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[0004] Other CCAs are produced from a dispersion of similarly charged mono-
dispersed particles in a carrier. The dispersion is applied to a substrate, and the
carrier is evaporated to yield an ordered periodic array of particles. The array is
fixed in place by coating the array with a curable polymer, such as an acrylic
polymer, polyurethane, alkyd polymer, polyester, siloxane-contained polymer,
polysulfide or epoxy-containing polymer. Methods for producing such CCAs are
disclosed in U.S. Patent No. 6,894,086, incorporated herein by reference.
Alternatively, the particles may have a core-shell structure where the core is
produced from materials such as those described above for unitary particles and the
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comprising an inorganic particulate phase infused into the first component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is a schematic cross-section of radiation diffraction material of

the present invention;



the present invention;[0008] Fig. 2 is a detailed view
of the schematic of Fig. 1; and [0009] Fig. 3is a
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[0012] In this application, the use of the singular includes the plural and plural
encompasses singular, unless specifically stated otherwise. In addition, in this
application, the use of “or” means “and/or” unless specifically stated otherwise, even
though “and/or” may be explicitly used in certain instances.



"infuse" and related terns (such as infusion) refer to
penetration froma |liquid phase. [0014] The present
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where the material diffracts radiation in the visible
and/ or non-visible spectrum and net hods for making the
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In c@neaérﬁbodiment of the invention, the first particles 4 have a core-shell structure
composed of a shell 10 surrounding a core 12, with the second particles 6 infused
into the shells 10. The first and second particles 4, 6 are generally arranged in
respective, alternating layers A and B, only one of each such layer being labeled in
Fig. 2. It should be appreciated that the layers A generally refer to the regions or
planes in or adjacent to the centerlines of the first particles 4 and the layers B

4
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[0018] The shell material may be non-film-forming, whereby the shell material

remains in position surrounding each particle core without forming a film of the shell

material so that the core-shell particles remain as discrete particles within the

polymeric matrix and the second particles are infused into the shells. Alternatively,
5



forma filmand function as a matrix nmateri al
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aisBERETah AterraBTER: SR e Vi el dlefigadorces o
theabmmdmarhcleegm e nmlg@nap?mere@ré iee partiete ctnépewotetwwc ified to
, a r
esfe@high g ooty BRERTORE s Stilscn b iinisetEleabCianrto
andforerdryordbeedcdretygsda Bnbstt@ne/a@dé%r@be&eldml ch then form
an ordered array on a substrate as descri bed
bel ow. Array of First Particles [0022] Upon renoval of

[002RE eXxcesanstit mbedihht ofie RMivedtsH, Linitagl steituréd frst P&rticles
are produced by dispersing monomers with initiators in solution to produce unitary
particles as described above with regard to preparing the cores of core-shell
particles. A dispersion of the unitary first particles is purified as described above to
produce a dispersion of only the charged unitary particles, which then form an
ordered array on a substrate as described below.



i ke, electrostatic repulsion of the charged first
particles causes the first particles to self-assenble
WO pi09/154850r dered array. The purified di spersi oPCD1S2009/040753
first particles is applied to a substrate and dri ed.
The dispersion of first particles applied to the
Array bsFirgtraries contain 10-70 vol . % of char ged
articles or 30-65 vol. % of char articles.
[00% &

Phper siIPNCEROKR A iHt PXFSE (AW RASRb T RICEUEY: %ﬂ"f?pﬂt Agd the

likeS Ble¥b&dtic RIPUEIEMEN thé @harge8 @itdt Pasticd caabés hadirdtiarticles to
f1 ow coat | ng or die-coating to a desired thickness.

selfrpesafiie FeREN REates aﬁﬁ)(fe-”&e pHiiftad lisrergipn of gt partelens
apSiddio ‘éssuﬁgtréfb‘érnerb‘?led Ugae o‘i’srdéké"&w oit fh@t pSaH?ﬁ(ﬁéé Shpleand s

essent i al articles

sukssiate @ey éﬁbﬂaéU1 ({ﬁo 39(0|B$} @f§WQ%P%Me%DW $Q-g8 tvok &elplghagwed

oaEER! $18te it A5t T Sk g, i

brufshmgdrqllfcoatlmgatqurtalnbgpatlrm@tfiomrgcqaueg ar digycoating ta atdeSIred

AL CHES WY Ldhifia ) el ARURCLA -0 FRIBAS! bR s b
esS nono recurs

migrener Updrsdryiag, ti'nesmamﬂebbomauns %saﬁaaIWnIMe p&rt&gds h@bhave

C e . tQ i penetrate
soll REEIIE] P BretBiet .t el GRBRO0 R by et i
conposition. The curable matrix conposition nmateri al
M be coated onto the dried array of particles via
a pi ng, spraying, brushing, roll-coating, gravure

