapablgfuseting WH HEgrs
will be betyeen. %&8%&1@9&(@; @Mo&%ﬁ% %W%QYMM%%%M&Q%@%&%@%W
conposi tions that include photocatal ytic titanium djoxid

pr ef er abl e magnesivingdbonste pebwixtgpetheiepl Ebhmpyseanionhydgsed H&%ﬁaﬁﬁte@#ﬁ

t he excell f: rs to the photochem cal
conditi onsqg%o%Eg%b%&%% . Eﬁgtﬁﬁccgl'gga {/{?I c titaniumdioxide. 10047]1n
some enbodiféis, thdt 1pelby<s1 sugxiaingly fawbhdithglossoofidheabiliy efropomresyeh
be, for exayy | e | n A

pol ydi al kyl %] pgﬁ%%glé%&regﬂ% gﬁg){aﬁg%(@?%x %} \%Qh Ql?y ’l&pﬁgl&"{e} E% ob%g%‘%g?md
pol yal kyl al qu;aytsallbzmeqﬂmg opart dfghd ¢akeum Icarrbéimea mnﬂmnthmmcocfponmwith one

invention, the s nder_incl ud Si | r
represent e BV ﬁiéml’ag‘f F’Svﬁdr%bg 18'5’? ﬁﬁet"éate ?ﬁte'ﬁ%minﬁ% %y “(ﬂ%é?gﬁ ﬁ’pﬂ%L IiE
w1 typi cahdnycalonigearbowiie thaedeaiis 115&Qﬁoveﬂﬂnﬁbihy5pbﬁ:taé J:gatiﬁg denvab drotn tBO0
to about 5000, and prefergblé f rom about 150q aobab z 0 ;tang

R and R2 4C&n&faapasigent pytaaleiyrareexgpdinacrie PHA RGO AR QBits
such as metdiyk, kalifYhys, BilieRYales, Butri¢land Bargbdphiduth y&lpl@dﬁﬂ @aitydriore, the
cycl oal kyl groups suc% as cyclohexyl nd cycl o ent al kox oups
such as neﬂﬁ%?@a%ﬁﬂmﬁpﬁbﬁyuméﬁﬂ@ﬂ??a@f FGHE MO HCHS AXfRpders %ﬁﬁ%ﬁyl

but enyl , p%@&tﬁ@c‘omp@ﬂﬂoxﬁeﬁﬁ&ﬁﬁ‘]}mﬁ ﬁ‘xﬁ@ﬂ)x darphiig "Igeﬂéﬂﬁ@)ﬁlxa m{/&ltl% coa)ﬁy(éw
naphthyl and biphenyl ; aral i ncl udi ng benzyl and phenyl e thyI

al karyl or ca@peaam;abogilwﬁgr fh%f%iu‘éfo“toﬁélgg}eﬁfts}ﬁ’smﬂl’mfér?&’xi ezmﬁ%y
optionally ré&hla 'tﬂ %p%@u%f He QRGP FurtRE RweHRE e ORI aBh LRSS of %'cﬁﬂln@g
but not Ilnlte al ogen, cyano, nitro, am no, alkoxy, acyl,

car boxyl omomgb$@myl groups. (0948) Suitabl e pol ysil oxanc pol yners
include th old u r..the tradenane Silrese BS 45 from
MACKER—Cheﬁﬁﬁlgnb mgggwuﬁggan al kyl siliconc resin sold as an

ermul si on i lnaes weahpeiesi ag hreoded30bave BOYoobYinye| rg¢rning unless otherwise
polyrnethyleth%y5|onane 100491The bi nder conponent of the inventive
coati ng co ions typically conprises a polysiloxane polynmer and
optional | y j@o22pl t er nAatleefotenckaino v baweagh't "Ohavéin bt toveethe alpiaht 2@ t80otb

bout 100:0, pol ysil bi.nd.
Vore typi caP P Reo T Cuiahant <G TG Cecmpbart seagfir i

conpri se ag cxﬂeure of pol ysil oxane polyner 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, polysiloxane polyner to alternate binder. Preferably,
t he bi nder conponent will conprise a m xture of polysiloxane pol yner

‘and an alternate binder in a ratio of between about 50:50 to about
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met hacryl ate, styrene, nethacrylic acid 2-hydroxyethyl aerylate
pol ymer (CAS # 70677- 00-8), acrylic acid, nmethyl nethaeryl ate,
styrene, hydroxyethyl acrylate, butyl acrylate polynmer (CAS #
7732-38-6), butyl acrylate, nmethyl methacryl ate, hydroxyet hyl
acrylate polynmer (CAS if 25951-38-6), butyl acrylate, 2-ethyl hexyl

acryl ate, | et haer te, .acrvli.c.acid pol vE i f
42398-144) ?ﬁgg{]yl acry Sau[Séé(J %5?1?/%56 ébﬁvﬁlg?g??%%%?e,(nggﬁf‘ ‘;l?F acryl atc,
2- et hyl hexydonacromyibiet (@Y Credfracr ik kelume Pdofibd yrymrinCol @A, inless otherwise

31071-53-1), car |l ated styrene but.adi ene. pol rs | yvinyl
Sl cohor pol PHERETants Shperherie $Epyol wyr kol SerPRule A%y
g 0- gol yner Svclﬂlfﬂﬂe’t\hﬁld ihd{fﬁe tﬁigmit@ataiy@ia s*fi@gl‘, p@femﬁéhMeﬁmi @ilygeati C

i nder are contenplated t9 he useful in the practi. 0 e
i nventi on. @3%@21In JoRtFBn Y ﬂ?gzﬁ?ﬂ§°6§§§HF8gﬁngﬂ&§aﬂ%§&ge
chosen anodngifRBOHVRRES cidfer 851)6ceNSY HUh@dideans. and pol yners and
copol ymers of esters of acr

ylic acid and in particular copol rs, of
pol yvi nyl ac®§33c and Té¢ W@néﬁﬁ’(ﬁawqeé kalingrlay” retprsipa W‘é‘é%ﬁtprg‘ﬁe‘fbya
invention, SiMhENERGIWaicn G8RQLYMer includes copol ymers of
styrene/ acrﬁé ic esters thereof. The styrene acrylic enulsion sold

