WO 2009/029854PCT/US2008/074876 PHOTOCATALYTIC COATING FIELD OF INVENTION
[0001]The presentipyeasion relates to compositions for imparting a photéd¢diarikcicating on a
surface. More specifically, the invention relates to depolluting, self-cleaning paints comprising titanium
dioxide particles which do not require prior activation to achieve high initial photocatalytic activity.
BACKGROUND OF THE INVENme[F me hotocatalytic properties of the semiconductor
material titanium dioxide result fr ;g? %ﬁgﬂgcggﬁéf he valence band to the
conduction band under the influence of uﬁf@i\fﬂﬁfi%}\% ar-UV radiation. The reactive
electron-hole pairs that are created migrate to the surfacé of the titanium dioxide particles where the

holes oxidize gawarbed watgs topiadiic feaciive; hydkox radisglsagd the elepipnseduce adsorbed

oxygen to produce superoxide radicals, both of which can degrade NO, and volatile organic

compounds ( %%3%?3{?‘\% SOPURE REWE GHFSEe M&%ﬁfﬁﬂ&o%ﬂYﬁﬁﬁmﬁﬁﬁeﬂi&d has been

employed in cpaltingg,and-therdike feitemoverisalutantsd sivxihe pait s hiaalings mayalso have the

advantage of at%gg}g&%gtﬁ;?mage@ig %hs&% g%%?&h{%@{g?\é\&mg)ld, algae, etc.) is also oxidized on the
photocata

surface. [0003]Despite the benefits of ‘existin ytic fitdhium dioxide coatings, there is room

for improvement in the art. Particu{c?l [ e oﬁ_sf[%rv d that the initial activity of conventional
AT

photocatalytic titanium dioxide coatings IS poor U m&%s been pre-activated, such as by

washing with yaes, Whie 1 Wishiogioube haure DY ARl e RETBYEA g sctvaton step

is required to remove organic constituents present in the coating composition from the surface of the

catalyst or poSifBideadesfraE shn papmerra ofrsletsnsufomidsivalears bad padieleandusiomhich reactive
radical speciesaate dedenahl Hgwener othistaddiionahstepmakes pplication ofrgphatgeatalytic
titanium dioxi ing s at inconvenient because jt is time consuming and adds additional
costs to the a%%%ﬁogr% b ogc}egéyg%l?r \?vgrlff’gegegn gttl?att% ectguﬁ}r%\?iﬁg%f) ao“t‘blg’afg ﬁ% BERHilT dioxide
coating, partictiffr, e thadopridrnadenrhedvrrier doemoderter eepgiiee PreduatiVatidrele g shevashing step
or exposure terRigMgNisuie agkie bighditalachdtysigualsidf0Re4l hasRIse hgan difficult to
provide coatinges Qgé/iﬁ%hi%lalevel of photocatalyst because the catalyst tends to oxidize and break
down the polymBrcbinder st tha RS firg ™ hS PREBIE S B it wHBNYIRR 64B7 is exposed to
intense UV ragiepanehqimdiceatysieriightymsisdicheabecwvitivioyeXierionpaininSuehikeatings are often
formulated with nQraanicLindets Q& Wit 1. POl ich are resistant to photocatalytic
oxidation at relativel%%ow catalyst cg\r%gér%rﬁ%%%? %(%%&1% Svtv ﬁgaé}/aé!o%%iﬁéﬁ%g) %g(f'e-pollution

properties of tHE*RBSHRF I e amkstiniarid: demebe Halipapiditsdnniideutfassating for use in low
light environmigaesi(e.g., imisgrs) dhabdnansnaraiastighdarets alohatpcatalysliorartimal de-pollution

and which is rgsjst egradation, yet provides high catalytic activity under indoor lighting
conditions. [O%%g] Qﬁéﬁigxg{g@oveme&{ in e %ﬁ'e%mrrgsg)e}ﬁﬁ tht%aﬁgﬁc ooé}?/?)v&%et&:%ﬁfﬁﬁlgglmpositions,

tis e an object of ven

particularly pa#esshosmisersiondiaheoratidis tittnium dioxitie phttgsatalysis sapabtseof removing

pollutants froradlg @ifwbishRbaiacatalysts haye highdp k&&ﬁh%&gﬁygﬂkﬁﬁp &R{i&h
0

ri%fqia/géion. Itisa
further object of the invention to provide durable coatings having high levels ot photocatalytic titanium

dioxide which 838y SRaEEE- BN GRER SR MATINARGR ISERAT VSt fa Y pattidar in the
presence of visitHetighy. joB6t] Theloregding dispussion ispresentedcoltlyio prawsdea better :
understandin e r confronting, the art and, should not.be construed in any way as
an admission%%t%%ﬁ%r@%g trll%rasﬁ%!ﬁ%%é%g%gﬁgﬁ g’?%ﬁ)t/%rlé ergﬁl%xé(%e}"r"%ritﬁ%e ggﬁlst‘?&éc as an
admission thafaitfs Fedisrb seecieo Astiermeed: preweiier. thisrdditinasi stepplickesopp iR Y [0007]In

accordance wikivihatioregaingiohjeaivre andiatherdihas susavisingly hesndoynd that coatings
comprising titaniu&n dioxi%e?%{ chy, tallite size in the raar;n e of about 1 rim (nanometers) to about 150
utbn

nm, more particularly abouf bt F‘n‘%‘ FBoGTT R AR GRR BIBRG AL Jur ettt bditradad, do not
require pre-actipaifere (ehgtodsalyie Hitgiwitldipsiter s tatiagh ewecalhighinitiaFtemebbh photocatalytic
activity in the praseacs abiiehiithadndanibe cogtnos.shay subsianialabolosalahile gctivity in the

presence of \ﬁ'sﬁpleel tw,hlzﬁk; rg%lée%t em ideal for use as de-polluting coatings in [ow light

environments, el u%f S edors 981 The disclosed self-cleaning, de-polluting coating
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compositions are in the form of water-based paints which include (i) from about 5% to about 40% by
volume photocatalytic titanium dioxide, preferably in substantially pure anatase form, the photocamlytic
titanium dioxide being characterized by an average crystallite size between about 5 nm and about 30
nm and having photocatalytic activity in the presence of visible light; (ii) one or more additional
pigments, such that the total pigment volume concentration ("PVC") of the paint, inclusive of said
photocatalytic titanium dioxide, is at least about 65%; and (iii) a styrene acrylic copolymer binder; the
paint being le of substantially reducing.NQ.compounds in the absence of prigr activgtion with
water. 10003%%0% as;?eé}?stha(ireé iseﬁPO\lal%é\é% s%lf—g ga“r??nﬁ?%geq%sol u ‘lrrllrf;gp%aﬁ%{il gggg%lé%éf removing
pollutants fraimthexaiysn iocrssinthe pabee toelofvisiblizdight bormbdsing thé)Hetme s bind®% by

volume PhotgeaiaBishie i dioies 1) subaiRial .2 061R%E [PukpaRe BhAIRRIRAYIC Manum
dioxide being characterized by an average crystallite size between™s nm'and 10 nm, a surface area
greater than29@tan/GorndRel g hbtaedtaliticuevit) rrpsipieseand oPvineigae, a(fi) one or

more additiopgl Pigranitcysh thatdhedabBigmeniRs conGRRHRRisaldpalRt dclusive of
said photocatalytic titanium dioxide, is at least 65%; and (iii) an organic latex binder consisting
essentially oPROKHANAIE SRR EITASH LHilP At st R TFER SRSy o QW Biffa &t (17688 Mrising an

amount of ingsaaRimbidalewichiisipesifiaisn biane o8 o atiey shad hptanillim emddsubstrate, said
paint being capable of substantially reducing NO, c%mpo,unds from the air when ig%%isgt%d with visible
[ e

light immedi4&SKARReloaIPEdcC BaERA2 daiaUsaitt FOTODIERE FH ACOmsE (& 8n 2 of prior
activation withc-wiatehtcanslpbaisl aaiat fHoloes:so psisipgmaaiepaRIingiedianisisetestast tom the
group consiz(%% f solvent, thicke ers, di%?ersants, coalescents ng-foamin a%gx;lents, bacteriocides,

and combin PP 7 BEDHCHED FRAYUE 4ORA L IR ?fa%%’ﬁ%v%ém SEE hereon a layer of the
self-cleaninggd@spollutingic éatihgrefompasitmbitstaof aidingr¢setheilisotosure, armddptiovmdhg further

comprising A SL59aL I AeReHaN AN AVEK R BN & 35600 AgR ARYtanuT

dioxide having & crys?gﬁite sizes In nmto 30 nm, the overcoat being formed by applying
a so0) over thphpaicutidyees. JaBbBapinromeviep otiuiere fwpy dhidaid, avbitis phetopriginysalied thereto a
coaling systegCQmRsiag(hadien il RRIIR R SRt e ol B BaiRHKREDEING formed
by applying to'said substrate’a paint composition comprising: (i) from 5% to 40% by volume
photocatalytiréitidsiuiwdhisxieranasubavingidighplensia it pbetrspnl di dHipmiisr disnide Hthisium dioxide
being characissizgd hx\,@nd@@mgﬁ)ﬁrx&@mldg;eiﬁizgvbﬁtgne%a@rmmﬂdai@ Maparsehiacenagien greater
than 250 m2/g, and having photocatalytic activity in the presence of visible light; (ii) one or more
additional pigFiEiieE YERHREAE total pigment volume concentration of said paint, inclusive of said
photocatalytif@iahium dioRide fiseablegsitbissiand i€ Beseatydenelelgrylic gopaljner thietder; said paint
being free of inorganic binder or comprising an amount of inorganic hinder. which is insufficient to form
a continuousugé)ﬂ%ﬁ%}?cﬁﬁrﬁ SHEES g‘ﬁ)es?rié%ﬂ%%ﬁg ?%g’%“ & -&%?%i%‘b%&%@#&%&@ﬁﬁﬁﬁ%ng layer of
paint, said toip-enpiaging-foadrac siynagply mriptagaidr syed o fipaiith@osodfcom pefsieygcaheigueous
colloidal dispersion of photocatalytic ultrafme titanium dioxide in_anatase cr ine for ving a
surface area?) Srgg?gtrr% 25289 zr% lgssél%nrg%%s%urcedrﬁye BISGint ﬁglgq%%hgr%?ﬁ eaiér;tﬁ%dng/@t%m
immediately ypdratiying is capable of substantially reducing NO, compounds from the air when
irradiated with visible light in the absence of prior activation with water. 100101 Further disclosed is a
method for removing NO, or other pgtlaisgsom the air, comprising applying to a surface, such as a
wall, floor, ceiling, or the like, a layer of de-polluting coating according to the disclosure, with or without
prior activatigggbyiwashingawitoainaguen shedbiepbianebpyaiesaahdwitioy tinhaasiingssigp, said
coating being capable, of substantially removing pollutgnts, from. the aiy. in the presence of UV and/or
visible lght, DFEREIR) R EoBHBBe FEEBRURRLTORE QGO o AN AL HRE S EEB comprising
photocatalytigbtitartivm ¢exide evertsalsbpaiillaye md@qidatindn ataspsointhe rbisqiowided a method
for fanning aaﬁ%”@%?&%@ ’agg‘ﬁp 9”&’3“5\’9)\99 %‘%9'&(?1&)‘3%&8}9’&8%@% (e.g., by washing

with water) to achieve a high initial level of photocatalytic activity in the presence of

light. The inventive coatings show substantial photocatalytic activity in the presence of



