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Conposition useful for providing NCy renoving coating
on material surface The present invention relates to
W@ 0vp031260 ons havi ng phot ocat al yti c sel f cl eani PQI/IB2004/002975
properties for use as NOx renopving coating on materia
surfaces. In the field of builldings and coatings, the
pol lution of the environnment raises a serious problem
of contam nation of exterior materials for buildings
and eyl daakiol Hidrel 188 Broviditd N@) erR@ih EbfiholonGRktbigl shiface
the air deposit on the rool and the outer wall of
buildings in fine weather. Upon exposure to rainfall,
t he depdbsé tpgesehiounventjen helatasi toh compasitionsr havidg f phwpcatalytic self-
down alonﬂ.tge outeﬁgyall of th(?.buildi,[nlg.1 @ﬁ a
clFgUT ProPEIHES (S AY NI CHRVRe SETESRIV YR SBHPEE of
the rai pvab leld FSbufildehgs Wl *E&iHS] B8 poHatidn &PHe @hFirdrineht raises a
stripe pattern. To solve at least in part this o
sesiogh Prablen pf penptaminaterigf geeirrpnapdide pribyildings gnd ogdoor buildings.
{] CANS! | O i al IR TR
DR e SOREE IS e dy FBARL B ong MR8 Tos oy wallof buildings in
fiphoeabed. &pphiegpssatd toahdil, tige geposieyr flove sodetwamdth rainwater and flow
at nospheri c cont am nan Thus, titani um oxi de

S. ..
doywp plongrths gter Walaf i%éuléf}“ég-dél‘%%lr dthe copianpnang pdegyes along the
B A S
seni conBlostlue at eastie pa thiy prabdimat it bas {lfeady bremmploposed dondeposit a

UV light) into el ectrons. and,hol e i ch, can. s
e ey 0 T 910y ADGPGH BrooHb s e SURigEmOge exhibit
PERORRUPES sdINtRatIAS PrdeptiEUBSHAR B osphéAt €Bhtaminants. Thus, titanium

at nospheric contaninants are for exanpl e, nitrogen

e,
oxige ghefocaselpiie comingd prsadibadogsdlin FPhPG! 2Rs Y BT/ BR6P.NWO 97/10186
C ce of the materials. This is particularly
%@Wg?%%(&;%%@ in builtup areas, for exanple, in city

st r eet sMowhspeRifidally cixasiant diakide (Tid,) evhieinis@ semiconductor, converts
contaminants may_ be relatively hi [y |

h, [ )
Uineadiasiendnr sxgmiple Bom Nekight} i 5{%&%@%@@0' ¢ Which gap gltimately
inﬁ’éatg}ﬁ{eeeﬁé ditibrt o"i}gﬁ%n{lﬁ log%a!ﬁ’ceé&n Qs (ijyli_tlge fess Si¥stances. Typical

probl'em associ at e or med oXI speci es,
atimdsphdd@niamningds fireofor teRempleanitiogen GkNER cande Al wighhic pollutants

o et b Piterd e ali BB TP 4o bl Slar SizpineeSys in buil-
ubBRES HNEUNIPRY, iif Bt Strddt) RINBRPthe LofdeirMforPd¥rBinic contaminants may

corrosion.
be relatively high, especially in intense sunlight, but where the available surface area of

materials is also relatively high.

However, one problem associated with so-formed oxidized species, like HNO3
formed from the reaction of NO, and NO with TiO»/UV light in the presence of water and
oxygen, is their absorption on the coated surface of the material where they may cause
problems of stains and/or corrosion.

Accordingly, there is still a need for a coating having a significant
improvement in decontamination propetties, non staining ability and outstanding durability
over prior coatings. |

Surprisingly, the inventors have discovered that such a purpose could be

efficiently achieved by a specific composition for use as a coating.

CONFIRMATION COPY
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Accordingly, there is still a need for a coating

having a significant inprovenent in decontam nation
wW@e@pesR2ses, non staining ability and out st andPegyIB2004/002975

durability over prior coatings. Surprisingly, the

i nventors have di scovered that such a purpose could be

efficiently achieved by a specific conposition for use

as a co c : : r i

mvent FapRngl 8h SARLYS BE pRLR T Rlichi 18 O ERANE @ composition
whieh] heh agpliedcmsat contingronza surfdcacd aomatarialperhibds jmproved NOy and

exhi pits _inprov nd optional Ly V (1.e. .
ORJMEHY I\ZO@ gérﬁi Spctlﬂﬁ? eneaick & {flp{e A%ea%férﬁe ﬁ?@ npzene) removing
mbﬁ&%!&ng properties. Another object of the present

[

vention is to provide a conposition which, when | _
appl i edAnsther olgatti ofytherprasentiifentonfis 4o pravads alcompggition which,

asily. rel ease .the contam nant therefrom.i. rti I .
G pefich o1 Sty e a e chmr et o ey R Ji Bnaminant
thbRE oGPl by WIEA] 8PBY Washih® withswdtéraSpedifically, the composition,

substrate to forma film enables a contan nant or

whent anpdied] e a shidaes il assyheiraseltoolorm a fHan, snghlesccqniapigant or derivative
easi-l y _wash ter. ' e aspect,
topfRRF pohef OIS R o i, CRERUAAG o e
conposi At&dihgrto wae adsect the apet doahtiog ivdirected to a NOy removing
construction material surfaces, conprising,at |east: ..
cPqsHIMOOAMET 9§ P OPRIUCNALIAS &’P&)@Pﬂ@l“b‘é}‘tnil%?gr@i sHggeigeogpprising at
leh§ast a de-NOx activity, b) particles having a de- HNO3
activity, c) an opacifying agent, and d) a silicon
based- it ghatedatalytic twaniam dioxided payieles davisgptlepuatdedN s activity,

wher ei n_ sai d photocat gl yf.i rticles have a

cryst alr{ﬁ)iﬁ’?én%lg%gavﬂ%@ﬁﬁ%ﬁ#éb‘?ﬁ%i’ﬂ% 50 nm According to
anot hercgaépglp&ifyﬁlg%ggﬁ,sgﬁﬂ invention relates to a
method for inparting self-cleaning properties towards

at ngs piira silicembasad-material.dn velheh arg dispesedsaid parbickesi al |
! R | : .
B LA Ol

sur f aceAedordingbfoesinother aspect, the instant invention relates to a method for

imparting self-cleaning properties towards atmospheric contaminants at the surface of a
material, said method comprising at least the steps of:

- applying a composition according to the invention onto the surface of a
material,

- drying or curing the said composition to provide an opaque coating system.

