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pi ctures taken on day 7 at 200X magnification. Fig.

10B denonstrates the progressi on of PANC-1 cell

nor phol ogy changes through 7°days (control, H P2 and

H P2B), with pictures taken on days 1, 2, 3, 5 and 7

at 200X magni fication. Fig. 10C




denonstrat es progressi on norphol ogi cal changes of
PANC-1 cells treated with control and Optim zed H Ps

w@ RoPA2Bs4er and HI P2 PEG . [0034J Fig. 11 is BCHUSI008/074876
for CK19 and DAPI to show nuclei and insulin in human
pancreatic cells follow ng admnistration of
H P2B. [0035] Fig. 12 is graph depi cting glucose |evels

three £at ﬁﬁ%ﬁd Wi 1.h: pla n t
mo?y]s,ophyl FI ne ﬂ%%ﬁt I Ifr’lt and ,e gﬁgloﬁ—){iSP gb}ﬁg fElsﬁhe pain
corhp@atdns Fvig). typisallyp have@aﬁavhnagd ]mraciblsmad»yhlch enables the partlcles to

i mmunohi st ochemni cal. st ai ni R%h Fﬁ? cells aft

pregdpmiafRly, AbSRrY (At gFaser Sngtslf ﬁ‘ZBSeB‘iWH&VCW small,
thef ‘BﬁncffsgaBo BEiSveehl eﬂ‘i@”%lé@e' ﬁﬂd tcﬂﬁdﬁétﬁﬁs et idedtees t Maus, with
P receptor fromthe cell nmenbrane of PANC-|I cells to
sufﬁhendysmpll garticlpsies tii has| teen obsevechthal Rtaakdn @mxudn pasticles are
37 14 demapstrates exposure. adj ust
cansplecof Sbsartiag PN PP SRUPH IR 111 LiAGRp I Gopprtctes for
mcl"ds%BlnptﬁE’tlﬁ\Qﬁﬁve éQQ&%xll’zﬂy&ca}%ﬁ hSeTR Pakichd ﬁﬁe b&RR_A about 1 nm
eval uat1 on of I pact tinzed HLP2 peptides on
andPAbDt | 1 50eiths Mt)rel typicaly,i thenpagicld sige el et betwaeny geant 5 nm and

cati t hat , H P2B | nt.er act th.t
sk . 2o g0t o F v P pipbdishl B BFiRL Soe of the
tltﬁlhﬂﬂﬁdidk@d&mt B! st will'ByThétaaen b 3 fid zﬁwt gluad Mring, and more
t he nucl eus upon stinmulation with HP. [0039] Fig. 16

pargewisry betress aRoylel ard abayt 4P nan.  Befersncs dgrepp foihe stse of titanium
diosw%a[ga?t? e“é)? r%f}g?a?nlgt rw1(11 ﬁft%e %5%@: ﬁe?igjaglt t;hg '&[x_g ﬂﬁg@ Pfﬂ'ﬁ@f@ size of

theCﬁ{ahfum [c@&é@d pEiTQ:ulaleE I le&r@ g Ipaditis Gizenig mbdified eyage term
daily glucose levels in an STZ-Di abetic Muse Mde

“abjoyt,] @t\mhlgbeawrﬁerﬁtcsqdrtatm&ﬁa@fsomewbat lepgop Br smalles|PaEilgs. sizes than
the1[ 121\8% Sdg}rerlgle tg) cbiug% %{Hé&g%g{rag%ﬁ & 15 &eﬁjtallnl t)ﬂf HidiE@E Ment and
var gbility] Bétwaékd d@ffaeﬁbmegmmupgmf fori measubﬁ@%ﬁe gsizel Qasi vill be

a graph depicting the glucose | evels anong H P2B

apmamut@v@ne Shiliezl ingthe ety “Ihe Gemeies) mgy, bg é}le%SP@Qt‘é)@ for example,

oA e By P () DU BB ©f

[002ZPact O%It@ﬂ{ah%lg’edhﬂ paBcleesiayi bg dtasdctered! bgosaface area.
| evel s to nondi abetic ranges and to | evel s bel ow t hat
Typicalbnstbe| prevdgras: Qéaé‘lq%\ﬁhq)@d?) mhetocatalysTvill rhaxe e sprface area, as

me[ag.ﬁ'é(f' byh thf% ?atb?e ﬂxefi{n‘éﬁolﬂéﬂlﬁ gejsn%&HPBE?st brearef hh% 468%€70 m%/g,
tolerance tes armn gr oups at the cl ose
maoé tytpheallys gtréytemhah abomelOOghﬂg,asﬁ prefesbly gleetnr ihantabeut 150 m¥/g.

In s RBp ST Btsats Sha B Siori G DitopelYL Wy gl b orfice arca greater
thanibb i Z0edn 7k gf%&téﬂha%%dhﬁﬁﬁ% G @Qﬁ%&éﬁt&f‘t}% dbBut 300 m%/g.

conpare the fects of timzéd H P28 on gl ucose _
[0023ht r ol e phderitelytie dtaauuml idfoixédeis pyaithbieafyem Mileanium Inorganic

N e G g

uséFhif fof Muil&pﬂﬁﬂ'le Ppafity’ £cerlifieR) ik Snvehfion. MPESBO@1s a 100% anatase
iffering concentration of H P2B on the attenuation

of
utaxman diaxéde poyoler having ap averageairyallite decdetpen about 5 nm and about

O AR SRS B0 4O o nBinilh R PR i D B conten

bef¥ash @¥oiitad S IR hndHaBHuK 86 % ®948dight, gnd %ldmemmswr&ke&retarﬁ about
har macoki netji ¢ anal ysis of Optim zed H P2B delivered

258 Ubcrpanadsr e, . mesuesd b Smev BET: BAihOTAD]aleeRop average
the present conpositions and nethods are described, it
is to be understood that this invention is not |imted
to the particul ar processes, conpositions, or
nmet hodol ogi es 6



descri bed, as these may vary. It is also to be
understood that the term nol ogy used in the
waele®en2yssdi on is for the purpose of describi ng PEEUS2008/074876
particul ar versions or enbodi nents only, and is not
intended to limt the scope of the present invention
which will be [imted only by the appended cl ai ns.
patdtleesise BehbAiRG ﬁhh@ PbHEI0 Al TIRCHIOGE! dedipHated 'P@lef Al€o from
terms used herein have the sane neani ngs as commonly
M’éﬂﬁ@l’@ﬂ@t bwaganc Ghemigalsy r‘mlln&lﬁ‘y fsndu ptilitynint $paneyembodiments of the
u r o
o B o850 b reBlel L% bygopight ttanium

didxide, the J¢0b bein@ 1 00BSdniatage, @hd Ghﬁibﬁl(ij h@ﬁ@e&@itaﬂll‘,@s@é 68&8vut 15 nm
i nvention, the preferred nethods, devices,

to ARQUE 2P Amsanghaes a3 beiwser aboyt |80 gng Iab@atlpe
[(}(F%Et ' oneq‘hgg)rhglo%ﬁ@{y%c tﬂ&ﬁﬁﬁ%@hﬁg vmf t\r@%ﬁf ec,QJ rlsa from about 2

ir entir erern1rsto
to @Bl %Shy I?oluhﬁat oft the paint FoEh@Btids Mure @yﬁltdllye the photocatalytlc
antedate such di sclosure by virtue of %égor i nvention.
titgnanys goxidrswil eprpRiise eam abayit 4% ta oot 20%ebipyolime pf e paint, and
| tr .
oy PP d BRGPRY oL 8 bl LRl folimen
theo rphduomtnllysh etitagiufi dioxydeo compdsksc bban tH%i Islysmdlume of the paint

However , beti.c patients on insulin do
forRTHAR. oTif: GUEE e BBBPTS frprBEb el ies of RRpECaHgt in the fna
paﬁ@fdmﬁiatlfohg ?fr?dlﬂﬂng?‘&%é@g LAtREH thARHE rv%ﬁfﬁ&pérh’éiﬁ&é&ﬁ the dried

[ 0051 there h een no single or
paimd mmtmgt |"1Eyrp1daﬂw thpywedighatpetvast dfeeanisocdiesidé in the pasredotnmlation

B0 SR ShE S Sl B P
abdutSHnARBbutl 1084 b Wel@lh't %ﬁ%réf&gﬁﬂeéb%ﬁﬂ P5%y weight.

i nsulin- rodu0|n s within"the pancréeas Wl |
[0025pr esendt ia wathini |se<zmtofttlneelatvmm tb mmdmpmtg ha¥ipg two or more

{ {
APl ik B SRy FE o SEBGR, MEhRGAT sen. o n
titdARUrA d@(ﬁdldlesglﬂftoéa@al%tnhaftéhdl§hﬁét5the @E@&ﬁ@hong HedcPibed above. Thus,
i mportant to distinguish between beta cells and islets

forrxempiee tlsmmemtrmmm@ncesathc assmaf bingxlak phdtotasalyne titamsan dioxide
unbe et a reas t been

hav
me ot P e 4P SIS LA o PR Gera it fol eherein a
leabSoR, Sn@pResrabliddeH, Ha®d a phAREiZNARY biOh{aP0 8d PRERRdEabove.
decades of research and the advent of pancreatic islet
In pﬂls\hgpb@mmmsdhe |phot99atalystnwlhw“@ms1stcﬂsmnmllyubt’ ' partiedar titanium

0 nton Proto
cich T oA bR e PO R 8 Ry bRy Bhpogatplys having
ma@ﬁﬂ?scﬁffaﬂent ActivigesURi &xR1Ldel 2be that douRkasmhdiitical fpﬂéfocatalyst
years post-transpl ant, fewer than 10% of E@Llents
whighy mategiady yagagt @tdurabdﬁypd%rn@%utrr@mr iself+génaning propertles of the
Additionally, there is an 18%rate of
ngggﬁgﬁgqgﬁge effects. It is well established that at

[0(125]9 onseﬂ‘hefpatnyqoef fhedh@ebﬂbﬁ&’:pnfpﬂkct antosgdniy/ Binder, eﬁdbhe broadest
of their islets and their nunber of

asnegﬁ %ft 'i'e dBYRD lﬂﬁ»elé % erdgraplaier yhateny inebymems Ripdsr mpy, pe employed.
0 bbb S BOVBIRARA 1% el ABH, . s s
notofimaed |te datex 5ﬁﬂzlﬁrsf stdheas sdtetal hass mnplrenel fidtex,. nifie Watedy acrylic

pe atle t he nunb r .and nmass i S

et R B e S Ene KG9 (R <Al G sk, apsth ke
because the beta cells effectively becone "burned
out." Although this decline occurs nore rapidly in
type 1 patients, there is st4ll a decline of 10-20%
per year anong type 2 patients. [0053] In a normally
functioni ng pancreas, snmall nunbers of islets die
naturally on a dayby- day basis and are repl aced as
required to keep glucose | evels under control. On
aver age, thls regeneratlve process known as |slet

o, o o T |




It was then hypothesized that ligating (binding) the

pancreatic ducts mght lead to the identification of a
wGaaiwsnzasse t hat coul d be useful in the treat mePCT/082008/074876

di abet es. Surgeons ligated the pancreatic ducts of

di abetic children in the hopes of producing substances

that would formnew islets. Although the positive

G IR0 it 13 to, methyl
EASpER ol O RE (REPCRPHIRRIOAE SRINE L drk i, IhRRK to, methy
mmrylpﬁossqenéandilmllc agld Cthgldréxygtityl ecrybtaipolgmet (QAS # 70677-
re i ten 0 te .a hanst er r

00l vl Arits el R Yen SO TROE Bl RS ARy e pu acrylate
polﬁﬁ&t(SAST#‘ 7932-88%3 Kiltyll Rey1hte, Mbd %/l ﬁﬁtlﬁbfy‘l’d’te afydeoxyethyl acrylate

hanst er peptide referred to as the |slet Neogenesi s
pOA@MdCASGHZ%t&&aIé) butyl heu@are, 2tathytlhex yt hérylates Imethyl methacrylate,

SR LA ot 5 S B SRR A ¥ 25767
47S§)eﬂittgte£dr¥1'atek9 éug)hﬁé yPE&gﬁEE th&lSadid) gblyhﬁ;% '(P'FCAS # 31071-

hr oughou reas even decades after
S53esetrybé polypeers, mdmwwla[tﬁbst@]ensmre Ibcrlymeltstte name a few.