(a) applying a paint composition capable of removing pollutants from the air indoors in the presence of
visible light to said substrate, said paint composition comprising: (i) from 5% to 40% by volume
photocatalytic titanium dioxide, said photocatalytic titanium dioxide being characterized by an average
crystallite size between 5 nm and 10 urn, a surface area greater than 250 m2/g, and having
photocatalytic activity in the presence of visible light; (ii) one or more additional pigments, such that the
total pigment volume concentration of said paint, inclusive of said photocatalytic titanium dioxide, is at

least 659%: andid an Oanie Iatex.vinder coapising esserfiallyola stutene aciylig gopglymer; said
paint being free of ifbrganic binder or comprising an amount of Inorganic binder which IS’ insufficient to
form a contierorgmdhiersrififinhaisdbstyate, said paint composition further comprising one or more

ingredients f'&ié‘é}t%%%‘;’hgﬁ_?d%éﬂ%?e&?@i%ig&l{?&?g%@tﬂfg thickeners, dispersants, coalescents,

anti-foaming agents, bacteriocides, and combinations thereof, and wherein said coating is capable of
substantiallgeegasineni @ccontio toris dfowattredaiedvpaintsrralizitétolidh Gisifredighnindifediately after a

dried coating.qf,saikPaint 3 Jama R shstialswin s phosnce.cbriar aplvatianyilater

[0011]These and other aspects of the present invention will be"better understood by reference to the

following detahtdedExseriplenphatberiabiiph AleaiyTiginsise BRIFS DESCRIFEHON BFTHEFIGURES
[0012]Figure L EOMRP RS IG N B6HVHIES %MB&&*QthﬁmtﬁaﬂéﬂnggﬁﬁﬂﬁiEQ@ﬁm%ﬂvhich have

not been pre-activated under various lighting conditions, where "Comp. 1" is d coating Comprising

photocatalyRetRERNGE RbAGRIsolEET VMG A PR ASIERRah MEmARE ofusholiiebthd Wil and "Comp.
2"is a coatéa%ﬁﬁmwéﬁiﬁgcpmm% Hepim soxide ppweendavingranryvghegr ahysialiite size of

about 15-25 nrn. [0013]Figure 2 compares the NO activities of various coating systems comprising a
styrene acryif&PRBt Gt tie pairtsheboribe/to M B entisiMatigis ARty iRgeane titanium
dioxide so! tops0BISBcipLdisResamdaaracs. REIAL KD DESCRIRE QNA00LAAk s ysed herein

are intended to have their ordinary meaning unless otherwise provided. All references to "% by weight"
herein relat@%8 #HPWEIGhY8°Bf the total paint formulation, including solvent, rather than the dried

paint, unlesgeigerniss. speciied--Refaranceltei%dyvelameliempigmearumesangentration” -
e B e B B e B e e T o T (0
the specieslﬁ t(Virlfittsrofjitle}n sxiaéyrana N ip(nltrogen‘@sloxd , either co%lectively or individually. [0015]In

the broadest senseipkihie Fwentian, the aetintleaning:He:paliuling.CORRE GONBASHANG sePrise
photocatalytic titanium deic%xide artiQII]es, an organic.bin er, %}ndﬁg tionally one or more additional

pigments, such as BRI BRI A1 aRa T HE-CoXtNGE M BETh FRTBFBRts Pt ASF 8f%exterion),
in particular water-basetipaiits bancdddalywilt Havera higir{e:g sroreatersthaan6l¥ iotalapigment

volume concentratmigyp\ég&agg@gi@]&ggﬁ%%&reﬁ@iggq,ggﬁgﬁgﬁatple of substantially reducing NO

(11) one or more additional pigments, such that the total pigment volume concentration

of said paint, inclusive of said photocatalytic titanium dioxide, is at least 65%; and
(1ii) an organic latex binder consisting essentially of a styrene acrylic copolymer;

said paint being free of inorganic binder or comprising an amount of inorganic binder which is
msufficient to form a continuous adherent film on a substrate, said paint being capable of
substantially reducing NO, compounds from the air when iradiated with visible light
mnmediately after a dried coating of said paint is formed on a substrate, in the ahsence of prior
activation with water, and said paint further comprising one or more ingredients selected from
the group consisting of solvent, thickeners, dispersants, coalescents, anti-foaming agents,

bacteriocides, and combinations thersof.

[0069] Also disclosed are substrates having deposited
thereon a layer of the self-cleaning, de-polluting coating compositions according to the

disclosure, and optionally further comprising an overcoat dis_posed on said paint layer
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compounds in the absence of prior activation with water. It will be understood that while the coatings of
the invention are capable of substantially reducing pollutants in the absence of prior activation with
water, it is nevertheless within the scope of the invention to activate the coatings by treatment with
water after application to further enhance the photocatalytic activity. [0017]Where it is stated that a
paint has sulsstaptisingaiseaopshptosryyicaitviny idichisabednes eryptiBigcivetiorbwtngeater, it is
meant that t nt b | Lt inst. NO compounds jmmediately aftera
coating of trr%? gg{r{?ttt %%?ﬁ%g’oar}]%? g%%i%%#g %%%33%@2%%%&?%8?3%& aéﬁeigt%%t customarily ..
permitted befé#8slishree peinttisiputiinto séricefergts risegapriadkiicand doesngot readily transfer on
touching, etc,){Q0d8\Mtxgte reference is made to "removal’ of pollutants from the air, it will be
understood to include complete or partial removal of pollutants from the air. Whether removal is
"substantial" can béétergiifeds By tHenBtHB e RIS iR Raletaraphes afhered Sy BBREMEl" removal
refers to reduction in the tetal-senceniratisnafaiixegamaunt of given pollutant by at least about
2.5%, preferably at least about 5%, and more preferably at least about 7.5%. [0019]The self-cleaning,
depolluting paints of the inyeintiors Gommpiiscopartictes pifophatagatakyic itadinnd dioxide: {AHaR) which are

capable of forming electron:hal rs.in the.pr. .electromagnetic.radiation, particularly
ultraviolet (UV), near-UV, %l%fgﬁ%%iiﬁlgﬂﬁgﬁ%?Ige?%é?%%%ﬁ/%‘fhge{%%%clﬁ?&?é%lt?glﬁfaﬁﬁr%%%%ugyis capable
of substantial photoactivityirf tH@gsresairtEcoTAIBR Jght mro=asis e, it asesursaSingly Been
discovered that careful copttokévesthe-ciustalinedonm and particle.siza afther titlapivnpgioxide
provides photocatalyts which are capable of removing pollutants in low UV light environments,
particularly indoor environfrignts; andnwthichitidivess bstantial indialtactivityoeN e gméhe alhsence of
activation by washing with g-solvent (¢,8..vater). 109200The phatocatalyic. fitanium digxide particles
for use in the paint compositions is preferably predominantly in the anatase crystalline form because of
its higher photoactivity thatt sttt #fm. "Predominantly” means that the level of anatase in the
titanium dioxide particles qf:the Rainkis greaterdhan0%;Memass, slnoughdt is.praferred.that the
level of anatase is greater than about 80%, and more preferably greater than about 90%. In some
embodiments, the photocatRRicit SRS the 4 ST c Rl ST B8 p QIREHI B I S TS RERHTRIY pure
anatase form, meaning thdtthe: comtentafdtterutifEenystalinefararisddss than about 5%, more
particularly, less than about 2.5%, and more preferred still, less than about 1% by mass. In some
embodiments, the photocatadpticitradwndivsidensainisiedansi bephab ofithiometké fomn fonaething that
the rutile crystal formyispek.defeciable Ry crysiallpgraphy, Rt anothetwaYciRERphatgcatalytic titanium

dioxide particles may comprise 100% anatase form. The degree of crystallization and the nature of the
crystalline phase ar@1FTeS&ivEy BYFsps,  HRfER (oW S/e ﬂ%ﬁ%%ﬁ&ﬁ@%&%ﬁ)ﬁ@%
[0021]The photocatalyiigrtitenitian dfdxidé partictesdobusepinmtigHTaint compositions will typically have
an average patrticle size which enables the particles to predominately absorb, rather than scatter, light.
As the particlelsixes hecormre\ysesmainaie b ndgap etweewihls vakeheserantyceidiegidbands
decr_eases. Tb&:ﬁpc‘%ﬁ‘s %ﬁﬂﬁ@%%@ﬂ _B?J&E%%@_d%ﬁﬁ leiB?cSIQﬁ@E‘ﬁQQé%{s%ch@é Hitﬁ!:‘ img@gggide
particles are capable of absorbing light in the visible spectrum. The titanium dioxide particles for
inclusion in tHEAY&Hfive paints will typically have a particle size between about 1 nm and about 150
nm. More typioally; theparticlecsize willdae beivwaasn.abets 5 nm and about 20 nm, 25 nm, or about 30
nm. In a preferred embodiment, the particle size of the titanium dioxide in the paint will be between

about 5 nm afE EBFRABERE S S S SARRRATRAARNEES 4bA T 20 S4B iE Fo'ibh. #88ference
herein to the sizenef ditaing digyidsr parislas Qb astRlRMilkRaunderstos tp mean the average
particle size of the titanium djoxide articulatesMere the partiilile size i m%dified % he term
"about,” it will B GHIRRTo AT Y3 DR L B L AT AJEP B 3R ?@F’pﬁﬁi oL th& indicated