under the tlP8dname AbRENALPenisgDs (G tofage BeeKoBHnacingg the art.
particul arl . ol i.C» hi (T ' F WBxtGR&i Ng
conpositi on}s{s. %gg%glﬁﬁ?}%g‘i@%&C%Fe{??j%égi]]&r%%gc %}?g?ﬂtg i nvention al so
typi cal |y doemguiismatsxitledéshhape refiiativerindieel isienilas & the medivprpfaRegpating so
coating fil nd. . 1. t: Lof 1.NG:: [
Some. ot endindy® SRR barbie R HE e Hed e bGP T RIE A TRRR Lline
pi gment's, pantdnoaticar by haboumifidaet geiity @hough drwenthap dliQrebove the critical
concentration nd nost extender r.e lor . ral:.. Ayl nder s
i ncl ude cl zfﬁ}%rhesrﬁé’gmg’s? CR%CSPF%IO(? | aygfé}Xt ‘%ﬁ‘é&{%f‘g’gg‘fe t%?“é@ qUarr1 tg 8)zgt fiaf
barytes (bahé pigmsk ghatdipgBioe adnbonéirehessaplbensucd sasie oftheipigment in
carbonate, zinc carbonate, nagnesium carbonate or m xtures thereof.
100541Sone EXBAGE'E % re al kali ne and have the ability to neutralize
aci di ¢ spequemjsuch age pivhrtGtiangightitrvolisneadhekntridn” CBVCisimended om

t he photocatal ytic oxidation of NO sp (;iﬁ;\s. The n{?iit%ilt es. and r%t'Lt.r te
salts for me@ve Ko ORBONBEIT RS P2t AU MeRorE 2anch a8 d et 7 hr e
di ssol ved 3 fetP¥adné pigMehRrGRall PvidpaRoSORLACI pVinidnt patiees and
Extenders that are capable of renoving acidic byproducts. of catalytic
NO oxi dat i oxbimey Belowrihe GPXGIthee issyicieatpelyasr 187 B ema e e d ARt P hy
Wi th nitroysaFgRidith& acid, and include carbonate salts such as

cal cium carbonate, zinc carbonate, magnesi um carbonate and m xtures
thereof . THe02Bbst cofhoteral Mabpiied isifeadetp DrYE STt ORGYABpIN D tsfet i s
cal ci um car.bonat Q.. «A0QR %%Ttgﬁéfstxlaﬁhﬁ%éid, BB QPR Qe BroRABstwIBth are
extender used i n the conpositions,” however, typically the inventive
coati ng conpmsictehosusuretodpr vbieh bettvie ene etboere s efonativatiorsndodidhéfder

by vol une (PVC). M typi-cal | 1Ll j i se
et ween abStt U B ARl e e PEAARERC R bR b FERE, o
Pr ef er abl y unfubstitoeripasirs bramdedvibt dycbonpyli dkenybtwsskynabgratps2@ddyeridsbout

40% or between .about ,25% t.0 0 35% ext.ender Vol 005611t
has been s ?815‘?0@?‘%’ S)V:)?Cgﬁh(&l)?ﬁéﬁ iwlgﬁﬁ(%nyﬁﬁd%?/ﬁ?ré?%cfl%@%%%n car bonat e
and one or |gozop al t eThafen exkendenendes! toaed iisnupbotgoadaalngt aml itdades ng
conpositions, the durability of the resulting coating i,S superior to
that of idéﬁ%‘g}&tali’raﬁ%‘r?ﬁdgici’?%ngnw’f@rSéc‘m‘illa’?’8‘5{?313 ?Ryéié?%ﬁrc?ﬁ%‘t e is used
as an extengigp] Usi NGh&tefth ¥iiiras Riendél ©ihdve gadunatemedtthgain tisd arepmit e
extender results in inproved durability of the ﬁho.t ocat %I ‘Iyti C tenst
coating, maKHEs fY FRNGMBRRSYERE- Pyslice & HOWHF CHIBAN BREEh IS L SR WES ed
bi nder in the conposition with an organi c binder w thout conprom sing
the durability of the coating. The durability of the coating
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100591Fi gure 1 shows the weight |oss of coatings produced from
conpositions which include a binder m xture conprising a 60:40 ratio
of pol ysil oxane polyner to styrene acrylic copolynmer wth extender
conmponent s conprising several types of cal cium carbonate ,and
alternate extenders, including talc, China clays (kaolin clay),

2l cf o cardERREETRRLR A AL a Pettes R PHEERIEE of

t he coatingy _exposed to accel erated weat hering conditions.
100601Repl acenent of an extender that ig‘iéfll lﬁal i.ne, such as 1cna,I glqum
carbonat e, [093h non- BhedaI reeterparal’ Anngndss i A € PP REMNS Educe
the capaci tiy.1Qes kS of8rPRhd thhi NAuARAE REALA i uk ok RN MGogen drenpve

aci di c species, however, the rate of renoval of NO should not be

af fect ed aphpwheruasn thharop@ipBEEti on conprises a mninum quantity of a
al kal ine e fnﬁﬁ er. |4, Nas, beemyl ouids bitetvisaptasaiTedttes @ andyl @owp as
third of calcium carbonate w tK Qpaciliter” in the extender conponent
(by vol une)defiasl abpye linkedfof the molssuieeropgit a8 afiy! RIOUP 8h/HFd ABYE- exanpl e,
changi ng t t ender, cONPO £ L0 100501 LR SHA Gak RONAdIRy 1 tefoupns
80: 20 m xt Bﬁ%ﬁﬁf cal ?:?eutrghg]ga%lg%%t%ﬂ%%é arn ]%I er rllate ext ender, such as
Opaci | i t eTMefindl apovesliitied & thheoteztls tobugian arylgraypap deitshaiotut 69%
after 42 d f exppsure. t 9 . - LN OQ8ddd t has
al so been %@ﬁg t hat %%81%38goné}g)?&%P%E%%%Jrnﬁ%%%@g ? hrg cal ci umrqé

car bonat e woinPogitites of thepreseralitentiat wpiexiterdwrise ptheriompongity ksaved
opacity of the coating, as determ ned by t ' fhgh&nt
measur enentPst Ol)ﬁé?(g{*?dé’ggﬁﬁﬂef}%ﬁﬁ%ﬁ%ﬁaﬁignctcﬁ%?n%éﬁ%@%hsr@ng%r%r nat e cont ent
in the extqndemneGoIRRARHAE, dtieamlReks oak of torcomad biieg apetipexiendergbndgs
m xture of cal ci um carbongte and Opacilitem inproy. t.elineg
coef fi ci entsugFassHexaRp gt I% mfﬁ”%fﬁ’céf?’d-‘ ﬁoﬁleg?‘ﬁ.anq'gtg‘?lgl%lgg 3‘{;&?%’%3‘?&#\9&@ of
enbf)di mén'lt)%o{%f)ox{eh% Mﬁ/ﬁ%%%t?@,co&;pagfi&tsqmawﬁ wd dhesecstaﬂbd mmhcaf[tbo][lat El% is
repl aced by one or nore alternate extenders and.the amount of if.

