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al so contai ns Ropaque U E. 2 XAMHLE Z: COATI NG DURABI LI TY TEST
Coatings 1-8 are tested tbr] durdBifity ™y preparing coatings on
stainl ess steel panels and ‘exposi mgnthem to si nmul ated weat heri ng
conditions. In a weat heri ng machi ne. The anount of weight that the
coating | oses duri &?n the 2% exposure |s a neasure of its durability.

. The stainless g 'b‘éff@‘l‘@b?"}fioi" 2096, ahehR1 ndrRaare Eide @lky! onaryl aretipghed
to 0.0001 g bef dma!reamlRaértdmz radiglid a?@.hlkﬁﬁroaﬁs (6, Rathii! ethyl, Ipmpynbdy, der

to calcul ate the.aygi og{y,)t% uﬁé g ! |hw%®! ﬁ eﬁ& é’ é any

conveni ent neans i ncI udl ng  brus spin iral

rod applicator. JE3PS (& the '§\§¥? 3(‘)03 g@klib‘o@ea b:Phwhtl@hL xyhe dry
filmthickness nsphthyhidighiehy) bralkyihgrousn@e gof bakkyl, Phasyidiyh/ g,l;ysof the

The coati ngsgoarﬁ, fnb ok r

Vet hor omoter S AL Sees vl soedF SEalie oA BaUeala e bl
Devi ces, Chicag EN) 3 ﬂ "S%Lﬁ%.qsswﬁ' B@@%\M‘)@@h cyangk 0 gEeHpSt i Ng
0.5 W mg -10- substituted with or containing, for example, amino groups, ether groups (-0-),

carbonyt groups (-CO-), carboxyl groups (-COOH).or sulfonyl groups {-S0z-) (e.
g. , chloromethy, trifluoropropyl, 2-cyandethyl, 3- cyanopropyl).

25 Suitable polysiloxanes Include Siires® BS 45 (a product of WACKER-
Chemie GmbH).

The amount of sllicone compound In the coating composition Is preferably
0.05 to 20 percent, and more preferably 0.1 o 16 percent, by dry weight on the
total weight of the coating composition. An organic polymer may be optionally



U at 340nm The bl ack panel tenperature Is 63t, water spray Is
applied for 18 mnutes out of every 120 mnutes, and there is no dark
cycle. The results are shown in Tabl e The results
denonstrate that coatings.based on pol yslioxane are nore durabl e than
t hose based on a conventional styrene acrylic polyner (Arconal 290D).
It I's also shown that the addition of styrene resin hollow

m crospheres (Ropague Utra E) resul-ts in nuch | ower percentage

wei ght | oss over a9gefdnpgditionoipyhs silicenmempauwdy Sultable organicpolymsrsiagiudg t o
t he . conventi onalacsilie/ palyisers) Polylihy apstysrand Wbmme@ AdrflicTpaliners

Coating # 2l 4Guh ity Aiing 7Sl Sk O U8l O
hol | ow nt cr ospher°é§¢'3”E)951K’H'l"_j ethayyliepa WESWPHE“@OB’&@WPS/ SW“W'P ngs

1.-8 is deterrs negkirgy neasuri ng the scattering Is coefficient

(measured in m'Is-I) al \[ € epar dravvr

coating with a spiral h\g/\)/ou%{I S +?°sm or°f g‘lr;r E?g 'ﬁgg cI 8%{1””%%1 98'%8?
film (having a . perfi¢les nE@deN@OPW’ﬁ&@fWWrMW* that is capaplefaf Famoving
t hi ckness of apprremm&eénea%mb;r@msd phbleeatsipfchipFomness of the

coating are neas red l.or ew s ecto onet er,
fi I’S![ \9/]\,1 th the frul m i°H l?ng%g ?ea'é'ﬁé?/\f?rhg%fe'ﬁﬂ@ebaf'f’?/é@m\év% ggrg ap,
contact with @ binselbld carbonalesctichy ps icalclim wembratd, zing cathdaatd) gbageesiunt he
paint filmand tBgfpdraleCaktly mBiRbs iHakkof @Fh?érétﬂg Y gaHNb %%‘aﬁcl%‘é rn@ru&.he