The coating obtained according to the present invention, in partiéular after
having been exposed to water and UV light, exhibits high durability and de-NOs efficiency

as shown here-after in the examples.

Photocatalytic titanium dioxide particles:

The composition according to the present invention comprises at least
dispersed photocatalytic titanium dioxide particles having at least a de-NOx activity with
NOy meaning NO and/or NO,. According to a specific embodiment, said photocatalytic
particles also exhibit a de-VOC activity.
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drying or curing the said conposition to provide an

opague coating system The coating obtai ned according
W@ 2006408020 esent i nvention, in particular afterP¢EIB20GH/002975

been exposed to water and UV {ight, exhibits high

durability and de-NO3 efficiency as shown here-after

in the exanples. Photocatal ytic titani um di oxi de

parti cl-fg: telh @dé-wxoéidyc%r%-’@@?? radii iy hPuddaenaplif $68REs to an ability

i nvention conprises at |east dispersed photocatal ytic
tottianaformiNGj and/de VEXE species o Mlaait raypentive exsdized specisikike HNO; for
Néctivi ty with NOx neani ng NO and/or NO . According to

xgpeci fic enbodi ment, said photocatal ytic particles

al so exdgﬂegiﬂcaﬂy,qﬁ‘tf{%re@&{t'iiﬂ/étﬂioﬁhﬁlett_@ﬂlm'ﬁlﬂﬂod\dﬁlﬁic particles" used

and/ or de-VOC"’activity as used herein refers to an L
headin |1efeys to pattighes fased NDe wattriel wWhish, syheni eposast thbight (excitation

.respectivye.oxidized.spegies |like H for

ik E R St <Py 16 h AR R gy ep beoween the

conBi@ioRGaha i tife Wddnct BhieBof 16 efl st rcah BalisefeREigation (photoexcitation)
articles based on a material which, when exposed to

of|elegkrong axthe valenes-ban o produes 2 pepdvcsieeleetray 4l 4 yalgnce hole.
shorter h r Q. t s
e KGR LAahob"BoR0E dep ELHER o AF composiin

acGaudinpates theepresdna tinvaentiop hasiod ke inchtdecamatasé oelreiiler forms iofi titanium
t he val ence band to produce a conduction el ectron and

oxide adappdugythereof. The phot ocatal ytic titani um di oxi de

par ti cligs SRR, MR titdjdd %i&ﬁeli@;s_&ﬂﬁtc}ee DEARE @batiddJ thePnature of the

the present |nvéntion basica i ncl ude anatase or
partitlé Ingayf o predominantly rthe mmaadederystaldinerifotour ‘Psedomzinargly,” means that

thg ieg\ief)ég ggaltt@e?g 1{%3?%](.1{@ tn}aﬂmni #ﬁé{%ﬁgﬁ(qllﬁqg?sgg | chgt?ngogorﬁgoesiﬁon is greater
thi SOy @RI Thé PRtiBRILAER watd 8bmpoketidromay exhibit a level of anatase
“Predom nant| y" neans that the | evel of anatase in the

oftgreaderithan 80%xi de particles of the coating conposition

i's greafer i glgtolf}gﬁéoy%%ﬁg@( rllk%;{]ethgaﬁ o gf R c}ﬁ?alline phase are

coati ng Co a leve anat-ase
medsgfeddiyeX -rhy diffr8@fen. The degree of crystallization and

t h rea; agﬂ{e? qrgfgtpﬁtligg _ti%a{n)ﬁtgl%icl)}éigee pgt%glség i&%?po'}ft"é‘ n ‘ﬁmde c%%ting exhibit a
mean size ranging from 1 to 300 nm, preferably ranging from 2 to 100 nm, more preferably
still from 5 to 50 nm. The diameters are measured by transmission electron microscopy
(TEM) and also XRD.

The preferred photocatalyst particles have a high surface area per gram, e.g.,
higher than 50 m*/g and preferably above 100 m?*/g as measured by the BET method.

In contrast, the surface area per gram of conventional TiO, pigments i.e.
having photocatalytic properties is about 1-30 m*g. The difference in the much smaller
particles and crystallites of the photocatalyst particles, gives rise to a much higher surface
area.

Particularly convenient for the invention, are the photocatalytic TiO, sold, e.g.

S5-300 A and B sold by Millennium Inorganic Chemicals Ltd or a proprietary neutral sol.
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The crystalline titanium di oxi de particles
i ncorporated in the coating exhibit a nean size
wo 20gi0sig3d rom 1 to 300 nm preferably rangi ng PCDB2BO4/®2975
100 nm nore preferably stillyfrom5 to 50 nm The
di aneters are neasured by transm ssion el ectron
m croscopy (TEM and al so XRD. The preferred
phot ocaith%lﬁé?tﬁl rﬁj@ﬁh&@é’a@al?ﬂ@ h&ﬂlﬁfuefré a8&dah@a Hunt of 0.1 to

gram e.g preferably above
25mq9rafetaj>13a9 Snter»azfl%,emdbmostrmeﬁﬁ'blwétthdd% Iy weight gexpressed in dry

surfac area am af. conventional Ti O pignents
m"i‘tteé) Oﬁgwcﬁ gl gfllg%g{quﬂ POperties is about IO1930 m

/9. ThapdafdRUILNER dofhpobitiondebbr8ing! thahe RChii6 BRlRIBS at least 1%
crystallites of the photocatal yst particles, gives

byrwsghtquotmaﬂalymcghﬁrd@urface area. Particul arl y

9|'|o g eg Id‘ﬁ(if()r%fcl% tg A %}? L9 e ot g%cgmgﬁ{ %'hé{&gatg%?% %éﬁ ﬁ:?é&)r/#lé}; also exhibit

a dVOTBRKVIlEpfop@tys Ltd or a proprietary neutral
sol . The particles having a photocatalytic activity

added ﬂhea?hommﬁtwdfta@um dipxide partislesimaayaby yseg as atsefa repared by
dlfp%(l)' aglg WRSL 2B eévgtre??&y &%@?Ecétgté%né{i’%ﬂﬂﬁé O as a_powder, Preferred

a3 Wei ght of said
ex@ﬁmlisf‘dftth@&lspdrﬁam asdd toqdre’pa;re h kel include svatarpaicdm&mm&thmg methanol,

to the invention i ncI uces at ast. 1%
et ol ] S Sl kP o L A Bt et Ketone

m%']ﬁ&ﬂ#}@&ﬁu’t lqggg)tngcat alytic particles may al so exhi bit

rermV| ng property. The photocatal ytic
titani um di oxi de particles may be used as a sol

pr epar Eﬁ{g's erS| on in water, as a water- or

sol vent yaste, or as a powder. Preferred

exanpl eghelcofpBsiflbS RRESAME US aHe ttefne Flﬁffeﬁ‘ltlansﬂimprlses dispersed
i nclude water, alcohols such as met hanol, et hanol

