BO7/ 0361 PC | Photoactive TiQ2 in coating materials Bo %%! tion The
present invention relates to a coating material conprising a east one

bi nder and at |east one photocatal ytically active particle, to a process
for producing this coating material andqto the use of this coating
material. 10 Coating materials conprising photocatal ytically active
particles are already known from the prior art. JP 11 181339 A discloses a
hydrophilic coating for netals, polynmers, concrete, 15 conprising
photocatal ytically active titanium di oxide particles. The titanium di oxi de
particl es dtwtoadies Ti( id BodtthgT&dt83@s A have a particle dianeter of 1 to 100
nm conprise particles of Sn02 and are silica and/or silicone coated. The

| ayer thickness of this coating of silica and/or silicone is not disclosed.
The coatd ng’§R&fR¥9Ml prevents soiling of a surface coated with this
material. A surface thus treated further has self 20 cleaning properties
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phot ocat al waé peéngt.sting of titaniumdioxide is coated with ceram cs such as
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secure the photocatalyst 30 to the surface to be treated. The process
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JP 11 181339 A are suitable for coating surfaces of buildings, window frames and other
goods.

JP 2006-18 14 90 discloses a coating method for coating materials. A photocatalyst

25 consisting of titanium dioxide, zirconium dioxide, zinc oxide, tin oxide, cerium oxide,
antimony oxide, indium oxide doped with tin, tin oxide doped with antimony is applied
with a nonaqueous solvent to the surfaces to be protected. In a preferred embodiment,
a photocatalyst consisting of titanium dioxide is coated with ceramics such as apatite,
silica, activated carbon, activated alumina or porous glass to secure the photocatalyst

30 to the surface to be treated. The process described in this document is complicated by
the necessity of having to apply at ieast two layers.

JP 2006-233343 discloses a liquid photocatalyst composition for coating textiles which
comprise photocatalyst particles having a preset particle diameter and a coating. The

35 size of these photocatalyst particles is 0.5 to 10 ym. In a preferred embodiment, the
core of the photocatalyst particle consists of titanium dioxide and the envelope consists
of silica. Envelope thickness and porosity are not disclosed for the photocatalytically
active particle.



coated with porous silica and having photocatal ytic pr 3 ~ The
conposition further conprises titanium dioxide pi grren an organic resin
bi nder. JP 11228873 A does not disclose the particle di arreters of the
photocatal ytically active particles or the 5 thickness of the silica |ayer.
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superhac?r #??ngag?aces are produced and whereby at the sane tinme the
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present on the coating material is degraded and removed by the coating material or
whereby superhydrophilic surfaces are produced and whereby at the same time the
coating material has a high resistance to light and weathering effects.

30 We have found that these objects are achieved by a coating material comprising
(A) at least one binder as component (A) and

(B) at least one photocatalytically active particle comprising a core composed of at

35 least one first substance having a diameter of 0.1 nm to 1 um and at least one

envelope at least partly surrounding the core and composed of at least one

second substance having an average layer thickness of 0.1 to 10nm as
component (B).
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30  dimethyldihydroxyethyleneureas, 4 5-dihydroxy-1,3-dimethyl-2-imidazolidinone,
polycarboxy acids such as citric acid and butanetetracarboxy acid. Polyacrylates useful
herein as component (A) are obtainable for example by copolymerization of at least
one C1-C10-alkyl {meth)acrylate, for example methyl acrylate, ethyl acrylate, n-butyl
acrylate, n-butyl methacrylate, 2-ethylhexyl acrylate, with at least one further

35 comonomer, for example a further C1-C10-alkyl (meth)acrylate, (meth)acrylic acid,
(meth)acrylamide, N-methylol{meth)acrylamide, glycidyl (meth)acrylate or a
vinylaromatic compound such as for example styrene. Preferably anionic
polyurethanes useful herein as component (A) are obtainable for example by reaction
of one or more aromatic or preferably aliphatic or cycloaliphatic diisocyanate with one

40 or more polyester diols and preferably one or more hydroxy carboxylic acids, for



exanpl e hydroxyacetic acid, or preferably dihydroxy caggeyskiscaci ds, for
exanple 1, 1- dlnethylolproplonlc acid, 1,1-dinethylolbutyric acid or
1, 1- di met hyl ol et hanoi ¢ aci d. Ethylene (meth)acrylic acid copol yners
particularly useful as conponent (A are4 obt ai nabl e for exanple by

copol ynmeri zatio f . eth ne, t h) acr cid an DL at e at
| east one fqﬁa{’rwger %X%r%%ﬁﬁ? aﬂ?f: %'%%6? ¥a roé‘y(flar%i)@ '%I"“?H% examﬁe
¢ met h) acr ylat-gjmethylelpropimivy agid dt - cirneibulobntyrloracmu ofyl, 1qlireethylelethaneiceacithl y by

copflhyrrer | Zahyleﬁb (%eth%%& aééia e&opo a%t"lﬂlfarlfyr g&afdPQst &ns&%nar(ﬂ) Rdréssur es
In e

ol ene. ¢ HEAHAE PP SXamPg g%&aa?'ywéw@“ﬁar? Y BRe, DeBrar2cieid asghtne ()
may compr i sappfaepriatex atrpleastupne dusiiern tombyomen gheh afs &rhpkamplei 61dbifedlirteri zed
formand hay@tda &gﬂak o Virp808! LiidickheishBngRe GF OUNGD 4EERks, ¢ redapO bR/ S

d f bl
Et hy! ene- (PRYEEMAIE aié?rap%raﬁlm?ﬁ& S ragectih, T8 7, 250 Co i pressHses BERL (A
may conpri gangefromxidpite 3600 aod ptefertably\2Hi0§Ho 2600 bam&raﬂmer(maﬂo)poﬂymcmd zed
form and %\5@1 ARr :ﬁﬂ&ﬁé%v féeﬂwars%ﬁndoneﬁtfm ﬁ%@%nfprnem&r etxgnéfé 09 N,

ref er ap)| refer rreasured
P 1600tV P'séh nslos it chopiiBRR RIS A HAveNe (b iskssty i s (Aod
parti cul ar | fyoru €@ mmar ‘dbmﬁ)meﬁts gné)preferabiit 100cmst/sdo&000 mphss, maﬂsuredvatt h at

| east one %@ggﬁrﬁr@n@ ﬁ"n'éﬁBQé}glld ECIQFH?)E)QIQHe?st Falftlﬁulﬁh)?rusef‘ﬁpﬁ’s"% oRent! (]W

exanpl e styrene-butad ene §° %Sr( se east " one n cal
unsat ur at ed"%’éF%R@ﬁelfer PAPPIBHP dp 987 weight %f(ﬁtrEVQﬂe | CQB?'Y%?S izediform @ad; ve,
for 20 exarhave armh&RRmMels flowdiatey iratny dangée fromn 1ctopb gftOmhine preferably 5 to

Co LA ST AR 61 018 e b g ol crc

I SDpr ene,
chl or opr ené”é“ﬁ@i’rﬂﬁrﬂ% with EM 0Oy 1833, &W&H%Paﬁbﬁh"?')&ﬁ?ﬂ‘l%ﬁ cRppqnent (A) of
et hyl eni caldtyeashsaé vinglaesnatizr it atl least aniecdnjugatddaierizoand if apprapiiate farther

suit abl e deédn%’o‘?m%@‘é?ssl tf&eré’a{%Fndlé‘ tﬁ%‘ﬁ bgﬁad?é?%”p:%uﬁdér”e&&% ey 'étgeéﬂtdonga' eic

acid, 25 itaconi acohi ¢ anhydri
further posaipenically upsaturated %B?’EYH? ﬁﬂf’é’f gicashoxylicacihera syltable desivativel fasat e
col or s,20ancexatiple elie m&b@mfd)hgblaﬁﬁﬁirﬂe Km osupolymerined Stsinh.| Pdrticalatipeuseful f or

extertor cqli okl 8" oahl BbhyishRald NIl L kalesn@Rll! SHLATS,

t echni cal raraecand. s ec a nerally

present in '%Un@sqf@r@nﬂﬁaﬁdoﬂﬁﬁ% aE® §gp@w)@b9h|9\i@pg€me 3"%6’?‘1“3@'%}/ ddating
materi al ofputéeny. PafRUIEND\USBHUI SthylehicuiBechsatirateyteardoxylicdidd eeditarbexylict hen

and nore. pradtas Pl B Sk ol FRldp f?rﬂgmﬁge ieiffecsit %c@e@ﬁléfc%. ohe.
Wien t4%e dtaéomﬁgacmtr@alelalarwdmdfeapd étaeenic janhediideot issfutBerdpessible m@rseor
appl i cati ongotadshiem u&&rﬁﬁquwnm fbs sma&é R, yari@r ﬁﬁtﬁért cugiorﬁaryammmg

]E ?Cn)?nl 2&) I {) 5% & Owg 55 ‘V& b%w\%qug%i e@nor &Jl?ors |P1{er|or cg\orsy coar{lngs for mé!'usttrlarlangl N9

appllcatlons technical apparatus and specialty coatings.