pi gnent ary 14038 i n t ey %mqfﬁgan@aﬂﬁw&dﬁ"&ﬁiei%e%ﬂa ccgﬁmﬁctoﬁlc?ﬁ?lk of
af fecting the oRach tifciQding PR rEQALI Afitasd emOPaghdryionf miherecotiilegnd

i ncreases because the Cpacilitetmis has nore light scatterlng voids
associ at ed aitpds titanirh divxidginetyin ueed bBITRDBIOCAHENG TR DY BWRIT R Dpaci t y
by uSi NG ORAGLLLL &R Blliled OfholdiGiaRliHRALAT doTUERNIOY il @dluspatie
The ampunt "of pignerit that can be reduced in the inventive coatin
conposi ti ong faeperdstron-tobepaistie the Rresersr PEHEETONERTHIC TR B PYHE Y Ps
effect on the opaci . : | Gakdblyt I phoeRdlyiEtitanium
CONposi t i or‘lm\‘/a"@&;p%v{}%% ?ggﬁ%ail?%ﬁ@g}e %ﬁe‘]i ween agtout oot 0. 5:stbout 20%
reduct i on idioxideds eapabintof efbsphgatphomasiviry OPth¢ bipssnes ofieyibieNishl
typically, between ahout 5% about 159% Egnent.ary.qafiade wl |
be reduced.lgmfgg&l %ﬁeep@gg%fa?yg&gﬁan 0 lo%th%ﬁ%egggbpnlaye ctha{tﬁ‘éjcan be
repl aced byo@podtidne hRAefembtyemadminamtiyot theianatasedrystidlingpambecais of He
performance of the photocatal ytic coatlng conposit. whi 11$f anat
det er ni ned MéshgERIARAE UM '5?“ %8%%?( LqiBy eI%r e(g)én ﬁ%‘megll?t }entre%l%[{ }elg{gaeﬁg#der Esmév?/_iS(Ia I
have | ess i PRGkan@in BRQide FRfRISBENE paint fslyecattuimbisDYetby vefightiadthewsitif ¥y

than others, requiring a larger quantity in the, co Lt

al ternat e @xaferFfapa i feyel I‘Pgﬁ’éat%feésrﬂﬁt%rrtx?nrf‘fi’g‘gt%é aﬁ%%ged%r%éfﬁ;ly%r@?&
renove aci gjf BPRO0Sol JiéHlerAbdifibofddsen diarseme Tiabodimeentthephoc@atalyitig
conpositions wll typically conprise ext enl?gr. (of0) omeg)t,surcgm Qsie 5 g a
m xture of tigaiuh dioxidappoisies of B EOBARSIHMS NpY BS WiSURYHAREY BYE &N er?sr?’i n

a ratio of ! ARQUL A O fuf1calRu 1R Coh0ishyss iah ubeyt 565, nret ween
about 50:5 %%Mfggr%at 75:t265, cal ci um car bonat e h&}one or
$

' nor.e .
al ternate euttieniddy.(is thamabow A5, anpHeors arekHce ess JrgePd b e Ridn
one extender. For exanple, for an extender conponent that conm ses a
m xture of cal cium carbonate and one or nore alternate extenders in a
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No. Function 1 23 45 6 Part A Natrosol TM 250MR t hi ckener 77.1
77.1 77.1 77.1 77,1 77.1

In some embodiments, the photocatalytic titanium dioxide particles will be free of the
rutile form, meaning that the rutile crystal form is not detectable by crystallography. Put
another way, the photocatalytic titanium dioxide particles may comprise 100% anatase
form. The degree of crystallization and the nature of the crystalline phase are measured
by X-ray diffraction. In other embodiments, photocatalytic rutile titanium dioxide may

be employed as the sole source of photocatalyst, or in combination with anatase
photocatalytic titanium dioxide.

{6037} The photocatalytic titanium dioxide particles for use in the coating
composition will typically have an average particle size which enables the particles to
absorb and scatter ultraviolet light. As the particle sizes become very small, the band gap
between the valence and conduction bands decreases. Thus, with sufficiently small
particle sizes, it has been observed that titanium dioxide patticles are capable of
absorbing light in the visible spectrum. The titanium dioxide particles for inclusion in the
inventive paints will typically have a particle size between about | nm and about 150 nm.
In some embodiments, the particle size of the photocatalytic titanium dioxide patticles
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
herein 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 mz/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



N4AO dispersant 2.2 2.2 22 2.2 2.2 2.2 Nopco NXZ antifoam
210.73 0.3 0.3 PC105 Ti @2 photocatal yst Ti 2 pignent 20.9
.7 20.9

titanium dioxide particles have surface areas greater than about 100 mz/g, and preferably
greater than about 150 mzlg. In some embodiments, the titanium dioxide photocatalyst
will have a surface area greater than about 200 m*g, greater than about 250 m¥g, or even
greater than about 300 m%/g.

[0039] Photocatalytic titanium dioxide available from Millennium Inorganic
Chemicals under the designations PC50, PC105, PCS300, SP 300N and PC500 have been
found to be particularly useful for inclusion in coating compositions according to the
invention. PCS300 and SP300N are 100% anatase titanium dioxide dispersions in water
having an average crystallite size between about 5 nm and about 10 nm. PC500 is a
100% anatase titanium dioxide powder, which has a TiO, content between about 82 %
and about 86 % by weight, and which has a surface area of about 250 to about 300 m/g,
as measured by S-point BET, which translates to an average particle size of about 5 nm to
about 10 nm. The product designated PC50 and PC105, also from Millennium Inorganic
Chemicals, will also find utility in some embodiments of the invention. PC50 comprises
greater than 97% by weight titanium dioxide and PC105 comprises greater than 95% by
weight titanium dioxide. The solid form of the TiO: for both PC50 and PC100 products
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 titanium 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

10



41,7 20.9 41.7 20.9 41.7 20.9 41.7 Ti onaTm 595
51.6 51.6 51.6 51.6 51.6 51.6 CaCCB ext ender

the volume of photocatalyst in the dry paint composition taking into account only the
photocatalyst, pigment, extender and binder.