Parts@m fﬂpammovmg-@atmzedamcneg &H‘&@an@lrme%@aoﬂeeq’t@lﬁ’ggaﬂy from NOx
pﬁ{liﬁﬂ ?eﬁese%%g Elgy.gre$ﬁe L ANG: Ir«inﬁ%ﬁﬂ%%%r(t}rcl s” or de-HNO;

p%r@clwe present hl nventl on corrprl ses di spersed parti cI es
or renovi ng, the oxidi I—H\Ii)
phot ocgﬂlgﬁ:ﬁ%w@ap}ga}ﬁ% ?sloz 191%% % particles’ mc?udms gasw compounds, in

particular any insoluble carbonates and for example calcium carbonate, zinc carbonate,

magnesium carbonate and mixtures thereof. Especially, preferred examples of such
compounds include calcium carbonate. No particular limitation is imposed on its amount
which should be sufficient to achieve the transformation of HNO; to its alkaline salt and,
secondary, compatible with the coating including it. An amount of 0.05 to 50%, in
particular of 0.1 to 30%, by weight (expressed in dry matter) of the total weight of said
composition may be particularly convenient.

The ratio de-HNO; particles/photocatalytic particles may vary from 0.05 to 5,
in particular from 0.1 to 3 and more particularly from 0.2 to 2.0.

Said particles i.e. de-HNO; particles and photocatalytic particles are included
in the composition according to the invention in an amount greater than 1% by weight
(expressed in dry matter), in particular lower than 50% and more particularly lower than

35% by weight of the total weight of the composition.
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particles. These second type of particles are called
"HNCB renoving particles” or de-HNO3 particles.

w0 kdoessn2at | ve exanpl es of de-HNG3 particl es i nedTITER004/002975
basi c conpounds, in particular any insoluble
carbonates and for exanpl e cal cium carbonate, zinc
carbonat e, magnesi um carbonate and m xtures thereof.
Especially, preferred exanples of such conmpounds
i nclude cal cium carbonate. No particular limtation is

i npos e®@iliconi-hasediommpanephi ch shoul d be sufficient to
achi eve t he transfor.nation of. H to its al kaline sal
and, s ﬁd’&?ﬂ?ﬁ“@&&égﬁ? B¥e§er&d1{%e 8 C%Eﬂt}snagmﬁﬁ(gf'ﬁ | nﬁgmponent

whdrein A1cAH 0@y Sis@8sddPabites dr8 ef@dppegul ar of 0.1 to
30% by weight (‘expressed in dry matter) of the total

wei ght Spkcifigally, dortho prastwninmenjioe theatermcisiligopypased material” used

convenient. The ratio .de-k i cl ; (o :
ne B VRS0 e g R R BEPpAL RREHY R0 L rovide
siltboh HaSed3fimMBorivRhRnPRE CoMitigar |y from0.2 to 2.0. Said

particles i.e. de-HNO3 particles and photocat al C

i . yti
parti cllds silieon heseddestenial advantagipyslyi Pﬁoa%@ea@cB?laﬁll?@‘a% polymer
he invention in an anount greater than 1% by wei ght
film., . : :
éxpressed in dry matter), in particular |ower than
50% andAdvording & diecethbodimento tier silidvmnba3&d4adaserisk inghtdes ht least one

the total weight of the coppqgsitiaon.Silicon-based
Pobbgﬁﬁéﬁﬁflerwaw)@dﬁﬁé’éqcﬂ%ﬁgvd?g fthﬁefg’ﬁ?%lgent i nvention
contains a silicon- base% conpone erei R at | east
previously disclosed particles ar ntrap@éd.
Specifically, in the I OWSiH-HeRO-+B—Rgr m
' use

"silicon-based material'’ herlei ,refers to any

materi al based on silic&or mixt&e therebi, which is
able to provide a silicon based-filmconvenient for
wheggdat i ng. The silicon based-material advantageously

provi des ol .13 %o AL WIBlakbhi uisESRATBN oy AR having

enbodi ne he " si ase teria
wighiSiercneagp bl tangitgrfeorn d0 in@eh,\wadand i n parti cul ar

having -t hl% Eflt? ﬁ%@ aI]kyl radicals of 1 to 20 carbon atoms or an aryl group such as
phenyl.

Typically, the value of n ranges from about 5 to 2000.

Illustrative R; and R, radicals are alkyl groups (e.g., methyl, ethyl, propyl,
butyl, 2-ethylbutyl, octyl), cycloaklyl groups (e.g., cyclohexyl, cyclopentyl), alkenyl
groups (e.g., vinyl, hexenyl, allyl), aryl groups (e.g., phenyl, tolyl, xylyl, naphthyl,
diphenyl) aralkyl groups (e.g., benzyl, phenylethyl), any of the foregoing groups in which
some or all of the hydrogens bonded to the carbons have been substituted (such as with
halogen atoms or cyano), or groups substituted with or containing, for example, amino
groups, ether groups (—O—), carbonyl groups (—CO—), carboxyl groups (—COOH) or
sulfonyl groups (—SO,—) (e.g., chloromethyl, trifluoropropyl, 2-cyanoethyl, 3-
cyanopropyl). In partiéular, the molecular weight of the polysiloxane ranges from 500 to
5000, in particular from 1500 to 5000.

