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WD 2008/ 048765 PCT/ US2007/ 079526 | MPROVED DEPCOLLUTI NG
COATI NG COVPCSI TION This application clains priority

wo e00Bl0&76Pat ent Application Serial No. 11/582, FG&BUS2007/079526

filed October 18, 2006, the contents of which are
hereby incorporated by reference in 5 their entirety.
FI ELD OF THE | NVENTION This invention relates to an

| mpr oved Cﬁﬁ’f{ﬁd\ﬁé&@?&ﬁﬁdﬂ Bi‘?ﬁu@ cérﬁﬁ?él%bf LGl

of a depol I'ng and/or an oullng coating on the

SUr T ae L343 g;aagﬁ?emao%gﬂ%ﬁfgg G 6 NVEAR Y

Conven s%’ﬁ

fied Qctabbrs18; @006, dheccontentg of whish |a59e'§rebw r"@@tﬁof?@edt byereference in
MerfepmBryt 0 confer the ability to renove stains or
soils dep03|ted on the surface. In other nethods,

excel | ent oxi dati veriEEgORTHEIINENTGON Vi ty of a
Gogr 206 rarlahrectisip oo el Pt bofiBuor %s%odé*oééhsﬁ%f Hion

degr
1>6a dapoliuting am aptiferling g@h@gﬁn tg%lweepsof p@wsmateo n which

cones into cont aghc K&é&f"w&ﬁﬁ W'bn particul ar,

het er ogeneous photocatal ysI's Cilently been used

for Geivehtionalgnetaasd farimakied jhersurase ichgataraksel sgageggeowriess

ftré&ﬂﬁ? fthd! h%tce g@ %d!@l" He amt, Qb arerﬁ'&/él ks o@&ﬁ deposited on the
m nat ed cata ani um di ox

S¥iap o01 ol0S1 ghEcE. GRfelan BFCRite deoredd G potheo et ibrels

tixegitontoi iy aurfacd is utized &we@raMrgémd rhaitecartstdinssr soilé\tieriokited on

FISLARE ank 6o 20 kel ;@mﬁom%%%m@m%@%w #8urtece.

or gani c_conpounds or Sorb

wat el RRSICHIRY Ihé’§'°9PRﬂRB§/%'?°‘°°§‘ab’§‘§F &59“36?66 Pk fP'rf@“d‘Z‘"Q
RhdPeleby RBnonBYy uméntdme:omammd eom \WLitid) ireilkdiyg v@tee,ianela:r Thus,

' 0 d 0
pl\/;?@{nﬁrhagw&a%ei%‘ig% g t?a%% B ‘%’cc 0315 bf? ri.gﬁt (Nh%n pgo@ﬁces
elsftenns apd holee tpﬁteslerﬁte 1°nﬂ7®r$t"if@ﬁ thdhepﬁitWMeAfathe csatfaqagthe
SRctFRBIEGICk | £3Borhét BXygen, NWITIB EIRE! @Bleb Yoxiafze WIRYHNICOSINRLnds or

gﬁﬁ}PO #Edoor Nl out door environnent, can
8 a Wgﬁ?‘f and in a single coating exhibits
exceHbeever, satistedary depiotinguropegiop mugyendt ibesgrovided with only
E’lﬁ{hta's%@e%fhb%c&aﬁﬁfé'cbﬁﬂ% c&%dsntn@ﬁ f%%‘!oﬂ@l:f&ﬁrtd iVé bVer %%ArE‘St

gre L inclu
soi | §%°T§‘6\9'Yv 4ris As °‘?1%%§(53§9 pfeﬁ%‘}t d@i‘feﬁ@”c@s["%‘ﬁ?ﬁj ageRefinged
panpsitiori exhicht edeperidentlyl viasvienm&(l, sgmdas dndber ek oqutdoem

%ﬂ ‘}'E%n}i %%%%ﬁﬁ%ﬁl'r}#{\em a%g"f}‘[é 9 gglé: Qc;ml?giéxth b‘w émd%”%&a

genepdiag tArenertieenparicaiady %Pﬁyeracwatr'ganme qthnaqamst greasy
sthiny iintRidpa nfiliew, afoid, algaep@&ausfyl ng agent, a silicone

E%??f&%é’g%%g%}g@'\% ibelthnly So&Sind adsid? prpaded IR always a‘

need to develop new and better depolluting coating compositions.