roduct of Shel | CAHERPEBnElE: The stoint e sINGRpaiER o fnszaing eorpation
coating Is then id prafernbly &D5blp 40updrcanty anditmosen pafesblyod. | p:armtpeicbrit,rrbpf
appr oxi mat el y L8R (bRESA%P maﬁé})&@wett&%v%%ﬁ?ofﬁf est@ge&% (£h the

refiectances are coa strate Is

then wei ghed ¥o wi t h q‘i°ﬁ"rﬂ)°‘ °‘ia?’>¥‘heﬁﬁt‘9’°érfbi?@wr¥(fm he
substrate' by I rﬁmwrﬁcm@:ﬂdrefﬂmegHmmmmmdamhmomem of the
pol yester filmis depgyr %Wcotﬂﬂb@lﬁﬂi b Ré ﬁﬂ%o@%&&’%@rﬂpés@?s nahts

| s the wei ght of the fi |c ne coatrngrs
det er mi ned from" [’ V\'Ef"ﬁﬂ ereﬁ t%%@%‘r 93 micrgpherss a’(%%"?i’éﬁ@?‘f’?/a‘ﬂf t he
coal i ng. The scdynicshy igve @ef éulside diapeter of tidsenthara 10 Ulnat efrefesblyg the
Kubel a- Monk  efiuatiiodphered h@ver é?ﬁid*sh% d?aﬁﬁte?llﬂ%%h '3f J@f&&u{fm m aboa-the

resul ts denonstrate that tion oxane an yrene
resin hol | ow m &% SI0ET 8 e[?ﬁﬁ'&’ﬁg‘carbg (07 %E’@Pg‘g Fi‘ §“§*?béerﬁt3f'?'@a?ﬁ'"9

i ncrease in opmme)hoﬁmwmhenicmsphsrpsmm fedysieing poli-aenaintedio] andal
styrene acrylicg S BV

SCoat'ribs 1-4 a g&}«: %?g(?w{‘ er}érgﬁabr I>§A¥ Eagﬁﬁ"’em%%‘“tﬁ’e

fol | owi ng procea‘?ﬂ"é’a’ REfSEdnt fil ns, prepared as in Exarrple 3, are
first irradiated w tSoitdblebstybbn® reshl muovBr&Emp}fem’s intluda YRepatmehOitra-E (a
filtered Xenon €5odarmt er C 66A) before
carrying out th“otguemsw‘sﬁ%?&d(}ﬂahﬁr; ?fva'tées of Increases the
activity of the coat/Mgoowrtef smea%\/*@"w@fm&%&@dh%mnm is 10
The NO, that i spretedly (1% e20% pérsenk, aindfbost prf&ablpP b 15pefdeht; BEREIGHYT Xed
with an equal V@k&@?se@fn tfH(Fnaﬁér) oﬁ%t%‘%’ﬂe@h{& tﬁe%oﬁfnégo@%g pb NO. NOx

i s measured using a_Nonitor”Euro es Anal g/zer
For the NO rBasur entift Soatingcompafiasofythg inyentins, %!FQ&&O‘W"{SH*’ agsalygn

fluorescent tubSuitabibcviventst ipciids WhwlR ddVoiganit Reiverangel af mAed-sodd nm
15The paint fi |d?5h'§6§621' & \L'&erparﬂcﬁdofg&ré Q@vén?sbva@?aag@%rhr&{ b&l%@cﬁlwt rogen

oxi des anal yzer qu da seal nto
the test chanbe?’ HhEERET| Hﬁ?’%Pa'Wfaﬂéprﬁwei'Wef ?Féa'&?rﬁ'mé? beigg

anal yzed. The Wyovaapcdalestdnboricoieseidg eoveatsd t he irradi ated sanple Is
allowed to reach equilibrium (typically up to 3 mnutes) before the
final value of NOx in the chanber Is'analyzed. The % NOx renoval is
calculated by the (initial value - final value)/inifial value 100.