CGTBh B st M S Bbe o SRRTRIENS bo ot i
pr@gt;@aﬂhallmregg&mer ation of islets during pregnancy. It

has been reported that islets were being forned in
(0027l e enbrigr agetivadirs thenorgenigt wadar aay aechog¢reamong copolymers of

R SR P, SRTLDAES oA AR RO YO o prictr

CO{)d)l?ﬁle?s of Q8B InyldeeyiRr hﬁﬁi@byré‘i@)!/aci‘ﬂlcV\@dté‘rE‘ PBE tRNpfesMttiRvention,
e 1 or |ate- st age type 2 di abetes nanage their

st)@weagehq sopslymeninsiusiee copelymeasupf ptyresptapeic\gsters thereof. The

PRI 0 B8 A RO SRR S s b

fommadjesaﬁttﬁgesl,y usefalihd dh drigaiapindeo@she diventineCairithie
body's narmal contrgl nechani snms. and t herefore does
(002" 1 ul | yn emggRmBedimeats. theyexganici Yader ins thenmyantixe pajats will
iX; r d 1.
oSO Y50 R SRS ol KA s gt e

préerideedf aglditivnaleorgmiiabirdessnin a]ﬂ’duﬂtsl whible eamﬂllnynsducb nhe durability
secretion is only part of the m ssing pancreatic

0 fﬂeﬁ]eepbﬁ)atlpsoesq sqh%%@t Ay eATBPAeth i a0 Bhar it e¢eniipdliRagnt coating
ed by

cofpAEREIMP BRI AL LB Bt o Ll

(0029 ad es, Isevmeaimidienents,cthe avantive paintt wili el substamtlaﬂty free of

e involved in glucose metapolism or.ana
in g S e bt S e R RSl tnef@awtlan%ﬁré%qt%effmnt to
foxﬁ’x?ta' &Jﬁhﬁ ousN&h ﬁ'ﬁb %ﬂtﬁpdne%sgﬂﬁtat’é? &ntthe aﬁ&ﬂb{' b8 lof icOBmder
peptl des w th amno acid sequences sinlar 1o those
remése@aticagorbodinkentPef ipdiats dor(xﬁsl'e‘ 1k9s, thamd. .%%d’!y werght deeferably

tesg AU P B A LG, antmtr pr eS0T i b G by weight

1nd‘{§£1§é Yinded@NUN | Rriet Shbodikehls! the! iHVekivieOpaints are free of inorganic
Pepti de/  ucose- Dependent | nsul i noptropic pol ypeptide

bu(dgrs:) Inozganp‘dm ders inshasleo yydtheutt lgmication, alkgly @petalssilicates such as, for

tide 4
expiphR P isEin PR SoftiumiBER anlb L BRIk p. |
(06303t ri N, THRI B BtcdRLAPLS u%aﬁtvatu@rtqaﬁmr&et rta}np{%@tsﬁét or more

Fact or Analogs and Hanster derived Isl et Neogenesis
pigiensyi ThedErmeRigments] NaaRpded 60EYpranpritiyfut tigeitasion, pigmentary

treatnments have proven effective in reversing the
under | yi ng nmechani sns of di abetes. Generation of new
islets not only fornms insulig-producing beta cells, it

also fornms the other cells ifvolved in the glucose

nmet abol i sm Consequently, if enough newislets are
generated, the patient is ultimtely able to recover
glycem c control. Therefore, islet neogenesis presents

the p033|b|I|ty not only to treat but actually to

o o o o . F A/ s o, o s e



producing islet structures is fixed at birth and
mai nt ai ned t hroughout |ife, whereas the plasticity and
wa@piobio2ogspf beta cells to proliferate w thin erRCBUSI008/074876
i slets has been well established. It is currently
accepted that pancreatic islet neogenesis occurs from
preexi sting pancreatic cells through differentiation

coﬂfpo@x‘id%g@fﬁpfo%d &8/ doforhs NFhcRIMIRIShitD (iﬁé‘m&ﬁ? £N4RAM A thgredients

and exocrine fractions of the pancrea
conharamhy tknawasint that art ewe‘?opd@bamgsagaﬁtt’ eandt ffellam’é etIndﬁded are any
1 di abetes ancreatic,i Iets can pe.regenerate
pafifEfue prEefi CuyiapreREC ShRBowWH EDI6,to Rreire hiling BRAFLS U Goating,
an@DheparBciIBK &t r]@zfsfni)‘ne 1%8F§a§1c050r@ﬁﬁh' fike Gdhl a)rﬂgtocatalytlc titanium
pregnancy. Several teans have found a paradoxical rise
digxideCSpelp titagium dioxide mmcmtg vehich dremot photpantive are disclosed in U.S.

a e _nor ran
Pl e ST 008 S TRt € baft o b Hiclospreces which is
heieby Ghqoepiratde bly FeResHo8Ia Pagituby, the Sitdirhidekide pigdieat MaR be the
in insulin re%w rements wth sone patients belng able

pagtigles af chipra NuD3 seld, hertl}eanm Harganig ﬂhﬁ@lqaﬁeLﬁ r Bigments also
lnctlﬁden@zﬁ&ﬁﬁl %oz{gb(?r{ ?egnvﬁﬁ ’E’.‘%‘”i 61% \A%d Eo %gﬁ? g g?tgl urbneq suitable

nancy oCcur Fon
calamngarb@tat@mh&naﬁmm ts@ldrtmd&&a@ Hadddame SeRRRHTR50 O(Omya).
to_pregnancy, inplies the restoration of functioning
[003§ﬂ et st rlliePainesaccordingstorihp trvarioniygicalintbut net nesesserily, have a

h rin C sul from
SRS b A PRE P kA REREBER g B34 A oy
betmdn aboQVW5% afd hbdut B0%0) fanl PecferaBly B S ¥ £BuP T6%EHd dbBut 75%.
i mune attack on the fetus, which likely also plays a

The e {HigmeRsprokiae eencentrationy nefesstte the toaaimem@n&ag@ by volume of all
S{pRressi o
pist oS i S8Pation o PRIE S R BRI ifocsf oty of uamiom
dioxsdeg twhgthevphotpENaipti¢ (gg.§ BGSOO)SoWantwaﬁgﬁwlﬁ‘é}g I Piona™ 595),
conpensate for the Iowering of the maternal ucose
as wellods #1Y PihehremaanmaNs smeratky regarded 4n ﬁ%ﬁléﬁaﬂsgagments including
willBIDRR iR iR balbBhAE AEBBENRHiSuRE FiRACS { he
devel opnent et a ce expansi on duri ng pregnancy
(00338 it héfsndge&saryd ganoovs totheetr eolmphatds mayete gaded tostht icomposition of

e SRR, i Tttt cu o i AR MRhChBRIRPR<BF shelr life
Ph&@ﬁCtK"lt‘}n@lﬁaﬁﬂle}n&pﬂ(ﬁp&ﬁhin‘g r@ﬁé{ﬁest%ﬁ‘etﬂe RS RN ?%@at‘iﬁg Examples of

regenerate insulin produ0|ng islets. [0062] Over
sugha gddidersd dompobnds owluder filldrés) ok alsecgmrtzo nalvite, eday, otalc barite

f a nunbe ne nodul at
S fé&ﬁlﬁ?ﬁ?%sﬂnnﬁﬁﬁ% 1 PieED oo Fichn I BERE B @hgy inorganic
| d a
P R O S Ry e psadylhs porpdnis, naphthene
an¢ dighih selferagess ptecna’mttaal few ;b Metthogt hgenTs, | Iylnblldmgyamsntch amtionic,
se beta cell.death P di abet es have bee
amfEe e Ronidrie, pipateél Setrafie® Ul dniGr example, silicon
emhm(ﬂth?&oéetiBoﬁ%d rih&'l§ﬁ%é‘l‘idu? rbl&)ﬁm@ s@bllEs, (RARRRY b txample,
Tacrol i mus eat - shock protein 60
mogity manmqqmmupds,mahmmg @amtsammmgdwnhcwlhnwms alk6l5-stable

B T T A .
carb@igtﬁétbﬂ&éllu%ﬁel and/by mhmy&mygbmbuéd) N xathéne 2gum polyurethane,

t uxi ath-1H (Ant.i - CD5
POIA%W{&{% dlfiﬁfﬁ Sy @ntqnsén&m@qyd@e?l siligatesnwater gepellents such

synthetlc nmetabolically inactive formof insulin
desi gned to prevent pancreatic beta-cell destruction,
and interferon-a vaccinatioq%using CD4+CD25+
antigen-specific regul atory cells. These therapeutic
approaches are intended to utilize regulatory T cells
either directly or through the use of immunotherapy to
arrest the destruction of insulin-producing cells. The
a|n1of t hese trlals |s to detern1ne the ablllty of

- o, s . = .

e a o



denonstrated, not only to be associated with the

i ncreased risk of type 1 diabetes and seen at the
woemen2wss4 t ype 1 diagnosis, but al so i s conmmonP@T/EEBNS/074876

anmong both patients with type 1 and 2 di abetes.