value to accoynkfiai-eue imeatatiar otsnin baisit T hibsmensiyementaggornahiifsoketweaen different
methodologies for measurir);)g article size, as will be apparent tg one skilled }'n the ag. The giameters
I

may be measty&F BFBrs OO SRS RSP RC D S0 BR IR Y BR 6 RR !
[0022]Alternatipabnaine pprticles.roslyibscchosasigtized Byossuiaaetarataniypichdyidheveowdered
titanium dioxig;.b g}l}gtocatalyst will have a surface area, as measured by any suitable method, including
5-point BET,

eS6r than about 70 m2/g, more typically, greater than about 100 m2/g, and
preferably greater than about 150 m2/g. In some embodiments, the titanium dioxide photocatalyst will
have a surface area greater than about 200 m2/g, greater than about 250 m2/g, or even greater than
about 300 m2/g. [0023] The photocatalytic titanium dioxides available from Millennium Inorganic
Chemicals under the designations PCS300 and PC500 have been found to be particularly useful for
inclusion in the paints according to the invention. B£S300 is a 100% anatase titanium dioxide powder
having an average crystallite size between about 5 nm and about 10 nm. PC500 is also a 100%
anatase titanium dioxide powder, which has a TiO2 content between about 82 % and about 86 % by
weight, and which has a surface area of about 250 to about 300 m2/g, as measured by 5-point BET,

which translates to an average patrticle size of about 5 nmto about 10 nm. The product designated
PC10OE alen from Millennitim Inoraanic Chemicale will alen find itilitvys in ecome embodimente of the



[0025]1t is within the scope of the invention to provide paints 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;g§i8alIn Wherginatleast peadancRieierablybath : Rave apaglidiesinenand/or surface area as
defined %lgo%e. In ost&es g@b{g}rgirr&ents, the photocatalyst will "consist essentially of' a particular titanium
dioxide material described ﬁergm,nl%y which is meant any additional photocatalyst having materially
different activities) iggxehidegharihatamauniseladdiiondhpholneatalsvhichaterially impact the
durability, de-polluting, or se f-,clerf\njnt%I tproglogrti S o{ the. aiap]'g are eégggnegd[[loggl The paints of the
invention compi&ePAr Srgahi K Biaes T Hod; 8t HSpEEt of the 2

éﬁﬁggﬁest aspect o invention, it Is ontemplated that

any polymeric binder may b eraployecsdn one embadmentdie pRREHE IS Acaic

water-dispersible polymer, including but not limited to latex binders, such as natural latex, neoprene
latex, nitrile latex, acrylibeesialyiiy HEaiyTic Jitede shyian SRR RE el afy SRR BuERTEHE atex, and the
like. Exemplary polymegs frdhese sempositionsinsiide ahutaranatdimiteehta, methylimethacrylate,
styrene, methacrylic acid 2-h§/dro_xyeth | ac%late erlgg]!l)étr:n%r v{g S.#.70677- 00-8), acrylic acid, methyl

methacrylate, styrene, FYUPSRGeI FaeRAate BETT acrytate po yhm(g}elf’ (CAS # 7732-38-6), butyl acrylate,

methyl methacrylate, hydroxyethy. ylate- &l (CAS It 259n1-38- ngl;)éggﬁqu en-ethylhexyl
acrylate, methyl methaé%lgtrpeé, g?crllyr/1 |cera%%%%%¥m@er (CA% éﬁ%:%ggﬁﬁl)%grene, bu@ltggr_%/late polymer
(CAS # 25767- 47-9), batyicasrjiene’ susthgiFe BAEENA eI SR Be oo cias # 31071-
53-1), acrylic polymers yangd.ceahioxyiated styrene butadiene polymers to name a few. Combinations of
more than one organic binder are also contemplated to be useful in the practice of the invention.
[0027]In particular, the @fjamic bigahér fagey bemlosemeriopgeapbiness of styreiseAsuridiene, and
polymers and copolym%s (%%%;ers of acrylic acid and in particular copolymers of polyvinylacrylic and
styrene/acrylic esters. In the present invention, styrene acrylic copolymer includes copolymers of
styrene/agpylic asters thereek fheg.sinane-Asriic-pminsion soldundeitenttislesamaACRONALTM
290D (BASF) has been found to be ar%:lularly &Jseful as an or %Qi baiﬂlger in E}Qﬁiio%v%%\é? paints.
[0028]In SBHEEFbIRITERE S %Pgéﬁ BT et ifiantve Bainta will'ebnaist essentially of the
preferred shtengnaayliobindernbyedidtichsis @amothdictireopresesicerafddditionalioslasie. binders in
amounts which materially reduce the durability.of fbe-Raint. coaing.ana:SHbsiEater, asccompared to an
otherwise identica paint coating comprising only styrene acrylic binder as the organic binder, are
excluded.,[§029]n,somgembodismsnts; tassinvemive-eains il bersubstartiaty fresofirorganic
binders, by which is meant that the. levels of ingrganic binder is not-sufficient t tinuous
adherent fiifReEIFS Sibstrat ?ﬁf%iel%éee%%yo %({)%aan% Binaer ?%zfierues ﬁ%ﬁtf\?e;ge%%éﬁ?ents, the
paints conagrisettessithair@Beobyriveightzprefeiiibiziess than about 0.2% by weight, and more
preferred still, less than about 0.1% by weight inorganic binders. In some embodiments, the inventive
paints are fge; of inorganicbingermdnaeanoPinderetagiusenudthait linsationualiatometal silicates
such as, for example, potassium silicate, sodium silicate, and/or lithium silicate. [0030]The paints
according & I@Wﬁﬂéﬁﬁﬁ%@ﬂﬂ&@%ﬁ?ﬁﬁﬁé@“@ﬁ@r@%8?805‘?8?&5}{}%? BHEYerm "pigments” is
intended to embrace, without limitation, pigmentary compounds employed as colorants, including
white pigments, as well as ingRRIERMDESCRIBHIN KNOWAHEHERAMRES "opacifying agent” and "fillers."
Included are any particulate organic or inorganic compound able to provide hiding power to the
coating, arfitlitzparticuldFi gtieastenmimorghnidEbmissuitirtike! i pHsiceaERfc HAMIUM dioxide.
Such “ta”i&iﬁkﬂi%&'ﬁig%gm@ﬂéﬁ whichareast phoieaciive arediselasadiiphdss. Ratenodp. 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 TionaTm 595 sold by Millennium
Inorganic Chemicals Ltd Pigments also include calcium carbonate, which is typically added to paint as
a filler. One suitable calcium carbonate material is that sold under the tradename SetacarbTm 850 OC
(Omya). [0031] The paints according to the invention typically, but not necessarily, have a pigment
volume concentration (PVC) between about 60% and about 90%, more typically between about 65%
and about 80%, and preferably between about 70% and about 75%. The term "pigment volume
concentration" refers to the total percentage by volume of all pigments in the composition, wherein the
term "pigment” includes all forms of titanium dioxide, whether photocatalytic (e.g., PC500) or
non-photocatalytic (e.g., TionaTm 595), as well as any other components generally regarded in the art
as pigments, including without limitation calcium carbonate and other particulate fillers. [0032]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 Ti02, lithopone, and other

inorganic pigments; dispersants such as polyphosphates, polyaerylates, phosphonates, naphthene
and lianin crilfonatace t0o name a few: wettina aneante inchidina anioniec cationic amphoteric and/or



[0033]The ability of the inventive coatings to remove NO pollutants, its self- cleaning properties, and its
durability was investigated by preparing three water-based styrene acrylic paints. Comparative
samples "Corﬁ’ﬁ’. 1o sﬁ:omp. 2" each comprised 10% photocatalytic ﬁ?&ﬁ?&?ﬁeﬁ%ﬁ;&% by volume,
whereas no photocatalyst was present in the control sample. The photocatalytic titanium dioxide used
in Comp. 1 was PCS300 from Millennium Inorganic.Chemicals. PCS300 is a photocatalytic titanium

dioxide powdgk having,an PVRIACSERY SRSz eRishp R @ AbaN ki REphEepRceEs). The
photocatalytic titanium dioxide used in Comp. 2 was PC105, also from Millennium Inorganic
Chemicals, wHicH HAE Y3 isoRizroS AiRte 38 BPaBLL 1828 Ani® BCSYHE SAEBETBS both have
an anatase cenbenthafabolkdQadioTide povipléteipaiat ioemgdatipnalaccsipeodideahin Fable 1. Table 1.
Ingredient Function Comp 1 Comp. 2 Control Part A Weight (g) Water solvent 159.94 159.94 152.41

Natrosol 250MR thickener 99.30 99.30 104.64 Foammaster NXA antifoamin agent
[6613] Figure 2 compares the NO, activities of various coafing systems

comprising a styrene acrylic photocatalytic paint according to the invention having

various photocatalytic titanium dioxide sol topcoats (B-G) disposed thereon.

DETAILED DESCRIPTION

[0014) All terms used herein are intended to have their ordinary meaning unless
otherwise provided. All references to “% by weight” herein relate to the weight % of the
total paint formulation, including solvent, rather than the dried paint, unless otherwise
specified. Reference to “% by volume” or “pigment volume concentration” refers to the
volume % of the dry paint or coating, unless otherwise specified. The term “NOy” refers
to the species NO (nitrogen oxide) and NO; (nitrogen dioxide), either collectively or
individually.

[0615] In the broadest sense of the invention, the self-cleaning, de-polluting
coating compositions comprise photocatalytic titanium dioxide particles, an organic
binder, and optionally one or more additional pigments, such as calcium carbonate. The
coatings may be in the form of paints (interior or exterior), in particular water-based
paints, and ideally will have a high (e.g., greater than 60%) total pigment volume
concentration (“PVC"}.

[6016] The coatings or paints are capable of substantially reducing NOi
compounds in the absence of prior activation with water. It will be understood that while
the coatings of the invention are capable of substantially reducing pollutants in the
absence of prior activation with water, it is nevertheless within the scope of the invention
to activate the coatings by treatment with water after application to further enhance the
photocatalytic activity.