3* 4 5% * 7* 8% Tione 595 (wt.% 14.58 10.29 12.62 8.91 14.58 10.29
12.62 8.91 PC 105 (wt.% 9.71 6.85 8_§2594971685842594

Snowcal 60 (wt.9% 9.84 6.95 19.88

The coating composition of the Invention may optionally comprise other
compounds, provided such an addition does not compromise the shelf life, UV
durability, or depolluting properties of the resulting coating.

Examples of such additional compounds include filler {s) like quartz,

5 calcits, clay, talc, barite and/or Na-Al-silicate; dispersants like polyphosphates,
polyacrylates, phosphonates, naphthene and lignin sulfonates; wetting agents
like anlonic, cationlc, amphoterlc and non-lonic surfactants;.. defoamers like
sliicon emulsions, hydrocarbons, and long-chain alcohols; stabilizers llke mostly
cafionic compounds; coalescing agents like alkali-stable esters, glycols,

10 hydrocarbons; rhEOIogical additives like celluiose derivatives
(carboxymethylceliulose CMC, hydroxyethylcellulose HEC), xanthan gum,
polyurethane, polyacrylate, modified starch, bentone and other lameliar silicates;
water repellents like alky! siliconates, slloxanes, wax emulsion, fatly acld u salls
.and conventional fungicide or bloclde.
15 Of course, none of the additives should be saponifiable or otherwise
unstable to the alkalinity of the finished coating (pH values about 7.5 to 1 0).

A photocatalytically active coated substrate is formed by a process which
comprises -depositing the coating composition on a substrate materlal by
contacting the surface of the' substrate materlal with the coating composition.

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

The coating compasition after the application onto the surface of the

25 substrate is then fixed, generally by drying or curing to form an organicfinorganic
layer, generally in the form of a thin film. The term "drying or curing” used herein

- means that the binders contained In the composition, according to the present
Invention, are converted to a fiim. Preferably, drying is performed by air drying.
Advantageously, the forming of the cdaﬁng does not require thermal treatment at

30 high temperatures, e.g. 50-450°C for several hours. _

- The coating composition of the present invention may be applied on the
surface of various substrate materials. Suitable substrate materials include, but
are not limited to, metals, ceramics, glasses, woods, stones, cements, concretes,
and combinations of the above materials and laminates of the above materials,



14.03 9.84 6.95 19.88 14.03 3% Natrosol 250MR (wt.% 16.63 11.74
16.67 11.70 16.03. 11.74 16.67 11.76 Adiprext440 (at% 0.7 0.5 0.61

0.43 0.7 0.5 0.61 .43 Ropaque (W .% $9. 42

Specific examples to which the composition may be applied Include housing and
building materials; exterior of the buildings; interor of the bulldings; sashes;
glass; structural materials; exterfor of machines and arficles; dustproof covers

and coatings; and ﬂifns, sheets and seals.

5
The following examples merely [llustrate the Invention. Those skilled in
the art will recognize many variations that are within the spliit of the Invention
and scope of the claims.
10 EXAMPLE 1: COATING COMPOSITIONS