30 Component (A) is generally present in an amount ranging from 5% to 99.9% by weight.
When the coating material of the present invention is used for exterior applications,
then component (A} is preferably in an amount ranging from 5% to 99.9% by weight
and more preferably present in an amount ranging from 5% to 98% by weight. When
the coating material of the present invention is used for interior applications, then

35 component (A) is preferably present in an amount ranging from 5% to 99.5% by weight
and more preferably in an amount ranging from 5% to 98% by weight.
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having a di aneter of 0.1 nmto 1 pmand &t | east one envel ope at |east
partly surr & e core and conposed of at |east one second substance
havi ng a ness f 0.1 to 10 nm Conponent (B) is generally present in
the coati ng rraterl al of the present invention in 10 an anmount ranging from
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25 with I[UPAC), lanthanides, actinides and mixtures thereof, more preferably from the
group consisting of V, Ti, Zr, Ce, Mo, Bi, Zn, Mn, Si, Ba, Au, Ag, Pd, Pt, Ru, Rh, La and
mixtures thereof.

A particularly preferred metal or semimetal oxide present in the core of component (B)
30 is TiO,, which is essentially in the anatase form, i.e., preferably more than 50% of the
TiO, present and more preferably 60 to 65% of the TiO; present is in the anatase form.

The at least one envelope present in component (B) comprises in a preferred
embodiment metal or semimetal oxides comprising elements of groups | to XV of the

35 periodic table (in accordance with IUPAC), lanthanides, actinides and mixtures thereof,
more preferably selected from the group consisting of V, Ti, Zr, Ce, Mo, Bi, Zn, Mn, Si,
Ba, Au, Ag, Pd, Pt, Ru, Rh, L.a and mixtures thereof. Very particularly preferred metal
or semimetal oxides present in the at least one envelope of component (B) are SiO,,
Zn0, Ce0,, TiD,, SnO or mixtures thereof.

40



6 In a preferred enbodi nent of the coating material of Bb?‘i%@ileée”t

I nvention, conponent (B) has a core of Ti2 and an envel ope of Si02. The
photocatal ytically active particles present as conponent (B) in the coating
material 5 of the present invention preBerably have a narrow particle size
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di aneter of at least 0.1 nm_ I 5 referred enbodi nent, the anet er of
The core | <oPna.HS Morh g Pith ol the PRReRNN Al & HBRGATH RIPISCAIANG" (HqHs8S ange
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25 7 (A) in the coating of the present invention, is preferably less than 50% of the
photoactivity of a standard photocatalyst (Degussa P25}, more preferably less than

40% and most preferably less than 30%.

In a preferred embodiment, component (B) in the coating material of the present
30 invention is active with regard to soils and nonactive with regard to matrix materials.

The core of the photocatalytically active particle used as component (B) has a diameter
in the range from 0.1 nm to 1 pum and the envelope of the particle has an average layer
thickness in the range from 0.1 to 10 nm. The core has a diameter of at least 0.1 nm. In

35 a preferred embodiment, the diameter of the core is in the range from 1 to 200 nm and
more preferably in the range from 5 to 50 nm. In a further preferred embodiment, the
average layer thickness of the envelope is in the range from 0.1 to 5 nm and more
preferably in the range from 1 to 3 nm.



BO7/0361 PC 7 The porosity of the envel ope of the phoggepsgipéically active
particle used according to the present invention as conponent (B) can be
expressed by the ratio of the proportion of netal in the envel ope, for
exanple Si, in atompercent to the proportion of the metal in the core, for
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i ncl ude for sol - ge processes and the anme

synt hesi s &&:&gggogy%}ﬁ%ﬁgﬁ%@%g@ga are known to one skilled in the art.
15 Conmponent (C): The coating material of the present invention conprises a
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sul fate, zinc oxide ron_ox on bl ack,

e e ovitosbies Snd dRe TR SR BRGRsSE dodls P msii B kndifl] B BgRLaCE:

or azo plgnﬁﬂbdﬂ1m§@mukﬂlnone pi gment's, isoindoline pignents,

pht hal ogyani ne pi gnents, quinacridone pignments, perinone pignents, perylene
pi gnent s, thra u ne pigments, diketopyrrolopyrrole pignments, thioindigo
pi gnent s, %Q%Q]HERglgnents, tri phenyl net hane pignents, 30 qui nopht hal one
pi gnents and mixtures thereof. A suitable pigment is obtainable for exanple

as Ti Q2 i n tHeecdatihd hidtdral 8f thEprazeneiRteritioh compRE&d £pRRlent B BSRPdndnd (@Nifanmount
ranging from5%tp 30% by weight 35 and preferably in an anmount ranging

from10%t oapffW”B "wei ght. The coating material of the present invention
generaIZOy conprises 30%to 75% by weight and preferably 40%to 65% by

wei ght  of rmve&aﬁhg h&t@rﬁ%‘i‘%ﬂhb%@ééﬂ mTrEhﬁon' ﬁaay le% adyrsdﬂaab érits fRftir i ng
to all Consgﬂp}lca%onsknown tr(]) one %ﬁhe Ehe arttltr]m erred em%odlment fﬁe coating
material of the present invention comprises as component (C) at least one pigment
selected from the group consisting of titanium dioxide, barium sulfate, zinc oxide,
25 colored pigments such as iron oxides, carbon black, zinc yellow, zinc green,
ultramarine, luminescent or fluorescent pigments, or azo pigments, isoindolinone
pigments, isoindoline pigments, phthalocyanine pigments, quinacridone pigments,
perinone pigments, perylene pigments, anthraquinone pigments, diketopyrrolopyrrole
pigments, thioindigo pigments, dioxazine pigments, triphenylmethane pigments,

30 quinophthalone pigments and mixtures thereof.

A suitable pigment is obtainable for example as TiQ; in the rutile form.

Component (C)} is preferably present in an amount ranging from 5% to 30% by weight
35 and preferably in an amount ranging from 10% to 20% by weight.

The coating material of the present invention generally comprises 30% to 75% by
weight and preferably 40% to 65% by weight of nonvolatile constituents. This is to be
understood as referring to all constituents of the coating other than water, but at least



BO7/0361 PC 8 the total anount of binder (conponent (Pb)ﬁwg{p@ppropriate
pignent, if appropriate filler (conponent (E)) and polyneric assistants.
Component (D): 5 The coating material of the present invention nay conprise
a solvent as conponent (D), if appropri&te. Conponent (D) in the coating
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m Xt ures knﬂé‘%}/\ﬂ:ﬁgln5 swtagf?’\ég?i)éc’ﬂ[bn pr@éer'{tangp‘%{?%E %‘*‘%m it ap;oq%ﬂﬂfeeﬁlféed
embodi ment ,(cemeorsst (3h ang pely@atic assitamponent (D) is essentially water.
Essentlally here is to be understood as nmeaning that preferably at |east 75%
by wei ght 5{{}%{’ vaent Is water and nore preferably at | east 90% by
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fractions, liquid paraffins, glycols such as 20 butyl ene glycol,
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pr opyl O@yh 588’3}‘@'89‘?‘5%%%‘%{ cps"f{t%b%cfw th&pﬁ% nt SFFFF'%? °[5&/I gnepél ycol gnybut yl

et her, 2, 3- phenoxypropanol gl ycol esters and egcoI et her esters such as
butyl gl ycqh Agelered enftictirhriieme s@lv}éﬁpbresaﬂcasrtomw te(llj)ﬁ% eddenBalfivAter.