Particularly convenient for the instant invention care, polysiloxanes sold under

the trademark WACKER BS 45 by the firm WACKER-Chemie GmbH.
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wherein - n has a value to provide an aqueous

di spersion of polysiloxane havi ng wei ght percentage
wa@dosa3namgi ng from 40 - 70% and - Rl and R2 BCEIBR06102975

radicals of 1 to 20 carbon atons or an aryl group such

as phenyl. Typically, the value of n ranges from about

5 to 2000. Illustrative RL and R radicals are al kyl

gr oups {e. . , .
> ot hyl'l(bhgt &Jin’tengg)?lﬁ% Pol?§1C ggﬁ%ﬁl@élﬁ%rﬂggﬁ%ﬁen gc.:c’ordmg to the present

ineattion meagybe suitablyogeeermyned, Aatdrdimgl togr spepisic (egbgdimerit,riy may ranges
o B M M HB3, L5 S RGO At byt

0 d1 weldhe BY hRtdavlpbsitidfy of the foregoing groups in
Ich so or all of the hydrogens bonded to the

car bonsAdvaxding denassissifict embddinsans h thes caimppsitien cigeerding to the
. atonms or ano) .. or groups substituted with or
m‘%ﬁ?ﬁ?ﬁWﬁﬁ%’ é&h%QQ aSPHEW%ﬁb groups, ether groups

(-O), carbonyl groups (-CO), carboxyl groups (-COOH)

or sulfonyl groups (-S2-) (e.g., chloronethyl,

trifl U@M&i@gﬂ:} cyanoet hyl, 3- cyanopropyl). In

partic r h C L aht 5%M] [ .

r angesulth;%o%gt%lg ]‘Jﬁ%&egdﬁ%f%le \r?ﬁ%%?t ?Igél?éapg}% r om&"i 5(J (f(())gﬁE f}gﬁe/butadlene’
andOflymERr dndcedpatynyers ofiwesteiseof adrglic abid amisinapdrticular copolymers of

i nvention care, polysiloxanes sold under the trademark
pojyiretrerpie anyl gyrepg@cylie HARCKER- Cheni e GrbH. The

cont enty, Qe gﬂ?ﬁsﬁp iehtiO Afdfrehd! ah@ﬁc CPBRM | iﬁau%?sycopolymers of

according t e present Ihventi may be suita
stylehFacrylieesterddeoeadi ng to a specific enbodi ment, it may

ranges from 1l o §0% by wei [ articyl ar from5 to

5006 by W GHEntoR s STy, reBPeie e el g egmbOund was
patd iy dvahhigeGRMROSHthih ANphAscaeiptidally tatide SoRMf having a high de-

enbodi'ment, the conposition according to the invention
N@myffwienoy.cont ai n an organi ¢ bi nder. O ganic binder

e o1 SO B R T B RED AR OB 50 Bcnsiscyi
copelyaies @ifid ambyd ipartimiglyangded ninpar weightaratiovopdl pheostaiftic TiO,
particles/organic binder and in particular styrene/acrylic copolymer ranging from 0.3 to
4.5, in particular from 0.5 to 3.6, more particularly from 1 to 3.5.

In particular, a styrene acrylic emulsion such as ACRONAL 290D from BASF
GmbH may be used.

When the composition includes an organic binder, it is preferably introduced in
place of a part of the silicone based-material.

The composition may have a weight ratio of silicone based-material/organic

binder ranging from 20 to 1.

Opacifying agents

According to the invention, the opacifying agent includes any organic or
inorganic compound able to provide hiding power to the coating. It includes pigments,
colorants and/or fillers as listed hereafter. More preferably, it includes at least one

inorganic compound like titanium dioxide, either rutile or anastase.
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pol yvi nyl acrylic and styrene/acrylic esters. In the

present invention, styrene acrylic copolyner includes
w@opelsuzer s of styrene/acrylic esters thereof.PdiEB2004/002975

inventors have unexpectedly di scovered that such a

conmpound was particul arly advantageous to obtain a

phot ocatal ytically active coating having a high de-

NOx  ef fS#Eh QR&ﬁumsﬁﬁ%Qld%fﬁlgﬁknt‘é%bﬁ‘ aPhbi pHbBACtIRL 4r6 QBsclosed in

where this conpound is a styrene/acrylic” copolyner and
Usro3d2 pas (Mmllﬁnmuny Irwswncp Ghanweisgm) rati o of

phot oc taI es/ ani i nder

part i c @Féh%PQ%P |SIO &06’6?93 /E)F gﬁg‘f%%d? T gfrr}f IBH%AT I sold
bytlﬁllfengmni HloPg"’aiﬁd CHAicals TRy Detuged. 6, nore

particularly from1 to 3. rn particular, a styrene

acryl i Thermonyiositios sy qsltmra@h\@n PDUIVinG AgBASFAARPUnt ranging

e 20787 e SR PATIRR DR AP b SR T S0 ¢

of the Tl ¢cﬁﬂ;5t%1ti2ﬁh$@d:ofdiﬁ§ td ahe pﬂ’d&&tcmmﬁmnt imap imelyde at least a
have a weight ratio of silicone based-material/organic

soblefiler ranging from 20 to 1. QOpaci fying agents
Accor d']ﬁ&r%ﬁ’est &esdl{?éﬁ%’]héa%[b h&Bf RPRAE fwd&d aﬁgﬁ*ginic solvent, and a
i ncludesa ani ¢ ‘or 1norgani c compound ab to
mﬁ;kd)vwl&dﬂl djrmg)sad)Vﬁr watert el cmabigagic Isolvemc| Wates, and alcohol is
gnents, colorants and/or fillers as listed
PW*&IEF feriggy o pref erably, it includes at |east one

I nor ganﬂfé EHPRRsh labkRdink t BNineMpdbcdX | idfent@ht MBY contain optional
rutile anast ase. Such trtani um di oxi de pignents

contponbntarmovuded pthatt saaht jan eadliteond ideed mgé@omrqyssg thg shelflife, UV

M I en n um I n ani c Ch
gt PAD DB BAAMER RO O g IBlS of speladdfionsl compounds
1n91%ﬂé iftbRS) Bte JhRnA cAtité, @), dalbybdvite |aﬁdiV6t Nw—A]ﬂﬁh@ﬂ&I gigments like
Chemicals Ltd may be used The conposj tion may, cont ai

Ti€uc hll‘fhﬂpmacaﬁdy ofheraganeanis AeBeRitintdisPargntig h‘f“‘ 0 HPUPQOSPhateS
p(aga}c&ﬁ hmgﬁ}%ggtek,rha?)ﬁ{hteh& Hlllc?flgﬁlfl%mfgnaﬁesﬁ Qve%t'i_’né’ !x@énts like anionic,

cationic, amphoteric and non-ionic surfactants; defoamers like silicon emulsions,

hydrocarbons, long-chain alcohols; stabilizers like mostly cationic compounds; coalescents
agents like alkali-stable esters, glycols, hydrocarbohs; rtheological additives like cellulose
derivatives (CMC, HEC), xanthane gum, polyurethane, polyacrylate, modified starch,
bentone and other lamellar silicates; water repellents like alkyl siliconates, siloxanes, wax

emulsion, fatty acid Li salts and conventional fungicides or biocides.