[0041] It is within the scope of the invention to provide coating compositions
having two or more different titanium dioxide photocatalysts, where at least one, and
preferably each, of the titanium dioxide photocatalyst materials meet the specifications
described above. Thus, for example, the invention embraces the use of bimodal
photocatalytic titanium dioxide material, formed by combining two different titanium
dioxide powders or sols, wherein at least one, and preferably both, have a particle size
and/or surface area as defined above. In other embodiments, the photocatalyst will
“consist essentially of” a particular titanium dioxide material described herein, by which
is meant any additional photocatalyst having materially different activities is excluded, or
that amounts of additional photocatalyst which materially impact the durability, de-
polluting, or self-cleaning properties of the paint are excluded.

[0042] In addition to the photocatalytic titanium dioxide, the coating
conipositions of the invention may further comprise one or more pigments. The term
“pigments” is intended to embrace, without timitation, pigmentary compounds employed
as colorants, including white pigments, as well as ingredients commonly known in the art
as opaufymg 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 T iona™ 595 sold by Millennium Inorganic
Chemicals Ltd. Pigmentary grade titanium dioxide are typically in the rutile form and
have less photocatalytic activity. Pigmentary titanium dioxide may comprise a coating of
aluminum oxide, siticon dioxide, or the like as a passivating layer on the surface of the
particles.

[0043] 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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Wat er

J solvent 18.2 18.2 18.2 18.2 18.2 18.2 Part B

Watersolvent 17.2 14.7 12.3 11.0 9.8

[0044] Typically, the coating compositions of the invention cOmprise one or more
organic binders, preferably a polymeric organic binder. In the broadest aspect of the
invention, it is contemplated that any polymeric binder may be employed. In one
embodiment, the polymeric binder is a water-dispersible polymer, including but not
limited to latex binders, such as natural latex, neoprene latex, nitrile latex, acrylic latex,
vinyl acrylic latex, styrene acrylic latex, styrene butadiene latex, and the like. The present
invention embraces compositions that include a single binder or a mixture of two or more
polymeric binders that may be of the same class or different. For example, organic
binders may be combined with a silicon-based binder.

[0045] The inventive photocatalytic coating compositions typically comprise
between about 1% to about 60% binder by volume of the coating composition (PVC).
This concentration refers to the total binder content per volume of the composition, which
may include mixtures of two or more binders, as well as other components and solvent.
More typically, the amount of binder in the composition is between about 5% to about
50%, about 10% to about 40% or between about 15% and about 40% by volume.
Preferably, the amount of binder will be between about 20% and about 30% by volume.
[0046) For compositions that include photocatalytic titanium dioxide, it is
preferable to include at Jeast one silicon-based binder because of the excellent stability of
these polymers to the photochemical conditions produced by the photocatalytic titanium
dioxide.

[0047] In some embodiments, the polysiloxanes according to the invention may
be, for example, polyorganosiloxanes including without limitation polydialkylstloxanes,
polydiarylsiloxanes, polyalkylarylsiloxanes, polyalkylalkoxysiloxanes or the like. Inone
embodiment of the invention, the silicon-based binder includes a polysiloxane polymer

represented by the following formula:

wherein
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7.3 Silres(r) BS45sil oxane polynmer 75.0 60.0 45.0 30.0 15.0 O
Acronal Tm 290D styrene acrylic polynmer 0 15.0 30.0 45.0 60.0 75.0

Texanor

coal escent 3.8 3.8 3.8 3.8

1 will typically range from 5 about 5000, more typically from about 500 to about
5000, and preferably from about 1500 to about 5000; and

R, and R; are independently aliphatic groups including alky! groups such as
methyl, ethyl, propyl, butyl, 2-ethylbutyl and octyl; cycloalkyl groups such as cyclohexyl
and cyclopentyl; alkoxy groups such as methoxy and ethoxy; alkenyl groups such as
vinyl, propenyl, butenyl, pentenyl, and hexenyl; ary! including phenyl, tolyl, xylyl,
naphthyl and biphenyl; aralkyl including benzyl and phenylethyl; alkary! or heteroaryl
groups. Any of the groups R, and R, may be optionally substituted with one or more
functional groups, including but not limited to halogen, cyano, nitro, amino, alkoxy, acyl,
carboxyl or sulfony! groups.
[0048] Suitable polysiloxane polymers include those sold under the tradename
Silres® BS 45 from WACKER-Chemie GmbH which is an alkylsilicone resin sold as an
emulsion in water comprising from 30% to 60% by weight polymethylethoxysiloxane
[0049] The binder component of the inventive coating compositions typically
comprises a polysiloxane polymer and optionally an alternate binder in a ratio of between
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, polysiloxane 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.
{0050] 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 polyviny! acetate polymers. In
one embodiment, the binder comprises a mixture of a polysiloxane polymer and a
styrene-acrylic copolymer.
{0051} Suitable organic polymers also include, but are not limited to, methyl

methaérylate, styrene, methacrylic acid 2-hydroxyethyl acrylate polymer (CAS # 70677-
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polyvinyl acetate polymers and co-polymers and the like. Combinations of more than one
organic binder are also contemnplated to be useful in the practice of the invention.

[0052] In some cmbodiments, the organic polymer may be chosen among
copolymers of styrene/butadiene, and polymers and copolymers of esters of acrylic acid
and in particular copolymers of polyvinylacrylic and styrene/acrylic esters. In the present
invention, styrene acrylic copolymer includes copolymers of styrene/acrylic esters
thereof. The styrene acrylic emulsion sold under the tradenaine ACRONAL™ 290D
(BASF) has been found to be particularly useful as an organic binder in the inventive
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 critical 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.

[0054] 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 NO, 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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3 alternate extender results in improved durablhty of the photocatalytic coating, making it

possible to replace a portion of the silicon-based binder in the composition with an
organic binder without compromising the durability of the coating. The durability of the
coating compositions are evaluated by the weight loss of the coatings per area, when
exposed to accelerated weathering conditions. The alternate extender can be any
extender that when combined with calcium carbonate improves the durability of
photocatalytic coating compositions. Typically, the alterpate extender include, but are
not limited to, kaolin clays, China clays talcs, quartz and barytes (barium sulfate). Ina
preferred embodlment the alternate extender is a “flash calcined” kaolin cla} A
particularly suitable flash calcined kaolin clay for use with the present invention is sold
by the tradename 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™ results in a reduction of the weight loss of the resulting coating when tested
for durability from about 265 mg/100 et to about 126 mg/cm®. As noted above, the
weight loss of 126 mg/em’ 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 repl acing about
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contains only calcium carbonate as the extender component. In other embodiments, the
weight loss of the coatings produced from the inventive coating compositions is reduced
by at least 30%, or by at least 40% compared to a control composition. More typically,
the durability of the coatings produced from the inventive compositions is increased to an
extent that the weight loss is reduced by at least 50% or at least 60%. Preferably, the
stability 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.