o ”E%ﬁéﬁrﬁaﬁxiﬂa”e'ei? e el A g B piahetabi o k&ﬁﬁS%ﬁgwée@ﬁoc;)

such as di nitha solysnt Isavaterandiinorst refepaithhal laass 90%r hbweighlyoct yl phosphat e,
2,2, 4-ty5 net hyl pent ane- 1 3-diol diisobutyrate and pol ypropyl ene glycol
al kyl phenyl ther and a t he manufactur

ng 0Cess, -
nonpol yrer i 2 e he 350 @'8%5'1”%@"}@5?'88&3%%%9@ Oac%{qdnfq i’??ﬁcﬁ&’r
assi st ant ifdemulation toninprowvairfiming, iro pedicsler attiew temperatiireg, trotheheolirse exided
use. Conpongbiessidy: ExbmpledS8Nbrgank Qél@ﬁ&ﬂtadd‘flﬁrﬂfcﬁ‘ﬁﬁmgmasélﬁﬂﬁﬂsnﬂref {OFHL. 1% to
75% by wer{gla 368 The I(1:oat| n ma} erj al oh f esen nve Lon &n’grl ses
at |east or¥dfqep[oons fuch a5 ragipns,; white) g %g'PPQt%afa H?sgﬁfc’?é‘d Bne
filler 20n tbhuylereaglyen, ethylene glycol, didtieylerer giyeoitandrprepylérenglyecleglitslyetivers t he
of fice of rRiRidadgfdde blityP et ! diefliichd §nBRMAGoETRHt &hél1-methoxy-2-propanal,
dipropylene glycol methyl ether, dipropylene glycol propyl ether, dipropylene glycol
n-butyl ether, tripropylene glycol n-butyl ether, 2,3-phenoxypropanol, glycol esters and
glycol ether esters such as butyl glycol acetate, diethylene glycol mono-n-butyl ether
25 acetate, 2,2 4-trimethylpentane-1,3-diol monoisobutyrate and the like, and also organic
plasticizers (organic liquids having a boiling point above 250°C), such as dibutyl
phthalate, dioctyl phthalate, tributoxyoctyl phosphate, 2 2,4-trimethylpentane-1,3-diol
diisobutyrate and polypropylene glycol alkylphenyl ether and also - owing to the
manufacturing process - nonpolymerized monomers, so-called residual monomers.
30 Film-forming assistant identity and amount is to be selected according to the intended
use.

Component (D), if present, is present in an amount ranging from 0.1% to 75% by
weight.
35
The coating material of the present invention comprises at least one filler as
component (E), if appropriate. This at least one filler in the coating material of the
present invention generally has the office of raising the viscosity of the coating material
(which is preferably to be applied in liquid form to the material to be coated) to ensure
40 good processibility.



(which is preferably to be applied in liquid formto tag7gepcal to be
coated) to ensure 40 good processibility. B0710361 PC 9 In a preferred
enbodi ment, the at least one filler is selected fromthe group consisting
of mnerals, for exanple inorganic salts9of al kali and al kaline earth
metal s, and also of the transition netals and the other netals and

sem netal s of the main groups of the 5 periodic table, for exanmple My, Ca
and/ or Si. IRy Riglered ambasiraent; theat least pae fllerfie pelBripd frophihe araup conpisting
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coating matetfatgl sdicon ioxide seipt Thenfillatsi ean ibg used asdodividpalnepmeprientsmin0% t o
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on the entire. d . | B can n 0
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65. For exdfpirdhe cpatirgyvaaterialedthe prgsent inventigrsaneknpwe to enersiiied isthg ait.on

pai nts fgpr exterior applications is preferably in the range from 20 to 60,

Co e, 25 {eTanatent IR ardsa ety 15 woRPES ! oY hbr e kBB O™
pai nt s haviagamountpagiog iftome A0%f tor 4/ i weightranghprefarably gangieg frosy 158%do> PVC

critical) faeeuewelght, Hiibab&®oh tHeedntire bating eehtéridl! ers, for exanple finely

di vi ded cal ci um carbonate or m xtures of various cal cium carbonates having
different particle sizes. Hi ding power, hue and depth of shade are

pref er adfl y Eheapigment volione sonegnivationcRVE of thel aoating oataniabofihel pfasehidngentisd The
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whi ch are fespecialiydindhe rapgp oy toAtdandBhesiicaly inthesrangefibm 3torf®ners are
a, p-unsat urated nono- and di carboxylic acids, for exanple acrylic acid,
25 To enhance hiding power and to save white pigments, emulsion paints having a
supercritical formulation (highly filled paints; PVC > PVC critical) frequently utilize finely
divided fillers, for example finely divided calcium carbonate or mixtures of various
calcium carbonates having different particle sizes. Hiding power, hue and depth of
shade are preferably standardized using blends of color pigments and fillers.
30
The coating material of the present invention comprises at least one pigment
dispersant as component (F), if appropriate.

Component (F} is generally a homo- or copolymer constructed from ethylenically
35 unsaturated monomers which are free-radically polymerized. Examples of suitable
monomers are a,B-unsaturated mono- and dicarboxylic acids, for example acrylic acid,
methacrylic acid, fumaric acid, maleic acid, itaconic acid, and their mono- or diesters
with aliphatic or aromatic mono- or polyhydric alcohols having 1 to 12 carbon atoms,
such as methanol, ethanol, propanols, such as isopropanol, n-propanol, butanols, such
40 as n-butanol, isobutanol, tert-butanol and cyclohexanol. Further suitable monomers are



met hacrylic acid, fumaric acid, maleic acid, itaconic ggy@asfme their nono-
or diesters wth aliphatic or aromati c nono- or polyhydric al cohols having
1 to 12 carbon atons, such as nethanol, ethanol, propanols, such as
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t enper at ur Ipkene n.al L.ac t LN C We terial
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wei ght, all_based on the entire coating material. Wen conponent (F) is
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weight. The viscosity of the aqueous solutions used as a thickener is generally in the

range from 5000 to 30 000 mPas, for example 15000 to 25000 mPas, at room

25 temperature. The thickeners can also be incorporated in the coating material of the

present invention without solvent.

When component (G) is incorporated as an aqueous solution in the coating material of
the present invention, then the amount of this solution, if present, is in the range from

30 2% to 20% by weight and preferably in the range from 8% to 15% by weight, all based
on the entire coating material. When component (F) is incorporated without solvent,
this is accomplished in an amount ranging from 0.1% to 2% by weight and preferably
ranging from 0.2% to 1.5% by weight, all based on the entire coating material.

35 The coating material of the present invention may incorporate as components (H) one
or more substances selected from the group consisting of water softeners, dispersing
assistants, agents for setting the pH, emulsifiers, preservatives, surfactants, foamers,
defoamers, polymers and mixtures thereof.



or nore substances selected fromthe group consisting Pﬁﬁfﬁggﬁscsofteners,
di spersing assistants, agents for setting the pH, emulsifiers,
preservatives, surfactants, foaners, defoaners, polyners and m xtures
thereof. B0710361 PC 11 Conponents perfidrnming the aforenentioned offices in
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example sulfosuccinic mono- or diesters.

30 Surfactants can be used in the coating material of the present invention to enhance the
compatibility of the coating material with the surfaces to be coated and/or to improve
the storage stability.

Defoamers are added if appropriate to avoid the coating material of the present
35 invention foaming up in the course of processing and/or transportation.

Component (H), if present, is preferably present in the coating material of the present
invention in a total amount ranging from 1% to 30% by weight and preferably from 2%
to 25% by weight, all based on the entire coating material of the present invention.

40



invention in a total anount ranging from 1%to 30% by per@hagiped preferably
from2% to 25% by weight, all based on the entire coating naterial of the
present invention. 40 BO7/0361 PC 12 The anmounts of conmponents A and B and
optionally C, D, E, F, G and/or H being12present in the coating materi al

according tt Qﬁo@ﬁt?}?%%dp%ﬁ@ﬂl&'lpgpé@ al§ C?‘pﬂo&é?@%,bﬁ, FW%' @%n?l%r HBeipg esent
I nvention also provides a process tor, producing’a’coating o he present

i nventi on, RipEntimthesastne maleriahpcenidingy thaaresentapyaniigniagdein fo) 1 OC/DPY (B),
(F), (§ awslgntr (H are mixed. Mxing in a preferred enbodi nent takes place
at a tenperature in the range from5 to 40C and nore preferably at a
tenperature in the range from15 to 35C. 10 In accordance wth the present

i nventi &n, teePrepent deventiey alseArpyides @ iprecesa fen rpaycing éd%?ﬂﬁ’i‘%ﬁf th@ﬁ)r?s%ﬂte

m Xfed Wi th imrmtiﬁmawmérginrr@drﬁpsdr@h?bet)oirm (hB)CumlSﬁ!alpgnop'rialg. g(;)b(aﬂ))or(E),t(IﬁiF_(GéI
surfaces t . coated with the coating, and are not applied to
the coati nga”%ég@f%rgﬁm% il after the coating material has been applied, for
exanpl e by spray coating, 15 to the material to be coated. In a further
preferred dYisipginarmrefeged demﬁtﬁa@fatt%@mﬁmﬁ@g"m Engg fram Sitfe
present i nvNCiand neote ppdferfadly dt haemperatoairmihgtramgd from d6tte 88°particle are

m xed the at |east one photocatalytically active particle is

i ncorporated as |ast conponent into the 20 m xture of the other conponents.
The presentni AcFOFAANGR WitR othgr BRESERLS ivVEPtiQm ethgs ehelpcatalyticallyt adtyennedieieal of

]E he pr esent{comparesnt (B) afeomixedadiihrte _&‘Bht&idf aterial lgsforieprodcedsing Oite Apeforentbeer i al s

or interi X .te [ Ihe

present 1 ndaCes B bk sREREE WA Me Bking? ST R hoPRRREA1Y e GRidd®, |
present i Ayaigfalamtikafier thneqating matenal has begryapnligd Aabexanenle S iseray®oatingl s f or
I nteri ors and texinateriarto bafgelatedat i ons in buil ding construction chem stry. 30
The present invention provides for the use of the coating material of the
present invention in applications conprising soil-degrading, deodori zi ng,

ai r - cl eani g, 2 {uether prefereashempodiagnt, @élggércpmppn@%@ﬁ et eeasiigl materiaingf thRd/ or
ant i f oggi ng)reéémmiv%nti&bé)&epﬁf&itW&bIﬁ’dtb&atalEﬁ@llP@@Wkﬁadidﬂa’%f’é hiwedarevindes f or
Cin

mter al o JeTBTEProREIER e paritid [nEbEBRR P KR CbiiBohdh: L "
mat eri &0, Ptk the ofher semaPRentsvat er - and ai r-cl eani ng

The present invention also provides for the use of the coating material of the present
invention for coating metallic, organic and inorganic materials for interior and exterior
applications for technical apparatus.