[6017} Where it is stated that a paint has substantial “initial” photocatalytic
activity, in the absence of prior activation with water, it is rneant that the paint has

substantial measurable activity against NO, compounds immediately after a coating of



0.60 0.60 0,63 Antiprex A dispersant 3.30 3.30 3.48 Tiona T595 TiO2 pigment 70.58 70.58 74.37

PC105 TiO2 photocatalyst -- 47.06 PCS300 TiO2photocatalyst 47.06 --
WO 2000/020854 PCT/US2008/074876

the paint formed onto a substrate has fully dried and/or cured to the extent customarily
permitted before such a paint is put into service (e.g., it is non-tacky and does not readily
transfer on touching, etc.).

[6018) Where reference is made to “removal” of pollutants from the air, it will be
understood to include complete or partial removal of pollutants from the air. Whether
removal is “substantial” can be determined by the methods provided in the examples,
where “substantial” removal refers to reduction in the total concentration of a fixed
amount of given pollutant by at least about 2.5%, preferably at least about 5%, and more
preferably at least about 7.5%. |

[0019] The self-cleaning, depolluting paints 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. To this end, it has surprisingly been
discovered that careful control over the crystalline form and particle size of the titanium
dioxide provides photocatalyts which are capable of removing pollutants in low UV light
environments, particularly indoor environments, and which have substantial initial
activity, even in the absence of activation by washing with a solvent (e.g., water).

{0020} The photocatalytic titanium dioxide particles for use in the paint
compositions is 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 mass, although it is
preferred that the level of anatase is greater than about 80%, and more preferably greater
than about 90%. In some embodiments, the photocatalytic titanium dioxide particles of
the paint 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 mass. 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.



Setacarb 850 OG filler (CaCO3) 145.28 145.28 186.55 Part B Acronal 290D styrene acrylic 69.86

69.86 73.62 Texanol coalescent 3.46 3.46 3.67 Acticide SPX bacteriocide 0.60 0.60
WO 2009/029854 ' PCT/US2008/074876

{0021] The photocatalytic titanium dioxide particles for use in the paint
compositions will typically have an average particle size which enables the particles to
predominately absorb, rather than scatter, light. As the particle sizes become very small,
the band gap between the valence and conduction bands decreases. Thus, with
sufficientiy small particle sizes, it has been observed that titanium dioxide particles 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 1 nm
and about 150 nm. More typically, the particle size will be between about 5 nm and
about 20 nm, 25 nm, or about 30 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
particularly 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
“gbout,” 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 XRD.

{6022] 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 70 m*/g,
more typically, greater than about 100 m?/g, and preferably greater than about 150 m/g.
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 mYg.
[0023]  The photocatalytic titanium dioxides available from Millennium Inorganic
Chemicals under the designations PCS300 and PC500 have been found to be particularly
useful for inclusion in the paints according to the invention. PCS300 is a 160% anatase
titanium dioxide powder having an average crystallite size between about 5 nm and about
10 nm. PC500 is also a 100% anatase titanium dioxide powder, which has a Ti0, 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 5-point BET, which translates to an average



0.63 Total (weight) 600.00 600.00 600.00 WO 2009/029854PCT/US2008/074876 [0034)The
remaining components of Table 1 are as follows: The thickener is a 3% solution of
hydroxyethylcBfAEEEEEM under the designation NatrosolTM 250 MR (BEFEGEES “HECantifoaming
agent FoammasterTM NXA is proprietary, sold by Henkel Corp. Setacarbrm 850 OG is a calcium
carbonate filler obtained from Omya. AntiprexTM A is water-soluble polymer dispersant from Ciba
Chamcals, AL 290D B2 ST Benl PN HoT Bt Lot 28 &% oA, hdor avaiabi
emicals, AgronalT, is. a styrene. acrylic cop er. latex used as.an organic_bjnder available
from BASF. A%/}%?ﬁgﬂnrlnn é%ﬂéa%%m%}r{?g’é%a%o%%y \X/oei%%c{n 6‘#&% in \?\?é?gr?ﬁ%?(%n morstg% ester alcohol
coalescing sokusertiseld ByisEdstararriod piovdetivniprR gicawhhete stidy froighiNddBhem Specialties

Inc. [0035]ThesiRaut Anansh 8k B iﬁﬁﬁ%@i@iﬂ&%}%%%@&%@%éﬁ%ﬁ@lﬁ@@%@@&é&eﬁr ,{_}iljxing. Part A
was then added to Part B under high shear mixing to form the finished paints. Each paint sample is

applied at a cOVEPAYS DR B SETIEREEA BIFRY Bhnet R estAbsrtHe%B:Eng) on a substrate and the
substrates wegi3&iomittedite: thiexfalioayng tesisn] QBS6dE étaymindiaoapiNOfsemoval by Coatings
[0037]The complete methogdoloqy for determining NOx.remgoyal is desgcribed in U.S. Patent Pub.
200710167581 T Bl e SRR e gt SRt G RO B Bt el s were
placed in an aifagghe SHFgte e apmisisafigsabiug 5 Phie sherphd THanvbhwis of BeRsmuaichtion with a

three channel gag miyardBelsABsiumaRis. idelapabimrual yRisBsMielnitbempedahNO2 (nitrogen
dioxide), and gompresse air containin%w er vapar are introgéjﬁegr%ilnto the chgr{gber at predetermined
:ﬁf e

levels. The samepl R A atE With 2 FEaANoN int n‘éoéugfe 360 167488 m from a uv

Lamp Model Vergulkti®e5 RS fi@egoing rrmteniy ssprternytihs (RIDHY. ohiplaitocdubstandtiérfaalalues (after
five minutes irﬁ%ﬁﬁﬁﬂﬁl%éﬂ@%W%ﬁd&%?%Hﬁ%ﬂtﬁXaﬁxyiiﬁ%% (fides RralyasriViadalMl 98418
0

(Monitor Europe) connected to the sample chamber. The % reduction in NOx was measured as (A
NOXx / Initial NP8 e doR e WaEH PEarRidHARRRb BRBIte e M BR SPHEPPre-activation
(after washingwalitbeVsateekn Tabeuteist Its; are @it mih abize ¢ 00 Tgbleight, Trabile t¥pimalpr@éeactiation

pre-activated %m%lgn%’a%gt %g%gtwagﬁe%lsreferab]y about 7.5% by weight.

[6025] Tt 1s within the scope of the invention to provide paints 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 exchuded,

[6026] The paints of the invention comprise an 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.



% NO Reduction Comp. 1 58.6 Comp. 1 68.3 Comp. 2 8.3 Comp. 1 55.2 Control O Control O
[0038]The results indicate that the paint comprising photocatalytic titanium dioxide powder having an
average cryst#ifté*4128°8Habout 5 to about 10 nm (Comp. 1) exhibits a SRS Hidh NOx activity
even without the conventional washing step to pre-activate the photocatalyts. By comparison, Comp, 2
which comprises titanium dioxide powder having an average crystallite size of about 15 nm to about 25

nm exhibits a rﬁ@ﬁf 8RS N AKLOHEIORIG IR ARRENSR QA -RieRRANONAIRH Comp. 1 and

Comp. 2 both dis ent NOx removal properties after washing to pre-activate the catalyst.

However, Corfilshashittion st Braca BrbarsHiGadtrbyfecsthy eapdnioPtbeeibad 8VER7H the case
where the Compgy samiplacwiampiieiaskiatedalQ03etht - Bedertpsaatiorefaoating Rhoiaactivity

Towards Methylene (%g(lﬁ%g t logy.e i ity toward
methylene bl 0&%?%%%%[0 that Ei%gsé?liogdg ?r? T?ggt.epgte t%%%ggﬁ%%%n%%%g%? ?:%lgc%;ure of which
is hereby incoppbyrate (O #ePERSH 8- Gin Hue Iraeall e d2eas hatsanbeaiiseepe T anstipeidaiping properties
of each paint gample yiesa Jvestigated pased on iheihakilityio-fleeradeibecrpaissdyr methylene

blue. As the dye’is degradés to water, carbon dioxide, and nitrogen containing species, a loss of color
is observed. Wé%h@%é&fﬂ?@?ﬁsztﬁﬁ\ﬁm& Wyﬂﬁ@agﬁﬂﬁ@rﬂ”(ﬁﬂ%mw.q'ﬁ 51615 as follows:
[0041]Preparesa filmefibefginéronsadstitiaie sub stiateesbiahdem dMedipeicral umimivem fanel, or glass
plate. The filmthickness should be similar to thatg. E%%i@ gﬂg &ﬂﬂ- Q{g@g%% gsngrally not less
than 25 micrgqr?tg C‘_allc ﬁt/(\)/ Se?lpéglicfﬁaéﬁprggfn?ﬁﬁnnl?s gi%wed to dry at least overnight. [0042]Prepare a
solution of mePFRAobiMRimaRERBr by dissolving 0.3739g in

0027] In particular, the organic binder may be chosen among copolymers of
styrene/butadiene, and polymers and copolymers of esters of acrylic acid and in particular
copolymers of polyvinylacrylic and styrenefacrylic esters. In the present invention,
styrene acrylic copolymer includes copolymers of styrene/acrylic esters thereof. The
styrene acrylic emulsion sold under the tradename ACRONAL™ 290D (BASF) has been
found to be particularly useful as an organic binder in the inventive paints.

10028} In some embodiments, the organic binder in the inventive paints will
“consist essentially of” the preferred styrene acrylic binder, by which is meant that the
presence of additional organic binders in amounts which materially reduce the durability
of the paint coating on a substrate, as compared to an otherwise identical paint coating
campriging only styrene acrylic binder as the organic binder, are excluded.

[6029] In some embodiments, the inventive paints will be substantially free of
inorganic binders, by which is meant that the levels of inorganic binder is not sufficient to
form a continuous adherent film on a substrate, in the absence of organic binder. In
representative embodiments, the paints comprise less than 0.5% by weight, preferably
iess than about 0.2% by weight, and more preferred still, less than about 0.1% by weight
inorganic binders. In some embodiments, the inventive painits are free of inorganic
binders. Inorganic binders include, without limitation, alkali metal silicates such as, for
example, potassium silicate, sodium silicate, and/or lithium silicate.