The composition of the present invention may be applied onto the surface of
the material by any suitable method, and examples of suitable methods include spray -
coating, dip coating, flow coating, spin coating, roll coating, brush coating, and sponge
coating.

The composition after the application onto the surface of the substrate is then
dried or cured to form a thin film. The term "dried or cured" used herein means that the
silicon based-material contained in the composition according to the present invention is

converted to a silicon-based film. Therefore, drying may be performed by either air drying
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The conposition according to the present invention may

i nclude at |east a solvent. Exanples of solvents
wais@blozo2ber ei n i ncl ude water, an organi ¢ sol vePCT/IE0GH @2975

m xed sol vent conposed of watger and an organic

solvent. Water, and al cohol is particularly preferred.

The conposition according to the present invention may

0

or 388 By De” BLRRE 152 IRV SrRIANEAAE e TR Bhducted o canse
poligerbiation yo fap ya&&letgremsqmme@lvamd m thm@e‘ilm es.

Exanpl of such. add|t al S |n ude .

£1 11 or (Bp $mROSHiod $S5Orng (o (R DiepeRy Iy ey tot“ay jbpapplied on the
suﬁaééwa&@h%n&yofﬁﬁt&lalﬁl gmsnts like Ti @, lithopone,

and other inorganic pignents; m“ger sants |ike

pol yphd3etmatesal isaloy pertighlarlzJimitedo opt oremples thesigftinelnde metals,

cebirt oL Bb o AN BT (el Aer Wofen fabrcs, and

co@ﬁﬁ%’@% Sfl hkeatsdve! mafrrielUAE MiBinafdy difother hiﬁtﬁ& matenals Specific
| ong-chai n al cohols; stabilizers I|ike rmstly cation

Undehick g earppositionapiariths applied Ackige; havising) uilding materials;
h
PP TN

mxeHylst etdiion of njachiyiadesydndtagticleny didtpedf stvercind dvatihgm élms, sheets,
and other lanellar silicates; water repellents |ike
seglsxipnng jand pakiigeareass | oxanes, wax enul sion, fatty acid
Li sal g %anr?r%"ﬂ%n Batd feﬁﬁgﬂﬁﬁéii@ss of rth@'ﬁ?@deﬁ?%nveﬁﬁ@n various
conposition o resent invention nmay be applied
alentativeshmay be hiseclao ghcilitate thevbjectates bﬁ ﬂmnyvgmonabl e
met hod, Xa f sui t abl e ude. spr
Coat | nelhedPBOR B ATPL Bt Preai G LB o WG RRge presen
in¢@RlohREd aky M nteAddd tBQandadh@uﬁiﬁiUﬁ B€ codiubd & lithitehe invention in any
conposition after the application onto the surface of

washeAlb altsnatives, medifisationgrangd @q@lwaléms svhielymay becemeshphyious to those
t{chlg{r?g]fylﬂﬁl Eneglg] artd&ﬂ da I%ad ‘ijl% a]%ﬂé BﬁEl%hlﬂe TEARR1JdB& Within the

Feon' based: erla
sp@@ﬂ’ﬂihd%bdpemfm@mmﬁmg to the present invention is
converted to a silicon-based film Therefore, drying
may be perfornmed by either air dryingor heat drying.
Al t er ngt ultraviolet irradiation or the |like may
be con%%#@é&[o cause polynerization so far as the
pr ecur SPompasitiamsweare prepaed dysisingdbnfollowing materials:

- photocatalytic titanium dioxide: PC 105 (42% TiO; by weight in water

containing 1% of sodium hexametaphosphate) from Millennium Inorganic Chemicals,

- titanium dioxide pigments: Tiona 595 from Millennium Inorganic

Chemicals,

- calcium carbonate (filler) Snowcal 60 from Omya Ltd.

- Hydroxy ethyl cellulose Natrosol 250 MR from Hercules Incorporated 3%
solution in water,

- Wacker BS45: Polysiloxane polymer latex from Wacker Chemie GmbH,

- Texanol: 2, 2, 4 trimethyl-1,3 pentanediol monoisobutyrate from Eastman
Chemical Company, ‘

- Sodium salt of polyacrylic acid: Dispex N40 from Allied Colloids Ltd.
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The conposition according to the present invention may

be applied on the surface of a high variety of
woredoens@bes. The material is not particularly |Pen/182d94/002975

and exanpl es thereof includegretals, ceramcs,

gl asses, plastics, woods, stones, cenents, concretes,

fi bers, woven fabrics, and conbi nati ons of the above

Mat er| ahs A 48 &iSin Ylred P&tABANG ABBQE (Al S.

Speci flqlc (—Ié)xa %: g}étfﬁfv\hfl?ﬁe Ee conposi tion nmay be

appl i edfor pait Addldﬁ'ﬁllﬁhlm gddeduo vaitango mdichris dhep; addsd Blairogol 250MR,

| di n interior of the buildings; sashes;

DW%@Q&@H&EQOW‘??I’GQNUF al materials; exterior of
machi ne[fﬂe%é BHerﬁHﬂe‘h!u%duﬂ’dé%@h%EarCOVerS and
coatings; filnms, sheets, seals; tunnel and parkin

ar eas. Hon pprtdhahe npglytsﬁ@cam golymesds eddestiionpart & ad t%ﬁlé part C, the
ent entio ious alternatives may be used to

49‘ T ?déjteg\{? R%ﬁ ogjagf\ig I'ves of the invention. The

fol | owng c@iﬁ@ﬁﬁh@ﬁs & R-ERseNpAnts e fdtel inTadle 1.

under st andi ng_of the present |nvention and are not

intended to, and shoul d not be construed to linjt the
invention ipany way Al alternativ¥es |npdi2ications
and equi val whi ch may becones obvious to those of
ordi nary skt T tife art upon ajreading of_the
present di sgthetaeptalysicdi Ont (%ot Wit B8n tlhe 2bhirft and
scope of thecédb(@rz(t/l@n Exanpl es Cog]gosntl (P§l§ wer e
prepar ed byrusitiig—thefoHtowngraterial
phot ocat al y G)pactfyinglagmm(ﬂi(b)(l de: | PG 4105 (4@3/%T| 2 by
wei ght in a‘ft“ 1II. ai g 19%of bUL“.»UIII
hexanet aph0>(g)1a é’fyf’l?é’ M|l enni im fBor ganiqg
Cheni cal s, 2 PDani um di-oxi-de P J..c..ta Fireffa—505 from
M || enni um | Mgdrgafetis] CélRidse al s, C ohat e
(filler) Snpegat) 60 from Owya Ltd. laéily ro;@r7 t hyl
cel l ul ose Natrosol 250 MR from Heércul es [l ncor pof at ed
3% sol uti on| Wathat er, - Wacker BH4522Pollysil.oxahe
pol yner | at % Fom \WMicker Chenie GrhH,
PART B
Polysiloxane (% wt)
31.5 18.2
Part C
Texanol
. 0.9
(% w) L6

The percentages stated in the table are the percentages expressed in commercial product

i.e. dry matter + solvent.