25
The present invention also provides for the use of the coating material of the present
invention for coating metallic, organic and inorganic materials for interior and exterior
applications in building construction chemistry.

30 The present invention provides for the use of the coating material of the present
invention in applications comprising soil-degrading, deodorizing, air-cleaning, water-
cleaning, antibacterial, superhydrophilicizing and/or antifogging effects.

More particularly, the present invention provides for the use of the coating material of
35 the present invention for coating materials selected from the group consisting of
building construction materials, packaging materials, water- and air-cleaning
appliances, wallpapers, plastics, interior and exterior lighting, devices, glass products,
household appliances, agricultural materials/equipment, tools, agricultural objects,
tableware such as dishware and cutlery, bath products, toilet articles, furniture, filters,
40 machine covers, vehicle covers, roofs, roof covers, roof gutters, window and door



appli ances, wallpapers, plastics, interior and exteriogotioggip®@g, devices,
gl ass products, household appliances, agricultural material s/equi pnent,
tools, agricultural objects, tableware such as dishware and cutlery, bath
products, toilet articles, fur niture, fiBters, 40 nmachi ne covers, vehicle

covers, r09 rQ&Bmﬁﬁ\%’eeﬁaﬁ’ts ﬁ-.%fbfr v%&l&?rrén ve\’M O\Qrﬂgrq? dgﬁéceméé Q:%ﬁt]a refs, 13

frames, ormetsl ve ehic
spaceshl ps, b'@éﬁﬁalni'%?@!/desml @%?b@a”ﬁ'ﬁt §@€5¢CF'§§S WaknaPes, Eb%l%lcé’ntr?'r wells, ¢
si gns, wal |pregrevousesiisilatomn] reflectidr Ipanels gssian baliss adlar i wistat Abatess, statbesect i on

panel s, SOl @hcsieldriuos O ol ot NBALEERrs ShAHHS Sund €83y LBATEHARor,

ventilators, air
| enses, orerésﬁanfﬂré?xéW@l a&segla%pwttcal 'elné%é-‘@meé%r‘ﬁﬂsa eﬂ@@ﬁé’”'@dﬁdﬁsd@ﬂﬁ for ens,
| ens for magnufactinngi semiserdueons ygisor helnfsts, smiasmselbaﬂges tesiss (wdvang and

textiles (vm,\é ﬁ?rﬁquatﬁQPﬁ@\ép‘S{&)parﬁg?%trcfb‘?fc}sp%ggr'g} e Srhéa’lthH&hﬁnen%soo”s

i mpl ement s I’ners, cabl e
sanitary proedienal gaads. sentainersy pipgs., %E'@ﬁ-fﬁaé't%ﬁ&ﬂuc@fa"ﬂﬁé oBr esent | nvent i on
is the use of a coating nmaterial of the present invention for coating

Lextil e TeubddEs o ierosass ity IRSENL of AXEHH Malhg of e fSserf 2! m

of the prese |nve on as neanrn extile
i nt er nedi atidveatian é‘?fd:oﬂt"ﬁﬁjtﬂ?@'?saﬁ@dﬂqsnmsth%ée&ﬁ Pﬂhésorﬁ%ﬁi‘ltlﬂfa’@ﬂmféafet dPef r om

which, as raglhl of3hd Prddentinvedtiort i@ tRPPAdEbtobd s triganing! fftile ORE, Stextiler
exanpl e Car.Rt%Frﬁea%&Q %EF*E% eo"réguhc??'sn& ﬁﬁﬂghéﬁma&g n?AnE‘f"chlﬁég me?ef%rﬁ g@ cW § for

I ndustrial "pur ures
exanpl e st d}'ﬂ”e%s telxt"ﬁééfl"r toe rapeargh wugt@crﬁl%cqwmﬁé for emrapﬂﬁma@etazan%@thqn nes,

stringst5 Caiopig toxtileBraadsiso Qéﬂll@bﬁ@bt@rbéa‘@r PHdOBisl pivpbsesl Mhebé kD ingEs as
T T aTPL Syrsfbels s AR sl Ao Mol sfbjes” SHVEYSHRARE 18T Ui

Texti |l es can ural or| cas ner e; wool ,

| eat her, f dilamergs, gfars, lines, @trmgglrﬁqﬂiagecthmaﬂs andalsp dhrgeidimensinal plougieres er |

pol yur et hangich rmflfdrl Eﬁdarrfm@|f¥|&5tﬁ6vefnl§0|fmﬂ%od?|tkﬁm heHWoveRns mhyamidi ol end
oniLtri.l e I n el al

fabric, pol e, _acetate p carppnat e,
bolypr oyt chitied sl b drinBiurR Sk, T Sama L. Sl cpdiifn g, Bool Balif B8R e
sense 0 t e Paxsentsyninetiet farnexamplae polygaitec pritastaralpolyirethanes emodifiedani c

material s gyhfesks, pcnyés@ért biEnd #dbrig! §§I§arfnldéetﬁlénd ‘féb'ri@o Bolyb&9IoRitrilEEpaoléfirber s
25 and glajs fi sent inve t|on

28 L aYedehlEr acaRd gl ibliaic, FBybRBBRET SoRUinkD RoBn85 oPh AMER | O e
i nterior sduicwfibenseTextigses, the gende ofrtbe pregepbinyentiamptan ka erganictraatedals or h,

shutters, pagsinoRARlChateriBRMich RCK paritldrYiiss ALRYS . caPbol fitfers, 3ﬂet%Uf|l§é?r§-SGS

wal | ca%r?B ts”d&i, tf CP‘ya&a mattress, blankets, toil'et seat covers, soft

fl oor f i WS 'f’l paper, rugs, clothing and filters. Exarrpl es of

textiles in the exterior sector are awnings, unbrellas, parasols, hot air

bal | oons, trixBRYih He sérdd bCthe Preésht invention can be used in the interior or exterior
sector. Examples of textiles in the interior sector are drapes, furniture, carpets,
upholstery, tablecloth, shutters, pads, baskets, bags, sacks, notions, toys, cloths,

30 suitcases, wall carpets, seat covers, matiress, blankets, toilet seat covers, soft floor
mats, bedding, wallpaper, rugs, clothing and filters. Examples of textiles in the exterior
sector are awnings, umbrellas, parasols, hot air balloons, tarpaulins, fabric covers,
garden furniture, tents, banners, flag cloths, artificial lawns, cordage, nets, sportswear,
flags, colors, sails, workwear, neoprene suits, roof covers, signage, concealers, circus

35 tents, machine covers, vehicle covers, fish pond covers, swimming pool covers and
technical textiles for nauticai, medical, industrial, aeronautical and leisure applications.



garden furniture, tents, banners, flag cloths, artificpggfiobgyms, cordage,
nets, sportswear, flags, colors, sails, workwear, neoprene suits, roof
covers, signage, concealers, circus 35 tents, machine covers, vehicle
covers, fish pond covers, sw nm ng pool 14overs and technical textiles for
nauti cal , (r?;gwg i ndustrial, aeronautical and |eisure applications.