SUMMARY OF THE INVENTION
The invention is a coating composition comprising photocatalytic titanium

dioxide particles, an opacifying agent, a silicone compound, de-HNO3 particles,



styrene resin hollow m crospheres, and a solvent. The
coati ng conpositions denonstrate unexpectedly
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that.do not contain a conbination of a silicone
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30 - Suitable photocatalytic titanium dioxide particles may be purchased from
Millennium Inorganic Chemicals Ltd. (PC series of products), Degussa
Corporation {e.g., Aeroxide® P25), Sachtleben Chemie GmbH (e.g., Hombikat
U\}100), Tayca Corporation (e.g., AMT-600), or Ishihara Corporation (ST series
of products). The photocatalytic titanium dioxide particles may also be prepared



2 WD 2008/ 048765 PCT/ US2007/ 079526 by any process
known in the art. Processes for preparing
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known In the art. See, for exanple, U S. Pat. No.
4,012,338, which is incorporated herein by reference.
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30 are added by wet treatment or by gas-phase deposition. Suitable wet treatment

techniques are taught in U.S. Pat. Nos. 3,767,455, 4,052,223, and 6,695,906,

the teachings of which are incorporated herein by reference. Suitable gas-phase

deposition techniques are taught in U.S. Pat. Nos. 5,562,764 and 6,852,306, the
teachings of which are incorporated herein by reference.



deposition techniques are taught in U S. Pat. Nos.
5,562, 764 and 6, 852, 306, the teachings of which are
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30 layer on the titanium dioxide, the phosphate is deposited in an amount of from
about 0.05% to about 1.0%, more preferably from about 0.05% to about 0.75%

and most preferably, from about 0.05% to about 0.5% based upon the weight of
titanium dioxide base. The weight percent silica deposited is preferably in an
amount of from about 0.5% to about 15% by weighi of silica based on the total
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substituted with or containing, for example, amino groups, ether groups (-0-),
carbonyl groups (-CO-), carboxyl groups (-COOH).or sulfonyl groups (-SO2-) (e.
g. , chloromethyl, trifluoropropyl, 2-cyanoethyl, 3- cyanopropyl).
25 Suitable polysiloxanes inciude Silres® BS 45 (a product of WACKER-
Chemie GmbH).
The amount of silicone compound in the coating composition is preferably
0.05 to 20 percent, and more preferably 0.1 to 16 percent, by dry weight on the
total weight of the coating compos'ition. An organic polymer may be optionally




0.05 to 20 percent, and nore preferably 0.1 to 16
percent, by dry weight on the total weight of the
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30 The coating composition of the invention also comprises a solvent.”
Suitable solvents include water, an organic solvent, and a mixed solvent

composed of water and an organic solvent. Water and a high boiling point
esters, ethers or diols are particularly preferred, the latter organic solvents being
known as coalescents or coalescing solvents.



Sui tabl e sol vents include water, an organic sol vent,

and a m xed solvent conposed of water and an organic
W@ 00804765 VAt er and a hi gh boiling point estePGI/US2007/079526 .
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4 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, woads, stones, cements, concretes,
and combinations of the above materials and laminates of the above materials,



Advant ageously, the formng of the coating does not
require thermal treatnent at 30 high tenperatures,

we 2@s8/0806:150C for several hours. The coating PCT/US2007/079526
conposition of the present invention may be applied on
the surface of various substrate materials. Suitable
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netal s, ceramics, glasses, ods, ston C ts,