[60308] The paints according to the invention may further comprise one or more

pigments. The term “pigments” is intended to embrace, without limitation, pigmentary



one liter of water to give a concentration of 1 mmol/L. Pour the methylene blue solution into a suitable
dish in which to immerse the paint film. Soak the paint films in the methylene blue solution for 30 to 60
minutes to enSH&RATHE methylene blue is chemically absorbed onto & EHEE & the Tio2.
[0043]Remove the paint film from the solution and remove excess with absorbent tissue. Thoroughly
dry the paint films and then measure the brightness (L*) value using a colorimeter or

spectrophotonsgigoui4dibxpesedhe pain fimsiadd \habt fonaheriadwiibaiwagedd o 48 hours at
an intensity of 30 to 60 W/m2 59“30 -400 nm“wav%l‘éelggths such as ip an,A as] Suntest cabinet.
[0045]Re-meaSUFEHE (PYERE e Hirfre AREBERR 8T thetittidl S fin WK 45U B Ments is a

measure of thpaseliele argagopovier gdtice coptimgl e ttapgeridhdidiffemvee o thie valtieghe greater the
seffcleaning effeq, Tamdeshite fereash naintafierdalonisnackan haysseladatignare shovn
below in Table 3. Table 3 A L* Sample 18 hours 36 hours Comp. 1 15.3 18.2°Comp. 2 10.6 12.5

dioxide. Such titanium dioxide pigments which are not photoactive 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. Pigments also

include calcium carbonate, which is typically added to paint as a filler. One suitable

calcium carbonate material is that sold under the tradename Setacarb™ 850 OC (Omya).

[0631] The paints according to the invention typically, but not necessarily, have a

pigment volume concentration (PVC) between about 60% and about 90%, more typically

between about 65% and about 80%, and preferably between about 70% and about 75%.

The term “pigment volume concentration” refers o the total percentage by volume of all

pigments in the composition, wherein the term “pigment” includes all forms of titanium

dioxide, whether photocatalytic (e.g., PC500) or non-photocatalytic (e.g., Tiona™ 595),

as well as any other components generally regarded in the art as pigments, including

without limitation calcium carbonate and other particulate fillers.

(60321 If necessary, various other compounds may be added o 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, polvacrylates, 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 exampie,

mostly cationic compounds; coalescing agents including, without limitation, alkali-stable

esters, glycols, and hydrocarbons; rheological additives like cellulose derivatives (e.g.,

carboxymethylcellulose and/or hydroxyethylceliulose), xanthane gum, polyurethane,

polyacrylate, modified starch, bentone and other lamellar silicates; water repellents such



Control 0 0 [0046]The results indicate that the paint comprising photocatalytic titanium dioxide powder
having an average crystallite size of about 5 to about 10 nm (Comp. 1) exhibits substantially greater
self-cleaning %ﬂ@ﬂ@q‘gﬁ?ﬁhe Comp 2 sample after 18 hour and 36 hours S iradidfehe
[0047]In-Determination of Coating Durability [0048]The complete methodology for determining
durability of the paints is described in U.S. Patent Pub. 2007/0167551, the disclosure of which is
hereby incorparaied by fifEnCEo iR s dalaRn Bl aacelerated e iieunsAli20 to 50
micron thick paint films on a stainless steel substrate in a Ci65A Weatherometer (Atlas Electric
Devices, Chicﬁ’@éﬁciﬂ@d’é?’@%‘.‘s- kW Xenon source emitting 550 W/m2 UV at 340 nrn. The samples were
heated to about 63C and water spray was appiadriple 18 minutes out of every 120 minutes, with no
dark cycle. T ability is,measured as a function of.t i f owing
exposure. [00 ;ble 4 sa}r’ﬁrﬁ%?# egqt e Fggﬁqév?o?ogﬁ?%%iﬁ%?gé#n)?%r I§C&c€)ﬁr'ln§&|zg?%gjlfp};\l&nc%lgg%mp. 2 at
various time istervag pRYES By Asrabdiie wasdayaTistteso b PToPRELE SVPEI§REEELEEh) 0 0.0 0.0

styrene acrylic paints. Comparative samples “Comp. 17 and “Comp. 27 each comprised

10% photocatalytic titanium dioxide by volume, whereas no photocatalyst was present in

the control sample. The photocatalytic titanium dioxide used in Comp. I was PCS300

from Millennium Tnorganic Chemicals. PCS300 is a photocatalytic titanium dioxide

powder having an average crystallite size of about 5 to about 10 nm (nanometers). The

photocatalytic titanium dioxide used in Comp. 2 was PC105, also from Millennium

Inorganic Chemicals, which has an average crystallite size of about 15-25 nm. PCS300

and PCI05 both have an anatase content of about 100%.

formulations are provided in Table 1.

The complete paint

Table 1.
Ingredient Function Comp. 1 Comp. 2 | Control
Part A Weight (g)
Water solvent 159.94 | 159.94 152.41
Natrosol 250MR thickener 9930 | 99.30 104.64
Foammasier NXA antifoaming agent 060| 0.60 0.63
Antiprex A dispersant 330! 330 348
Tiona T595 Ti0, pigment 70.58 |  70.58 7437
PC105 TiO; photocatalyst . 47.06 -
PCS300 TiO; photocatalyst 47.06 _ N
Setacarb 850 OG filler (CaCOs) 14528 | 145.28 186.55
Part B
Acronal 290D styrene acrylic 69.86 | 69.86 73.62
Texanol coalescent 3.46 3.46 3.67
Acticide SPX bacteriocide 060}  0.60 0.63
Total (weight) 600.00 | 600.00 600.00
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286 24.6 21.1 451 38.7 33.5 586 48.6 43.3 765 59.6 55.5 997 70.0 69.6 1,181 76.7 80.1 1,365 83.4
84.6 1,551
WO 2009/029854 PCT/US2008/074876

[0034] The remaining components of Table 1 are as follows: The thickener is a
3% solution of hydroxyethylcellulose sold under the designation Natrosol™ 250 MR
(Hercules). The antifoaming agent Foammaster™ NXA is proprietary, sold by Henkel
Corp. Setacarb™ 850 OG is a calcium carbonate filler obtained from Omya. Antiprex™
A is water-soluble polymer dispersant from Ciba Specialty Chemicals. Tiona™ T595 is
pigmentary titanium dioxide from Millennium Inorgaric Chemicals. Acronal™ 290D is
a styrene acrylic copolymer latex used as an organic binder available from BASF.
Acronal™ 290D comprises 50% by weight solids in water. Texanol™ is an ester alcohol
coalescing solvent sold by Eastman Kodak. Acticide SPX is a bacteriocide from Acti
Chem Specialties Inc.

[0035] The Part A and Part B ingredients were separately mixed under high shear
mixing. Part A was then added to Part B under high shear mixing to form the finished
paints. Each paint sample is applied at a coverage of 770 g/m’ (based on the dried weight
of the coating) on a substrate and the substrates were submitted to the following tests.
[6036] I—Determination of NO, Removal by Coatings

[0037] The complete methodology for determining NOx removal is described in
U.S. Patent Pub. 2007/0167551, the disclosure of which is hereby incorporated by
reference. 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), NO, (nitrogen dioxide), 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 Model VIL-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 NOx was measured as (A NOx / Initial NOx) x 100. Each
sample was investigation without pre-activation and with pre-activation (after washing

with water). The results are summarized in Table 2.

11



88.9 90.7 [0050]As shown in Table 4, the durability of the Comp. 2 paint is substantially identical to
the durability of the less photoactive Comp. 1 paint after about 1,000 hours of exposure. This result

was unexpect®§ 9%6thd have been anticipated that the more highly Frots4

é"‘B%ﬁnt of Comp. 2

would have deteriorated substantially more rapidly than the less active Comp 1. under these
conditions. It is noted that through 765 hours the % weight loss was marginally greater for the more
active Comp. 1 paint with the maximum differengg,pbserved after about 451 hours. This is likely due to

the fact that Comp

(see Table 2). How
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case, the paints were tested without prior activation. The results are tabulated below (Table 5) and
illustrated in FRIR 1. Tablds respia prdicanipatothagPrigotrmey N PretyaRivls NABYTS 14.1

fluorescent stia;9dd Povder having an average crystallite size of about 5 to about 10 nm (Comp. 1)

exhibits a surprisingly high NOx activity even without the conventional washing step to
pre-activate the photocatalyts. By comparison, Comp. 2 which comprises titanium
dioxide powder having an average crystallite size of about 15 nm to about 25 nm exhibits
a far lesser degree of NOx reduction in the absence of a pre-activation step. Comp. 1 and
Comp. 2 both display excellent NOx removal properties after washing to pre-activate the
catalyst. However, Comp. 1 with no pre-activation was unexpectedly superior to Comp.
2 even in the case where the Comp. 2 sample was pre-activated.

[0639]
[06640]
methylene blue is similar to that described in U.S. Patent Pub. 2007/0167551, the

I—Determination of Coating Photoactivity Towards Methylene Blue
The methodology employed for determining photoactivity toward

disclosure of which is hereby incorporated by reference, and is modified as described
herein. The self-cleaning properties of each paint sample were investigated based on
their ability to degrade the organic dye methylene blue. As the dye is degrades to water,
carbon dioxide, and nitrogen containing species, a loss of color is observed. The
photoactivity is monitored by measuring L* (brightness). The protocol is as follows:

{0041]

aluminium panel, or glass plate. The film thickness shouid be similar to that used in the

Prepare a film of the paint on a suitable substrate such as Melinex film,

final application and generally not less than 25 microns thick when dry. The paint film is
allowed to dry at least overnight.
[8042]

one liter of water to give a concentration of 1 mmol/L.. Pour the methylene biue solution