Table I

Method for determination of coating photoactivity towards methylene blue

Irradiating Titanium dioxide with Ultra Violet light results in the production of

holes and electrons which are then capable of forming reactive species such peroxide,
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- Texanol: 2, 2, 4 trinethyl-1,3 pentanedi ol
nonoi sobut yrate from East man Chem cal Conpany, Sodi um

W@ 2006/0825pol yacrylic acid: D spex NAO from Al | PEHIB2004/002975
Col l oids Ltd. The paints are epared in three parts
termed A, B & C. For part A the TiO2 is added to
vvater to V\,hi ch is then added Natrosol 250MR, Di pex N40

Sadish i
SFOOYE e By R0 RSB et RS S il ol
subh) ap ardthmemriﬂud: hewageardarton dlhnadé’endt mgtoges cau@aung specws with the

parts. A and. B, Th si.tions of. so
asipedatfd 108 bt Golopzn S feVerRk b 8‘&08%%{1‘9(91@51% filited by eRbtng the L
(bhgmlnsssfaﬁd&heam@m&a amesgspressed in commer ci al
oduc . dry mat + solvent. Table | Method for
det erm nation of coati ng phot oact | vitv towards

net hyl ene bl eIrrad at.i n |tan xi de t

Vi ol et eﬂ? #Hogéfl IHE0§ t"ﬁ’tbgee r°88 %‘ﬁp Yo éisargnﬁ 4 such as

laték‘i‘ﬁtehﬁﬂﬁoﬂ\’ﬁmﬁ’fs ane pbhrity oRAabttials Hal afm@ the agouieof stain that
speci es _such peroxi de, hydroper oxi de_and hydroxyl ions

therﬁé@ewam pickrwrbus shis s @lrmnsgsl ibyithe @fbilmrggﬁﬁ thigksheicig| the methylene
su
oI Folu 3 Thoa g b Sl AL o RUNEE 8 (T ERAE
of colour. The | evel of photoactivity is nonitored by
nmeasur i ng the L* 1\glbn htn ss) and b* val ue
(bl ue/ yEEPasaieiMethyleneBluesolution st syjtabl e for
coati Ngg,g Iﬁéﬁl%'@flgtﬂ?%té ﬁgt MSEJ}Vé/(\ﬁthe-Iﬁﬁll%ﬁh@&l ivﬁfeﬁb PEoncentration
ermul si on pain e porosity of the coatings wl
ofad DE% by h;eelghrtouh]smgf sleWasm:edi rsarmtgw ¢hef equivalent! of @u%ckiatrpsol MR®

edrorsabiel Rofueedur et Tsroen S and Y R g6 1§ARKe, the pit i

rafs@Ji ¥ rap?fb%ﬁﬁ&@lyog Ot 0Rh RliMe SHMohR. Aisetdq@its only a few drops. The
Preparation of "Mt hﬁljl ene Bl ue sol ution e met hyl ene

sobutiom i stitred for adurghes howitojcompletely hadrgtd theNajgsdr "to a
concentration of 0.05% by weight. Using slow speed
stirring the equivalent of 1% Natrasol MR(r) (Hydroxy

Et hyl IIt .0se) .i.s then added. In order for the
I\Iatrosms-féwl 8% the pHis

The paint film to be tested is over-coated with a film of the methylene blue

solution by drawing down a film using a spiral wound rod. The test film has previously
been prepared by applying a wet paint film to 30 microns thick Melinex or Mylar sheet.
The spiral wound rods are specified to give various film thicknesses but those giving 25 to
50 microns wet film are generally employed. The éoatings are left to dry at 23 deg C. 50%
RH overnight.

Measurement

A suitable sized area of the coatings is cut from the film and the L* and b*
measurements are made using a Spectrophotometer. The paint films are then exposed to
light from an Atlas Suntest machine set to give a light output of 551 W/m? from 250 to
765 nm. The paint films are re-measured at suitable intervals, typically 18 to 24 hours.

The difference in L* and b* between the unexposed and exposed results is a

measure of the photoactivity of the coating towards self-cleaning.
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raised to approximately 8.0 with dilute ammonia. This

requires only a few drops. The solution is stirred for
w@2Goansd260 hour to conpl etely hydrate the NatrP&SDIB2004/002975

Paint Film Staining The paint;filmto be tested is

over-coated with a filmof the nmethylene blue solution

by drawi ng down a filmusing a spiral wound rod. The

test fi @Pﬁsar k i) ed by applying a

wet pailm@ [ mp?go\"%%d%h?}égﬁge‘fﬁck E/'EI inex or Myl ar

sheet. The spiral wound rods are specified to give

various fil m thi-eknressestbut—thoserg-ving—23 to 50

m crons wet filjm are general A enp oye@? Thg coati ngs

are left to dryrat—23—deg—C—-50% RHoverntght .

Measurenent A suitanTe Si zedzﬁlea f tﬁé rz tings is

cut fromthe fill mard the L*3&hd bf ned8urenments are

made using a Spectrophotonmeter. The paint filnms are

t hen exposed to light fromygeIAt! as Suntest machi ne

set to give a light outpuft of 551 WnR2 from 250 to 765

run. The paint filns are re-neasured at suitable

Miethodr foa Deterimipation bf/ddshbility24 hours. The difference in

L* and b* between the unexposed and exposed results is

a measuri @frabiliey ¢t easingyiviag s8festdiebycp@partigy tet@pson stainless
sel f-cl eaning. The data are provided in the foll ow

. | ) o .
stechippesls Faheeposing e de siplatod tvepticHES P%‘Pfhﬁ?nsdlﬁ}raa%‘?&l?‘i/deﬂgned

fo%?%aé %ﬁf)l%itiloh.t '{klleo bl Wéigﬁgg@%%h@%&%ﬁ%elgssgy dgring the exposure

Ng coatings on stal S steel panels an
wexPsasge dhierdurabiliynul at ed weat hering conditions in a

machi ne_desi, df t hat | Lcation. Th f ..
wei ght Wi SHTeRe e RRlgmeaute 45 i Shipne et SRR (5 im thick. The
plRR erB%asHeR 19700008 LB drdiafter ApSlicatidn BE BRSpadit@Rin so that the

panel s neasure 75 by 150 nmm and were 0.75 nm thick.
wdight ¢fahetsting cen becajoddtedo 0. 0001 g before and after

appl i cat,jon of the paint filmso that .the igh . .

t he coghfen anels, BB B opgied By AFneeny 31?11%1{&3 m\é\%ﬁg tl)}éd'?émg brushing,
spEAAE pRnidNot BoPHantRNApplieats Ol thdiuricd tabhieRghsed was coated.
The dry film thickness was typically in the range of 20 to 50 microns.