C orieRetie SxampIPRIOYETA the, SortRoS LR Miay Be ABRIGH INHiKdE Pouging and
anObd/nai ﬁl@ét@fals?;extei’i& al}JwebuﬂEihgwnmbm;r of An&\Buildings; sashes;
2008/ 04 PCT/ US2007/ 0795 ecj f.i a

whi 9858t ﬁté”‘g ate f'?%% ne’q'ﬁﬁ mﬁ%'%se%‘d aﬁ%ﬁ?%d :359 #gu(s)flt yers
anobndmaais@smdmﬁsheétsanmml or of the buildings;
interior of the buildings; sashes; glass; structural

terials; exterior of machines and articles; )
dust pr oBhe éaliowing exaniples aerahygBusteateditheinvestions hErase skifief in

S -art whi Té%ﬁgﬁl% k@}s\? 0% c?%y.ﬁmbﬁ&e%ml the |sbI|riP§lt helRehta

I nventi on. e art wll recognize
margndseepegiiftmdaiiBat are within the spi r| t of the
I nvention and scope of the clains. 10 EXAMPLE 1:

COATI NG COVPOS Var j : it
%r epared using w bgﬁ&%@”&g‘ﬁéwgﬁﬁ%ﬁ% LgQESKIAr °

phot ocC aVaviots i cvalingt comipusiticis axe drepéned nsihg ithecholfiwing materials:
AP S ek s 80 PR e
( c)(bk alierial68%r bpigmertary Siaviiowldicsidef from fifipaniumd Inorgagic
hydé%cd@ (& &diurh %la}b%élée— Sncl%f 66 @b Bk MA.;f@PRYdroxy

Her cul es ncor or at &6% ant i f oam - Foanmast ero
1§ r ctbsease cp ﬁrOSO?fZ)BO from Herpylesplncorperglera(e gntifeam -
aC: i‘Ba_mla‘Q{éi’gp NKZ fIP%Q cforg{almt Carpa (Prediuml sdltYOfgﬁ gmfyaaylﬁ:, adid) -
ol ysi |l ox olymer latex.- SiJres(r) . rom
Ao haR ol Sneriaitg picalsn (e pobaloxan adhaer tatex -
pol Sine® BS45AmnoWakKer Dhﬂ&&ﬂﬁrﬁbbﬂh%ﬁl@né\@;ryl(cl@mulsion polymer
t
RopalUerT) 230 Forh EiP A R e ARSI B0 fhicgosgheyes -
2 r |Rnnam;¢ -Ultrg Efeom BoltrdiHoas Compariys ()02, trimeshyd-1,3 pentanediol

Te%s%ﬁ rfafé)mrg:?a%ﬁ&fbnpﬁé‘dihsr@b Qﬁf&ﬂ%pa@w(k) fungicide —
tici de(r?a SPX from Thor Specialities.

un
e’g"é@ﬂ?l g?;‘;f"a’?“é—hﬁ'r #$Susing a Di spermat (r) AEOL M
hl gh- speesl coslirige earseprep@ad§ gt keDisparmutPAAE 1M magmspeed

O oreaE BRI B oBHCL g do Rl Tares

291i awkirea 500i e etaiiiess steqbsrbstselr at &000reran evith NXZ0 ano idfagrester
andd é%gi'sﬂarn‘?%p&'f'ép are added to an aqueous .

Foamaster NXZ antifoam and Adiprex N40 are added fo an aqueous

solutfon of Natrosol 250MR (3% solution in water) under low speed stirring at

500 rpm. Then, the PC105M, Tiona 595 and Snowcal 60 are added with

30 increasing speed up to 3,000 rpm. The pigments are dispefsed 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 paints containing styrene-acrylic resin hollow

microspheres, the Ropaque Ultra E is édded last. The paint is stirred for a



solution of Natrosol 250MR (3% solution in water)

under | ow speed stirring at 500 rpm Then, the
w@PaD8sM765Ti ona 595 and Snowcal 60 are added wi RPEIT/BS2007/079526

i ncreasing speed up to 3,000 rpm The pignments are

di spersed for 10 minutes and then the speed is

reduced to 1,000 RPM before adding water followed by
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Conparative Coating # 6.1s 0% PVC coatlng t hat