Mai nt ai ni ng | evel s above 40 ng/m are recomended to

sustain normal imune function. No adverse effects

e i e . I . i

as JRE SRRBESGNitlehel, (OSCEmURichS, Mo 8a 1y S ap@ Rflendonl
furlggcidesr bibkiless ot herw se defined, all terms of art,

notati ons and other scientific or nedical terns or

t er mi nol ogy used herein dP@MM¢ tnded to have the
[O@Z NI Ngs 140 EF'BHRg f lﬂ{;@ ﬁfv%ﬁ@&édccpaxin%g & ferddveSKO, IpollBtahiR€its self-
chem cal and nedical arts. In so cases, terns wth
cleanimgmproperties] @nd tisodiraehityi wes investigatedi bye greparieg three water-based

clarity. and/or for ready refergnce, ..and, & i ngd usi -
sgegsEliedarTh COBRATEr SR Shou Eohb: “Ronethry | th Pmprised
1090t bafllyticOrith SRFred6Kide By ol AheRdas db iphetoeatalgstoway present in

the definition of the termas generally understoqd in

thet pentzal sample0cB]e photonatalytia tgnive digkisly uspdin Sompsdvas PCS300
herein and in the ended LAS ... th ' . I

TR Lol ERBIAR BCSo 1y AR LGP wosice

poWider EAMEX atdrER drystalli€s ake6f Sdue5Wb 3Bout THem (h@fometers). The
exanple, reference to a "fibroblast" is a reference to .

photoecatalytingitenifiinp diowidgstsed dndCempi ¢ayenPS 10helsd firom JyiHlennium
to those skilled.in the art Holg

ind b EEaRhL e Bl A8 4 gol0ROSE o posao

abo
an@f PEGS NoErHage! anv ahb@sedfcohleat i nityut W09 . WhiThe ¢dmplste paint

bei ng used. Therefore, about 50% neans in the range of
fortmelaticB5 Frerprovisled imEade b, "proi sl et peptide" refers to
proteins or peptides deri v,ﬁag) fLom such proteins that
stinmulate islet cell neoge 4‘? ', including, but not
rTmtea to, nonan | REGIA (SEQ ID[NQ 1), Runman REGSG 1
( SEQIngmedignt 28), hurmarFUREEPD,  hym&PIRES B, REGHOntro
hamster TNGAR_ {SEQ TD NO— 2Z7), hanstier RE . ter
REG3G,_ rat RFF@&‘Er at PAP/ REG3B, |rat PAP3, %’&{gq‘?e@ae
se REG, nouse |B&ent nouse REG3A,|sg@use 185638, 152.41
mouse REFG3G mouse REG3S, nmouse {REGA, bovine PTP
N&hjsppzoage, cow, ddgickegeep and {anal ®980and 9830ol ogs104.64
of—stueh—protetrns,—ran epttdes—fragments—derived—f1om
Fogmpimsfer dDeAns or r@ﬂjdfoﬁﬁé’&%’@%cf. Th&.68r|ot e00 0.63
SEQUENCES Of SUcCh [PEQERLAT PEPTI[dES arg, [ubll
A%ﬁl?i?’f Abl e. Proisl at epfn?[des f urlt her |3§(9I ude3g?J pti des 3.48
skl ?gl%are f ragnent|<Ti0f pighfedA, | NGAP oy §30m0l7pgs 74.37
proteimns that contlain the active fourteen amno-actd
peEBuence of H P2 (|diOt peoteeatdlE¥pondi ng sequeltas f of -
each—horel-eg)—{(seeIable—1bel rf'w) antd—are—t+ess—ttan
PQ$W0ani no aci ds, | JHO: Phatpcafal st I o 4ddléds, less than
100 am o —aci oS, §§k, (@ 5_afino s than
Setgraghd HoOGci ds or Iesgkt an3625 gmn §c%%dsf I 33186'55
of such peptllgia%B(V\hi ch provide |the active fourteen
ami no_acid sequence) include, byt are not linmted to,
AtBgaI@bhowi ng: PHOTGOAIRLACTYIC COATI NG doldgD @9.86 73.62
HNVENH-ON-{-000H—Hhe—present—nventtenr—+efates—to
Texanplosi ti ons for i ﬁﬁé&?qeﬁb phdt ocat 84t j c Sotti ng ord.67
a—surfaceWre SORLLEAREY. THe Tnventipn rel ates 1o
Aglishd SEKi ng, sel f-lc egn:ang pai ntls con'g}réos ng Otéoc an{ um9:63
di oxi de ntlcl whi ch do not riequi
acti vat i]go alt(g%g@ﬁi eve high initilal né@tdrg* ?é) quou c 600.00

activity. BACKGROUND OF THE | NVENTI ON [ 0002] The
phot ocatal ytic properties of

material titanium

di oxi de re

i

he sem conduct or
It fromthe pronotion of

electrons fromthe val ence band to the conducti on band
under the influence of ultraviolet (W) and near-UWv

radi ati on.

The reactive electron-hole pairs that are

created mgrate to the surface of the titanium dioxide

.




where the hol es oxidize adsorbed water to produce
reactive hydroxyl radicals and the el ectrons reduce
w@eamonmsss oxygen to produce superoxi de radi cal BCT/D81008/074876
of which can degrade NOx and vol atile organic
conmpounds (VOCs) in the air. In view of these
properties, photocatalytic titanium dioxide has been
enpl oyed in coatings and the Iike to renove pollutants
fromthe air. Such coatings nay al so have the
[0032!\} ant ag a‘hefrefnemng ccmh;fombmarmrf rfgbbr Inare asdpllowsgr dhe dhickener is a

w, nold a etc.) .is o |d|zed
3% sl of [hyérrgqyet%&csllrlesq ottt Pheodst Q?%?\F%’Sglm 250 MR
(HQJ?:QEQF afpd Xﬁt‘lf%aﬁﬁﬂgaigeﬁwgérﬁfﬁhgﬁmanAﬁg ropri¥dr§, édid by Henkel
roomtor I nprovenent  in the art. Particularly, it has
Cdmeﬁete@sb%&iﬂ ©Gas aphlelurmcarbmateﬁﬂri:r\nbﬁyn@ﬁ from Omya. Antiprex™
convent i hot ocat al vtd e td. Lum di exi de coat i nes -
A fs Wﬁ%{)?“ﬁ‘ﬂf’ é)gg'n%eﬁe {Spetsar 1¥t 1Jro 15%@%%18}6@2% %%lgft d SdA@% T595 is
EflargSitiiumeddoniae frohd Mﬂ\lﬁﬁlﬁﬁn Ir\Mgzirﬁc Chemidalhi Anrgrona:l”b 890D is
ound by any theory, it is believed that the
a swtqnvaacrxiw §<t>m§ymcr faseyu upac 23 @nr igANie RIpdeinayailable from BASF.

q%ﬁ na%‘t‘)‘ ##@1 céorg feg gﬁ l%}vaElgﬁt $opal %ﬂ;ga 10 r@%&hbf;ggs %rg &r alcohol

cobmégiﬁlag e6lvéntrsoRt By Bastnb@ Kd)daatnl Aamdd@XPKels pabadte:rloreﬂie from Acti
fromwhich reactive radical species are forned.

Chepwerastaltiesng addi ti onal step makes application of a

o@ixgt ocat ahretp A'ah&“i*’hH@ ﬁ'gf@aﬁéﬁ%‘s GO LRI SR RMRA under high shear
I'n onven|ent ecause It time consum ng "and adds
mixti. tPanal waogies atided toePapBl undlat high spearamixéng tot formthel finished
be desirable to provid

phot ocat ti Co i u
paiityxkarh Ragy sample lwﬁlrega f apovprags of ?@3 are%af’ Wit ried weight
e [
LR S PO L e et
[063d]i Vity Il—eDedeﬁmh@ﬁJ&Ac}fNO Ramoaddm Gmeingdi fficult to
rovi de coati ngs having. hi vel s, of tocat
08% ause tHie contplety pethedoleg tftﬁ?r ﬁ‘ieHP‘i‘é“gaﬁggxthE’QRa \ﬂ[’?scnbed n
USh Rk YIRS '2@0@/0@ 510fthd RBCRRE%! BOwhldH $s BERBY eiHbd)ch\)/rated by
exacer bated when the coating is exposed to intense
refeagticat iBriefly; dra shimpdest werarplacghitin ansir-teght rsempbs@ambph angh sealed.
exterlor pai nt. Such coatings are often
Thy $#mpIAGHGEIRFE ibih FOPEGHCAOR gaHiree ﬁgwﬁ &8 i, (Brooks
In ?tﬁfm%xﬁsc" llslcﬁ’ifhtrlv\lttﬂroﬂgﬂ‘?tvaﬁ% N U(hri@oxiRY,| RO, ahitrogen dioxide), and

I Ve cat al yst concentrations. However, in
contpresdsed) it comm]lmrtg wasT vipor des ptiothuted dntophe plembeeet pfedetermined

t | t h
eI, TR e e Ry shbatBilphFaneg 300t 400
niff ROt QB Dhsp (Modbl VII-BERPI6Y) &tH2tnahoeeep daddlesgtid BDH). Initial

 evel s of phot ocat al yst for optinal de-pollution and
vahdscand §nalewdluesafafter &iveeminatpst iragiatiper ob N (Jvese Angprured by a

at al actihvity,u
T s KoL RIS e S5 e sample
chafitRPt TR RdREtO i NOL Mab ﬁ&aﬁﬁm)@gs(d NORs/, In1t1al NOx) x 100. Each
particul arly paint conpositions, which conpr

sapiple Wag invEsEEation Wb dag-astxatien @aéarﬂrfbperacrléfﬁw jter washing
tocatal ysts have

Wﬁﬁgﬁﬂve&ﬂﬁl?ea{eglggaﬁgﬁr@h\%mm%%h?%@%r activation. It is
a further object of the invention to provide durable
coati ngs having high | evels of photocatalytic titanium
di oxi de whi ch coatings have de-pollution activity in
l ow |light environnment, and in particular in the
presence of visible |ight. [0006] The foregoing
di scussion i s presented solehg to provide a better
under st andi ng of nature of t probl ens confronting
the art and should not be construed in any way as an
adm ssion as to prior art nor should the citation of
any reference herein be construed as an adm ssion that
such reference constitutes prror art" to the instant

- . T IR B AR ™S\ 7 /NI =y gge= g R IR I"r“1 7N |



[0007] In accordance with the foregoing objectives and
others, it has surprisingly been found that coatings
W@ wpo2ssfng titani um di oxi de of crystallite siPREI/US00$1€74876
range of about 1 nm (nanoneters) to about 150 nm nore
particularly about 5 nmto about 30 nm and preferably
about 5 to about 10 nm do not require pre-activation
(e.g., by washing with watgf).40 achieve a high
initial level of photocatalytic activity in the
presence qf |1 .The inventive coatjngs. W
supst ant | gllo f%gélgvggg&yim getivity t@rﬁg ﬁle‘i%ae%esence
of vi si] lid [ Q@§Fsthe [ deal fgrags .
de} po gﬁsfng ?%a ﬁgggmln ow ligQ génvirgﬁﬁghgggimon
i ngl uhmg It he i ndoo&6 [ 0008] ICommd aspect 068.8he
i nyention,-the self-cleaning—de-polluting coating——
cofmpds9mp-cns [are in &he form of CABR-dr - based paPAts
wh Lhci)]{ﬁ%(li’lud.b () frogmabout—S9%L g goouf 40% byyvort
phpt ocatal ytijc titani um di oxi de, prefergbly in
substantially pure anatase form the photocatal ytic

titani um di oxi de being characterized by an aver agle' o
[0038) st al | iThe resulis indioatse thah Bbeitpadit reampitsingh photogalyHe titanium

1 GRAPARE SR ARG i B By BT o 1

exHibigda birptisinpE High NO)@h@fVﬁPtevbfﬁJ InitiBu BB @BfNenfibh4lwashing step to
("PVC") of the paint,_inclusive of said photocatal ytic

pre-actixafe uthe dphoke@ialyts.s BY qosaRariseihotPmB5d% WhHitH ¢omprjseg titanium

oL ERReERNML iy SRPAaRTor R Bl Bl RS o s
a fallessecdegade ¢fNOX rautiiomin the abdehde ot gre-acli o] stepndfdmp. 1 and

aspect of the inyention provides substrates having .
Coggp & dothedispIRre prrsHent Ny ssmeyal prrperiiss piter washinglo pre-activate the
coflSL ARALIRLCARE | DARTPOBLA LR ALSAEACIRA bR o Comp
2 egereinagbatasdivdpostd Comps &isdmpki wids grevpetivatsahpri si ng a