Prepare a solution of methylens blue in water by dissolving 0.3739g in

into a suitable dish in which to immerse the paint film. Soak the paint films in the
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Daylight 22.4 1.0 Incandescent 7.8 0.0 [0053]The UV light was from a UV Lamp Model VL-6LM 365
8c 312 nanometer wavelengths (BDH) as employed in part | of this Example. The fluorescent light was
light produced*Pdi*éBit7éntional indoor fluorescent strip lighting. The dBSRGHEREY Hftéred through
glass to provide an intensity of 2.4 microw/cm2. The incandescent light was provided by an Osram
incandescent lamp. [0054]The results shown in Table 5 demonstrate that the Comp. 1 paint displays

substantial NQx.gemavahactiiifeyihoss Ricwcivation yndeteash ehdhadighting saurges, whereas

the Comp. 2 paint, in the absence of pre-activation, has no activity under fluorescent strip or

incandescent ¥R SR bS8 s wEsGiRy %egégﬁght (2.4 microW/cm2). The excellent
performa_n_ce 1,3 CompR&m&ﬂattﬂad@ﬂhéﬁmuﬁm&!m Lkdl_ﬁgmirvgld:madimg_ﬁisebelrei}bq to arise due
fo the abillty ob e, BiC 3300 PHRIRGEAVEL (GeRaRl iRy Rl S2RGEL I HMRN wishing (O be

bound by any p%?rrtlga ar theory, it is’believed that the very small crystallite sizé (e.g., about 5-10 nm)

results in a deefeasdninaheldsarties apspeairpbeieR8italence and conduction bands, thereby allowing the
particles to crggigelectron:hRie Briksin tmpresanaenefodsibleidgbt biexamne 480dbiyVhile paints
having photocatalyst crystallite sizes between about 5 and about 15 nm re restfnt referred

) ST A

embodiment 8% HeUERLBN THeIatiNg Mol XAThiE e SR ATED EoiiES D Example 1
having a photatatadytic TiO2 particle size of about 5-10 nm, the benefits of high PVC (pigment volume

concentrationyggtyevableghroual g ai5e 0 & SeaRACRI SAINST ALGAlSP Saamaibeit more

modestly, with less preferred titanium dioxide crystallite sizes (i.e., about 15 to about 5( nm). For

example, pairESaSHPRSYIRdsMgRTavats it lrriscaexiss CE BB P18 Bm 1t dBEET 8% nm crystallite
size) will also difrereHilitn in*caatings fesHentwWag- ManinfROR6] T ik example disstpatasthe efficacy of the
paint des_lgnatﬁq)&l%magd §6"P1 %%(acl;ﬁplg cf;l'a‘zlllg) r{%rrgoélér\l% Bag%tan&?aﬂggg_r real world" conditions. A corner
of a parking garage ‘was sealed 0 gy constructing two walls 10 provide a 917 m3 closed area with a
ceiling height of 2.85 m. The 322 m2 ceiling surfééewas coated with the Comp. 2 paint of Example 1
while the walls (existing andartifictaty Werecovered With Tylon-The pnétGeatalytic paint was not
pre-activated by washing with water. During the NO remaval experiments| the enclosure was
illuminated by twenty UV lamps fixeghisymmetrid&8ho@® cm|fronidibereeiling to provide a total LTV
irradiance of 1 W/m2. [0057]1 neC%xﬁalIlst from a yghicle placed Qgltside of the enclosure was
connected by a pipe to the enclased area such that exhaust gases-were-feleased 4.74 m inside the
enclosure. Ventilation (inlet and GerietRwas provitle@ in the rooni2trough the artificial walls in order to
maximize the concentrationiof pollutants negar the cgiling and to prgvide ah airflow and velocity of 566
m3/11 and 14.3 in/h, respecwd%l%e@m' | ;waad-vel@enjlﬁ—exbaust-gas from the car were estimated
to be 50.6 m3/h and 2 m/s, respectively, such that a positive pressure was maintained in the enclosed
space in ordefdéloid therheflesubt airdicam dutsite thinenciosirieg [pb&8{lakiCiexhanst gases from
the car were corfiguaush.MeaRy Geiag RgARS RS- amBlr=el Wk meAsLempns were also

taken continuomj)glly at the inlet a utlet Ventilator and at a third sampling point near the ceiling about

15 m from thecobillis sdntptioly[susoTAtEF nmeinkpRlEY Jhan s amsvé 4B EF 458840y state in the

enclosure  ,nd 36 hours of irradiation.

{00471 Il—Determination of Coating Durability

[0048] 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 stee! 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 samples were heated to about 63°C and water spray was applied for 18 minutes

13



(approximately 3 hours), the UV lamps were turned on for four or five hours. The reduction in NO and
NO2 was measured as the difference between the steady state concentration and the final
concentration'SRéMHEdRYon. The values were corrected for the decrease it NG toncentration and
the increase in NO2 concentration in the car exhaust over the test period in order to isolate the
contribution of the photocatalytic paint to the total reduction in these pollutants. The experiments were

repeated ovey,thrge,cANERFMINRSAY SN ANdhe dpusthmsisvurantiokmeasueraentasese saken in the
absence of UV irradiation. The results §ﬁ% shown in Table 6 (% NO photocatalytic degradation) and

Table 7 (% N& BHEILOEAVHE FIRREISHOM & 2B B Experimental Day Initial NO concentration at
steady state (®%4]) UV |ritiutadeistimaimalihOasoic éortrditiobi {V Bystiogafon feoreétéd % NO

reduction in Cé&ﬁ{}."@%!%”ar%%é\'t%e intervals up to 1,551 hours.

Table 4

Comp. 1 Comp. 2

hours Weight loss (%)
0 0.0 0.0
286 24.6 21.1
451 38.7 335
586 48.6 433
765 59.6 55.5
997 70.0 69.6
1,181 76.7 80.1
1,365 83.4 84.6
1,551 88.9 90.7

[8050] As shown in Table 4, the durability of the Comp. 2 paint is substantially

identical to the durability of the less photoactive Comp. 1 paint after about 1,000 hours of
exposure. This result was unexpected as it would have been anticipated that the more
highly photoactive paint of Comp. 2 would have deteriorated substantially more rapidly
than the less active Comp 1. under these conditions. It is noted that through 765 hours
the % weight loss was marginally greater for the more active Comp. 1 paint with the
maximum difference observed after about 451 hours. This is likely due to the fact that
Comp. 1 has 2 much greater initial activity without pre-activation as compared to Comp.
2 (see Table 2). However, during weathering, both paints become fully activated, due to
the presence of water, and the % weight loss is seen to converge at longer intervals. Over
the entire period of accelerated weathering, Comp. 1 exhibited excellent durability which

was comparable to Comp. 2.
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degradation due to TiO2 1092 5 581 46.8 28 18.8 2 623 5 351 43.6 28 15.6 1286 4 898 30.2 23.5

WO 2009/029854 PCT/US2008/07487¢6
[6651] III—Deterrnination of NOx Removal Under Different Light Sources
[0052] The procedure for determination of NO, removal, described above in part

1 of this Example, was employed to determine the respective abilities of paint samples
Comp. 1 and Comyp. 2 to remove NOx under different light sources. In addition to UV,
low intensity fluorescent strip lighting, day light (as filtered through glass), and Osram
incandescent light sources were employed. In each case, the paints were tested without

prior activation. The results are tabulated below (Table 5) and illustrated in Figure 1.

Table 5
Comp. 1 Comp. 2
Light Source % NOQ, Reduction
uv 61.6 14.1
Fluorescent strip 8.1 G0
Daylight 224 1.0
Incandescent 7.8 0.0
[0053] The UV light was from a UV Lamp Model VL-6LM 365 & 312

nanometer wavelengths (BDH) as employed in part I of this Example. The fluorescent
light was light produced from conventional indoor fluorescent strip lighting. The
dayhght was filtered through glass to provide an intensity of 2.4 microW/cm®. The
incandescent light was provided by an Osram incandescent lamp.

- [00541 The results shown in Table 5 demonstrate that the Comp. 1 paint displays
substantial NOx removal activity, without pre-activation, under each of the lighting

_sources, whereas the Comp. 2 paint, in the absence of pre-activation, has no activity
under fluorescent strip or incandescent lighting and insubstantial activity in daylight (2.4
microW/em?®). The excellent performance of the Comp. 1 paint under these ultra-low UV
lighting conditions is believed to arise due to the ability of the PCS300 photocatalyst to
absorb in the visible spectrum. Without wishing to be bound by any particular theory, it
is believed that the very small crystallite size (e.g., about 5-10 nm) results in a decrease in
the band gap between the valence and conduction bands, thereby allowing the particles to

create electron-hole pairs in the presence of visible light.
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6.7 4 1151 0 829 28 (5h) 28 (5h) 0 880 23.5 (4h) 23.5(4h) Table 7. Experimental Day Initial NO2

concentration at steady state
WO 2009/029854 PCT/US2008/074876

Example 2
[6055] While paints having photocatalyst crystallite sizes between about 5 and
about 15 nm represent a preferred embodiment of the invention, including, for example,
the paint designated Comp. 1 in Example 1 having a photocatalytic TiO, particle size of
about 5-10 nm, the benefits of high PVC (pigment volume concentration) achicvable
through the use of a styrene acrylic binder are also seen, albeit more modestly, with jess
preferred titanium dioxide crystallite sizes (i.e., about 15 to about 50 nm). For example,
paints employing high levels of PC105 photocatalyst (about 15 nm to about 25 nm
crystallite size) will also find utility in coatings for removing NO,. |
[0056] This example illustrates the efficacy of the paint deéignated Comp. 2 in
Example 1 in removing pollutants under “real world” conditions. A corner of a parking
garage was sealed off by constructing two walls to provide a 917 m’ closed area with a
ceiling height of 2.85 m. The 322 m* ceiling surface was coated with the Comp. 2 paint
of Example 1 while the walls (existing and artificial) were covered with nylon. The
photocatalytic paint was not pre-activated by washing with water. During the NOx
removal experiments, the enclosure was illuminated by twenty UV lamps fixed
symmetrically 20 cm from the ceiling to provide a total UV irradiance of ! Wim?,
{0057] The exhaust from a vehicle placed outside of the enclosure was connected
by a pipe to the enclosed area such that exhaust gases were released 4.74 m inside the
enclosure. Ventilation (inlet and outlet) was provided in the room through the artificial
walls in order to maximize the concentration of pollutants near the ceiling and to provide
an airflow and velocity of 566 m/h and 14.3 m/h, respectively. The airflow and velocity
of exhaust gas from the car were estimated to be 50.6 m’/h and 2 mw/s, respectively, such
that a positive pressure was maintained in the enclosed space in order to avoid the inflow
of air from outside the enclosure,
[0058]) The NO, exhaust gases from the car were continuously measured using 2
portable gas analyzer. NOx measurements were also taken continuously at the inlet and
outlet ventilator and at a third sampling point near the ceiling about 15 m from the outlet
ventilator.
[0059] After the exhaust gas was allowed to reach a steady state in the enclosure

(approximately 3 hours), the UV lamps were tumed on for four or five hours. The
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(ppb) UV Irradiation time (h) Final NO2 concentration (ppb) Total % NO2 removed % NOincrease in

car emission % NO de%&dation dueto TiO2 8925767 14852252

WO 2009/02 PCT/USZ008/074876

reduction in NO and NO, was measured as the difference between the steady state
concentration and the final concentration after irradiation. The values were corrected for
the decrease in NO concentration and the increase in NGO, concentration in the car
exhaust over the test period in order to isolate the contribution of the photocatalytic paint
to the total reduction in these pollutants. The experiments were repeated over three
consecutive days. On the fourth day, control measurements were taken in the absence of
UV irradiation. The results are shown in Table 6 (% NO photocatalytic degradation) and
Table 7 (% NO2 photocatalytic degradation).