BO7/ 0361 P anpl es: Exanple 1: Production of inventive wall paint |

5 Table | . Ingredient Function Parts by weight 1 Water Solvent 125.0 2
Anmoni um chxpamIgHaPsocﬁﬁfﬁoﬁlcgnMntdemrpmntI 3.0 3 Sodi um pol yphosphat e
Water softener, 4.0 dispersant 4 Amonia (conc.) pH control 2.0 Waterborne
conbi nat.i onl_ of chloronethyl 5 1-nethylisothiazol ones and N4O-fornal s
Preservati V@8 b ("Parnmetol A 26(r)', SchU ke & Mayr) Methylcellul ose, 20
000 nPas, |2% § . Thi ckener 130.0 solution 7 Universal benzine (1arlbgr
Sol vent, 1N® |Ingrediend; i ng assistant 8 Dii sGHOEYPNester of a dl‘ﬁﬁhhpx)
acid Sol v —17 Q mxrllrpfllmfnrmnn assistant Qﬂp\/l EQ3-H Loni ¢
surfact ant| 10.|0Vated Rutile titani um di oxi de| PPlABht 150.0 Cal ci uni250

car bonat e, 2bqUimrhanilinldolyachjise 30%0% CaCO3 itaﬁgn%ntﬁus@amaﬁrb 5 1GJ(r)3o OnF/)a)

iC

Pr eci pi t ated—gatectum—ecarbonate,—about—12—260 15 ﬂual partiete—{"Soct
2(r)", Filller,| s paitEkospRfle0 Sol vay) 13 %ﬁ PNy, 60% Si|oe, §650.0
MO , dlspersant
4 Ammonia (conc.) pH control 2.0
Waterborne combination of chloromethyl-
5 1-methylisothiazolones and N-/O-formals | Preservative 3.0

{(“Parmetol A 26%, Schiilke & Mayr)
Methylcellulose, 20 000 mPas, 2%

6 , Thickener 130.0
solution
. . Solvent,
7 Universal benzine (180-210°C) ] ) , 13.0
film-forming assistant
8 Diisobutyl ester of a dicarboxyiic acid Solvent, 20
mixture film-forming assistant '
9 Oleyl-EQ4-H Nonionic surfactant 10.0
10 | Rutile titanium dioxide Pigment 150.0

Calcium carbonate, about 12 um

11 ) © Filler, 90% CaCO, 180.0
(*Omyacarb 5 GU™, Omya)
Precipitated calcium carbonate, about

12 | 200 mm primary particle (“Socal P 2%, Filler, 100% CaCOQ; 100.0
Solvay)

13 | Tale Filler, 60% SiO,, 30% 50.0

MgO

Combination of liquid hydrocarbons,

14 hydrophf)bif: silica, ﬁynth. copolymers@ Defoamer 3.0
and nonionic emulsifiers (“Agitan 280™,
Miinzing)

15 50%, 100 nm @, about 1000 mPas, MFT | Aqueous dispersion of a 290
20°C (“Acronal 290 D®, BASF AG) polymer
Total 1000.0

Solid constituents based
Solids content old cons I u 60%
on total weight




Combi nation of liquid hydrocarbons, hydrophobic sili caﬁogmggh;ccopol ynmers 14
Def oanmer 3.0 and nonionic emulsifiers ("Agitan 280(r)", Minzing) 15 50%
100 nm 0, about 1000 nPas, MFT Aqueous di spersion of a 220 20C ("Acronal
290 D(r)", BASF AG polyner Total 1000.35 Solids content Solid constituents

based 60%—ontotat—wetght—BO/10361PC—15Rat h g‘ i’“i G Iv['frné"' Hre—+
filler voljune)| to PVC (pignent volune + fill E@/gp%?rﬂr’fé + di|spersion

volune) Tablg 1 indicates the composition oft fillafvolyaere | . The inventijve
phot ocat allyst |usggl was Ti Q2 in the anatase f ggigmeft Jden&@igersur rounglepgd | S by
porous Si Q2 as envel ope. The dianeter of the olols ,y\@g %rsiﬁ 20 nm the
t hi ckness |of |[the envelope was 1 to 2 nm ThEdM5unt 818" based on the
entire parfticle was 1.1 % by weight. The povedmey of the envellope was 11.9.
Thi s photocatalyst was incorporated in the wallT paint at roomtenperature
and a rel atj 10. hum dity of .50 to 60% . This inventive wall paint | was

bl ade coat e%%%gblngﬁf%gﬁg%c%ngqsgpgo & Ef"lnﬁlfe. The concentration of the
photocatal yst was 1 to 50 g/kg, in the present exanple 43 g/kg. The layer
was dried athelflventif® ehOBENBRS Ghed ARATIEY) i He shatd<er fofs AP dbge Wardurd@lNt s

were al so produced.each conprising.an addition of a_. 1h stapdard

Dhot ocatal Py BRI0s 25 EoRSI0Re, JrBHATREE Hehe Aot e 19 20 Breehiionss i yst
A wal | pai rthe ahvelene wasiti a2 pmoiTbe atreupisef Sidesed srotherentitecpatticle maa rtpl% by:
Decol ori zatyQiht! B SordSlty Bl thePd1ReRPE Masi g, of the produced wal | paints |
agai nst the dye of the wall paint was determ ned by determ ning the

phot ocat al yti ¢ decol ori zati on by UV-vis neasurenents. The total duration of
the tests thhisyphdtbgatalyst walsdincocroratiedin thedeatiqiaint iat eoomotermyferatine anall 4 rerdivert

under Uy i radiind dran 18690 TRRMVERtivel WS pathl | Wl Blhde E8RH@RMorkd's gk hod

described 25 in Ex le 1 were bl a%de %O{':lt ed ggo grq orgo I? al at%s substrate

and irradi SUesfrates ﬁﬂ%\;oncentratlon of the photocatalyst wa to 50 g/kg,”in the presen
example 43 g/kg. The layer was dried at 20 - 60°C between 0.5 and 10 hours.

Corresponding wall paints were also produced each comprising an addition of a
15  standard photocatalyst (Degussa P25} instead of the inventive layered photocatalyst.

A wall paint without added photocatalyst was also produced.

Example 2: Decolorization tests
20
The photoactivity of the produced wall paints | against the dye of the wall paint was
determined by determining the photocatalytic decolorization by UV-vis measurements.
The total duration of the tests to verify the photocatalytic decolorization of the wall paint
under UV irradiation was 6 months. The wall paints produced by the method described
25 in Example 1 were blade coated (90 ym) onto a glass substrate and irradiated with UV
light at room temperature for 6 months. UV intensity was 1.5 mW/cm?.

Blank tests were carried out for decolorizing the wall paint under UV irradiation with
addition of a standard photocatalyst (Degussa P25) instead of the inventive layered
30 photocatalyst.

Blank tests were also carried out for decolorizing the wall paint under UV irradiation
without addition of a photocatalyst.

35 The results are reported in Table 2.



light at roomtenperature for 6 nonths. UV intensity wg ,g %chz. Bl ank
tests were carried out for decolorizing the wall palnt under i rradiation
with addition of a standard photocatal yst (Degussa P25) instead of the
inventive |ayered 30 photocatalyst. BldBk tests were also carried out for
decol ori zi nlgibﬁehg wal | paint under WV irradiation wthout addition of a

phot ocat al 5 The results are reported in Table 2. B07/0361 PC 16 Tabl e
2 Vall paint sanple | Weligaintsapwple | on of sanpl ¢ Visialinspestiph of sample pai nt

| wi thout ¢aral ek SShmoRl AR Bale | ARG CByAD Vel| Rethinge WigHEeriotiraal d

phot ocat a| \LSE r\aﬂllecn Qar \whi d Stri nc | n—areen fa¥a nailn |

with invent W8N %:912[ PRt SSH atd Egotgghtagﬁqﬂ%ugga gﬁ én Q%?rdﬂ’h’tedﬁr&sdﬁgf‘%ﬁ'&st

Exanpl e 3: |Production of i1nvehtive al nt 5 Tabl e @lokmount in | No.

| ngr edi ent [Fumc — 1 Wt Sotvent—45 0 —HrghrTotecu] ar
hydr oxyet hyl cel PaRaRe [‘3’3’68’”5"% frgoatg 71, 5ok onio Tharjeao gredd, dolor3
Aqueous sodi um hydr oxi de BB‘Pteﬁté'MStZO% pH control |0.3 Copol yner of butlyl
acrylate and acrylic acid, 4 Pignent dispersant 2.4 dissolved I n anmonia
wat er, 30% s t ner, 0.3 dispersing assistant
Wat er bor ne %@i@ﬂ%éﬁg‘?\&% h‘ﬁgme tioﬁyﬁélﬁsﬁi'#r@t hyI | sot hi azol ones and
N-/Oformals Preservative 0.2 ("Pam etol A 260", Schul ke & Mayr) M xture of
f oam degt r opHBRO3 poI ysi | oxanes and 7 hydr ophobi c solids in pol ygl ycol ("Byk
0220" [kf GOlII I U- \J LDJ_yk G‘nlblll C}

Amount in
No.|Ingredient Function parts by
weight
1 |Water Solvent 45.0
5 High molecular hytj.iroxyethylcellulose (2000 Thickener 0.6
mPas for 1% solution)
3 |Aqueous sodium hydroxide solution 20% pH control 0.3