Varlous coaling compositions are prepared using the following materlals:
(a) PC105M photocatalytic titanfum dio'xlde from Millennium Inorganic Chemicals:
(b) Tiona® 595 pigmentary fitanium dioxide from Millennium Inorganic
Chemicals; (c) calcium carbonate — Snowcal 60 from Omya Lid.; (d) hydroxy
15 ethyl cellulose ~ Natrosol® 250 MR from Hercules Incorporated; (&) antifoam ~
Foamaster® NXZ from Cogn!s Corp.; (f) sodlum salt of a polyacrylic acid -
Adiprex N40 from Clba Speclality Chemicals; () polysiloxane polymer latex ~
Silres® BS45 from Wacker Chemie GmbH; (h) styrens-acrylic emulsion polymer
— Acronal® 290D from BASF AG; (1} styrene-acrylic resin hollow microspheres ~
20 Ropaque® Ultra E from Rohm Hazs Company; (j) 2,2,4 trlmethyl—1 3 pentanediol
monoisobutyrate ~ Texanol® from Eastman Chemical Company; (k) fungicide —
Acticide® SPX from Thor Speciallties.
‘The coalings are prepared using a Dispermat® AE01M high-speed
disperser manufactured by VMA Getzmann GMBH. The dispersion is canisd
25 outin a 500 mL stainiess steel vessel at 3,000 rpm with a 50 mm d:ameter
dispersion impeller. ’
Foamaster NXZ antifoam and Adiprex N40 are added to an agueous
solutfon of Natrosol 250MR (3% solution In water) under low speed stining at
500 rpm. Then, the PC105M, Tiona 595 and Snowcal 60 ars added with
30 increasing speed up to 3,000 rpm. The pigments are dispersed for 10 minutes
and then the speed Is reduced to 1,000 RPM before adding water followed by
the Acronal 290D emulsion polymer or the Silres BS45 polysiloxane polymer,
Texanol, and Acticide SPX. For palnts containing styrene-acrylic resin hollow
microspheres, the Ropaque Ulira Els édded last. The paint Is stirred for a



20.42 29.42 29.42 Polymer (wi% 31.49 22.23 18.17 12.83 31.49 22. 23
18.17 12.83 Tswana! (wt.% 1.57 1.11 .91 .64 1.57 1.11 .91 .64 Water
(W.9% 15.29 10.93 22.52 15.84 15.29

further 5 minutes at 1,000RPM and then Wransferred to a suitable sealed
contalner.

The compositions of Coatings 1-8 are shown in Table 1.

Comparative Coatling # 1 Is a 40% pigment volume concentration (PVC)

5 coaling containihg polysiioxane, but no Ropaque Ultra E styrene resin hollow
mlcrospherés. Coaling # 2 is a 40% PVC caaﬁng containing polysiloxane and
Ropaque Ultra E.

Comparative Coating # 3 is a 60% PVC coating containing polysiloxane,

but no Ropaque Ultra E. Coating # 4 is a 60% PVC coating containing
10 polysifoxane and Ropague Uiltra E. '

Comparative Coating # 5 is a 40% PVC coating that contalns Arconal
290D (a styrene acrylic latex polymer) in place of the polysiloxane, but doas not
contain Ropaque Ultra E. Comparative Coating # 6 is a 40% PVC coaling that
contalns Arconal 2990 In place of the polysiloxane, and also contains Ropague

15 UllraE. |

Comparative Coating # 7 is a 80% PVC coating that contalns ‘Arconal
290D in place of the polysiloxane, but does not contain Ropaque Ultra E.
Comparalive Coating # 8 is a 60% PVC coaling that contains Arconal 280D in
place of the polysiloxans, and also contains Ropague Ultra E.

20
EXAMPLE 2: COATING DURABILITY TEST

Coalings 1-8 ars tested for durabllity by preparing coatings on stalnless
stesl panels and exposing them to simulaled weathering conditions in a
weathering machine. The amount of weight that the coating loses during the
25 exposure Is a measure of its durability.
The stainless steel panels (75 x 150 mm; 0.75mm thick) are weighed o
0.0001 g before and after application of the paint film In order to calculate the
welght of the coaling. Ths pansis are coated by any convenient means
including brushing, spraying, spinning or by spiral rod applicator. Only. the
30 surface to be exposed is coated. The dry film thickness is typically In the range
' of 20 to 50 microns.
The coatings are left to dry for 7 days before exposure in the .
Weatherometer, an Atlas CI65A Weather-Ometer® made by Atlas Electric
Devices, Chicago. The light sourcs is a 6.5 kW Xenon source emitiing 0.5 W/m?