Table 6.
Initial NO , . % NO
Experimental | concentration - L.V - Final N(.) Total % NG | reduction % 1(;10
Day at steady state _ad1at10n concentration removed in car degra ai} on
{pob) time (h) {ppd) emission due to TiQ;
1 1092 5 581 46.8 28 18.8
2 623 5 351 43.6 28 15.6
3 1286 4 898 30.2 23.5 6.7
829 28 (5h) | 28 (5h)
4 1151 0 0
880 23.5 (4h) |23.5(4h)
Table 7.
Initial NG . % NO
Experimental concentraﬁ;n uv Final NO, Toul % increase %NO
Day at steady state Im:admtmn concentration NO, in car degradat-lon
(ppb) time (h) {ppb} removed emission due to Tiy
1 802 5 767 14 8.5 22.5
2 879 5 708 194 8.5 27.9
3 1110 4 1039 4.6 8.5 13.1
4 1031 0 1119 8.5 8.5 0
[0060] It is evident from the data in Tables 6 and 7 that a styrene acrylic paint

comprising about 15-25 nm average size photocatalytic titanium dioxide crystallites at a
level of 10% by volume (about 8% by weight) is effective in reducing NO, pollutants

from the air, even in the absence of prior activation. Further, this example highlights the
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8795708 19.48.527.93 11104 1059 4.6 8.513.14 10310 1119 8.5 8.50 [0060]lt is evident from

the data in Tables 6 and 7 that a styrene acrylic paint
WO 2009/629854 y yliep PCT/USI008/074876

usefulness of the inventive paint coating in applications such a parking garage interiors
where it is desirable to remove concentrated pollutants from the air.
Example 3

[G06E] A styrene acrylic paint was prepared substantially as described in Example
1 except that PCS300 was replaced with a comparable 100% anatase photocatalytic
titanivm dioxide powder available from Millennium Inorganic Chemicals under the trade
designation PC500. PC500 has a surface area of about 300 m%g which translates to an
average crystallite size of about 5 to about 10 nm. PC500 was included in the paint at a
level of 8% by volume and the styrene acrylic binder comprised about 50% by volume.
The ability of this paint to remove NOx without prior activation was studied as a function
of UV intensity across a range of intensities from 0.5 W/m® to 8 W/m® according to the

procedure described above in Example 1. The results are given in Table 8.

Table 8.
U\f(";:;;%izty 9% NO, reduction
0.5 31.3
1 37.1
2 40.6
3 44.2
4 45.5
5 46.4
6 46.9
7 46.9
8 47.3
[6062] These results demonstrate that even at very low UV intensities, the

inventive paints provide high removal of pollutants, even without pre-activation. In fact,
the difference in NO, reduction was only 16% (47.3% - 31.3%) over more than one order
of magnitude increase in UV intensity.

[6063] The PC500 paint was over-coated with various photocatalytic TiQO, sols
listed in Table 9 to investigate whether further improvetnents in the de-NO, properties

could be attained.

18



comprising about 15-25 nm average size photocatalytic titanium dioxide crystallites at a level of 10%
by volume (about 8% by weight) is effective in reducing NO A pollutants from the air, even in the
absence of pr%? HadatiSh. Further, this example highlights the usefuIn%%g[%sﬁ?ﬁséﬂfﬁ\%gntive paint
coating in applications such a parking garage interiors where it is desirable to remove concentrated
pollutants from the air. Example 3 [0061]A styrene acrylic paint was prepared substantially as
described in Example 1 except that PCS300 wag,igplaced with a comparable 100% anatase
photocatalytic titanium dioxide pewder.available from.Millenriur-Haerganic Chemicals under the trade
designation PC500. PC500 hasia SOAEEE areh of ab®Rl@eRYFN2/g which translates to an average
crystallite size of about 5 to about 10 mm. PCH@8:was included in the paint at a level of 8% by volume
and the styrene acrylic binder comprisgd aboug&d8a by volume. Thejability of this paint to remove NOx
without prior activation was studied asa funcuQE.piP vV intensity acrgss a range of intensities from 0.5
had h H

W/m2 to 8 W/m2 according to tk escribed-above-inExgmple 1. The results are given in
Table 8. Table 8. UV intensity (W/m2) 8 NO" B0t /=" 142 37.1 2 40.6 3 44.2 4 45.5
E S5300B (10.0% wiw TiO)
F S5300B (5.0% wiw TiO)
G AW1610 (0.24% wiw TiO)
[0064) Sample A represents styrene acrylic paint comprising PC500 photocatalyst

without any sol topcoat. Samples B-G represent the paint of sample A having the
indicated sol topcoat applied thereto. S5300A is a photocatalytic titanium dioxide sol
available from Millennium Inorganic Chemicals. It is an aqueous colloidal dispersions of
ultrafine TiO, (anatase) peptised with acid at a pH of about 1.1 (x 0.4), having a titanivm
dioxide content of about 20 (+ 2) % by weight, a density of about 1.2 g/ml, and a surface
area greater than 250 m%/g by 5-point BET (on dried product). S5300B, also available
from Millennium Inorganic Chemicals, is also an aqueous colloidal dispersions of
ultrafine TiO; (anatase) peptised with base at a pH of about 11.4 (% 1), having a titanium
dioxide content of about 17.5 (= 2.5) % by weight, a density of about 1.1 g/ml, and 2
surface area greater than 250 m*/g by 5-point BET (on dried product). The various
$5300B sols in Table 9 were modified to have the indicated titanium dioxide contents on
a weight basis. AW1610 is a sol comprising photocatalytic TiO, having an average
crystallite size of about 3.6 nm, pH of 9.2, a density of about 1.00g/ml, and a TiO;
content of about 0.25%. SP300N is a slurry of photocatalytic TiO, (about 17% by
weight) having an average crystallite size of about 5-10 nm, pH of 7.0, and a density of
about 1.15 g/ml.

{0065] The ability of each coating system (paint + sol} to remove NOy was
investigated as a function of UV light intensity from 0.5 W/m® to 8 W/m”. The results
are shown in Figure 2. As can be seen, coating system D comprising the PC500 paint
with an overcoat of S5300B (23.6% w/w TiQ,;) showed unexpectedly superior de-NOy
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546.4646.97 46.9 8 47.3 [0062]These results demonstrate that even at very low UV intensities, the
inventive paints provide high removal of pollutants, even without pre-activation. In fact, the difference
in NO reductiSHPHE/87R7“16% (47.3% - 31.3%) over more than one ordBf BPiA4GHttfa increase in UV
intensity. [0063]The PC500 paint was over-coated with various photocatalytic TiO2 sols listed in Table
9 to investigate whether further improvements in the de-NO x properties could be attained. Table 9.

Sample Sol ggl%%éj &%%n@i?@reange of UV intensities with only minimal variation in % NO, reduction
across the range.
[6666] Al 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.
Many modifications and variations of this invention can be madeé without departing from
its spirit and scope, as will be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of example only, and the invention is
to be limited only by the terms of the appended claims, along with the full scope of

equivalents to which such claims are entitled.
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55300A C SP30OON D 5530013 (23.6% w/w 'MD E 55300B (10.0% w/w T102) F 85300B (5.0% w/w
T102) G AWI610 (0.24% w/w Ti02) [0064]Sample A represents styrene acrylic paint comprising
PC500 photocatalyst without any sol topcoat. Samples B-G represent the paint of sample A having the
indicated sol topcoat applied thereto. S5300A is a photocatalytic titanium dioxide sol available from
Millennium%&érgahic Chemicals. It is an agueous colloidal dispersions of ultrafine TiO2 (anatase)

peptised with acid at a.pH of abqut 1.1 ( 0.4), having, a titanium dioxjde content of about 20 ( 2) % by
weight, a d«]e‘nsity @f% fé(fjﬁ%aflf% rﬁT?gg%&égﬁ%} 583 %%aea%%% er than g’%trsn ?gr;n ﬁge -%(l)rlln?(g?iT (on dried
product). SB30OBesise: afaikditdifrdmomifemsium Inorganic Chemicals, is also an aqueous colloidal

dispersions of ultrafine TiO2 (anatase) peptised with base at a pH of about 11.4 ( 1), having a titanium
dioxide content of @R P75 285 Iy e WergRRo R SRy Brarst i ady i Saealielyrate area
greater than 250 mfgsbydrnpcifit Bhdid@n.otiediprocucihxife dadiotsnSE300E solsninvEadde 9 were
modified to have the indicated titanium dioxide tents on a weight basis. AW1610 is a sal
comprising photoc(zggﬁ%/%éeﬁéez%%a“\’ﬁﬁ% gr%vaenrdacé%en%ﬁ]s%aﬁﬁfgé%elz%ggf %rﬁagﬁgt gﬁ n%r%iL 1p’)jl-l%c’)fag(.az, a density
of about 1.00g/ml pavidgr@atadyite attofitie tersgcSP 300N Behtslurry of photocatalytic TiO2
(about 17% by weight) having an average crystallite size of about 5-10 rim, pH of 7.0, and a density of
about 1.15 g/ml. [(06B)T A &b U eut gty Uyl trained rienen YalSe aNGS WAL hvestigated
as a function of UVfligilatimtensiti:ireny S dima- o B in2:ubheisesi|ts areshoitn mmdigure 2. As can
be seen, coating system D comprising the PC500 paint with an overcoat of 553008 (23.6% w/w Ti02)
showed unexpectéilyasppesidr ideNidpder consisting essentially of a styrene acrylic copolymer;

said paint being free of inorganic binder or comprising an amount of inorganic binder which is
insufficient to form a continuous adherent film on a substrate, said paint being capable of
substantially reducing NO, compounds from the air when irradiaied with visible light
immediately after a dried coating of said paint is formed on a substrate, in the absence of prior
activation with water, and said paint further comprising one or more ingredients selected from
the group consisting of solvent, thickeners, dispersants, coalescents, anti-foaming agents,

bacteriocides, and combinations thereof.