Copolymer of butyl acrylate and lic acid, . .
4 'p y . o . v ne acty Pigment dispersant 2.4
dissolved in ammonia water, 30%

Water softener,
5 |Sodium pelyphosphate . . ) 0.3
dispersing assistant

Waterborne combination of chloromethyl-1-
6 |methylisothiazolones and N-/O-formals Preservative 0.2
(“Parmetol A 26®, Schiilke & Mayr)

Mixture of foam-destroying polysiloxanes and

7  |hydrophobic solids in polyglycol (“Byk 022%, |Defoamer 0.3
Byk Chemie)
Anatase titanium dioxide enveloped with

g | naase tilanium dioxide enveloped wi Photocatalyst 12.0
Si0,, inventive

9 |Rutile titanium dioxide Pigment 10.5

Very finely divided aluminum silicate with 9.5%

10 Al as AlLO; and 8% Na as Na,O with medium [Fiiler, Al,O; 10%, 6.0
oil absorption and very high whiteness Si0, 80% '

(“Sipernat P 820%, Degussa)

11 Talc (*Westmin 30 E®’T Mondo Minerals), 12  |Filler, SiO, 60%, 3.0
um MgO 30% '

1 Mica (“Micro Mica W1® Norwegian Talc AIS), |Filler, Al,O, 30%, S5
34 pm S$i0, 50%, MgO 15% '




Anat ase titani um di oxi de envel oped with 8 Photocatal ysg ;,3361P§i 02,

i nventive 9 Rutile titaniumdioxide Pignent 10.5 Very PI nel'y divided
alumnumsilicate with 9.5% 10 Al as A1203 and 8% Na as Na20 with nmedi um
Filler, A1203 10% 6.0 oil absorption d@d very high whiteness Si 02 80%
(" Si per nat P-8286—Pegtssa)—+H—Fale " Yéstmr—30— e ——MopdoMnerals), 12
Filler, Si0g 663)&'“@. ‘E?rg?ﬁ%@b%% M“éab'(wiﬁaéti’g ﬁ“‘eﬁ@‘f’a 1045 e gi an Tal

AlS), Filler, |GU208n8@% 14 3.4 m Si 02 50% Myerki@aricesB07/ 0361 PC 17 15

Cal ci um canbo —1 3 (- Q o N = 0
Omwya) snal I1a)a§%|:8m| es Q@ag%%%ﬂt;n{%@?gg%@eé abgﬂlter_'l m{" yadarb Fpulger,
CaCCB 100% 249 @U%?) Quia) Orya) nedi um parti cl @edsgpatisgsnm 0, about 50
nmPas, MFT 4C Agqueous dispersion 17 of polyner |@glquasisdissergidn ([° Acronal | DS
62555', BABE /x%%eﬁ%?mﬁabgwtﬁoemBas.Mf% d%lc‘e of Ego\r onof%eicc corponent §7i n

Def oaner for' 18aganafds prssemigagrohGpi |, sili cofePEERELP % ("\Byk O. 038",
Byk Chemie) enulsion paints Total 150.0 Tabl eester aod stytense t he i ngredi ents
of wal |l paint [lxturEerARrEpHbbicImpanenisgst s W EI_In Wal T paint 1T | 5 Ihe
phot oactivii% of %/all .Rai rt. | 1. was cré_rgas.urz%ry [Defoamhdr fprai Nt was bl adg ctoat ed
(125 pm) ont® |RERRAGINETAf QY. SFeRg-comaping brghﬁﬂsiéﬂgﬁtsv\as il ade cB&{ed on
top using |the038¥hdByydihemag)ght. The filmwas dried for 7 days|in a
condi tioni N tHg@EPET- The wat i pal nt was activated for 257 gy 1T ggigat i on
in a Suntest dnstrunment (fromAtlas,_nodel 10 ICPS+ bl ack panel standard
75C, light intensity 765 Wn2, no filter). Dirt such as coffee, nustard,

| i pstick armhbwed Indisadskhevigreaiights efdwainshimtalt to soak in for 30 m nutes.

Example 4: Soiling tests with wall paint Il

The photoactivity of wall paint || was measured. The wall paint was blade coated
{125 pm) onto a Leneta film. After 24 h, a further layer was blade coated on top using
the same gap height. The film was dried for 7 days in a conditioning chamber. The wall
paint was activated for 25 h by irradiation in a Suntest instrument (from Atlas, model

10 CPS+, black panel standard 75°C, light intensity 765 W/m? no filter). Dirt such as
coffee, mustard, lipstick and wall chalk was applied and left to soak in for 30 minutes.
The dirt was wiped off with a cloth and then rinsed off with water. The sample was left
to dry at room temperature for 24 h and irradiated in the Suntest for 250 hours.

15 Blank tests were carried out to degrade soils under UV irradiation with addition of a
standard photocatalyst (Degussa P25) instead of the inventive layered photocatalyst.

Blank tests were also carried out to degrade soils under UV irradiation without addition of
a photocatalyst. The results are reported in Table 4.

20
Table 4

Selfcleaning properties (%
degradation)
Mustard | Coffee | Lipstick | Wall chalk

Wall paint sample Il

Blank sample {wall paint || without catalyst) | Soil remains unchanged on the surface

Wall paint 1f with standard photocatalyst

> 609 >60% | > 20% > 109
Degussa P25 o 60% ’ 10%




The dirt was wiped off with a cloth and then rinsed of gopokfgqpeter. The
sanple was left to dry at roomtenperature for 24 h an |rrad| ated in the
Suntest for 250 hours. 15 Blank tests were carried out to degrade soils
under W/ irradi ation W th addition of a1sstandard phot ocat al yst (Degussa

P25) i nst ead cat-at ySit— —Bhank—tests—were al so
carried out Y‘%é“é’étﬁl‘fﬁ Hgﬂé‘{elng‘?%ﬁg:éfcoét%d ?édl atgoon (W btmaUt>adai tiemoaf | a
phot ocat al yst. The res@hetocatalyst eported in |Table 4. 20 Table 4| \Wall paj nt

sanple Il Self-cleaning properties (% degradation) Mistard Coffee Lipstick
Wal | chal k Bl ank sanple (wall paint Il wthout catalyst) Soil remains
unchanged on the surface Wall paint Il with standard photocatal yst > 60% 1>

60% > 20% >Example Se GhalkingPst B07/ 0361 PC 18 Wall paint Il with inventive
Si 02- coat ed Ti2 > 90% > 90% > 95% > 30% photocatal yst Exanple 5: Chal ki ng

test 5 hal Ki f | 1 t La,t Kenpf hod. T
oot % B A S ey bl A R Be Pral RegBBRASS, |
a di sh vvi t Hawau &hin fpbotopaper wmm s shinyl surfaes) waist placeshirhaddismayvithi water feragder .

The phot Oparﬁﬁhte‘éﬁa%dRir%G%tH’\hér{ﬁhEaﬁng Qﬁéraddpﬁr "ﬁ%ée;ﬁhd%batpﬁﬁuﬁg%iacb& Wit thest ed.
A st anmper covered test was st rtgssed

I
with a formc,@e% Igg% P %ﬁag}e(ra SG’% ﬁ‘osetﬁﬁ'roﬁ'i' Wag Racedn B}%E@P AN
ti mes). Theoyemdgest qmtwahetn%wnwéda forde ph25(pNaivepapareawefsdrmel didmeterf t he

ng‘;sa“ﬂb dr 'pF‘éis do0A e’ﬁhér/]‘géﬁnst Fa {ri]vgga“rtrgéner@rdoﬂ @a%‘ﬂ@ﬁoﬁ%@ﬁ%%el@&ronmo
fi1ter) ford %P&Paﬁ and et SR serains Wisth €raiied Riaaunied matemebt Ao KIS
i nspect i on.mddel QR84 ibtegk paselbstsndma T5UN, Iiglhtalnlmsity)\mﬁg{\”m?ahef ilt€r) foradtobdl

p| gnment pargdd ga%gzp@h&t}gt(?mg h&ﬁﬁéﬁe fig.ticles on photopaper
= 23% of F%)l”gmant partic ﬁéan%&g%%éﬁ/eer% s 38% of pi grrent particles

on phot opaper 4 54% of pignent particles on phot opaper 5 = 74% of

pi gnent15par¢hﬂkimg;wemas¢us§e@apﬁ1efoBMingStbaie:t s were carried out for degr adi ng
the polyners by UV irradiation with addition

= 6% of pigment particles on photopaper

= 17% of pigment particles on photopaper

= 23% of pigment particles on photopaper

30% of pigment particles on photopaper

= 54% of pigment particles on photopaper

= 74% of pigment particles on photopaper.
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Blank tests were carried out for degrading the polymers by UV irradiation with addition
25 of a standard photocatalyst (Degussa P25) instead of the inventive layered
photocatalyst.