[oazept i ng Th@tdrirealanracmhrgﬂgartf:le@wcmasthemgr ursutavy -6H & substrate is

t ti
i i A<Dl aBliad e oy ot Q1 sl iclaritig i cyfab Raqi
corﬁH@éﬁl‘icﬁﬂﬂwbﬁ'nbMdé@ MoRBiefLoYotRér dNIME grayurdddmaleribRags

part fills the interstitial spaces between the
dispipped Ing&t Paleas Nog @@@ﬂp8¢rs@cw<ﬁ>pfats‘<d hareky Pyrefera)ca)do an
mtéfb@ﬁ’é’ﬂa‘ie e %F%fofﬁwrbaﬁﬁcl&qj\/lﬁﬂ%rc%%le RRAKUESHERRRBN. The

acrylic polyners, alkyd polyners, polyester,

curgbledn@ﬁéc@m@amﬂn mgtesial iayras, coagrskynte dia digdl argay of particles

r r
waQ)ggSf@é s %Fgusgg‘igz @r&)aﬂﬁ O%g\ﬂg%é:ggﬂr%curtam coatln rfllo\)/(v
coa’mgesslotadleucgaww #k-jsiotadting. BYy cngmg) s me@nhmnaylhecs:urable
magr%: é’u 03|ti%Wct099 s%f’% ﬁ‘%ﬁ%?gﬁés?aét%ﬂ ncI &g?étv ev@rFa‘?/r ar}d at least

I"e "or hydro matri X are

in parniillsale tr’mersmtahequ%tbauween tinetfingtlpraqumiemane

triacrylate, polyethylene glycol, (600) diacrylate,

pol yet hyl ene gl ycol, (400) diacrylate, polyethylene
[0024Yy col , Th20fatridinatendl atay tenah ajcgayllcmolymerctuch aklpolystyréne,

curing of the trix _composition an ani
polfielheeeriits o fihbian pEBRB S RelyBotbr Gl S 3anE,
polsmbtsb leso>|a; cdsmahlhmmldlym:elrg gg?mg polymelrs dermyj frdmo: ho@poxy-

ene co lacryl ate,

coR BB e |G PYE BDYBERN MR GRALT, Ma<Eial [k WaLe)solube or
hyd?@bhﬁﬁﬁ aof}«mﬂ@@wépl Suibd) mopsasrt tbasiorLIahg a waéhsiYble or

cP yet hyl ene gl ycol (5
hy roph|I|c matrlx incldé, but are not’limited to; ethoxylated trimethylolpropane

triacrylate, polyethylene glycol, (600) diacrylate, polyethylene glycol, (400) diacrylate,
polyethylene glycol, (200) diacrylate and acrylic acid, followed by curing of the matrix
composition to yield an organic matrix. Other suitable monomers for producing a
water soluble or hydrophilic polymer matrix may include polyethylene glycol (1000)
diacrylate, methoxy polyethylene glycol (350) monoacrylate, methoxy polyethylene
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nononet hacryl ate, net hoxy pol yet hyl ene glycol (550)

nmonoacryl ate, ethoxyl ated 30 bi sphenol A diacryl ate,
wQ2{ogAas8hbxyet hoxy) ethyl acryl ate, acryl am depPCT/US2009/040753

hydr oxyet hyl acryl ate, hydroxypropyl acrylate,

pol yet hyl ene gl ycol (600) dinethacrylate, polyethylene

glygo1y850) rﬁdrﬂ%etﬁa@fzwatmmeth@&yqoowtmm@ &l §5ﬁ;| sphenol A
di net hacryl ate dr ox%et h nmet hac)geg1 at e,