10059] Figure 1 shows the weight loss of coatings produced from compositions
which include a binder mixture comprising a 60:40 ratio of pbolysiloxane 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
(Ba;S04). 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 NOy
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 NO, removal. For example, changing the extender component from 100%
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[6061] It has also been found that replacement of a portion of the calcium
carbonate with one or more alternate extenders results in improved opacity of the coating,
as determined by scattering coefficient measurements. As an example, modifying the
calcium carbonate content in the extender component from 100% calcium carbonate to a
an 80:20 mixture of calcium carbonate and Opacilite™ improves the scattering
coefficient of the coating from 4.4 to 5.0. Therefore, in some embodiments of the
invention, a portion of the calcium carbonate is replaced by one or more alternate
extenders and the amount of the pigmentary TiQ, in the coating compositions is reduced
without affecting the opacity of the coating. The opacity of the coating increases because
the Opacilite™ is has more light scattering voids associated with it than calcium
carbonate. The improvement in opacity by using Opacilite™ then allows the pigmentary
TiO, to be reduced. The amount of pigment that can be reduced in the inventive coating
compositions 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
composition 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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of 75:25, the 25 may comprise a mixture of more than one alternate extender. More
typically, the extender component will comprise a mixture of calcium carbonate and
alternate extender in a ratio of between about 60:40 to about 80:20 or between about
60:40 to about 70:30, calcium carbonate to alternate extender(s), by volume. Preferably,
the composition will comprise a mixture of calcium carbonate and an alternate extender
in a ratio of between about 70:30 to about 80:20 or between about 65:35 to about 75:25,
calcium carbonate fo alternate extender(s). It will be apparent to those skilled in the art
that the amount of total extender in the inventive coating compositions is not limited and
based on the desired characteristics of the specific composition.

[0063] If necessary, various other compounds may be added to the composition of
the invention, but preferably such an addition does not compromise the shelf life,
photoactivity, durability or non-staining properties of the resulting coating. Examples of
such additional compounds include filler(s) such as quartz, calcite, clay, talc, barite
and/or Na-Al-silicate, and the like; pigments like TiO,, lithopone, and other inorganic
pigments; dispersants such as polyphosphates, 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 hydroxyethylcellulose), xanthane gum, polyurethane,
polyacrylate, modified starch, bentone and other Jamellar silicates; water repellents such
as alkyl siliconates, siloxanes, wax emulsions, fatty acid Li 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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2 2.2 Nopco NXZ antifoarn 0.3 0.3 0.3 0.3 0.3 0.3 0.3 PC 105 T102

phot ocat al yst 20.9 20.9 20.9 20.9 20.9 20.9 2 i ] :
pi gnent 41.7 0.9 Tionaml-595 Ti O2

Example 1
[0065] The effect of lowering the concentration of polysiloxane polymer in the
binder of the compositions on the durability of the coatings was examined by preparing
six compositions with varying amounts of polysiloxane polymer mixed with styrene-
acrylic copolymer. The complete compositions are presented in Table 1 below. The

composition component quantities in table 1 are in weight (grams).

[0066]
Table 1.
Composition No. 1 2 3 4 5 6
Ingredient Function
Part A
Natrosol™ thickener
250MR 77.1 77.1 77.1 77.1 77.1 77.1
Dispex® N4 | dispersant 291 221 220 22 221 22
Nopco NXz | antifoam 03! 03! 03] 03] 03] 03
PC105 TiO: 2091 209] 209 209 209 20.9
photocatalyst
Tiona™-595 | TiO2 pigment 417 4r71 417 417 417 417
CaCO; extender 516 S1.6| 51.6| 51.6] 51.6| 516
Water solvent 1821 1821 1821 182 182 182
Part B
Water solvent 1721 147 123 110} 98} 73
Silres® BS45 | S1O%ane 7501 60.0| 45.0] 300 150 0
polymer
styrene
‘;9"58“*““' acrylic ol 150 300| 450 60.0| 75.0
polymer
Texanol™ ¢oalescent 38 3.8 38 3.8 3.8 38
Bactericide Bactericide 0.3 0.3 0.3 0.3 03 0.3
Total 308.2 1 303.3 | 298.4 | 2959 203.4 | 288.4
[0067] Each composition comprised 15% Tiona™ 595 pigmentary TiO and

7.5% PC 105 photocatalytic TiO, (PVC) from Millennium Inorganic Inorganic
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41.7 41.7 41.7 41.7 41.7 41.7 CaCO8 extender 51.6 41.3
i ' - : .3 31.0 25.
10.3 0.0 opacilite TM extender 0.0 7.8 15.7 19.6 23.5 31.4 > 8207

Chemicals. The coating compositions are prepared in two parts (part A and B). For part
A. the ingredients in Table 1 are successively added to water with mixing and the
resulting mixture is mixed further under high shear for 20 minutes, For part B, the
polysiloxane and/or styrene-acrylic copolymers were added to water with mixing
followed by the coalescent and bactericide. The components are further mixed for a
minimum of five minutes. Part A was then mixed with Part B under high shear mixing.
[0068] Acronal™ 290D is a styrene acrylic copolymer used as an organic binder
available from BASF. Acronal™ 290D comprises 50% by weight solids in water.
Silres® BS 45 is a water-thinable solvent less emulsion of a silicone resin used as a
binder available from Wacker Chemie AG.
[6069] Each paint sample is applied at a coverage of 77 g/m’ (based on the dried
weight of the coating) on a substrate and the substrates were tested to determine the
impact of increasing amount of styrene-acrylic copolymer on the durability of the
coating.

Determination of Coating Durability
[0070] The complete methodology for determining durability of 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 Ci6SA Weatherorneter (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
each 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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39.2 Water

solvent 18.2 18.2 18.2 18.2 18.2 18.2 18.2 Part B Water

solvent 17.2 14.7 12.3 11.0 9.8 7.3 4.8 Sifres(r) BS45 s oxane al ner

Table 2
Composition # iiloxane:Styrene Weight loss
cryigzt?(f)olume (mg/100 sz)
I | 100:0 126
2 80:20 178
3 60:40 265
4 40:60 328
5 20:80 363
6 0:100 419
[00671] As shown in Table 2, the durability of the coating is adversely affected by

increasing the proportion of the styrene acrylic copolymer. As discussed above, organic
polymers with only carbon, hydrogen and oxygen are quickly oxidized 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 altemate.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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45.0 45.0 45.0 45.0 45.0 45.0 45.0 Acronal cm 290D styrene acrylic
pol yner coal escent 30.0 3,8 1 30.0 3.8 30.0 3.8 30,0 3.8 30.0 3.8
30.0 3.8 30.0

carbonate to Opacilite™ of 100:0, 80:20, 60:40, 50:50, 40:60, 20:80 and 0:100 by
volume. The complete compositions are presented in Table 3 below. Each component is

indicated by weight, The ratios of CaCOj; are by volume.