The coatings were left to dry for 7 days before exposure in the Weatherometer.

The Weatherometer used for the exposures was a Ci65A made by Atlas
Electric Devices, Chicago. The light source was a 6.5 kW Xenon source emitting 0.5 W/m?
UV at 340 nm. The black panel temperature was 63 degrees Celsius. Water spray was
applied for 18 minutes out of every 120 minutes and there was no dark cycle. '

The so-obtained values are submitted in the Figure 1. They show tha’; only
about 15 or 38% by weight of the initial total weight of the coating obtained from F1 and

F2 according to the invention have been lost after 1500 hours exposure.

Determining of NO/NO, removal by coatings

The paint films were irradiated with 0.5 W/m? UV at 340 nm for 168 hours
using a filtered Xenon light source (Atlas Weatherometer Ci65A) before carrying out the
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spraying, spinning or by spiral rod applicator. Only

the surface to be exposed was coated. The dry film
wao hiosksese was typically in the range of 20 t oPGDIB2004/002975

m crons. The coatings were Iejt to dry for 7 days

bef ore exposure in the Watheroneter. The

Weat heroneter used for the exposures was a C 65A nmade

Yy | ' ' i if ove the un-
o A e AL b B e ROB Rty f 3K BBov
exposed Tdvatihgsa dHor phan NO¢ erpananents, hassasPlejeyerseisradiated with a UV

Cel si us. el spr S lied for L N S 0O .
ugieshopt Tt WD R SO e P, WG v f RO YRS o the RO, that s
k { edy UgSoshe submitted in the Figure 1. They
usg(ﬁ%)s\%@?%at onl?‘f/llhabo% 15 or 38% by wei ght of the

initial total weight of the coating obtained from Fl
and F2 according to the invention have been | ost after
1500 h Ups exposure. Det ermi ni ng of NO NO? renoval by
coatings—%@z%nt films were irradiated with 0.5 WnR
UV at  3iGopen ORided BBalyssrMdodsd MIO8H1BI | t ered Xenon

i ght source (N,z\tl_as Weat her onet er Ci 65A) before

carryi ng outeXtMeritartEurang s eit her activates or

| ncr eases ﬂa{}lg mamﬁmpm $198lhD@stePWaleldlidh above
t he unexposed coatings. For the NOx neasurenents, the
sanpl es wer exiBIDHdi ated with a UV fluorescent tube
which emts 10 W in the range of 300 to 400 run.
The m@lfﬁghtﬁaglﬂlj"sng@%\%rl\lo at 225 ppb in nitrogen. 1.
Equi preyithahhd) 0898k d*I des Anal yser Model M.9841B - ex
Moni t or Europe UV Lanp Model VL-6LM 365 & 312

nanomet er - waxddrenkst nstrumsntBBiplng- t i ght sanpl e chanber
3 channel gas m xer - ex Brooks Instrunents, Holland
2. Gases NO N tric Oxide

2. Gases
NO Nitric Oxide

Compressed air containing water vapour to give 50% Relative Humidity in

mixed gas stream.

3. Method

1. Switch on Analyser and exhaust pump. Ensure exhaust pipe goes to atmosphere.

2. Allow to warm-up. Several internal components need to reach operating
temperature before the analyser will begin operation. The process will, typically,
take 60 mins from cold start and the message START-UP SEQUENCE ACTIVE
will be displayed until operating conditions are met.

3. After warm-up turn on air and test gas supply to the gas mixer.

4. Calibrate the Analyser on the Test gas supply only, (turn the air channel to zero on
the gas mixer), according to the manufacturer’s instructions.

5. After calibration turn OFF the test gas supply at the gas mixer.

6. Place test sample in the test chamber and seal chamber.



Conpressed air containing water vapour to give 50%

Rel ative Humdity in m xed gas stream 3. Mthod 1.
wWEM060802600 Anal yser and exhaust punp. Ensure eR¢EIBR04/002975

pi pe goes to atnosphere. 2. Alow to warmup. Several

i nternal conponents need to reach operating

tenperature before the analyser will begin operation.

The S o ' i i 1bf test gas is

o ar T Ryl atr and KR! 68,0 pRERR T RGO eI bf fost as

di spbahed, shotvinl byother Abalpspr cotmit.t RBGOREY tevektChegk thetithe Relative

warmup, turn_on air. and test supply to the gas

m xg'}[‘?m‘&l.ltyé%\ﬂ?%r“&fbéni’ﬂ@ ON{%H‘V%%P' on the Test gas

SEPA Wit Uthe (et Wherblebt gal &RERIard & desiéd foint. he gas

m xer), according to the manufacturer's instructions.

59. Mliev thel iibadiaiedn sample @dlmet ke neach epmdlibyivp| yynigally up to

the gas mxer. 6. Place test sanple in the test

chant®™¥and seal chamber.7. Turn on both air and test

086, MCJORY s bakdGhowbh khe@alyséred | evel of test gas
Is reached, shown by the_Anal yser output. RECORD

| &l.dhepottridaikiak Yielue't e nRdi Yt Hiral Natmediaftgr VY woswie fof sgt period.
plus or mnus 5% 8 ' t t est

023, %8V Remo@edt i 9% .p . N A A6

i rradi ated sanpl e val ue to INEAL ¥UE bri um

typically up to 3 mins. 10. RECORD the val ue shown on

the analyser. 11. Report "Initial Value" i.e. no WV,

"Final Value" after UV exposure for set period.