035 o1 o P ireBER ko ool Boleaifireigs Mg plue
[0030F " coat Thei RfktHdAbRY RnpAARLY ifHY dt&RliniQY € phdldgetRadyNttoward

| ayer. [0010] In another ‘aspect of the invention, a
mettgidnedblus isrwmildedo fthat desombadngn NCK. Bateot Reb. 2007/0167551, the

.pollutants fromthe. air, conprising applying tq. .
B B T e or R SR i e esribed
her@inl. 86 sOf-cAERRE! pripdrs 6OBINNShIACSRIFIE Bkrd fveleated based on

i nvention, wth-or thout prior activation by washing
thew abiilitarto degredeithe soganahdye matdiylsne bleabhs/thaidys dsidegaades to water,
shj.ng,step, said coating being capable of .
carBlp HGHES a#14, REIEE01 S0 SPSES 4 O Uneolgr jo ooy The
phtb&RRNY &s ﬂBni‘tMe@B?/x&ra_sdﬂn%' I @rilgh@Bls). PhepRAGRI % dsTolldies:
presence of visible |ight, and optionally applying a
[0043] t opcBeparconfitmsifrthe phint ou at iitgble substrage sunin b Meligex film,

over said paint |ayer 11]. .These and ot.her aspects..
oG el 85 o055 R Thsh iR PheidieS BB beCiimERs ROBA ie in e
finAIefpliSdHoA ah@ gbhdall PhdtQ¥dsBariES Midrénh HREGIHEAldrpNTAO Paint film is

acconpanying figures. BRI EF DESCRI PTION OF THE FI GURES
allpwyesh to)dry phlgas oye@igbar es the NOx activities of two

t ocat 1.C, t] ] [ 0] [ [ .

(ORZF poan brarCa shEDh YA BALAZLERh Pl WY USoilhi0,3739g in
one btediof wates tngiee @ coficamuratidrt of & nanaddat Powy thometliykinedlue solution

. _photocatalytic titanium di oxjde powgder havi an )
lnt§%$%@§fec$l§%e%|whl% loiieise o el im0 St PR fjims in the
2" is a coating conprising photocatal ytic titanium
di oxi de powder having an avqgage crystallite size of
about 15-25 nm [0013] Figuré 2 conpares the NOx
activities of various coating systens conprising a
styrene acrylic photocatalytic paint according to the
i nvention having various photocatal ytic titanium
di oxi de sol topcoats (B-G disposed thereon.




DETAI LED DESCRI PTI ON [0014] Al terns used herein are
intended to have their ordinary nmeani ng unl ess
wordvengdsse provided. All references to "% by wedTns2008/074876
herein relate to the weight % of the total paint
formul ation, including solvent, rather than the dri ed
pai nt, unless otherw se specified. Reference to "% by
léﬂgeblugrsohﬂf ?”ﬁﬁ‘t%\’ & $IBmERRGeR Bt that "GE §héh§iBne blue is
t e volunme %of the dry paint or coating, unless
chmlhélwwtserbspeotofthedurﬁmh@f therFrOANOX" refers to the

. t ) |
(0BT ber ° BembRt | e eT HifgHoRtL 13 oo S Heofheikss with
abé&&%@' ﬁ§§ues efRRowhly B BRI iflfs ahleh&ehbastk@#Ri Bithhtness (L*)

de-pol I uting coati’ng "conpositions conprise
valphosiog atcaloyinietertar spatirophatomgiede particles, an organic

ld d | ddi ti onal
[O%Enggt s, QEQﬁgﬁh%gglgta% %I? e[ggrh(ggﬁéfﬁ é'lape’flh Iog gg&weﬁagqgfﬁ hours
at 4F m'téhsft? 8f 50 rt%QfWHﬁﬂ 7%08-400Hr Wa@éleﬁétb@’%@l’i Ih@ 'ir) an iAflas Suntest

particul ar water-based paints, and ideally wll have a
cathmgh (e. g , greater t han 60% total pignment voI ume

centr |on PVC: e coatings or . int ,
[006‘%3 capa JB% )* Jrgl’rd Siafo e Nl% tg ’g‘ﬁ 'fﬁnal L~
meh§iReABFERE Q Iﬁéasﬁfd Qf t}ﬁcﬁélﬁlﬁéérﬁﬁ‘g Polvbr WRHRY codtfn W"ﬂhE 18@er the

understood that while the coatings of the |nvent| on

difference ap bl Iveluofthes grivatentheiself icleaniagwifeny Pw I‘cmlfarfoseaCh paint after
h b t t th
R T A S SN

activate the coatings by trgadsent with water after

applicati to further enhance the photocatalytic
activity. J[OON] Wieref it is st at@Q*t hat a par nt has
subst ant i g—nit+al——phetecatalyrtiec—activity—in the
absence of| priSempsct i viati df hwmtsh wat er36 hours s rreant
that the pai ranti_gf sUTr apj . activyity
agai nst NC)( c ABBuhds | medPat el arfteri8a2 coati/ng
of t he pai r med ontoaslﬂ%strata haszf 1y dried
and/ or cur omlphe extent clUstomafily pérrritt d

bef ore sugh a(}&“rﬁt S| put igfo sefvice (@ .9 it is
non- tacky nd-does—notl readi-l v trahsfer—on fol hi ng,

oot p4 LI A A"

etc.). [0018] Where reference is rrade to "renoval " of
[0(?4%1' ut antrfe fLOMst Rt thak tth¥"' aintP n&‘él%?rfogsﬁ)ﬁ&@c&tgl ic titanium
I ncl ude conplete or parti al nova utants from
dioxide powder Waeihpen averagy atystad;hté sizegtf abbutad to elzout 46 nm (Comp. 1)
det er m ned t he ods provided i e exanpl es,
exiiss SIbGDUDLBE g ST URvas aatettraen B FOmge 2, oapIe fich L8 hour
ion of a fixed anobunt of given
and §<§F} l%rgﬁrﬁﬁﬂuﬁt%l east about 2.5% preferably at |east
[O(BIUQ)ut 5WdllarmbtmeatmneffﬂcahhgDmabhlﬁgst about 7.5%

19] The self- clean depol |.uti ng. pai nts. .of
00480 ent 1 on e crapriiSe ThbestindE Rt ocfhish Gk atgpinfy of W painss i
dedckibad! Muds ophedar (PibO200MY16757, Ethe 28i3Ab&ureT off WHIGs hereby
el ectron-hole pairs in the presence of electromagnetic
incogmirated by refprancq c’]:ihqambts}nodrblpg)amvglves ac(c@l@'atedm/aathtmg of 20 to 50

i AP AP 55 o S-S B, i (PATA SWBkRSneer (avas

E1R08 Dadibésy UhYcagB) hfRr Br6€§EWCXe1§Hn dbusdedrSitthdgd¥80 WSR2 UV at 340
this end, it has surprisi ngé been di scovered that
2

nmg aFhef s@mplesrivere heafod fo sbipat 63°F5ang Watarstrey e arplisdier £§ minutes
size of the titanium di oxi de provi des photocatal yts
whi ch are capable of renoving pollutants in | ow W
i ght environments, particularly i ndoor environnents,
and whi ch have substanti al |tiaI activity, even in
t he absence of activation bQ-mashing with a sol vent
(e.g., water). [0020] The photocatal ytic titani um
di oxi de particles for use in the paint




conpositions is preferably predom nantly in the
anat ase crystalline form because of its higher
wW@bwbozussd vity than the rutile form "Predom neeit/Ug2008/074876
nmeans that the |level of anatase in the titanium
di oxi de particles of the paint is greater than 50% by
mass, although it is preferred that the | evel of
ouFRV AL 20SmLRE With hH Ak ! 19Q%urNdy FmBadk & &rARhion of
greatér than about 90% In sone enbodi hents, the
thephogludagsalf yhd santple todliowmgkixpréute particl es of the paint

il be | tanti.al | t £ . '
OFhk; ¢ e TauR R apoBrzsrethelER s R BESin, By AR Comp. 1 and
Colyfp3 2 af Pibud R inR¥ald T @ DMt arly, |ess than about

2.5% and nore preferred still, |ess than about 1% by
mass. | n sone enbodi nent s, Tabteed phot ocatal ytic titani um
di oxi de par p-et-es—w-t+—be—i+ree—af—the—rdt+te—~f orm

nmeani ng that the ruhi | eCany.st al for nCompndt det ect abl e
by crystal | jograptyTPut—another—way, —tHe
phot ocat al yit i Bo¥mt ajni um di oWetedt Jos# %Ll es may| conpri se
100% anat asje T or he cﬁeg{) e off| cryst aIOI zation and
the nature jof the crystalllfie phiase are asured by
X-ray diffrjactigg. [J0021] 7%he phof ocat alytji ¢ t{tani um
di oxi de parjticles flor use in thel paint conpositions
will typically 4savel an avgggge particl g3 ze which
enabl es t heparticHes+to—prederhately—abserb]{ rather
than scatter, 158ght| As tH8.6part|cle si43és begconme very
smal |, the pamd—gaprbetween—ttepaence_amd—Topnducti on
bands decr elases’®3Thus, wi PROsuf f| ci ent 1%-Snal |
particle sijzes, .t |has be obsefved that. titani um
di oxi de pariti clgé)? e capngIOe of | absor E?h% [ight in
the visibl el speghyrum The 4gist ani
for inclusi I j | i cal |y
have a partj clig365i ze bet w8da abopt 1 nrdand about 150
nm More typreatythe—partiecterstze—wii—be| bet ween
about 5 nm @nd,ﬁﬂouit 20 n®8.925 nm or &Ut 30 nm In
a preferred—embodiment, The particlie size of the
titaniumdioxide in the paint will be between about 5

[0056] and abBswho®s inMfabkndl tho derapdity iof tHeaCdmp b2 pamers substantially

. ahoyt anpd out. 10 nm._ Reference herei 0 the si

ideGcH ¢ i R Gt B 155 BoLFABG oy Bia] FF b f hours of

exRRukNIeRiS troQlt & ﬂi?@(?@ét@@ a@Yewa8l8 HARE be&d BntidipRedthat BR more
I'tani um di oxi de particul ates. \Were the particle size

highdy poatbddtied peint oh Eormgr. &1 waild baye déteriesiate substantindly snoredrapidly
ey R e Y O o et OBl T ol el 03 hows

the2% QEzht TREHWRRL m&%iﬁanz TEASUfR TR nod@ dctivdl CaRp! i tpaint with the
bet ween di fferent net hodol ogi es for neasuring particle

magimem differghdd oiserved pdter about ¢Sdheusski Thieds likely ldae 4@ the fact that
The .di_anet ers be. sured. by, for ex l e

Copiid iR S PRt P RRDU RS ek AT AT comagegg to Com.