Table 3.
Composition # 7 8 9 10 11 12 13
Ingredient Function
Part A
CaCO; to
Opacilite™ 100:0 1 80:20 | 60:40 | 50:50 | 40:60 | 20:80 | 0:100
ratio
Natrosol™ thickener
SSOMR » 77400 7700 7700 770 771 771 77.1
Dispex® N40 | dispersant 221 221 221 221 22| 22 2.2
Nopco NXz | antifoam 03] 03] 03] 03! 03] 03 0.3
PC105 TiO; 209 | 209 209| 209 209]| 209 20.9
photocatalyst
Tiona™-595 | TiO2 pigment 4171 417 417! 417 4170 417 417
CaCO; extender 5161 413 310! 258 207 103 0.0
Opacilite™ | extender © 00! 78! 157 196] 235| 314 392
Water solvent 1821 182 182 182 182 182 18.2
_ _ Part B » ‘
Water solvent 1721 147| 123] 11.0] 98| 73 4.8
Silres® BS45 | Siloxane 450 | 450| 45.0| 45.0] 45.0] 45.0 45.0
polymer
. " styrene
zAg"gg“m " | acrylic 300 300] 300 300/ 300! 300 30.0
polymer
Texanol™ coalescent . 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Bactericide Bactericide 0.3 0.3 0.3 03 0.3 0.3 0.3
Total 308.2 1 303.3 | 298.4 | 295.9 | 293.4 | 288.4 283.5




3.8 Texanol ym Bactericide Bactericide 0.3 0.3
0.3 Total 308.2 303.3 303030503

Effect of Alternate Extender on Durability
[0073] The effect of replacing part of the calcium carbonate with Opacilite™ was

studied using the same methodology described above for Example 1. Coatings from each
of the compositions 7-13 were evaluated after exposure for 2000 hours in a Ci65A

Weatherometer (Atlas Electric Devices, Chicago). The results are presented in Table 3

below.
Table 3
Composition # CaCO;: Opacilite™ Weight loss
Volume Ratio (mg/100 cm®)

7 100:0 260

8 80:20 189

9 60:40 104

10 50:50 76

11 40:60 77

12 20:80 65

13 0:100 58
[0074] It is apparent from the results 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 NO, Removal by Coatings
[0075] The ability of coatings produced from the inventive 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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or anple I. Coatings fromeach of t it
7-13 were evaluated after exposure for 2000 hours in ah(e)' ggg\posumns

O L suatnia b S nes BBy U ety o

vol ume: Ratf,0 o\ L5 fild Aoy Adds, Thel B0: Of 260 PR BRI
theoretically be significantly affgcted. The complete methodology for determining NOy
removal is described in U.S. Patent Publication No. 2007/0167551, the disclosure of
which is hereby incorporated by reference. Coatings prepared from each of the
photocatalytic coating compositions 7-13, with decreasing levels of calcium carbonate,
were tested according to the standard methodology. Briefly, the samples were placed in
an air-tight sample chamber and sealed. The sample chamber is in communication with a
three channel gas mixer (Brooks Instruments, Holland) through which NO (nitric oxide),
and compressed air containing water vapor are introduced into the chamber at
predetermined levels. The samples are irradiated with 8 W/m? UV radiation in the range
of 300 to 400 nm from a UV Lamp Mode! VL-6LM 365 & 312 nanometer wavelengths
(BDH). Initial values and final values (after five minutes irradiation) of NOx were
measured by a Nitrogen Oxides Analyser Model ML9841B (Monitor Europe) connected

to the sample chamber. The % reduction in NO, was measured as (A NQOx / Initial NOx)

% 100. The results are summarized in Table 4.

» Table 4
Composition # CaCOy: Opacilite™ ‘ﬁtg(ixz %Zr}r’lsoval
Volume Ratio exposure
7 £ 100:0 69
8 80:20 68
9 60:40 61
10 50:50 57
I 40:60 50
P 20:80 48
13 0:100 15
[0076] 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 negligible impact on the ability of the coatings t0

24



104 10 50:50 76 11 40:60 77 12 20:80 65 13 0: 100 58 100741lt is
apparent fromthe results that as the percentage of cal ci um carbonate
in the conpositions is decreased and replaced with OpaciliteTM the
wei ght |l oss of the coating is reduced significantly, indicating

i nproved durability. The results for conposition # 3 are consi stent
wWith results obtained previously with 0% cal ci.um,car. ;

60: 40 ni xtwemevoNQpebseis|fnaie epBrgamspt tngJ‘éFS}’P‘Jéﬁég%‘éaﬁ? F‘?Og‘%g‘té%ﬁé;%élﬁy
(see Tabl e tz GRS §itgir91%0§e) NOKNE hEaMIntS cadrs oftigheplatdnaint obBpYsph tens
with an exteli8&  EBigonent that conprises a mxture of cal cium

car bonat e andufpabohat¢ wiVOpaciiteFat i o of bet ween 80:20 to 60: 40 by

vol unme recovers the durability lost as a result of using a 60:40

m xture of siloxane and styrene acrylic copol yner. Exanple 3

Det erm nati on of NO Renoval by Coatings 100751The ability of coatings
produced fromthe inventive conposi @gﬂ@et@o remove NO was tested to
eval uate the effect of replacing part of the cal cium car botnagt\amg\,gigoh
Opaci | i t emganzjt he efifticRipariyofobatingedqrivod Germttes P eiive KUY GHY.

le E 2?\3 g :1 {,\E\Pa:l fa?c*:gg %égtse(gxgg C%&Bégﬁt Ceaal \?tért{%gtsc(% cgﬁﬂ%iﬁoﬂ’y A 1B Rerd Qb‘ca_ﬁie& ali ne