Blank tests were also carnied out for degrading organic materials by UV irradiation
without addition of a photocatalyst. The results are reported in Table 5.

30
Table 5
Wall paint sample H Chalking
Blank sample (without catalyst) 0
Wall paint Il with standard photocatalyst Degussa 3
P25

Wall paint il with inventive SiO.-coated TiO,
photocatalyst




25 of a standard photocatal yst (Degussa P25) instead ogp¥fgsipryenti ve

| ayered photocatal yst. Blank tests were also carried out for degrading
organic materials by U/ irradiation wthout addition of a photocatal yst.
-The results are reported in Table 5. 301%9able 5 Wall paint sample Il

Chal ki ng rf‘t!!‘c pt 11 with standard
phot ocat al yst w&gﬁggg Wﬁg?ﬁﬁllﬁ% al nté%tﬂ'\%nfwﬁ{élxﬁ'\?ée%nt Ive Si02-coated TiO2 0
'phot ocat al yst B07/0361 PC 19 Exanpl e 6: Production of an inventive coating
for textil eable 6 Pedajuetidh d?l‘rt@dilb:toanngd)f textile coating | No. I|ngredient

Functi on Amgpt wetr-ght—I—Watet —153—2 a2 CH20) 18H
Emul sifier Obnq)rﬁgiégi% by vvel ght sol ution of Ti(zyn\régg!;t I on Def oaner g

product of [hexanethyl diisocyanate with n C, BH37( OCH2CH2) 150H | H parts
| sopropanol/water (2:3 by volune) 4 Amonia ((25% pH control Pby5 Random
enul si on copol ynmer of (in parts by Acryl ate dijspersion 800 we gmah't et hyl
acrylate 7 butyl acrylate 15, acrylonitrile10, acrylam de 2|6,

met hyl ol acfyll afiV¥ader1. 9 are each based on tot alSob@ntds, wei ght | aver 452

particle dpamgter 180 nm detog&m (ﬁoh by Coul f{@@mulémemnt er, Tg 9C, 2
s*content 51%

nol ecul ar ywei ght = 5000, SO\|JV2
0 0 i

3 51% by weight solution of a reaction Defoamer 3
product of hexamethyl diisocyanate with n-
C1gH17(OCH,CH,)4s0H in isopropanocl/water
(2:3 by volume)

4 Ammonia (25%) pH control 2
5 Random emulsion copolymer of (in parts by | Acrylate dispersion 800
weight): ethyl acrylate 70, butyl acrylate 15,
acrylonitrile 10, acrylamide 2.6,
methylolacrylamide 1.9 are each based on
total solids, weight average particle
diameter 180 nm, determined by Coulter
Counter, Tg = 9°C, molecular weight =
5000, solids content 51%

6 Titanium dioxide Pigment/photocatalyst 28
7 RoMon R Thickener 12
A
Synthetic thickener composed of copolymer

of 85% to 95% by weight of acrylic acid,

4% to 14% by weight of acrylamide and
0.01% to not more than 1% by weight of the
(meth)acrylamide derivative having
molecular weights in the range from

100 000 to 2 000 000 g/mol, in each of
which the R’ radicals can be the same or

different and can be methyl or hydrogen.
Total 1000




6 Titani um di oxi de Pignent/photocatalyst 28 7 R H H Rgo7lasgteger 12 OO0
Synt heti c thickener conposed of copolynmer of 85%to 95% by wei ght of
acrylic acid, 4%to 14% by wei ght of acrylam de and 0.01 %to not nore than
1 %by weight of the (neth)acrylanide @6rivative having nolecular weights
in the ran f: : I anl a&h_lf 1.C

radi cal s Cglﬁ\eﬁé%%n?gg%ggag%@stﬁfs% 9 gﬁ%ﬁﬁoghﬁﬂ%gﬁh%ggnet mlth%}e@ﬂﬁyg?ﬁ}@g&Tot al
1000 BO7/ 03w Paseys S Asenvalpent Thedigmstes chtha e Wﬁe?&’-%l%%mﬂfﬁzth'ichnetsﬁé’f

anat ase f orthe ienvédlbpe was d,tomm olinel ashoubtyof(Birmassd Bn Qe astirerpaetiopwas Te%

di aneter ofp,t ore was 20-30 nm the thickness of the envelope was 1 to 2
nm The amﬁnt % "Si based on the entire particle was 0.9% by weight. 5 The
phot ocatal yst was incorporated into the coating material (stirred for 20

m nut es at THdl photdoataiyst whSGcarparitedrictocthe lcbatthgwnbterial (strédfdr @0amihetekidte

cotton twyl ' . | S
Gried at - 1qPEpar Jsbq et Rled b ke IR IR Cothritil THE BKEssHES, ¢
wer e carri d8e S98ting was &RiMm-ofheotayer was siisd At p\ast 6 dat 41 Risutes sl wgd @) |
Bl ank t est s158eC ¢oradd mimutedr ri ed out wi t hout photocatal yst but with addition of

a titanjpum dioxide pignent in the rutile form 15 Exanple 7: Production of
i nventive coating for textiles Il Table 7 Production of textile coating 11

No. | ngr edi®@#k teatsovare garkgd @ut with adgitien of a #gndajd phetocatalygh Dlegussa 3R 128

Blank tests were also carried out without photocatalyst but with addition of a titanium
dioxide pigment in the rutile form.

15
Example 7: Production of inventive coating for textiles Il

Table 7 Production of textile coating Il

No. | Ingredient Function Amount
in parts
by
weight

1 Water Solvent 128

2 O(CH,CH,0) H Emulsifier 2

O\J\/Oﬁ
3 Al(OH)s, Al,O3 Al{OH),, Al,O, 80
4 Ammonia (25%) pH control 2

5 Random emulsion copolymer of (in parts by | Acrylate dispersion 700
weight): ethyl acrylate 70, butyl acrylate 15,
acrylonitrile 10, acrylamide 2.6,
methylolacrylamide 1.9 are each based on
total solids, weight average particle diameter
180 nm, determined by Coulter Counter,

Tg = 9°C, molecuiar weight = 5000, solids
content 51% by weight

3] Titanium dioxide Pigment/photocatalyst | 40
7 Polymer based on: Fixative 5




2 OO(CHzCHzO0)1,H Enulsifier 2 6 3 Al (OH3, A1203 Al(

Hbproseie

3 80 4

Ammoni a (25% pH control 2 5 Random emnul si on copol yne arts by
Acryl ate dispersion 700 weight): ethyl acrylate 70, butyl acrylate 15,
acrylonitrile 10, acrylam de 2.6, mnethholacrylamde 1.9 are each based on
total soli gs—wetght—averagepartiete d.aHCLc. 180—+hm—determnedby
Coul ter Coynter, Tg = 9C, n'BLQ@LL/aﬁ wei ght = 5000, solids content 51 % by
wei ght 6 Tijt anilum di oxi de Pi gmant/pﬁot ocat al yst| 40 7 Pol ymer based on:
Fi xative 5[B0710361 PC 21 HO Y~0--~OH NHz' NXN HIN N NHz HO H8 RL HH
R Thickener 8 |110If O Synthggfeythi ckener conposed of copolynef of 850to
95% by wei ght of acrylic acrg%\ /%)to 14% by weijght of acrylam de and 0, 01%
to not nore than 1 % by wei, NOof"NHhe (et h)acryl am de derivative having
nol ecul ar weights in the range from 100 000 to |2 000 000 g/nol, |in each| of
which the|RL fadicals can be the same or different and can be| met hyl lor
hydr ogen. 9 D sodi um 4- (oct aH&%Pam' no) - 4- oxo- 2- Foaner 2 sul fonate
butyrate, aqueous sol ution, ds content 40%|by wei ght. 10 Amoni um
stearate Foaner 33
8 R’ oo R Thickener 8
A NN H\
g
Synthetic thickener composed of copotymer
of 85% to 95% by weight of acrylic acid,
4% to 14% by weight of acrylamide and
0.01% to not more than 1% by weight of the
(meth)acrylamide derivative having
molecular weights in the range from
100 000 to 2 000 000 g/mol, in each of which
the R’ radicals can be the same or different
and can be methyl or hydrogen.
9 Disodium 4-(octadecilamino)-4-oxo-2- Foamer 2
sulfonate butyrate, aqueous solution, solids
content 40% by weight.
10 | Ammonium stearate Foamer 33
Total 1000

The inventive photocatalyst used was TiO; in the anatase form in-the core, surrounded
by porous SiQ; as envelope. The diameter of the core is 20-30 nm, the thickness of the
envelope was 1 to 2 nm. The amount of Si based on the entire particle was 0.8% by

weigh

t.