2. The paint according to claim 1, wherein said photocatalytic titanium dioxide has a

surface area greater than 300 m*/g.

3. The paint according to claim 1, wherein said photocatalytic titanium dioxide comprises

from 7% to 15% by volume of said paint.

4, The paint according to claim 1, wherein said photocatalytic titanium dioxide comprises

about 10% by volume of said paint.
5. The paint according to claim 1, wherein said paint is free of inorganic binder.

6. The paint according to claim [, wherein said one or more additional pigments include

calcium carbonate and non-photocatalytic titaniom dioxide.

7. The paint according to claim 1 wherein said one or more additional pigments comprise
non-photocatalytic titanium dioxide and calcium carbonate, and wherein the total pigment

volume concentration is between 70 and 75%.
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across the entire range of UV intensities with only minimal variation in % NO reduction across the

range. [0066]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

publlcatlon or patept or.pa f 2 IlcatloQ wa n}ﬂpe&'f'c{?l ly. and0 arl]&jnlwduaII‘\i |nd|cated ta be incorporated
or

me a2 5C on 4§ 11,
by reference in its errtrtlre?y all purposes. Cations And VaRations of thig Invention can be

made without depgyting #om t%ﬁpt@h@egtﬁﬁpeeaaé Wilkhe-apparankiesthasaskilied dndhg.art. The

specific embodiments described herein are offered by way of example only, and the invention is to be

limited only by thé ePREBIAREABYE AT LI SiBiy W"tit?ﬁ% TOMReHPY SPRRHRESents to which such
claims are entitled. CLAIMS 1.A sglf-cle ing, de-ppllutin pa le of removin poIl tants from
the air indoors in the preien%ce of%élbgf)e %gﬁ gm‘églf;lng Boca a%%/(‘) bt%(wl n%);&\cl)o)fu{%te thotocataIytlc
titanium dioxide in substahtiailgigvie Hinatasedforie é}&lﬁ%ﬁ@t@é‘@tﬂ%@ft@hﬂ]ﬁt%%mé@%g

characterized by an avergge,crysialbtesize betweanmun 204 10.amna S¥Hace areargieater than 250
m2/g, and having photocatalytic activity in the resence of visiple light; (ii) one or more additional

pigments, such that the TICHRFRER AN rt’d”g?'ﬁqr‘éetl%%vbgf faulég bint, inclusive of said
photocatalytic titanium rﬁg |de |s Al Igasgc@d':} | éi% érngneg Q u% att}ee g% fier é‘ne@% %plgngssentlally of

a styrene acrylic copolymer; sal palnt belng ree morganlc er or comprising an amount of
inorganic binder which iscisefieiEmt @6 fotract e ot Hﬁméﬁﬁéﬁ@ﬁtﬁ‘ﬁiﬁﬁ Bt?m%@tﬁb‘té“@aiﬂ paint
being capable of substantiallyredycing NO compounds from the air when irradiated with visible light
immediately after a dried coating of said paint is formed on a substrate, in the absence of prior
activation with water, andii$nierpaigtfirtiee:cdringeisingnenengr mareidigredients getectedyfrom the
group consisting of solvep %&If%ﬁgeners dispersants, coalescents, anti-foaming agents, bacteriocides,
and combinations thereof e paint according to claim 1, wherein said photocatalytic titanium

dioxide hasaSpHacR AteR-gFatRrRan BRRMZGndrI e Palaheesosdingria-aimdly witerein said
photocatalytic ganlum joxide com |sedefom 7% to 15%(§) vtolum of said paint. 4. Theb aint
ko Et AR okile

according tOWaIRFT, WHEYEIA &3 aniuh o Sal TS SR TR yvolume of

said paint. &ofirespa rqtnaccommgrtgr@im t@lvmreirérmsald paint t@rﬁsee@‘ Mordamnic thickdeers. The paint
according tg glaigd, X%QEE@&H@%!&z%ﬁrﬂﬁ&géﬁ@%‘élﬁt%&g MENSIRGUEa,calcuR garbonate and

non-photocatalytic titanium dioxide. 7.The paint according to claim 1 wherein said one or more
additional pigerents.GOBRLISL is capable of substantially reducing NO, compounds from the air when

nradiated with visible light immediately after a dried coating of said paint is formed on a

substrate, in the absence of prior activation with water.

9. The method according to claim 8, wherein said paint composition comprises photocatalytic

titanium dioxide having a surface area greater than 300 m¥/g.

10. The method according to ¢laim 8, wherein said photocatalytic titaniom dioxide comprises

from 7% to 15% by volume of said paint composition.
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non-photocatalytic titanium dioxide and calcium carbonate, and wherein the total pigment volume
concentration is between 70 and 75%. (a) applying a paint composition capable of removing
pollutants from the air indoors in the presence of visible light to said substrate, said paint composition
comprising;, () Irof %6, R,4004 by e Rhtacalauls tianium. diexidss caliabqragatpyc ttanium
dioxide being characterized by an average crystallite size betwéen 5 nm’and 10 nm, a surface area
greater thatP2BOsas2kpuahlhay iR Pl ctoEaayie @emRmtitithe presence of visible light; (i) one or
more additional pigments, such that the total pigment volume concentration_of said paint, inclusive of
said photoé&talytif Bt FARRACIRS SO & Gt FOHEt S5%EIRE (I AR rERMe TR ESe bifdR rAiBREEing
essentially iatiadtyrent@ctylitydopelymerdisaidepaint being free of inorganic binder or comprising an
amount of inorganic binder which is insufficient to form a continuous adherent film on a substrate, said
paint compbsition Fogthestasnigeizidigtote Vtimote Wgredicatd sateetaddfomfitiecgro MERSASisting of
solvent, thickengrs,dispers@hise coalescents, anti-foaming agents, bacteriocides, and combinations
thereof, and wherein said coating is capable of substantially reducing NO compounds from the air
when irradiated withevigitledigbtdrmime diatéynafte rvaehiad segting of saick paiitisuidpidton a
substrate, I, 1hAbSRSRRLARY AHAIER WIDNAIEE hollie BN agePiaLip flaim,$, whorein
said paint com%osmon omprises photocatalytic titanium dioxide having a surface area greater than
300 m2/g. HENTHeTHEMHGONaEUBIHAG el B ammertinrsairpifstoitathanitiin dox de comprises
from 7% to_15% by volume of said paint composition, 11, The method according o claim 8, wherein
said photodatalytc HARTI HEKIEE ESFARES abATT EOSHUoIME SF Chd pamb cagtifion. 12,
The methodiaggerding to claim 8, wherein said one or more additional pigments include
non-photocatalytic titanium dioxide. 13. The method according to claim 8, wherein said one or more
additional piments sHesiae ke AR SADORENS. 2 RUPEEYBEEBIEEBEing to claim 8, wherein said
one or more additional pigments comprise. non-photocatalytic titanium dioxide and calcium carbonate,
and wherein the tcgflélaﬂiﬁ'ﬁ’ié’ﬁfi%m%ﬁtéggé’ﬁg%hﬁgio?ipgﬁ gtéllk(/g B¢ c?ﬁn}i)ecl)%igﬁ%gg)& aggﬁi%% and
75%. 15. The methogdetending poiclaimB;swice@imaidpaint composition is free of inorganic
binders. 16. A substrate having applied thereto a coating system comprising: (a) a layer of
de-polluting paint, said dé&)gatutite Prtidyerbemgoried Bir AFmmgie dadrsybsrEtay paint
composition comprising: pfi)eleamaeY6cien40%a biovelktmeip hatoaat @hytieititanignordiauieeda substantially
pure anatase form, said Qhotocatal%'gi(% tiilt?niurgb%it%xigne bn%i}n %ractg%%dcgyﬂgg average crystallite
size between 5 nm and 19 ﬁ‘r’ﬁfagesu fate area greater ﬁwan m%’g, an avmg%%o?ocaa?alytic
activity in the presence ob¥igible lighhayiearetoratabiic additioimibsigiersnes, ofudnbihdighive total pigment
volume concentration of said paint, inclusive of said photocatalytic titanium dioxide, is at least 65%;
and (i1} one or more additional pigments, such that the total pigment volume
concentration of said paint, inclusive of said photocatalytic titanium dioxide, is

at least 65%:; and



(ill) a styrene acrylic copolymer binder; said paint being free of inorganic binder or comprising an
amount of inorganic binder which is insufficient to form a continuous adherent film on said substrate,
and (b) a top-coat disposed on said de-polluting layer of paint, said top-coat being foiiued by applying
to said layer of paint a S(é].. omprising an aqueoys collg{dgl d|5£§r52|]§)nrt1 Bgigggilocatgl%tlc ultrafine

. . . . . 11} a £ 2l 1C, €O 514 cr. S e anic
titanium dioxide in anatasé®’ crystafiifie Tofih having a surtace area'greatdr than 250 in2/g as measured

by 5-point BET, whereintthéecoatimgpystenninamendiaid] ynopmnid ity svbagalsl eneffSalsstantially
reducing NO, compoundg, from.the-ait.whenitradiated with.isible light in the absence of prior

activation with water. 17. The substrate according to claim 16, wherein said paint composition is free
of inorganic bindefs) angpwbareisnsaid phalacaialtiatijaaiavdinxicesonprisas feam B4ée 15% by
volume of said pajnt composition., 18. The substrate according to claim 16, wherein said agueous
collotal disperaoty P B e A Hear s SRS 1 BB e 3 ol of about
11.4 (1). photocatalytic ultrafine titanium dioxide in anatase crystalline form having a surface

area greater than 250 m’/g as measured by 5-point BET,

wherein the coating system immediately upon drying is capabile of substantially reducing NO,
compounds from the air when irradiated with visible light in the absence of prior activation

with water.

17. The substrate according to claim 16, wherein said paint composition is free of
inorganic binders and wherein said photocatalytic titanium dioxide comprises from 7% to 15%

by volume of said paint composition.

18. The substrate according to claim 16, wherein said aqueous colloidal dispersion of

photocataiytic ultrafine titanium dioxide is peptised with base at a pH of about 11.4 (%1).
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