1zord@Bs Arconal 290D In place of the polysiloxane,
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60% PVC coat t
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2Utra E. 20 EXAI\/PLE 2. COATI NG DURABI LI TY TEST

Coatings 1-8 apxaMreEedcOATINGIDBRABILITY TESPr epari ng
R . EAE NPT AU T AR )
maGide andls camdTempdsingf theei gintsimilated tweatheoag | cogditioses a
g& I%%’,Jn?@ maclsung Xpﬁ\%%rmeouhrc' oﬁvgpgalﬁst%ﬁhé) fcoéti‘ha loses during the
25 exposure is a measure of its durability.
The stainless steel panels (75 x 150 mm; 0.75mm thick) are weighed to
0.0001 g before and after application of the paint film in order to calculate the
weight of the coating. The panels 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 source is a 6.5 kW Xenon source emitting 0.5 Wim?
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the weight of the coating. The panels are coated by

any conveni ent means including brushing, spraying,

spinning or by spiral rod applicator. Only. the 30
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determined. The difference between the two weights Is the weight of the paint

film.. The film thickness of the coating is determined from its weight, its known

30 area, and the density of the coating. The scattering coefficlents are then
calculated using Kubela-Monk equations. The results are shown in Table 3.

The results demonstrate tﬁat the combination of polysiloxane and styrene

resin hollow microspheres unexpectedly results in a significant increase in
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25 11 WO 2008/ 048765 PCT/ US2007/ 079526 TABLE 1:
COATI NG FORMULATI ONS Coati ng # Conponent 1* 2 3* 4 5*

W@®@2008/048355 Ti ona 595 14.58 10.29 12.62 8. 91 14rGBUSDN2@79526

12.62 8.91 w.%PC 105 9.71 6.85 8.42 5.94 9.71 6.85
8.42 5.94 w.% Snowcal 60 9.84 6.95 19.88 14.03 9.84
6.95 19.88 14.03 W. % 3% Natrosol 250MR 16.63 11.74

16. 67 11.76 16.6 o Adi prex N40
00706, 5 0 01 0, 43808 TogRPRE FoRMaLATIONS,. Ropaque -
29.42 - 29.42 - 29.42 - 29.42 w . %Polyner 31.49
2P 23 18. 17 12.83 31. 49 22 23 &8@1@#12 83 (V\/L%
. Z 1 11 01 - 11' \ivf 6 S
pogent 14*>d 18 o §5 52 ‘1!; ¥ o ‘in ol 528
1b. St cuge |01829 22624’ a@? D. 125@ D 2029 . 02262( \t8.9h
d _.‘ : EXCU“I e—P |‘y|||:| s |.Ju| y-S1 } JAaﬁc pﬁl VALLS
I il e$7BC»45)85f br8.42oat bAgs| 197D, | 3,6.88 4 &3 | 55.94
Sy ytrcenmotsT o potynmer{(Acr onat 29 )‘ o
c $84 7 || 1985 HfBs| 0%84ey 695 | 19.88 | 14.03
079526 TABLE 2:] DURABI LI TY]RESULT]S Coatli ng
VWi gisOMROS$ 166886) 11684 | i1&B7 | 11.76 16.63 11.74 16.67 | 11.76
{wt.%) -
Adiprex N40
(WL%) 0.7 05 0.61 0.43 0.7 0.5 0.61 43
Ropaque . . - . - X
(%) 29.42 29.42 29.42 20.42
Polymer
(WL%) 31.49 | 2223 | 1817 | 12.83 31.49 22.23 18.17 | 12.83
Texanol .
(WL%) 1.57 1.1 91 64 1.57 1.1 91 .64
E’Vw;"ﬁz') 1529 | 1093 | 2252 | 1584 | 1529 | 1093 | 2252 | 1584
Acticide
(WL.9%) 0.2 0.2 0.2 .02 0.2 0.2 0.2 02