10.93 22.52 15.84 Actinide (wt.% 0.2 0.2 0.2 .02 0.2 0.2 0.2 .02 *
Conpar ati ve Exanp a | Polymer Is palysnoxane polyner |latex (Slins
6345) for coatings 1, 2, 3, & 4 and 54gtyrene-acryllc enul si on

pol ymer (Acronal 2900) for coatings 5, 6, 7 & 9. -13- TABLE 2:
DURABI LI TY RESULTS Coating Weight Loss (% at tine 580 ti 1006 h
2051 h 4040 h 6072 h 7981 h 1 12.3 13.2

UV at 340nm. The black panel temperature Is 63°C, water spray Is applied for

18 minutes out of every 120 minutes, and there is no dark cycle. The resulls are
shown in Table 2. )

Tha' resulls demonstrate that coatings based on polyslloxane are more

5 durable than those based on a conventional sityrene acrylic polymer {Arconal

2960). it is also shown that the addition of styrene resin hollow microspheres

(Ropaque Ultra E) results in much lower percentage weight loss over time for

polysiloxane-based coatings as compared to the .conventional styrene acrylic

polymer-based resins. In fact, Coating # 2 at 40% PVC shows a weight loss that

10 is lower than, or at worst equal to, Coating # 1 that does not contain styrene

resin hollow microspheres.

EXAMPLE 3: OPACITY TEST
The opacity of Coatings 1-8 is delermined By measuring the scaftering
15 coefficient {(measured in mils™). Paints films are prepared by drawing down a
coating with a spiral wound applicator on Melinex® clear polyester film (having a
. thickness of 30 to 40 microns) to a dry film thickness of approximately 25
microns. The reflectances of the coating are measured using a Byk-Gardner
Color-view® spectophotomster, first with the film in contact with a white tile and
20 second in contact with a black tile. Good opfical contact Is made between the
paint film and the tile by applying a coating of a liquid with the same refractive
index as the polyester flim, such as Shellsol T (a product of Shell Chemicals). -
The film thickness .of the coaling Is then determined by cutting out an
area of paint film of approximately 15 cm® corresponding to the same area on
25  which the reflectances aré determined. The coating plus polyester substrate Is
then weighed fo within 0.1 mg. The coating is then removed from the substrate
by immersion and cleaning in acetone and the weight of ths polyester film is
determined. The difference between the two welghts Is the weight of the paint
film.. The film thickness of the coating Is determined from its weight, ifs known
30 area, and the density of the coating. The scdttering cosfficlents are then
calculated using Kubela-Monk equations. The results are shown in Table 3.
The results demonstrate tl'wat the combination of polysiloxane and styrene
resin hollow microspheres unexpectedly results in a significant increase in



14.2 15.7 10.7 17.4 2 0.8 8.4 10.1 14 16.1 18.2 3 8.5 10.4 14 21.3
28.6 38.7 4 7.3 11.5 17.1 42.1 80.4 >]a90 5* 20.4 30.8 40.9 64.3 >100

opacity compared to systems based on the conventional styrene acrylic polymer-

based resins.

EXAMPLE 4: DeNOx TEST-
s Coatings 1-4 are tested for their ability to remove NOx by the following
procedure. The paint films, prepared as in Example 3, are first irradiated with
0.5 W/m? UV at 340nm for 7 days using a filtered Xenon light source (Atlas
Weather-Ometer CIB5A) before carrying out the test. This either aclivates or
increases the activity of the coatings over and above the unexposed coatings.

10 The NO that is used In the tests Is NO at 450 ppb In nltrégen mixed with
an equal volume of air at 50% humidity fo give 225 ppb NO.. NOx is measursd
using a Monitor Europe ML® 9841 Nitrogen Oxides Analyzer. For the NO,
measurements, the samples are irradiated with 'a UV fluorescent tube which
emits 10 W/m? UV in the range of 300- 400 nm.