2 (b&0Pie A t HoWavdrVdlrihg WékthaRinlg! béth @aint@Yecome fully activated, due to
characterized by surface area. Typically, the powlered

the presenreind Whiekiad@ thenTtveri ghtdpsgds safh (tp conygegeat dongepiervals. Over

o BB Rl B, 3 ) TG ot S R v

wak ¥pinga@labl,to @ogdt @r t han about 100 nR2/g, and preferably
greater than about 150 n2/g. In sone enbodi nents, the

titani um di oxi de photocatal yst 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. [0023]
The photocatal ytic titani um di oxi des avail abl e from
M |l ennium | norgani ¢ Chem cal*s under the designations
PCS300 and PC500 have been found to be particularly
useful for inclusion in the paints according to the

i nvention. PCS300 is a 100% anat ase titani um di oxi de
powder having an average crystallite size between

NN NN " o o o A PNINN 7

Lm di oxgjpde pafticles




250 to about 300 nR/g, as neasured by 5-point BET,

which translates to an averageparticle size of about 5
wopaoho2®bpout 10 nm The product desi gnated PCLESEI/US108%/074876

fromMIIlenniumlnorganic Chemicals, wll also find

utility in some enbodi nents of the invention. This

phot ocat al yti ¢ powder conprises greater than 95% by

wei ght titanium di oxde, the Ti Q2 bei ng 100% anat ase,

and has an average crystallite size of about 15 nmto
[008Hout 25 TkrPgtegmenation ﬁéNQXdifé@m@éUné@erléﬁ@cﬁm Leght §awrces

00800 o BBl f 008 T RBIRLP R IHeAR, - Py m o

I ofAiERMMME] WaBe Eldyb@ t® abteimine rthe! tedpéctive abllitRs of paint samples
typically, the photocatalytic titani um di oxi de w ||

Compnprid éTOmPO ﬁwtab@mvesN%ttmdarb@lfﬁerezoh@hMoumean@ additipe to UV,

lowP kae‘}lg]l‘t ore ng%{rlz)bllléglfélrﬁ? g%y gghl{ e(r% gﬁel%g 4 ro%gﬁ gﬁas an?i Osram
1nczﬂhl@§déﬁﬁh%ﬂtysbu&e§ W%ﬁaﬂérﬁﬂbsid:cpxhtj@cﬁ(ww itk Paifte Gkbire 1% dbyithout
vol une the paint fornul ation. The foregoi ng ampunts

priqragiivationt Th éﬁWBF asdatyaterhbelow ATable §) andyillugfeated mgrigure 1.
paint fornulation (e.g., Hgludi ng solvent), rather
than the vol une percentage 1 n the dried paint coati ng.
Typi cal ly, the weight perden t,itgn de in
the paint_formulation will teCC?Ifl \%@ abourﬂb Y0 by

wei ght and abouh s30% by Wai ght, g ROSRENRIGA! | Y bpt ween
about 5fand about 10% by Wei About

7. 5% by Wéjrght [0025] I't {is wighén the scapda of | the
i nventi ga—to prUV|Uc pallll.b fravrrg—tv
di f f er epFluoresgent§iindi oxi de phot o%-gt allysts, @fere| at
| east on preferaply[each, .ol tHe {1{ani um

di oxi de Pﬁ‘?&fatal yst mat gri al s et |t he 0
speci fi ¢cati scri bed gbove. us,| for e l g, the
i nvent i ﬂ{égﬁ%%%éggs the usa of m?r-gdal photﬂpml btic
titani um di oxi de nateri aI formed by conbi ning two

|ffere ti mdio ers or S a
st onthe ARG Bt BRSOTaR b e Magsf IGPEMEBa ke 312
nan@ﬂl‘éfe? rwa%!feﬁ@tﬁ@ (BDEH a@%rr%}}eﬁ‘%ﬂ p%HqV& this"E)@Jrﬁ}ﬁé The fluorescent
enbodi nents,; the phot ocat al yst consi st

light swam dight Ipyoctblfcech fmtqooummn@lu trmpu fugreosind estript leghtiag.  The

b h t
dayfiERC b Tl GeignogatinleSProiey B e B, % hEREWien.  The
incAritleSoefil Nl Guas Fovi sl byBdiPOHhH 1ﬁéa_nd€débﬁtl lema)
hot ocat al yst which materially inpact the durability

(0034} pol | uFhenegsulesy shewinfin djablent ﬁgn@rsaﬁ@rtbatetbe §ommd q@mt isplays
subgtagtlaﬁxﬁby(d ovéloggtglx Q’?thoo% I?)‘ife fl(ﬁfva{% da%rm’ ? acﬁ) o the hghtlng

i'se an aspect
soutd’&:e wnmemst tnenComp IZSpeﬁilﬁmrﬁmﬂ atiseftet Jﬂlaprean:yivm}iry mas |n© activity
i nder na be enp X In one enbodi nent
unfgbﬂyﬂvsﬁqee Pﬁ&érmqag esCeRt tightipg & F@P‘bﬁt%‘t‘ﬁbf‘%m‘ét?/ in daylight (2.4
rmdr@Wl/&ﬁn)nQ’hp Wk ceneht ﬂe‘rﬂ&‘rh@rg:etd? theet M bl g&iﬁ { $hdeP thebe é‘l%ra low UV
natural | atex, neoprene latex, nit latex, acrylic
lightmgeoonpdniony is lzm‘,leyetd © drgt el (6 tIy:r ahn]ayalf iy PESBEA photocatalyst to

absy Pris wothls Sherum: SUFBou G T he. Pond Sy Bafticyle theory. it
s SRS SA, v CRRINAESHL LE, o SSME TEAIBGH ¥ derase i

acl acryl ate polymer (CAS # 70677-
the bandgap laatwyttn ihe azeledce anst doptiuchonihands Itlw@y adloyrimmthe particles to

e I t O\l . te pol ymer (CAS #

aeggg%?€§yég¥I%ﬁ?§¥&§%§§ﬁggé¥Vﬁ@ﬁ%%gﬁhethacrylate

hydr oxyet hyl acryl ate pol ymer (CAS # 25951-38-6),

butyl acrylate, 2-ethyl hexyl.acrylate, nethyl

met hacryl ate, acrylic acid lymer (CAS # 42398-14-1),

styrene, butylacrylate polynmer (CAS # 25767- 47-9),

butyl acrylate, 2-ethyl hexyl acrylate, methacrylic

acid polynmer C (CAS # 31071- 53-1), acrylic polyners,

and carboxylated styrene butadlene polyners to nane a

r ~ 1 " o o o o



styrene/ but adi ene, and pol yners and copol yners of
esters of acrylic acid and in particul ar copol yners of
w@oioge2asyd acryl i c and styrene/acrylic esters. POI/UK®08/074876
present invention, styrene acrylic copolymner includes
copol ynmers of styrene/acrylic esters thereof. The
styrene acrylic enul sion sold under the tradenane
ACRONAL(tm 290D (BASF) hasmbeen found to be
particul arly useful as an organic binder in the
[0055ivent | vWhiaipatmss hfpd0@ Photonatslystecrystldit mizges betwehe about 5 and
organi c binder in_the inventive_paints wll *consi.st
abogls £ A aPIcgertfa Reperigd ebpAeent 6f Heravenioy jngugieade, cxample.
the %XinWﬁbs%ha!te%l a&ApL1 H‘E&a&q%l@ 1S RRNE phRbcapd thid Tm(}aﬂ)article size of
organi ¢ binders in anmpunts whichh materially reduce the
abodu el hint yheobenehits phhigh B¥Et (pigment velundh sorceniationy achievable
co red t n_otherw se .identic 0L t .
QAR Gl AR o Bkt G S Sy ST Bksty, it s
prefeired @itanidh Qlicied gsdllitd 939 .e), Bbsias t6rbosti %, Féthexample,
inventive paints will be substantially free of

paintp mpleying ughidavels ofy PeHADL phptocatalysk (abguk 19 Hin ta\aboyt 25 nm
N i [ S sufd i ci forma
cry R g S s e o ol Bl Rina 0l 1.2
[008élsence Diis ekgapleClibtrufsr the leffidaeprof senpaiht designated Comp. 2 in
enbodi ments, the paints conprise ]ess than Q.5% by ,
Exapglghtin rgperiag #a{ytapts sadem sral apslet” condiiopy (efoghr, of drfrking
garfB GaPlle8 drf Hy Shhdituctin®Bfo WARS trPRNide® 402 RY k@ hlkea with a
I'horgani ¢ binders. In sone enbodi hents, the inventive
ceiljrey Indtightanf &.85 me Te 328anemling Hirfade was coated gathi the Comp. 2 paint
inders include, withaut linjtation, alkali t
of Britnith lo M !l (S oting.p] oG wire fvereh uh avton. The
. > ’ Ak L T . 361, -
P bt ot ncf bl iBhing TR, B Durkigine N
remonel @xperimentf)i gree ehdosufd ewase rilluthipiagde by stweansy | GVe fabegh fixed
to enbrace, without |imtation, pi taryco
syngﬁﬁ%@)@d?ﬂagn éanb&laﬁ?%lﬁg BT Ao mrﬁ#éﬁﬁgi’ Wi
[008% | as tnoLedh& Hoin Eg@?ﬁ?fél pladtBAMRide bl thE eRlibsudS was connected
"Opaci fying agent” and "fillers.” Included are any
by paipe ouhateaclosglares swah thavexjanstegasanpererrdleatrded. 74 m inside the
encg{sgq\éle ggqnqg%lg)rﬂg@g%\%{g él?@bgg%{ffg%dggén a{édrolorrl]l aorutg CtHcle Sttificial
wallOR- A0 Hk@hisk itl\%éd At aBh 3 Bé{lﬁ@nts Ae&thd ELifRE Y to provide
| oxI de pignents {Ch are not phot oacti1ve are
an alifhol esdueloitybfN66Raleand Ne3 nih3epeedvely MThe eirflowrnd velocity
| norgani ¢ Chem cal s | nc. th hsclgsure . of , which .i
of GBRE W fioBh 6 P wireisy imhied o e G031 M 4pF 2 s lsrig iy, such
that 4 b@sﬁtii\té?@)réésﬁi@ Wes Rh@Rud ifte &R1dsbe spre tih 61des tddvoid the inflow
Tiona(tm 595 sold by MIIennium I norgani c Chem cal s
of 3ix fomppusiderfhe eaglewirg.ncl ude cal ci um carbonate, which is
i call ' fi [ -
10058P o TEEREBAERAR: 1% Boycal bBle o BN Fffred using o
portabROgR MRl yoa! ACOK fidabirefhiohts eré @3y ajken[ddAfdyouslyeat the inlet and
aints according to the invention typically, but not
outles ¥eridater prd atipthizd samplpg:pRint paag the CHEARoREL S Bhirpmyag outlet
venBflyeen about 60% and about 90% nore typically
nbetvvéen about 65% and about 80% and preferably
[0062) ween Afiethe 2@Bauwn gasabarudllontethto Terehtaestendy ptageranthe enclosure

vol une concentratiqn’' refers to the tofal,. percentage
(apwxwtﬁﬁe? E‘P“féﬁ’l ts1Ei ATPS iYETe r‘ﬂémég o tng‘h or ﬁﬁéﬁgﬁ?ﬁ The

the term"pignment" includes all fornms of titanium

di oxi de, whet her photocatal ytic (e.g., PC500) or

non- phot ocatal ytic (e.qg., Th na(tm 595), as well as
any ot her conponents general?y regarded in the art as
pi gnents, including without limtation calcium
carbonate and other particulate fillers. [0032] If
necessary, various other conpounds nay be added to the