I NI TI AL VALUE- FI NAL V. L,UElée* ?10 12. 9 Renmoved =

| NI TI AlRh& date arg groyided gt % 8vingdablen the fol | owi ng

table. CLAIMS 1. A NOX renoving conposition for use as

a coating on material surfac conprising at |east:
% NO removal

Fy 0.5
F; 47.0
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a) photocatal ytic titani um di oxi de particles having at
| east a de-NOx activity, b) particles having a de- HNU3
W@ewbws2§) c) an opaci fying agent, and d) a siPCTDIBR004/002975

based-material in which saidyparticles are dispersed,
wherei n said photocatal ytic particles have a
crystalline size ranging from1l to 50 nm 2. The
conmposition according to claim1, wherein

photocatal ytic particles i@aghgNes at | east anatase form
of titaniumdioxide, rutileTormof titani um oxide or
a mxture thereof. 3. The conposition according to
anyone of clains 1 to 2, wherein the titanium di oxide

particl.es ,a predom nantly.the e [ .

Porm Cd-° mbQbiEuSTe e RaRcy Sl by eiferial surface
cohﬁﬁsﬁl@é@[eagﬁi ne titani umdioxide particles exhibit a

nmean size froml1l to 300 nm in particular from2. to

100 nma) mphetopatalytie titagiuny droxisie porticlessimvipg at deastgde-NOx activity,
conposi;ti ] C . clains 1 to 4,

wher ei r?%ﬁg“%ﬁ%?%g%g%@em%ggﬁl fes have a surface

area pe) ghapadityiliesgehhandS5 n2/g. 6. The conposition

di to. f clal .1 to, 5, . inth
Dhot oc b aryHicen baTeBreRali S Ehpr iR e AR or
wl%r%igts%ggp?fé%cg{aﬁﬁtﬁ?ﬁ?icX’es%a@e Egnl%ﬁﬁ%rieas'i‘& 1ABsihg Blogf EfA40 ¥m.

y welg expresse dry matter) of the | )
total ki ght oinmaitoncaxpoéig ionlaim, 1, Twhereimnplagpqatadytic particles

. according to anyone clains.1l to. 6. wherein de- :
b b MBS BB b oS I o e
haesprding to claim7, wherein de-HNG3 particles

I ncl ude cal ci um carbonate, zinc carbonate or a mxture

t her eof3. TheTeampasitings peqosding deortyiong afoclaims & 2, wherein the

i HR T g aghprg, o

of the 4 otfk sweiEiition§ acsaiding wrphit3,owhddin fhecrystalline titanium
di&gig? g);hitc!ﬂq%nqx%gqci:ﬁé ggeg;tgl s%zoe f?gr%/lolnt% %O ﬁrln?knrrlsnar%ic}ﬂgr %’om 2 to 100 nm,
more particularly from 5 to 50 nm.

5. The composition according to anyone of claims 1 to 4, wherein the
photocatalytic particles have a surface area per gram higher than 5 m?/g.

6. The composition according to anyone of claims 1 to 5, wherein the
photocatalytic particles are present in an amount of 0.1 to 25%, preferably 0.5 to 20%, and
most preferably 1 to 15% by weight (expressed in dry matter) of the total weight of said
composition.

7. The composition according to anyone of claims 1 to 6, wherein de-HNO;
particles include basic compounds.

8. The composition according to claim 7, wherein de-HNO;3 particles include
calcium carbonate, zinc carbonate or a mixture thereof.

9. The composition according to claim 8, wherein the de-HNOj3 particles are

present in an amount of 0.05 to 50%, in particular of 0.1 to 30% by weight of the total

weight of said composition.
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photocatal ytic titani um di oxi de and de- HNO3 particles
in aratio de-HNG3 particles/titani um di oxi de

wW@ar0bi031266 ranging from0.05 to 5, hi parti cul B€T/iB200m/002975

0.1 to 3, and nore particulagky from0.2 to 2. 11. The
conmposition according to anyone of clainms 1 to 10,
wherein the silicon based-nmaterial provides a
pol ysi | hlpBRiti UTRRRInE 0P BlaRAS P16 ONGheRin it includes
anyone 1@%@F§Fi§§8%ft1§%acic}?&&ger el’n tt(w)e szlli l'i con _ml
phosmeatlytiat etitamium ndiowites a@td | dabiNQs pparisies oxmn@ ratio de-HNO;
pol yner., 13,. The conpositi.on_.acc Lng to _anyone. of
e T g PR TeRHiRE GRECIPY g HguRiePE T 0 to 3, and
mOR ARRLBSE MmUtdle Ti O particles. 14. The
congggsiti n according to anyone of clainms 1 to 13, | .
wher ei rl 1t Ae gamppsities agsfording tmanyone of elaiprscls tont0, whergin the silicon

anpunt | ower. than 50% b i ght of the total weight of
b@%ﬁ‘aﬁa&ﬁgﬁ@i‘”{ ef‘)ﬁ.po%' l.o’ﬁ%lg\f\ﬁlghposi tion according to

anyone 19f TokabfpoditibR adebrding t@iyoné ef élaghs i, &herein the silicon

o&iganl c_binder. 16. The conpositjon according to claim
basei-matesiabingludpeatdeashapelysilowsae PPYMSE| ect ed from t he

group n tin . PO ' ryL £0R0 :

styr englfq’ ( ?\%’?hﬁogg?o;ﬂt}ogl Lé%/czé%adr}éé q‘i?éﬁlygﬁerrg? gctlnc oir 15 Wherein the
opab@@nhp bpent $€bdsed beanitag q@ragleTiOgparticlesmr ds at nospheri ¢

contam nants to a surface of a material,, ;said rretgod herein th

conpr i skfngbst qu%féslthnhé“é’f‘gﬁ% tranyone, of | claigys L w0 13, ‘wherein the

pa?ﬁcﬁpsoﬁf %} 94 %ﬁ %gé ﬁ_jrae{g&lt_t ) ﬁﬁmg&t%w%{ MaiB50b6 11y WBigANbP the total

e surtface o erial, and - drying or curing the
weightpefsaid compositiobt ai N an opaque coati ng thereon.

15. The composition according to anyone of claims 1 to 14 furthermore
including an organic binder.

16. The composition according to claim 15, wherein the organic binder is
selected from the group consisting of polyvinylacrylic and copolymers of
styrene/(meth)acrylic esters.

17. A method for imparting self-cleaning properties towards atmospheric
contaminants to a surface of a material, said method comprising at least the steps of:

- applying a composition according to anyone of claims 1 to 16 onto the
surface of a material, and

- drying or curing the composition to obtain an opaque coating thereon.