( _ e coatings to frermve n{itrlgl'.ﬂcs
and nit rou§Si§%:f|hg?fgup%mgmlgﬂ&qojtiohlo,"rometﬂwahcesdﬁim 1?1‘6’]5 TR 8BF WY
be significantly affected. The conp)et Fidtraehe BYIKR ng
NQ r enoval ujirg gaserd tﬁ@fw%oayn%f’“’ﬁg‘? %ﬁﬁﬁﬁ%ﬁ%&ﬁ‘%ﬂ*%. 3807/ 0&7535%,
the di scl ogyr£.0fs NhEahmba, Rr.ehe feudiobpibe atcedrgyenterre prseded BJ3YF Ags
prepared from eac?] of the photocatal ytic coating conpositions 7-13,
wi th decreaslibwg | evel s of cal cium carbonate, were tested according to
t he standard net hodol ogy. Briefly, the sanples were placed in an
air-tight sanple chanber and seal ed. The sanple chanber is in
comuni cation with a three channel ga@bﬁi er (Brooks Instrune ,
Hol | and) throug Feh—NO-{TtTiT € RenCongefesed air
cont ai ni ng wat er VESB‘POEP% Tt r()dugge%gzgﬁfgj:;&e chagbekieat
predet er mi ned levels 1’7he safptes—are |r¢_ diatedijwth 8 WnR ¥
radiation in the range of 300 to 400 nt?$Y om a U\LLamp—l\@deL——g@E &
312 nanoneter Wwavelengths (BDH). Initighowal ues and final val ues
(after five m nutes irradi-ati-en)—ef—Nox—wereneagured by a N spragen
Oxi des Anal yset Mdel M.9841B (Nbnitor 58dPope) cdnnected to the
sanpl e chanber —Thre~%ngduction|in NO wgsgnmeasured as (A NOX B9

Initial NOXx) =
1 40:60 4
12 20:80 B 6.3
6.6
3 0:100
[0078] The data presented in Table 5 shows that the opacity of the system is

i i ilite™, Based
improved in coatings that comprise less calcium carbonate and more Opacilite

on these results, it is possible to reduce the amount of pigmentary TiO; 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

f each individual publication or patent or patent application was specifically
purposes.

extent as i
and individually indicated to be incorporated by reference 1n its entirety for all
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X 100. The results are summarized in Table 4. Table 4 CaCC3:
OQpaciliterm Vol une Rati o % NO Renoval after 42 days exposure
100761The results of the tests indicate that changi ng the extender
conponent from conprising solely cal ciumcarbonate to a m xture of

cal ci um carbonate and Opaciliten4 in a ratio of 80:20 has negligible
i npact on the ability of the coatinhgs.to ..re SREGHER pitiRETbhe
envir onnenMaﬂFWﬁiS?‘Fﬁi‘lsé{lé VHEUA% %fqg‘ﬁé%mt’ nact%}t{jgérug%i It:ﬁt y of tlh%q'
coatings tQ rEIPVGdNSSpd, SasTRAINTRI ppareply &N dafst exkilled phateneht Tiet sBOicof
the cal cium carbonate with Opacilite' TM Examle 4 101 he,QRasist ¥
of coat i ngsmblstinea desebRd hrecin ﬁ(?éﬁﬁfef‘??iebyc‘ﬁ%%rs?xf‘?qgﬁson\%aé zf_gl%h_-sgo Y y
eval uat ed.  Sealih SEd B CQLTE! Ehnkt BEappiaBE Ok klamerpos It oHsscape1d
wer e obtai ned using the ‘Kubel ka- Munk equations fromrefl ectance data
obt ai ned f equvaitmys te odidhrryclf £lpims ak4geSt andar d net hodol ogy known in
the art (Gardner Col orview instrunment, BYKGardner USA, Col unbia, M).
The results of the nmeasurenents are presented in Table 5 bel ow.
Table 5 -
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Composition # CaCO3: OpaciliteTm Volune Ratio 7 100:0 8 80:20 9 60: 40
50:50 10 11 40:60 12 20:80 13 0:100 100781The data presented in
Table 5 shows that the opacity of the systemis inproved in coatings
that conprise |ess calciumcarbonate and nore Qpacilite' TM Based on
these results, it is possible to reduce the anount of pigmentary TiQ
in the inventive conpositions without |lowering the opacity of the
coatings. 100791All references including patent applications and
publications cited herein

What is claimed is:

I. A composition for forming a self-cleaning, de-polluting coating comprising:

(i) photocatalytic titanium dioxide;

(i) a binder component comprising a polysiloxane polymer; and

(iv) an extender component comprising calcium carbonate and one or more alternate
extenders;

wherein the weight loss of the coating when applied and dried on a substrate and exposed
to accelerated exposure testing is less than an otherwise identical coating exposed to the same

accelerated exposure testing which includes calcium carbonate in place of the 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, further comprising an organic pqumer, wherein

the organic polymer is a styrene polymer or copolymer.

6. The composition according to claim 1, further comprising an organic polymer, 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.
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are incorporated herein by reference in their entirety and for al
purposes to the sane extent as if each individual publication or
patent or patent application was specifically and individually

i ndicated to be incorporated by reference inits entirety for al
purposes. Many nodifications and variations of this invention can be
made w thout departing fromits spirit and scope, as wll be apparent
to those skilled in the art. The specific enbodi nents descri bed

her ei n ar e gof f ertedodwosiieryacadrdigga nipiel, Guthey pongricing dy@grhany ehtreiothei s t 0 be
limted onl . .t er. of the appended clains, along with the ful
scope of e J?%éf%%’gifégﬁﬁ?ch such clains are entitled, Wuat is
claimed is; 1.A conposition for form ng a sel f-cleaning, de-polluting
coating conpri Sihl@ompoki)ioddaed:asab abkift 1, Ghdrdid @O 1bd 01 @breXiettaie extenders is( i1 1)
a binder co nt .conprising a.pol.ysil oxan |- ' (1v)
an extendefgggﬂg'Wéﬁ?gggﬁ%FFggﬁég?g %?ﬁﬁégﬁgggﬁg%%géﬁﬁ%%%e or nore

al ternate extenders; wherein the weight |oss of the coating
when appli gf anghe dénh R bctbrErs bikial ByRRA RRQER xtAdAR G Bhalcatind
exposure testing is’less than an otherw se identical coating exposed
to the sanﬁ“&&&%¥erated exposure testing which includes cal ci um
carbonate in place of the alternate extenders. 2. The conposition
according 4p C'1%@anizmsiiiwa%%ngt%@imNﬂaginahemtgmxgen&r ithe wonposi tion
according to claim?2, wherein the pignment is titaniumdioxide. 4.The
cconposi tion according to claim 1, wherein the binder further

conpri ses an Oorgatinpofitdny®@Edingio dikie OaiRPpHShdatiomtaxtodedisngaryteo. cl ai m 2,
further conprising an organi c pol herei the organic polyner is a
styrene pol ymer or copolyner. 6.The conposition according to claiml,
further conpri Shaepmpasibmgasrtngse Flymer vheiRidheaiivnatfateisgSiie® pol yner is

an acrylic polymer or copolymer. 7.The conposition according to claim
5, wherein llE. he ’l%g Xor;nepr(}selti(%%gc%lx@{n%qg clldirsn 1?‘w§etré{J tgpﬁxb%gé’ta){}!‘tic Cc\itaﬁlg;ﬂ%lo)éﬁ?{s

greater than 50% by weight in the anatase crystalline form.