MoRGAeHia¢pi Byrlne?ﬂ@% Rel§ingieas giusebepO OG%Q%Y'P% efoxygredso
blsglﬁ%cﬂlwcﬂé(crﬂﬁté‘ pr(SletiidybirokPscth@ @R WAE, ad?ylamifﬂat hiydroRPathyl
roduced on a substrate that functions

acrylgith Gy OV RGBHGIY B, RRlYEinWaRS ol aR oM methasale; r ed
poI?é‘tﬂ%Hﬁ@ gfy%l Mb@) &ﬁf@ﬂ%?ﬁl@te ”&h@)@lébdm BYsghgABnoL 6?n§éthacrylate

substrate 1s used
hy(ﬁ%\fﬁﬂﬁ)ﬂ "flﬂﬂaﬁmﬂﬂieoﬂn@ﬁYdrﬁéYRf@hﬁdS@ﬁﬂﬂ@CrViﬁteer| al of the
present invention, which is subsequently renoved
therefromin sel f-supporti ng formsuch as, for
[0022hnp| e Asadedaileld-alppdhe arrgy Of finst particlesradasieddn a matrix may
be g?&o‘uh‘é{j‘bﬁ‘a] L{E'Efrét% th%tﬁg&gfgﬂk at tgﬁﬁgﬁﬁggﬁoﬁt& é@cﬁrﬁée %&%’sérate
thaayspi dmjredcendnmeﬁerthslmpmoslte) mamt'wthy tenapararypsppoditoinis

megftifaLER HriPah i e ERERP0 L BekERn siefe HohbBRlmpiega of

thermewntaivenﬂommmcth igisubseduent!y osrowdeistherielre ch ineeisopporting

art Th d particl
O RER 41 € BEFTPE SSPRUPPCLIRS (Gra e ahnp oy fFlage atter.
A filfn r@@fhecwmmétmamerﬁehlon péhl@ulﬁmsqj’f tr@@mﬁm rﬁétetu@lenay then
and t e |nor8an|c

be SR RAR Aol aE ABier| & apdiadaR GRIPGSIIOR SHohAS 24eaIB

corﬁb@fﬁl%r{)%/r @let'lrﬁ@t@fd%f@eedl' Heldrid- tifeeariBiirl foFRN e e mBdsite
usi ng 5recursor of the netal oxide phase dissolved

ma;qﬁlablsg}gt BHed ingese desqribedhieraiiel | s of the core-shel |l
particles of the array or the matrix surrounding the
unitary particles of the array. Exanples of suitable

Seeonskardeles i ncl ude: tetraethyl orthosilicate,

[oo?ﬁler ametipyls B NRSibIS %f@mo?g’h‘?\ ibérﬁéléé‘ma‘t é%oééﬁé%%g% situ

maj or conponent 1 ncluding t ordered artay o
as emgagi eonesingnewitiinfthe grjqsgompenent df she aiaaanditevnathix. In

ond BRbBERENE %R% m%?g{;}é”i(if ﬁé}n %htage .{‘5 H%?altoQPdeP R mdtar Bkide
conponent the onen naj or
phaﬁmpa}n beatnoarpdiated ento rhlﬁwma;brpoeponsmirbyl usingxd pesedrsioo of the

ISt r S0aKki
meffp ofpeasg §Ho g i A ROPRE R RIS ¥ ShslS sbtherciPR EPelL,
parftlolemarjlme]tarchymrl I ylae fnab mmswrwlnd@gahmﬁgusambaaslesw{r@-larmy.

-Ti - . owe exposur.e, t en ons, or
EximbgRe s EEv R ERaE el Reb S e R A b o B,
ortissilidacs, aho tifaium asoroaimb(ud@mm rdjaseorhporant inciudirighte ordered

olynmeric p ase [[0027 e dr o] nd condensat.i on
arr )égegqrgawg @) >r,‘ne‘5|§ flé% l.lp}gds 8 ntgﬁte Wlﬁ1 tﬁe precursor so ution so

as to infuse the precursor component into the first component. The major

component with the infused precursor is exposed to moisture, such as atmospheric
moisture or by soaking in water, to hydrolyze the precursor component thereby
forming hydroxyl-functional groups such as -Si-OH or -Ti-OH, followed by exposure
to ambient conditions or an optional heating step to condense the hydrolyzed
product to form a metal oxide phase in situ in the polymeric phase.



acid or base. The netal oxide precursor that fornms the

net al oxi de phase is derived fromnetals having a
whyweos4s2abl e | eavi ng group that is sol ubl e i NPENES2009/040753

swel ling solvent and is capable of form ng an

i norgani c particul ate phase by hydrol ysis and

[002]dens Jhieafydrder@h®Sorfens atidrei@betidietradsb@ t&talyzed by an
el ectropositive netals that can re | ace the h

aC'Ehor SAsecl e AREp Pé&dﬁw%%f‘é’é%or\)?ﬁ“’t‘tﬁortmﬁe "RyeRBL3Ide é*&eist?dﬁ derived

fromrrRétals s inded ﬁ&cﬁo@ﬁ@oléléa'vﬁf@rgro@p) ﬂﬁms@alutﬂé W"fh@ @Weﬂlﬂg
zirconium Suitable precursors are MX3 and