The photocatalyst was incorporated in the coating material (stirred for 20 minutes at
Ultraturrax 1500 rpm) and applied with a knife to a textile (cotton twill). The thickness of
the coating was 1.0 mm. The layer was dried at 110°C for 3 minutes and at 150°C for 5

10

minutes.

Blank tests were carried out with addition of a standard photocatalyst (Degussa P25).



Total 1000 The inventive photocatal yst used was Ti 02 pggr7jgigqpeatase formin
the core, surrounded by porous Si02 as envel ope. The dianeter of the core
is 20-30 nm the thickness of the envelope was 1 to 2 nm The anopunt of S
based on the entire particle was 0.8% by2 5 wei ght. The photocatal yst was

i ncor por at L. the i |t er | (g f ] raturrax
1500 oy SAAMG IS R Sl B A wriel R o8 B 2P B = ot

t hi ckness ofioxXidehpigmeat infie Wéile om0 nm  The | ayer was dried at 110C for 3

m nutes and at 150C for 5 10 minutes. Blank tests were carried out with

addi tion ofga standatds O%ﬂgﬂgﬁ%ﬁ;&%@ﬁgggﬁ%gg&. BO7/ 0361 PC 22 Bl ank

tests were al'so carrie 6ca yst but with addition of a
titaniu® dioxide pignent in the rutile form Exanple 9: Photoactivity of

coat ed tei<tTHes'pr$cm=sécm9isﬁ§%I ob tHeh mveitivieoRdgtile \bobiiRss ||Oémq Newéraveséinited extthee

n . r I . 1 en
bl ue oot ut | Rooligeth S o e FE el bAubalf gt REhBhe BlieCiol B i 0°
10, 25 and crogemrations ofdPe 28 Andi QP wroollhwers aprligdsigr thacewatsd syréacet dxthel e.
ITEtee; glxt i | gexthé!STHRORKIRE )th@?ﬁafbd&ﬁé‘&inﬁ@:ﬁ daké @fﬁcﬁéttéﬁimtuv lh@htl(ii | ﬁntérﬁditgh;[Na .
obser ve@yvilgahv;éymé\{igﬁg @Fﬂgﬁzaéﬁﬁﬁtﬁ}eeré%ﬂ@ﬂ? §Tuga$' gi‘%‘% OE%F R@g v é’%@f ‘g¥e?ze t he

met hyl ene BiM@& by UV irradiation with addition of a standard photocatal yst
(Degussa P25). 15 Blank tests were also carried out to decolorize the

a1 ani am AP0 TR Dpls EEeF o T oltriol e B ARG bRy b FE S "
conpl et e deasslitioniof atstandancophmiedatalyst (Deayissa P26D pnol /L MB sol ution MB
solutiom MB solution Blank sanple (textile coating Il wi thout 5 days 10

days Not c lete hot ocat al yst), decaol ori zed extile copat| Il . with
CCandard caang Rt wals 28 Ak Baloie Befpfia fiEymeiihe Su R W et o
Textil e coawitheyt photogatalyst ntws with\agdition ofia tinhou dioxige migstent igheputde faresd Ti O2
phot ocat al yst

Textile sample Time to complete decolorization
10 pmol/L 25 mol/L 100 umol/L.
MB solution | MB solution | MB solution
Blank sample (textile coating Il without | 5 days 10 days Not completely
photocatalyst) decolorized
Textile coating Il with standard catalyst | 1 hour 5 hours Not completely
Degussa P25 decolorized
Textile coating H with inventive 1 hour 3 hours 6 weeks
SiO,-coated TiO, photocatalyst
Textile coating | with inventive 7 hours 3 days 9 weeks
SiO;-coated TiO, photocatalyst




Textile coating | with inventive 7 hours 3 days 9 weekggrfdagipgoated Ti Q2
phot ocat al yst B0O7/0361 PC 23 W claim 1. A coating material conprising 5
(A) at | east one binder as conponent (A) and (B) at |east one

photocatal ytically active particle conprddsing a core conposed of at |east
one first substance having a dianeter of 0.1 to 1 pmand at |east 10 one
envel ope atweeczfaﬁlln. partly surroundi ng the core and conposed of at |east one
second substance havi ng an average | ayer thickness of 0.1 to 10 nm as
conponent (B). 2. The coating material according to claim1l wherein
conponent (A) i& co&ingahdrialkbmipfisinyt he group consi sting of water- and/or
organi c im vent - based pl astics dispersions based on nonpol yneric
crosslinking systens, acrylates, caprolactam vinylcaprolactam

N-vi nyl f or mani déd) aétlppstonedingdes as soyipensnt #kand ¢ esters and vi nyl

acet ates, pol yurethanes, epoxy resins, alkyd resins and m xtures thereof.

has a core of iﬁ%oe”gfa%ra&zine‘é‘re‘ih&iéo%k%%%%ﬁé&fe”Bf?_ﬁc?%sgre%@ﬁq‘?g%ﬁ%’é‘%%;«%% o
accordi ng to cl ai m 8f giHeast one firsé sybistancehawingadiamptey of & 1ted pnpandakieasie
form 5ig The coati ngn&ehwiiop atasso paitly Guirdurding BB of arfid\Corspored®f at Ibast4
conprising as conpo?lentﬁ:‘(n aét I eg t?olrjle pi Imentl gelaﬁ,ct eﬂ? rq%)h_leo Qr.oup
Consisting of titamieRreng.Ratangs Py 2niavarRDe v diskiess o O &

pi gnents, carbon bl agkomponant ). yel | ow, zinc green, ultramarine, |umi nescent
or fluorescent pignments, azo pignments, isoindolinone pignents, isoindoline

bl Grent s, peryi s SruRemal Al Bkckaind b 1l IR, S5RaPRen DE) o7 SPBRR: of e
pi gment®, t hi oi fiergthepgrpupncensistitigogb ater- panghernveganicr isphemtytiased hpiastics
el o accor Lo doRe, RRS=CUE DCFyBTart LOtRALE) dhend, Reiden; 00,
active with regﬁq%‘ﬂ?gla@o%(’i@%ﬁﬂréj%mc r‘wﬁ&ﬁ"ﬁ?“ﬁ%’g%%"’t St Fﬁ’%emiﬁ al s.

esters and vinyl acetates, polyurethanes, epoxy resins, alkyd resins and mixtures

thereof.
20
3.  The coating material according to claim 1 or 2 wherein component (B) has a core
of TiO, and an envelope of SiO,.
4. The coating material according to claim 3 wherein the TiO; is essentially in the
25 anatase form.

5.  The coating material according to any one of the claims 1 to 4 comprising as
component (C) at least one pigment selected from the group consisting of
titanium dioxide, barium sulfate, zinc oxide, colored pigments, carbon black, zinc

30 yellow, zinc green, ultramarine, luminescent or fluorescent pigments, azo
pigments, isoindolinone pigments, isoindoline pigments, phthalocyanine
pigments, quinacridone pigments, perinone pigments, perylene pigments,
anthraquinone pigments, diketopyrrolopyrrole pigments, thicindigo pigments,
dioxazine pigments, triphenylmethane pigments, quinophthalone pigments and

35 mixtures thereof.

6. The coating material according to any one of the claims 1 to 5 wherein
component (B) is active with regard to soils and nonactive with regard to matrix
materials.

40



40 BO7/0361 PC 24 7. A process for producing a coati ngogﬁ Els%ng to any one
of the clains 1 to 6, which conprises conponents (A) an H ei ng m xed.
8. The use of a coating material according to any one of the clains 1 to 6
for coating netallic, organic and inor@dnic materials for interior and

i i i inbuildi . i hemn . 9. f
coat i ng. marler | o PiatEss dppdthe Y SRuRGTab g Bl 6% Bt ik gims Dot '
textiles. 10 10whithgomprsasicompeoents iy ans & baingawxes-di ng to any one of the

claims 1 (@6 Mo w6t laNGodiRhThatefial SBRIMGE te3fly IAE! AL ColdiRlsof haleSrol Of
interior and exter.ior %ﬁﬁ%l lcati.ons for teg
n

nical. apparatus. 11, The use of
a coating mat er59INg 06 PreYGrRNConEPrgang h’@aéf'agrrgorl"{t?f'oé pRd eperior
appl i cati ons coapplicationg irslowikdingepnsidictign ctemstryi zi ng, ai r-cl eani ng,
wat er - cl eani ng, antibacterial, superhydrophilicizing and/or antifogging

effects. :
9. The use of a coating material according to any one of the claims 1 to 6 for

coating textiles.

10 10. The use of a coating material according to any one of the claims 1 to 6 for
coating metallic, organic and inorganic materials for interior and exterior
appiications for technical apparatus.

11.  The use of a coating material according to any one of the claims 1 to 6 in
15 applications comprising soil-degrading, deodorizing, air-cleaning, water-cleaning,
antibacterial, superhydrophilicizing and/or antifogging effects.