15 The paint film sample Is placed In the test chamber of the nitrogen oxides
analyzer and the chamber Is sealed. NO test gas Is flowed Into tl‘we test chamber
and the Initlal value of NOx In the chamber is analyzed. The UV lamp is then
tumed on and the irradiated sample is allowed to reach equilibrium (typically up
to 3 minules) before the final value of NOx in the chamber is analyzed. The %

20 NOx removal is calculated by tha (initial value - final value)initial value * 100,

The resulls are shown In Table 4.-
The results show that the coatings that contain Ropaque are active

toward NOx, although their effecliveness has been reduced compared fo
coalings that do not contain Ropaque.



>100 6 ' 22.7 34.1 46 803 >100 >100 7 28.4 40.6 60.4 77.5 >100 >100
8 37 53.6 71.7 >100 >100 >100 Corrpar%eve Exanpl e TABLE 3: OPACI TY
RESULTS Coal i ng Scat hving Coefficient' “(nal) 1* 5.7

TABLE 1: COATING FORMULATIONS

Coating #
Component | 1°* 2 3 4 5¢ 6* 7 g*
Tiona® 595
WL 1458 | 1029 | 1262 | 891 | 14.58 1029 | 1262 | 8.91
PC 105
(Wh%) 971 | 685 | 842 | 594 | 971 .85 842 | 594
S"&t‘”",j‘:)eo 984 | 695 | 1988 | 1403 | 984 | sos5 | 19.88 | 1403
3% Natrosol | ~
250MR 18.63 | 11.74 | 1667 | 11.76 | 1663 | 11.74 | 16.67 | 11.76
(wt.%) -
Adiprex N4C
W%) 0.7 05 061 | 043 0.7 0.5 061 | .43
Ropaque . . _
(W9%) ‘ 29.42 29.42 29,42 - 29.42
Polymer
(WL%) 31.49 | 2223 | 1817 | 1283 | 3149 | 2223 | 1847 | 1283
Texanof . .
(WL%) 157 | 1.1 91 84 1.57 1.11 91 64
m’ﬁg 1529 | 1093 | 2252 | 1584 | 1529 | 1093 | 2252 | 15.84
Acticide )
(WL.%) 0.2 0.2 0.2 .02 0.2 0.2 0.2 02
* Comparaiive Exampls :

' Polymer Is polysiloxane polymer latex (Slires BS45) for coatings 1, 2, 3, & 4 and
5 styrene-acrylic emulsion polymer (Acronal 280D) for coatings §, 8, 7 & 9.

.
1



2 11.13" 7.9411.25* 416 4.8 -7 3.9 8 "' to Conparative
Exanpl e 15TABLE 4: DeNOx RESULTS - Percentage Reduction In NO
Coating 7-Day Atlas Exposure 1 44.6 218,83 85.5 4 45.0
Conpar ati ve Exanpl e -14- W claim

TABLE 2: DURABILITY RESULTS

Coatin Walght Loss (%) at time_
9 [580h | 1096h | 2051 h | 4040h | 6072h | 7881 h
i* 12.3 13.2 14.2 15.7 16.7 17.4
2 6.8 8.4 10.1 14 16.1 18.2
3°* 8.6 104 14 21.3 28.6 38.7
4 7.3 11.5 17.1 42.1 804 | >100
5+ 204 | 308 | 409 | 643 | >100 | >100
g 22.7 34.1 46 80.7 >{100 >100
7* 28.4 40.6 80.4 77.5 >100 >100
8% 37 53.6 71.7 >400 >100 >100
* Comparative Example
s
TABLE 3: OPACITY RESULTS
Coating Scatterh(wg‘ 'gc;efﬂclent
i* 8.7
2 114
3* 7.0
4 11.2
5 4.1
6 4.8
7* 3.9
8 > 9‘6
10 * Comparalive Example
15 TABLE 4: DeNOx RESULTS — Percentage Reduction in NO
Coating 7-Day Atlas Exposure
i® 44.6
2 . 8.8
3* 85.5
‘4 45.8