conmposi tion of the invention, but preferably such an

o L, o e o s o




and/or Na-Al-silicate, and the like; pignments |ike
Ti @2, lithopone, and other inorganic pignents;
wal@persant s such as pol yphosphat es, pol yacryl BEBEES2008/074876
phosphonat es, napht hene and |ignin sul fonates, to nane
a few, wetting agents, including anionic, cationic,
anphoteric and/ or non-ionic surfactants; defoaners
redﬁ‘éﬁg)lﬂ #Snd %ﬁd %mag SslitefO Jhﬂ’e%ﬁe b Hct‘ﬁg: beORy state
and 1 ong-chal n al cohol & stal zers, I ncluding
conegmargoibe andndst firyal caﬁdeoﬁhtmmaftqn axmatttimonc OEHeewmtbien gvaag emlr&ted for

thl cl udi nﬂgy@nthout I|mt§th al kal i -stabl e esters, h

CJW@af%l RPGFHRUPH GRY ; the HEFFZGi BalNOagehneereation; igethe car

exhﬁ@slt o%lotﬁs téi?f)éﬁ/cﬁi 1h\€9§er(t§ isdlate ﬁ@r&amw ¥t @Rl ghdtRakIytic paint
roxyet hyl cel [ ul ose), xant hane gum

to qboltytal m%@hm npdhqsamoylumm@ Fheliekperimenta site Tensatednever three

r silicate er repellents.s
confgFe Sffs (GEedBurtE b, SANES muR eI oo Gakep 4F [ WRence of
UVattadiakibn. SBhd fesuld e SREWEH TAN@b (7UNOi ghoflRa@lytRi de§tad@tion) and
Exanple 1 [0033] The ability of the inventive coatings
Talle7 (@02 phidecpalytictegradation).s sel f cl eani ng properti es,
and its durability was imr(.eglti gated by preparing three
wat er - based styrene acryli g ints. Conparative

sanpl e§ " weENo 1] and "o, 27 eqch conpri s@ioL0go NO
Exiehénne gt @hiehtration il tian im di oX¥ timkl’)k Te@l WO, | whetiens Jégradauon
pProt oc gt abtyedy sy pregent 1N f1e ¢omdmoedd sjampl cer l'hccgm,’toTlo2

nhot ocdt al (peble it ani um ¢li oxi'de uged in omissio

PGS300 fromoMgI I annl gm | nor gse1i C ﬁ . ngSSOD i S18.8
a—phetgeatab e H-tani-uip-e-oxi-ee- avHAg—a)

aver age cryzétzal lijte &ize|of 3Hout ut 29 nm 156

(anmongters): |||2 photocataryt et tan umdr gxrde|used

i3 Con. 2 W8 PCL054 al $0 f¥¥m M|I | A7 unh | RdSgani c ©

Chem cdl s, which|has an average cny 11 tle,sl T
about 15-25,9;m PCS3g0 and 05 O?E?g ve gﬁ (é@a Pase 0
content| of “about |100% The cgypol ette3pauny [f23.5hpti ons
are pr ovided in -JTable 1 1
conponents of Table 1 are as fol | ows: The thickener is

a 3% solution of hydr oxyeg-g%lggel | ul ose sol d under the
desi gnation Natrosol (tm MR (Hercul es). The

antito3 mmigalarg)@nt propriNg any,
Ex@ohehtby| ddemkieiioC) IEU% R él%“ No

ation_ |, Concen tﬁ\ | S iereagl ¢l &t adation
cRaybondt a stbady btee fné i ¢ ngﬁn a diopr e k() Ajuﬁro % TiOn

wat er - gol ukdpe) polly oer a Spesidnal|t y
Chem cal s. Epena trr) 5T59‘p | S7g gmgntagy tifang ym 775

dioxida from MJlllennium./l organic Chem cal

Acy onal|(tm g290D|is 3 sty(r enggacryl i qoopol yngs | at exp7.9

—_ysed-a ah—or gapi c—bindet—availablefrom-BASE.

A& onal{(t m11200D|conpri s¢s 3099 by weiqgbt soligls in 13.1
———watet— cﬁ(ﬁﬁGI(tny—lel ester—al-gohol—coateseing

sdl vent| soll@3by Kast flan hkoddll19Act| ci¥e SPX i&5a 0

bactertocrde—fromActi—ChenrSpeciatties—itnc— 0035}

The Part A and Part B ingredients were separately
[0060xed unfes ehidg:lit t$dsrﬁahe ditsiinTabRAre arll Wabattzhapreaddetylic paint
to Part B under gh shear xing to formthe finished
compiisiftesabophd fr2g awave;a%rspwée P%Ota‘i%ﬁyté‘dm@f“ué“ digridecgusighies at a
I/ (RAgh
levil (gug}(st rat e angl (t ut Isgg g?rat%ﬁeﬂ/\s/egér}gecab Errlpt?? egﬁ? N@%gBﬁutants
fromahé ein mnneﬁtsabs{:ﬂ@&ﬁ’]pnlor Betharion.atrthen this ekifplRerighiadhts the
by Coatings [0037] The conpl ete net hodol ogy for
determ ning NOx renoval is described in U S. Patent
Pub. 2007/0167551, the disclosure of which is hereby
i ncorporated by reference. ﬁi efly, the sanples were
placed in an air-tight sanp chanber and seal ed. The
sanpl e chanber is in communication with a three
channel gas m xer (Brooks



Instruments, Holland) through which NO (nitric oxide),
NO2 (nitrogen dioxide), and conpressed air containing
WOR00102988por are i ntroduced into the chanber aPCT/US2008/074876
predeterm ned | evels. The sanples are irradiated with
8 Wn2 W radiation in the range of 300 to 400 nm from
a UV Lanp Mddel VL-6LM 365 & 312 nanoneter wavel engt hs
ks |t I p . Pt v
PRt of MeihncVe s cpafhe m\Bpit@ldiE Suckth pifild ¥ltage ineriors
wixjire it agydasiraide deenivalcpsentrived @bllita S8 4bkh (ki t or
Eur ope) connected to the sanpl.e_chanber. The %
reduction in NOx was meas ?éﬂ%ﬂﬁé (D NOx / Initial NOX)
[0661100. EaC bryfeRBRLS1idpaint WAE plepaidll is@bbtattiallpdd described in Example
pre-activation and with pre-activation (after washing
1 Gxqept hat diGS30Phway eeplaced witle ascomparable d00f Bnahse photocatalytic

D .o .o T IS, indicate th t he pai nt
A Gide bl Bl PN o eMenlit RS Bt e race
de$igiitidve ROS0BY EPERIDD KdsYasiudaké bRaTf 280@f 30000YL whitlP traRMEs to an

10 nm (Conp. 1) exhibits a surprisingly high NOx
average Giystpllisy sige of abmuts tohbowtolmmnt PEISAD weashilndedsingpe paint at a

tdy t he otocatal yts...By conparisqn, .2
B 685 0k 5B S5 SR Bl SRIBRELE N Py Fotame
Thawbilidggef hisysiiilh kértovel NOx SithaBOpHor bati Vilich Qv ARdie 2R I Wihction
xhibits a far | esser degree of NOx reduction in the

of 116 tiensityaceosy a gangerqfintenytiessirem. 0. T3Wm” to BaWdmGengording to the
' ti t
preelyhe Qe pioed of5Veh ESBing e TR o BRERIVERIERLE 4

with no pre-activation wasTapregpectedly superior to
Conmp. 2 eveninqi%gy;acg where the Conp. 2 sanple was
pre-activated. [ 003aptensityDgt ' ' of| Coati ng

Phot oactivity Tgmaﬂﬂﬂnﬁbthyl2%§b%?%%8Fﬂb4O] The

met hodol ogy enplloyedgfsor determ mjjmg photloactivity
toward net hyl en¢g—btoe—+s—stmtar—to—that{descri bed in
U.S. Patent Publ _2007) 0167351, tRé-Idiscl dsure of which
is hereby incorporated by rleferedos and(is nodified
as descri bed hefein. e S’ir-cfﬁgggng* operties of
each pai nt sanple—were invdstigat hased on their
ability to degrade the orggni c dyé.5net hyllene bl ue. As
the dye is degrades tp Wwatgr, capRon dioXi de, and

ni trogen contai p-rg—speecieg—a-toss—ofcglor is
observed. The pwotoad{ivity i s ndghi% or ed |by measuring
L* (brightness)| The protogol isyg® follgws: [0041]
Prepare a film pf—the paint—on—=a_sti-tablg substrate

such as MelinexLfilm® al unilni um fadel . or gl ass pl ate.
The filmthickness should be simlar to that used in

(0059 s HBIIESHEn Cag LR TR1 Gheny 1 A G [\ etangies, the
invefitivedaint® BedvidMBER e val Bpp(él?dtarﬁf, ehel @/gﬂgg?dé‘-tab%ti%. In fact,
: g 1n one

nmet hyl ene bl ue in water by dissolving
the|di fferenagfin WD-eredtasioni was anlyc b6 ¢#1.8 %t - 343 %B§ overmare han one order
. e et hyl | ue solution into a suitable dish
of ig%g{\}\ﬁwu?ighnctr%as? mggﬁ* "paint film Soak the paint
[0063] 5 | NThPEBOM Waiid Qv di@r-8dtet! Wdh ¥21ous Phb@chytic TiO, sols
_mnutes to ensure that the nethylene blue'is
listedh eyl able |9 toqinyentigets wintlert frgheruinfrmoeenagts ineth®ideNO, properties
cmﬁQQééﬂmﬁﬁﬂnve the paint filmfromthe solution and
renove excess with absorbent tissue. Thoroughly dry
the paint filnms and then nmeasure the brightness (L*)
val ue using a colorineter or spectrophotoneter. [0044]
Expose the paint filnms to UV light for a period of
between 18 to 48 hours at ag intensity of 30 to 60
Wn2 (300-400 nm wavel engt h 8 such as in an Atl as
Sunt est cabinet. [0045] Re-neasure the L* value. The
di fference between the initial and final L*




measurenents is a neasure of the self-cleaning power
of the coating. The larger the difference in L* val ue

wo bmogessst er the sel f-cleaning effect. The resedT/B5S$008/074876
each paint after 18 hours and 36 hours of irradiation
are shown below in Table 3. Table 3 [0046] The results
i ndicate that the paint conprising photocatal ytic
titani um di oxi de powder hgyjpg an average crystallite
size of about 5 to about 10 nm (Conp. 1) exhibits
substanti al | y| gr Sainete sel f - cl esgrvsigoacti vity than the
Conp. 2 sanpl g—after—i8—thour—and—36—tours—of
irradi ation. [00471* 111-PP¥8rnination of ating
Durability [Op48] Bhe coppssetse net hodol ogy (f or
determ ni ng dorabr ity of T paints 15 described in
U S. Patent Pub 2((;()7/ 01 — the disclosdire of which
i's hereby incprpor@ ed bySiefk 2Bedey/wTi®) mgt hodol ogy

i nvol ves acceferated weal BERIY 0%k wX iy 2¢ M cron
t hi ck paint f_ans_.gn_a_sJ_aJ_éi)_egs—s-t-eeL—éﬁbS' gtrate in a
Ci 65A Weat herpnet e (At | a85300R¢10% ¢/v0Dd0)ceg, Chi cago)
under a 6.5 kWXen@n souf gwlgm {otzh@@/@%z) n2 UV at
340 nm The s llpl -es—wereheated—to—about—63C and wat er
spray was applied for 18 m nutesout of every 120