M
solyentiand I%@@ﬁbleﬁfdosmng aRANYgaric Particylale Phasa Wx@»’dFOWSIS and
cor?o%rnggﬂ% %xa"f‘fﬁblé\i‘:"gf QﬁtQHﬂé méialé‘"é{ré iéle'@trbéoﬁtlr%r rﬁgl%% tﬁﬁfjéé?f

al kyl and/or aryl her metal s may used

repireetthe ydepgn phar @ﬁ'ﬁIaﬁﬁtf@r@hb@ﬁqshmthﬁ@emyéf%(wr@dmﬁbt Ryeterred
meRISHR] Sicofl tllﬁHﬁﬁh BRIRhEman8 f?r%r(ﬁ[]m '§1ﬁ|1'a|d|@ )PrEbLﬂsors are MX3

tantal um [ anthafum 1ron, d,

an@RNEhera Mb@thwm@ndnwg@aalbgam aTmycaxmwsl daboxy or an NRo
matefi al of the present invention nmay possess
gragpdp whiches ishtedeagsiaans!/erailkyl gnd/onarybf AlSCAgherpetals may be

usﬁ;?émeﬁar |ﬂfcl6ﬁ{rb%él8f1 v&.{thHQ g?‘eef&récp ﬂ{egaef{ Exﬁﬁ%l[eé %'f ?L?ﬁh metals

rra rray nma i C an
arel hmamtlndaumotlmrtamtalwmearubammslltcm galdecmpﬂer )@num getnyamum

oarlin B0 FeolBYLBE) FsSiadeit ey ERHTE Bl Gat iEhloh fldy

pogslebe progdertiesl I'}e,retaforanoalyplnalyofm,%. alrdr exbople, fusion of iron-

oS Biaa0R D T i &7 S5l PR Blray it fe afd D aio
imgeet 4 oot toythgrabmbogutd magdrial. enhklﬁny %ﬁ:ﬁarfdy mey Bé 2letURallas
ni u ng zirconl u ch the a
condyisivh B i of egdustvesPeiB Pt Such asaliey Nt vy, an
array h@plh'ama batifalipg wwﬁ@mhemnr&ealmm doebéuaorr@m ORk&Mples
| umi numtri-sec- oxi de % Eh@ he sol vents

of @rﬁawsarrs@raée@th PHBO%H&aFﬁ;det@m the gsinesdicgte; lyridesoef
me?e[l@s&élpésetlthhlﬁffn éﬁcﬁm%ﬁﬁ‘}% @ M|C§W%| élkd!&kié é\%uﬁ'&@h afsGfom 1 to

t he core-shel partlc es of th e array errarlx
12 sao08 mnﬁgm‘?ﬁ? WAy mweﬁ&amw@netéawpr@na@ﬂ%ﬁ 2HGoRiw tetra-n-

but% i€ aﬁa%ﬂhlﬁuﬁftn@eﬁ%%'td%ld%g the precursor conponent of

e inorganic particul ate phase. Exanples of suitable
soIvents i ncl ude; al cohols, particularly those

[Ooggﬂt ai nifhg oﬁ\/ems]th%f)aré Us84 :?rﬂﬁ‘]e ﬁ[ﬁﬁd E)th% ,fgé%ér@w"%ﬂ%n are

I thyl t
thoske rﬂg’][%ye CM@M&%&;@ Bhaldst ofrige tore-shejl partictaspa tlenarray or
) . b
e SO BR A HEREEB R LB 5 e "B
diss@lying tleopreoasot ccuragortmt quhethgrgdhlppedlcoratespmm Examples of

sul g EfGeoetndl werBiiey e wrisuruJprE D RbE fetdn
atohidt suchhae rhéthanol cotpasiesthyl adeeaté, rﬁ@thylemyl kestone and Warmgthy!
pyrrcﬁr[c)ione ggntactirtwgh%enrﬁgjgrr cc?rlnponoent wﬂﬁ the above described solutions
can be achieved by immersion of the major component in the solution. The major
component may be quickly dipped or soaked for longer periods of time depending on
the time needed to allow swelling and infusion of the precursor component into the
first component. The time required can vary depending on the materials of the first
components, the solvent, and the temperature of treatment. Typically, the solutions

are maintained at a temperature of 0-100° C, and the immersion time is about one
9



conponents, the solvent, and the tenperature of

treatnment. Typically, the solutions are maintained at
waaenpssat ure of 0-1 00 C, and the i mersi on PCTES1089/040753

about oneminute or nore. Higher pressure may be

advant ageous to pronote infusion but is not critical.