15.  The composition according to claim 1, wherein the composition comprises between 2%

and 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 50:50 to

90:10, calcium carbonate to alternate extenders, by volume.

17.  The composition according to Claim 10 wherein the ratio of calcium carbonate to flash

calcined kaolin clay is between 65:35 to 75:25, 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.
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8. The conposition according to claiml, further conprising a

pi gment, wherein the pignent is titaniumdioxide, 9. The conposition
according to claiml, wherein the one or nore alternate extenders is
selected fromthe group consisting of kaolin clays, silica, talcs,
quartz and barytes. 10. The conposition according to claim9 wherein
the alternate extender is a flash calcined kaolin clay. 11. The
conposition according to claim9 wherein the alternate extender is a
a talc. 12. The conposition according to claim9 wherein the

alternate gxt e“ﬁx@@orhp%sxéon%&o)‘&u?gto ciéx%lsmﬁre&QEEQ%értcbx%bnaﬁ@&ﬁp@ikéag to
claim9 wherei n ?yﬁ‘g) ternate extender is silica.

conposi ti oﬁ“’&i’:’& x§ng pRlyms ﬁ?dlswr?/mé?réli‘cﬁoffoﬂ'émb‘ﬂﬁfa&f? aféf‘%ee‘t %24 um
di oxi de i s 7gpeaiieiloxtirgnlybete byrenedctylit copsiytdndyariabase crystal l i ne
form 15. The conposition according to claim1l, wherein the
conposi tion conprises between 2% and 100/ n photocaral ytic titanium
di oxi de by 2%ol (ke cwtrotiting agroidingdngei 18y vprein “TGXte“Flﬁré"E‘B‘??ﬁ?}é’i“Ff?rB"ﬁa
accordi ng kgt & cilciin cb@aRiand fldiecaikeRdRl cl4ompanantiratdolipivee §0:4)

m Xt ure of Caaéo% cglﬁl%%%a gln%g nl(lzlca?cl %dﬁ)aohrgrqare alternate extenders in a

ratio of bé&tweemn i°Cium car bonate to alternate
ext enders, by vol une. ' The corrp05| tion according to Caim 10

whe lr3 ein th@16 g agig@c&{poﬁwncabdmn@a& Hanat G;vhte@mftﬂeéﬁtbnd&&bﬁpdiﬁﬂ chi@lsdsn cI ay
i S between t.0 a i ng
o o al m 1 TR o e bt ST o PR R B 2 600
styrene- acnrydlméoﬁdpglklymnatemslvm@ﬁred keolithdayext ender corrponent
conprises a nixture of calciumcarbonate and a flash cal cined kaolin
cl ay. 19. The, conpositign accordin aim 18, wherein .the binder
conponent FonpriE@EPEsienof ek ]of"’hifﬁ‘f‘sgﬂéﬁ?ef‘% ﬁﬁcgmﬁ%’FVﬁ%errg?fc?mmmo

st yr ene- aceadiunceacopad anietie dr mog aftarhdtOexhdarat aeenof30:860 30 E‘i)vomme

pol ysi | oxane polymer to styrene-acrylic copolyner, by vol ume.

The conposition according to claim18, wherein the extender c onent
conpri ses #-mi Xbafcareytiopaf elrimb wheeB s preisings if prdeen 20%) 15 b "flg"gﬂﬁe
clay in a smwigeidéngitdl oatiig. bet ween 60: 40 and 80: 20, cal ci um carbonate
to flash calcined kaolin clay. 21. The conposition according to
claim 18, wherein the extender conponent conprises a mxture of

cal ci um catbonAkeompesition aEHaimal0CThsEsin ReFrRds: ePRInePEoRPRST RRUFEL | 0 of

bet ween 60 Qmaador +3Qash GatifddkmdImalah Gatrehgt 6f Holnasdl0 ead0cdone dolaaol i n
cl ay.

25. Ih a coating composition for a substrate of the type comprising:

photocatalytic titanium dioxide;

a polysiloxane polymer and optionally one or more of an organic polymer selected from
styrene polymer, styrene copolymer, acrylic polymer, acrylic copolymer, a styrene-acrylic
copolymer and mixtures thereof; and

calcium carbonate, the improvement comprising incorporating into the composition an
effective amount of a flash calcined kaolin clay at a ratio of flash calcined kaolin clay to calcium
carbonate of from 80:20 to 10:90 whereby the weight loss of a coating produced from the

composition weight loss of the coating when applied and dried on a substrate and exposed to
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22. The conposition of Caim1, wherein, the extender conponent
conprises a mxture of cal ciumcarbonate and one or nore alternate
extenders in a ratio of 20:80 to 90:10 by volune. 23. The
conposition of Caiml, wherein the weight loss is at |east 20% I ess
than that for the otherw se identical coating. 24. The conposition
of Claim 10, wherein the extender conponent conprises a m xture of

cal cium carbonate to flash calcined kaolin clay in the range of from
80: 20 to 20%°BUrrassH rpsyfriesting Z5it leash2056 less ded siptheprifsddentidabueating expgsed to
substrat e ohe {ahe adeyipete€ OIFRutIEsBgl bulROL QA &bd la Y difositibd VA EsQNILITE

a polysiloxameﬂa qh%m rff'd %gt'on |1y one or nore of an organic

pol ymer sel Bct&d Frdm’s %h%? “%SP@H% , styrene copol yner, acrylic

pol ymer, acrylic copolyner, a styrene-acrylic copolynmer and m xtures
t hereof; and cal ci um carbonate, the inprovenment conprising
incorporating into the conposition an effective amount of a flash
calcined kaolin clay at a ratio of flash calcined kaolin clay to

cal cium carbonate of from 80:20 to 10: 90 whereby the weight | oss of a
coating produced fromthe conposition weight |oss of the coating when
applied and dried on a substrate and exposed to accel erated exposure
testing is at |east 20% | ess than an ot herw se identical coating
exposed to the sanme accel erated exposure testing but produced froma
conposi tion which includes cal cium carbonate instead of flash
ccal ci ned kaolin clay.
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