* Comparative Example -



1. A coating conposition conprising: (a) photocatalytic titanium

di oxide particles; (b) an opacifying agent (c) a silicone conpound,
(d) de-HNG3 particles; (e)styrene resifa-hollow m crospheres; and (f)
a-sol vent .. 2: The coating conposition of claim1l wherein the
phot ocatal yUc - titaniumdi oxide particles are anatase, rutile or

m xtures thereof. 3. The coating conposition of claim1l wherein
the photocatal ytic titanium di oxide particles are predom nantly

anat ase. Weclaid; The coating conposition of claim3 wherein

photocatal ytic titani,umto di.0xi .1 v HERRL AR fid

size of between 2 and* 108" r?gqéb% &%p%@}&&d %{)}rﬁﬁlg@% fa&g" corrp%'gtlﬁ.t P%ﬁb@f
claim 1 wherein dlesdepartidesatodpy opasifying agenki(e) aslsone sorppored; (4) de-HiOs
present In an8a$%uzﬂénesﬁWefe@mmpﬂﬁmiemgw?esma(fyeéomhpcubﬁ total
conposition. 8. The cqati conposi tion | rein gi .
opaci fyi ng agént S igs piqgﬁecﬁ? ympf'ﬂ%oﬁ'uﬂqca?%ﬂ #g‘.é‘gﬁ fho ph{?. 'e‘c
coati ng conposi-t tienunidioside paridesdneanslase;triils erimixtyenBereeirpound is a
pol ysi | oxene.. 3. 8ThdNB aéoln{fw IS0 P WherbinCthaipbtécatdhas ei n
the de- HNO3 parti.cl.es @rg se,atgltged r%mtﬁg@éﬁoup COIEI‘Si stpimﬁlg of

cal ci um car bonat d@niyn giox %\P?J{fﬁeitaée, i f¥-car bonat e, and -

m xt ures thereof. 4.  The ®ading cemtpiopitiorcal ivjatos 3 wherein photedatalytie ttanigmer ei n

the de-HNOS Pgrt iuhfiooiofes falefd BB A 8 batwodn 2 and 10bGim, The coati ng
conposition of claim1 wherein the st ene rquﬁ‘olil O n}‘ r%%?her es

are selected fromth& grdlip RYNE; CPPRIVOY: o A <t VPERLD e @9 yie

a- met hyl st yr ene. titaniein ioyide partidesrayé pesend fodnyamsuntrrengingdrom 0.5 to 20%1 by The

coating conposi t{anmef ms lokl Bndpodfisl. €1 n the styrene resin hol | ow
m crospheres are styrene-acrylic co

| r. resins. ..12. The
coating conposition &f ci'&® aﬁ“ﬁ/ﬁg}pgg?fy"ﬁ@a’g’of%ﬁ’“ E‘Sﬁﬁ?@%a‘%‘p@r.
3013. The coati ngigmentppttativrodiogfie.cl aim 1 furt her conprising an

organic polymer. 7 léne dfafn blbn P BRRS WildPdin B sfidahb Brlpbund
wherein the organic polyner is selected fromthe group consisting of

acrylic pol), ner'82PPsilg%AnRy| acetates, and styrene-but adi enes.
’ 8. The coating composition of claim 1 whereln the de-HNO; particles

are selected from the group consisting of calcium carbonate, Zinc carbonate,
20 . magnesium carbonate, and mixtures thereof.
8. . The coaling composition of claim 1 whereln the de-HNO; particles
ars calcium carbonate.
10. The coating composition of claim 1 wherein the slyrene resin
hollow microspheres are selected from the group consls'tln‘g of polystyrene, poly-
25 a-methylstyrene, and styrene-acrylic copolymer resins.
" 11.  The coating composition of claim 1 wherein the styrene resin
hollow microspheres are styrene-acrylic copolymer resins.
12.  The coating composition of claim 1 wherein the solvent comprises
water. o ’ .
30 13.  The coaling composition of claim 1 further comprising an organic
polymer,
14.  The coating composition of claim 13 wherein the organic polymer is
selected from the group consisting of acrylic polyn{ers. polyvinyl acetates, and
styrene-butadienes.