[00B3NUT €S, SHhHIB AVRpFAENEs SiyFdn® acriie paiat 8brhpridi %PSSOO photocatalyst
measured as a functl on of the weight loss o

witbautpdny §adl topevang SappleuBeG fep®4@]t thelfaint 4ofs samie i A dgving the

the results for durabilit ting
incted) sop opeoymmGS G | STP el & BRIV B R goxide so
avaﬁﬁl‘% §rofh f\/ﬂﬁé{?ﬂlurﬁqn E&M@ ChBmiaR! Qt #8-an Al ey %@ﬂ’élhhltd{sﬂ?smns of
pail nt substantially identical
ultrdfin@BiO, (B;lataﬂ‘e) ’pqmsleés&sthphcd saqH vbat@ot. 1 @ Q;é) h@vuag fgitanium
out 1.0 osur This res
o ehaehiedl wo% 40 Qm%h BN e R o0l Pl P B, an g surface
arelRfeRtel gt 5 é/g Mi%t B@Tmﬁoanne@%i‘BduCZ) W@SB(K)ID al€ available
deteriorated su stan ially nore rapidly than the |ess
fromc MillenndempInprganied é]hemmise ig oHefl tan osasieoys cpHoide)t digpersions of

the % wej.ght . | . o
sl TICh Gytghed aeeed s e dby B o SRS 1 hyipg tianium
diovideltohteat BRYbSI TS £ 2158196 ®yosighity edieaéltﬁbf albbwtl 14§/.1m1 and a

hours. This is likely due to the fact th

surfacensep gicatst dpan 399 |na(g by t5-neiny BRI fﬂﬁluflniﬂr erooileﬁ)vaﬂlf‘oﬁaﬂous
SSﬁﬁ)BC% PR EId & W Rodificl 36 ﬁa%atm? (@ated'@tﬁﬁ%ﬁf %xogxgl(e 'cH)gtents on
weat heri1 ng, both paints becone activate
a wdightprassenA&V If10viat 259l @maprising phmayzﬁytid [i}3C) rnavmgem average
t o _conver e at |lo rval s. Over t
cryBaHoa 610l deul dnigd PHEAE Rds FndEnsih b, SRUEkRPBtleand @ Ti0s
i 14 c
cofieuie i 2, P00 leon ML PR AT Loy Wbouc 17% by
weighf)frmw&rgt anLavghige Soystaibte fiR0F2boThe 1pmocgdlioE70pand a density of
germ nati on of NOx renoval, described above in part
aqu 155 Exanpl e, was enpl oyed to determne the
[00@3]5 pect ' Tﬁe aBiilt {//tdfeéacﬂfcoﬁﬁhg‘ts?/ﬁ@rﬂpdpﬁﬁthDW) tb RAfbve NO, was
to reno under” di ffereént gzht sour ces.
mvbmgaubdl amaofunmonm UNolightrintensityt froml Qi Vésa'etot 8 3¥/mi“p The results
hti.ng, as filtered thro | ass
are b LGHTR s cAREER PR RES SR ERSSYOIEE DS HERSgRaRe the LS00 pain
with 3o veRSHht of BS3I6UE MRk Ay T aHoWed RiatkpeBlel} superior de-NO
activation. The results are tabul ated bel'ow (Tabl'e 5)
and illustrated in Figure 1. Table 5 [0053] The W
light was froma UV Lanp Mdel VL-6LM 365 & 312
nanonet er wavel engths (BDH) as enployed in part | of
this Exanple. The fluor esceﬁé light was |ight produced
from conventional indoor fluérescent strip Iighting.
The




daylight was filtered through glass to provide an
intensity of 2.4 mcroWcn2. The incandescent |ight
woRr®PLwsyd ded by an Osram i ncandescent | anp. [POBU$S20081€74876
results shown in Table 5 denonstrate that the Conp. 1
pai nt di splays substantial NOx renoval activity,
wi thout pre-activation, under each of the |ighting
C . . . .
sorchl e Rre WEE P B 8o tRER vt R Blnimbl 88 B A760 auction
acrash thHeprange. i ncandescent |ighting and i nsubstantia
tivity in daylight &§.4 mcroWcn®) . The. excellen .
(006K £ or e B TER B Dtosh RS N B £160 erein
Wokpdhtbd MererOBYibiephee iid dRG! bRUEY 4l R aBep PGk Qo tihe
zueabfh%ty of ?ﬁg gésgoo %ﬁotocata#@gt to absg?%ﬂiﬁ t%e same
extent 85 il eachpedividual pyblichvert onpsathningr pasetseappbeatibnbyasaspecifically
particular theory, it is believed that the very snall
andgRgjtdgphy fndicgiesddo og .”éc.o,rP‘gB‘thbyE?@f%EFnﬁﬁin HUSHITEY Top all purposes.
MafEmb8RR SR dnl& afaiths SR RNi0 SHVRES H}xebé’ﬁlag@ﬁlﬁh@lﬁqjeparting from
conducti on bands, thereby allowng the particles to '
its epightandejoope.r an-willl be mpparsnt to tthesepskabehde thé arf. sThe epecific

light. I SEX e 2 [00 ile ints.havin . L
embgyRkscs, Ry BT héio it Priplea Y, wly BETEE Bifhind g jgrention s
to Rbimited 2nlyNby @R RS@E tof ahP bEPedE® dlaemib,odlbi@ Mithofhetfaf scope of

i nvention, including, for exanple, the palnt -

equiyalentsria tddchGowp claims preprtited. e 1 having a
photocatal ytic TiO2 particle size of about 5-10 nm
the benefits of high PVC (pignent vol une
concentration) achievable through the use of a styrene
acrylic binder are also seen, albeit nore nodestly,
with | ess preferred titaniumdioxide crystallite sizes
(i.e., about 15 to about 50 nm. For exanple, paints
enpl oyi ng high |l evels of PCLO5 photocatal yst (about 15

nmto about 25 nmcrystallite size) wll also find
utility in coatings for renmoving NOx. [0056] This
exanple illustrates the efficacy of the paint

designated Conp. 2 in Exanple 1 in renoving pollutants
under "real world" conditions. A corner of a parking
garage was seal ed off by constructing two walls to
provide a 917 nB closed area with a ceiling hei ght of
2.85 m The 322 n2 ceiling surface was coated with the
Conmp. 2 paint of Exanple 1 while the walls (existing
and artificial) were covered with nylon. The
phot ocat al yti c pai nt was not pre-activated by washi ng
with water. During the NOx renoval experinents, the
enclosure was illum nated by twenty UV | anps fi xed
symetrically 20 cmfromthe ceiling to provide a
total W irradiance of 1 Wm . [0057] The exhaust from
a vehicle placed outside of the encl osure was
connected by a pipe to the encl osed area such that
exhaust gases were released 4.74 minside the

encl osure. Ventilation (inlet and outlet) was provided
in the roomthrough the artificial walls in order to
maxi m ze the concentration of pollutants near the
ceiling and to provide an airflow and velocity of 566
n3/h and 14.3 mh, respectively. The airfl ow and

vel ocity of exhaust gas fromthe car were estimted to
be 50.6 nmB/h and 2 m's, respectively, such that a
positive pressure was nmaintained in the encl osed space
in order to avoid the inflow of air fromoutside the
encl osure. [0058] The NOx exhaust gases fromthe car
wer e continuously nmeasured ysing a portable gas

anal yzer. NOx measurenents re al so taken
continuously at the inlet and outlet ventilator and at
a third sanpling point near the ceiling about 15 m
fromthe outlet ventilator



[0059] After the exhaust gas was allowed to reach a
steady state in the enclosure (approximately 3 hours),
wo baokkossanps were turned on for four or five POIDS2008/074876
Thereduction in NO and NO was neasured as the
di fference between the steady state concentrati on and
the final concentration after irradiation. The val ues
Claler e correct ed for t he decrease in_ NO _concentrati on
ANd the increase in NC2 concentration in the car
1. &xbaukhniaypde-pdikting phinpesnpdsingy or der to isolate the
contribution of the photocatalytic paint to the total
r eduCtrb@Nabiolt 5 85 alpsilt 14008 BY Sroluhe phtpedtalyae tisaniemedioxide in
repeated over three consecutive days. On the fourth .
daysubssantiallyl prtsaguatesee frs, wiaid Rhekasatalyiict HEanins ediesidgf being

W irradi.atipn. The results. ar.e i b 2
phatBERTEEEA PYamayabe iy uhiehide SR o 3N ofi G860 m
Phofnaal ik phbfocatankio dativig th-thelglobec® of Visilelight; [ 0060]

It ins evi )éﬂgt_fro?n_tthe dg{%_ [ n@?’abl es 6 and g;hthat a

ST Y(i§"6ne@BF Yhbde RAAiNLnAF OFBineRts"QuaP ks &~ fotalNBlgment volume
aver age size photocatalytic titanium dioxide o
cr y®nedrtiaties ofisaid phiat;ahcludivel B4y phaspeatd yiia@niung diopide, is at
wei.gh i fective in reducing NOx pollutants from
thelg%lsitt%‘l?ouzég%o’? ét he absence of prior activation.

Further, this exanple highljghts theuseful ness of the

i n\/é:‘ 4%3%%1?%@’%‘6%5&0? ef?%“digm i cati ons such a parking
_dcs]ar.age interiors where it is desirable to renove

saicdt prigeheipgicappbifopl sibstentally mdpeing NPy compeingds dmmedptrdy piter a

oy R ESAL (g EouR o) A BYBRE okt wo

watet.t h a conparabl e 100% anat ase photocatal ytic titanium
di oxi de powder available from M I ennium | norganic

2. Chemhepdif 4006R%ngd feecihibdewBasindaat pistoRERR: tifdeua0dfoakle has
a surface area of about 300 nR/ ich translates to

an @mra@v@ryasgaélitcrsgzstbatwqen@b@utﬁemnﬁngw 1801 about 10 nm
PC500 was included in the paint at a |l evel of 8% by

3. SooAt BB ah RS oy St GE R aBERAVAE KB grovice
BOEbmboR! 7B &S st i19% Myvolehe df &id psina function of

corfz%ﬁs
intensity across a range of intensities fromO0.5

Wn2 to 8 WnR according to the procedure descrjbed
4. abolke PAINERgeRsAIBE1to Rl le herein aid ghotgratalytier jgniurg dioxide
I - denonstrate that even at