* Comparative Exampla
' Polymer is polysiloxane polymer latex (Silres BS45) for coatings 1, 2, 3, & 4 and
styrene-acrylic emulsion polymer (Acronal 290D} for coatings 5, 6, 7 & 9.
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580 h 1096 h 2051 h 4040 h 6072 h 7881 h 1 * 12.3
13.2 14.2 15.7 16.7 17.4 2 6.8 8.4 10.1 14 16.1 18.2
WR20088485630. 4 14 21.3 28.6 38.7 4 7.3 11.5 17pd1/82007/079526

80.4 >100 5 * 20.4 30.8 40.9 64.3 >100 >100 6 * 22.7
34.1 46 80.7 >100 >100 7 * 28.4 40.6 50.4 77.5 >100

>100 8 * 37 53.6 71.7 >100 >100 >100 * Conparative
Exanpl e 5 TABLE 3: T ing Scatterin
Coeffi ci ent (m I ITAgEég Eg%ﬁm%s% 4911 2 5 4. %

6 4.6 7 * 3. 8* 9.6 10 * Conparative Exanple 15

TABLE A:__Dethx RESLLTS - i)nrri“L g
[ M_ﬁ_ os| QssS ime

*
PCT/ U266+
conpr ifstng:

10

15

(e roie
m

*9“"9‘*“ PP 1152 )
O1TIV2E 8 \fié B,Lal Mok 1 Lﬁal ITTQGQUIWOH
) B8O 0qgal[ythg (T UM 286 38.7

; F}IﬁszJ.u %1_\.}\. UI13
‘2
%i
4 7.3 11.5 17.1 42.1 804 1 >100
5*
6"
7*

17.4 .

—
T
/£
\

20.4 30.8 40.9 64.3 >100 >100
22.7 34.1 46 80.7 >100 >100
284 40.8 50.4 775 >100 >100
8 37 53.6 7.7 >100 >100 >100
* Comparative Example

TABLE 3: OPACITY RESULTS

Coating Scatterir(x'?‘ l(;R;efﬂclent
1* 57
2 11.1
a* 7.9
4 11.2
5* 4.1
6* 4,6
7" 3.9
8 9.6

* Comparative Exampls

TABLE 4: DeNOx RESULTS ~ Percentage Reduction in NO

Coating 7-Day Atlas Exposure
1* 44.6
2 . 8.8
3* 85.5
4 45.8

* Comparative Example -
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di oxi de particles; (b) an opacifying agent; (c) a

silicone conpound; (d) de-HNO3 particles; (e)'styrene
wo e®Bs44168 | ow mi crospheres; and (f) a sol vent.P@r/uIiee7/079526

coating conposition of claim1l wherein the

photocatal ytic titaniumdioxide particles are

anatase, rutile or mxtures thereof. 3. The coating

conmposition of claim| wherein the photocatal ytic

ti t\WAIC@'di oxi de particles are predoninantly anatase.
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hot |yt d t
P an afoun Mo pHEBLR PGB0, WSk RS BrBGEtAR.
t hetitenyraldiosidepaicies are. anetaserm@!wanirtngfsé*aﬁﬁ%su tion of

.claiml merﬁ'e”c&aﬁ@g %Qﬁ\ﬁbé‘uthbhn& ASANY WiSereid RnipBoBEtAYIE
titani um di oxid coat | ngn conposr tion of claim

| wiffeniem gioxide D§WP'P%6’|‘?@' 13885 pol ysi | oxane. 8.
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10. The coating composition of claim 1 wherein the styrene resin
hollow microspheres are selected from the group consisting 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, .

30 13. The coating 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 polyrrrers, polyvinyl acetates, and
styrene-butadienes.
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