Coravé%ﬁ??%jvl\}t Wﬁﬁlt‘éolﬁs‘iﬁ?lsggsa?&t%ééi nventive paints provide
hi gh renoval of pollutants, even w thout
5. pr eTle paiviabcconding no fckat, 1,t Wiserelinf fagt ene er imoréi@dditional pigments
. reduction was only 16%(47.3% - 31.3% over nore than
lnc%‘ﬁ%n%'@@t%ﬁtawﬁﬁﬁyz‘lﬂﬂ%dﬁoﬁ ease in W intensity.
[ 0063] The PC500 paint was over-coated with various
6. PhotRe Bﬁiﬁ{ ¥edopdink @ i 1, Wh&Eini faid 8¢ 8r Yndr€ additional I\Ei)%ments
I nvestigate whether further inprovenents in the de-
include parivimecarbenated be att ai ned. Table 9. [0064] Sanple A
represents styrene acrylic paint conprising PC500

photpcat. ' .an 10 B- .
7. PROFAEBHA Yolorb 19 gL AP RO B PR SRy, piamens
corftiset RRCSRtocaARPYticedrahived @ioxideShaltAciug @arbonate, and wherein the

photocatal ytic titani um di oxide sol available from
totaypigragin v lmerronegitiaB o et weanaboyt 7 andghouy (b uss

col | oi dal dispersions of ultrafine Ti O (anatase)

peptised with acid at a pH of about 1.1 ( 0.4), having

a titanium di oxi de content of about 20 ( 2) % by

wei ght, a density of about é 2 g/m, and a surface

area greater than 250 nR/g ;r 5-point BET (on dried

product). S5300B, al so avail able




fromMIIlenniumlnorganic Chemcals, is also an
aqueous col | oi dal dispersions of ultrafine TiQ2
W@ a0vanze88) peptised with base at a pH of aboutPdWU&2008/074876
1), having a titani um di oxi de content of about 17.5 (
2.5) %Dby weight, a density of about 1.1 g/nml, and a
surface area greater than 250 n2/g by 5-point BET (on
8. dripgt phad %Ec)rdm-éhﬁ) ¥BlihOUS wieR{A BaRObaint Bs Tabthidlly free of
~ were nodified to have the indicated titanium dioxide
inoggemic dindstson a wei ght basis. AW610 is a sol conprising
phot ocatalytic Ti O 2 having an average cryst aI lite
of _.about n H .of. 9 a densit abou
o 7 R é‘ﬁ%"@m% B elntf“’&Pe abBIPYS %P%bﬁu‘?ggedlems
sele@teal mﬁxh@fgrd@bqioagaﬁ@ ¥t édtvehit Q&cd(amwdlélp%?/@abw @&dl@h&ﬁts anti-
havi ng an average crystallite size of about 5-10
foamingotgents phatesagides e sompingtioppbereofi. 15 g/ m . [0065]
The ability of each coating system (paint + sol) to

0. PR et MEDoh R 97 o ng PRk o o Bhbstrte,

conqimmg in Figure 2. As can be seen, coating system D
g(rprl sing the PC500 paint with an overcoat of S5300B
a5, RPITE Ephaidl, SBROSIHRIK S SRkl SYbsigise Spigh paint composition
de- n%gsthe entire range of W intensities with
only ni‘mal variation in % NOx reduction across the

o+ cat PolemsAow B KETPETS A B Wl BF ilogaatyic stantum

| ncor pord@bgde,heiie ipRotdyathigfie tRAEem dlohtl@llfelr%nblhafr&kéhz'éﬂcby an
for all purposes to the sane extent as if each

i ndi vi dwAYerase @ryseeéhﬁe@rzcdaet\mqneahoubﬁ iy piech abaay 30 e ep@ having
t b

Hhoor poriel sl e APyt Pih e Bl of DRluEKER, [© PP

pur poses

P vent s o) egﬂ%sﬁﬁﬁ%é&@f?ﬂ&a%mﬂﬂbva% i ?ﬁ%m??‘tpggmg’m volurme

spirit ahglc&f@B6n &fSsill! paiRke iAARAVENYE $£d IiHRERafiktic! Ath
in the artc The Eépemsfl clkaérrf)oldl ments descri bedahg):tecl n nium

are of f etiexideys adpasohbast AL endnl y, and the invention
istobelimted only by the ternms of the appended
cl ai ns, @h)amyyrend &crylivecdpolimerdopler;ahdequi val ents to
whi ch such clains are entitled.Cains: 1. A
sel (b optanilggapplging @vktisdid @aipaa nbpanpemprisigy a(titanifimadivxide
about 5% to about 40% by vol une phot ocat alytic
ti tRhFURPRNIRAPRASOGatAI Wi AN dipxigle particleanat ase form
sai d photocatal ytic titanium di oxi de being
wharciarsaidtcmatilzgts dapable ohvehstegtialdy yestuaiing IN@y eimpoupds nethn absence
¢ 5.nm and about 30 nm and havi ng photocatal ytic
° 9518{?‘{} jrgion w1 W&'Yr esence of visible Iight; (ii) one or
addi tional pignents, such that the total pignent
11. vol’ﬁ}ﬁs al%

mediod eteeraingotd e A0q Wharein Saidn RIS FPRPAS B amprises
hojfaa ﬂttﬁ% ufrC diok i HaRedir® § t
P 065/ Bg d I?{ll [ la styraen ac?veiqg% érgsbtg 1)t/érrglr%tl))len i about 5 nm
andshod Iaimt bei ng capabl e of subst antially redu0| ng NOX
conmpounds i mmedi ately after a dried coating of said
pai is . forned . on a ubstra : absence of . .
12. 57 Bl g aFraniRgf T o Mhstoin i SpReeGBaS g dionice
corxﬁJr@éﬂrém aPh@I B fo S60udl 1 PRYyhiA ¥ dakd ﬁdlﬁtad?inkﬁasﬁ’ﬂoﬁx' de
has an average crystallité size between about nm and
about 10 nm 3. The paint according to claim 1
wherei n said photocatal ytic titani um di oxi de conpri ses
fromabout 7% to about 15% by vol une of said paint. 4.
The paint according to claim1, wherein said
phot ocatal ytic titani umdi oﬁ(i de



conpri ses about 10% by vol une of said paint. 5. The

pai nt according to claim1l1l, wherein said one or nore
w@dwonessal pigments incl ude non- phot ocat al yt i BCT/US2008/074876

titani um di oxi de. 6. The paint according to claiml1,

wherein said one or nore additional pignents include

cal cium carbonate. 7. The paint according to claim1l
13.WheTkd efRidheBdRin2 toBdifh Bl diiedran @hld%}ﬁ)%ﬁ{a%{tféotﬁaﬁlhﬁledmmde

non- phot ocatal yti c titanium di oxi de and cal ci um
corapiisgp kv 10%hy vheme phsaidipainigampogitignrent  vol une

concentration |s bet ween about 70 and about 75% 8. The

erein said

14.25 e PRGSO 8 S RmuD PE AR GRS Sk Hagichapl pigments

1ncl&d€ﬁ61d-pﬂélo&ﬂal9{1@tlfﬁhﬁbm filékideer conprising one or nore
i ngredients selected fromthe group consisting of

sol vent, thickeners, dispersants, coal escents,
15. ant Theomathad aaepsding to plairalPowherein saithenecesaprsaaddisiosal pigments
mc&ﬁ@&ﬁfﬁﬁmé‘a@bcﬁ Jrethod for formng a self-cleaning,
de-poll'uting coating on a substrate, conprising: (a)
appl ying a paint conposition to said substrate, said
16. pai Fhe motipd stearding ¢onipim 4 Dnghergin)safd ame aboore adétitional pigments
tic titani um di oxide

el R o i s
tota® g?h%ts%lhﬁﬁdc b rﬁﬁtl gﬁl&YE&tﬁb&é]tﬁ AT a‘ﬁ?lﬁt(r?O% and

nm an out ot oca
aboacTi%ity in the pr esence of vi sible I |ght (i |) one or
nor e addi tional pi gments such that the total pignent
voI entration of aint, inclusive of said
7. ol BoaeaPg ARorde Boieen B ohelian S paih reneRs s sabsantially
freeﬁﬁo{ﬁorgﬁgcﬁjﬂdbl)s a styrene acrylic copolymer binder; and
(b) optionally, applying over said paint a topcoat
rising a titani um di oxi de sol conpri sing
18. phgtphﬁca’teﬂloﬁt aecording ribuetnigih o6, dehgpeint said gmintwhempdsition further

sald coating is ca of su tant aII reduci n
CompPSEBEuR s of %n?rﬁe §ge?éfﬁl§se %]FCtB ?lgf N <9ﬂn%?tﬂ% Mc’lvent
thickered, dispdrsantb @ oiREdRAE, Qrﬁflﬂfaﬁhﬂg aééﬂt§ badt&Ri deies W @ntbinations

sai d paint conposition conprises phot ocat al yt| c
thetedk ani um di oxi de having an average crystallite size

bet ween about 5 nm and about 10 nm 12. The net hod

19. aC QL GHshdtet vl adb@iénpr dPneits €} nﬁ‘i‘g&m%}ﬁﬁ%g‘ ytic

titani um di oxi I ses out bout 15%

o) (P Iebr R pAINARE Vo] e? eipofilin? ot B TaEF bERg formed by

ti tapplyinp wisaid s@estmpmﬁﬁ&nﬂﬁuawonk@%pﬁymgol ume of said
pai nt conposition. 14. The nethod according to claim

10, wher@i fofflaBo?N§%0fo MBHG. 46K B*nqgﬁ\%)m &ﬁx’&ﬁﬁéﬁly},ﬁ titanium

i ncl ude non-photocatal ytic titaniu
met hod abeodelimgubstantially putd anatheer foirm, saiddphonecatd ytivoti@nium
[ nat e.

T AR P e e
addi ti onah aid 60O BE nﬁPEﬂH hﬁﬁné‘@%‘gg{]ﬁg{lﬁ?@ﬁﬁfﬁt&hﬁ the  presence of

titani um di oxi de and cal ciumT erel
t he t ot afisibledigbhit vol ume concentration of said paint
conposition is between about 70% and

(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 about 65%; and

23



about 75% 17. The nethod according to claim 10,

wherein said paint conposition is substantially free
wo@Roovnzasgani ¢ bi nders. 18. The met hod accor di nRCT/US2008/074876

claim 10, wherein said paint conposition further

conprising one or nore ingredients selected fromthe

group consisting of solvent, thickeners, dispersants,

28%??@5‘?‘ e fipht ack PRI Bier: 2 ﬁé'vf’ﬁbdiﬁm o
n f )
t e(é | ? lﬁp %Oél?t éslpﬁfe%yér} Sal élg %ﬁllﬁlleg gdﬁlel( 3} P%{l %Xﬁr toB-coat being

dabd g pafn
bel foeméPbyRApIPNgan BhiMI 18er o paidt @ sSLEshprivig éhdoatluﬁbus colloidal
co osition conprising: (i) fromabout 5%to about 40%

%:neumn pﬁm%@@taéytyq wlerafing aﬁﬁnum diogideda anptase crystalline form
t | t farl% sglllrl1 re%[é?‘i eZSB éa%gpela%ﬁl%g&ﬂ KETC

e| ng ar ac erage

20 S b %eﬁéwﬁ%&a St e -

photdcaitabftR fithfiibn dioikide malg%n BT BoeAetYbthll e dize He@h@At dbout 5 nm
such that the total Iggent vol une concentration of

andgppt Hhnmeand;whereis isgid phptosatalytis Kisaemdiexids eomprisgs figm about
%..and(iii) a styrene

7%2{): fgg(c}uggfs%)obé' ?%%ﬁ?gg%aﬁ%ﬁ@w ?%%b‘)%ﬂa t op- coat di sposed
on said de-polluting |ayer of paint, said top-coat
being forned by applying to said | ayer of paint a so
conpri sing and aqueous col | oi dal di spersion of
phot ocatal ytic ultrafine titaniumdioxide in anatase
crystalline formhaving a surface area greater than
250 nR/ g as neasured by 5-point BET. 20. The substrate
according to claim 19, wherein said paint conposition
conpri ses photocatal ytic titanium di oxi de having an
average crystallite size between about 5 nm and about
10 nm and wherein said photocatal ytic titani um di oxi de
conprises fromabout 7%to about 15% by vol une of said
pai nt conposition.
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