minthé oP s Siigher prségs@ralrhay [SRB N P gRious & prRINTRS PEibEbut is
nc)[‘%essure Foll o 8 the i nfusion of the precursor

WERIndIE, pr?‘??és '%TF Cally G187 OHbMAMERRNGS REQTYER T PitPWing

theﬂﬁﬂuéFoHrcﬁtrﬁé braglirsbf bR NALA® MARRLEMSbr @dﬁﬁdrﬁb@h lsYexposed to
I'n one enbodi nent, the infused mgj

mo@é‘l‘fﬁ(ﬁﬂ@ﬂ*’t fr%rﬁ*ﬂ%ﬁ?ﬁ”‘iﬁ;@h?'ﬁ?@rpﬁx&f []@'b/oﬁ“pé’b?ﬁaolﬁé}ﬂe qrgbod|ment the
|nfd§§ﬂ%§8ﬂcdrﬁpd@n%ont&hm@%§ R%C%Fé?fr%@}r%oné%ﬁ@fmrﬁ@ﬂs@b i Rhter,

basi ¢ to catalyze th l'ysi's and condensati on
or Mekecie §b|t/ Hé‘rd@b?(:'ﬂ@r%hﬁ@ct% 1o pfalyzaihe M@IV@alaade

co@@%&honﬁéﬁ%r@%h@ﬁeb hﬂgjﬁlek? §n|€l Srtlcg%'iéyﬁﬁ‘és(é hasehles

as ammoni um hy e an ases such as
of suitahledasTh eresun.@@aofc hasesisno gaammqmum ihytiog ideeandvarggnic
t ' ndi ti
oS SRR SR o e S RAOa e paliEReinar Py Helin 1
mldrhlaandm aanes®tdrh aasmomﬁdmanmw'bep@ducw afsimajiet particles such

25 AR G BRI o oo BopPieb 8ot P i b Betere

Acigizroainittibh dordtytitstydis @hds Emfavoelat@rrslzledqragwmscor productlon of
' con sirahl.e t

icl i di
moBPhe SRRy i Certa bl 8RR PRBE i LB iEpS My be
desirbRy @Rﬁéaédndﬂmllmhﬂa;@js@f n@g’mwmtenamlterhpmécu mQhe major

comp i, NP URTGH ey asblR Feonoy T Batesals irslifieirpr or

|ro@@mﬁmirfé;ecdmécﬁ!nti§lto ardelteSh haghed cérhpostie rRfBtia dhid@ver or
oun resulting in a conductive conposite

S”Vﬁﬁf:%'ﬂtﬁﬁﬂ'”g ‘[%@fz@ﬂ”dW@ﬁmi'%”ﬁo@ eQMfuSHYe cNpesitgrnaterial.
applied to an array of core-shell first particles, the
sol vent of the precursor solution diffuses into t he .

[0028E| | s d¥hembeqreeusp@ Soliignts aprlieddaaneaiay € cergeshell first

par%BI%E | tﬁ BV ENE the E@cu@o? ?éflﬁh@rf dH0E 4B tﬁbrsﬁélls of the core-

part IC es, app lcation o € precursor So ut]on nay
shelasticlehancreausies theishelara swell.t her arrﬁnsazfylnrb@rwtflrsilp@stlo!es

apitlion olﬁHggrect\ﬂfédr s?%h&ﬂna %uQé‘ e r‘ﬁhﬁux%ﬁj ARy it urd f&?y

Surroun y I NCreases tance
pamelemﬁwelhesm\mllmg (oé thegdartidie sheiysarrsof tfe surrainding matrix)

e B P Ao BAES helest T fontir e of B Rt pet
pammlyes lomeﬂheusommtw;t ueltrtm@aemdi petiodighapray. thﬂsmfannaﬂ khye first
erein

di mensi on i s h
partlgS iy st Sorhdhye sRfloo; pE BRSHE Rorieidficp AR ¢4
wheig@l & igrgeptinignsiohiis aﬁgrmrw||tmﬂheShuaWS§rof "y airmmh dt Fgaelleved

mat r C Sltlon ene OCCcuUrs etween the er s
el pwelifo PBITS RACIAD 5 B0 EHh G OheDn g eraly
ocduié Bete@nahe falyersi dTRhd Adt parales, tﬁéﬂe@?%ré@iﬁlﬂg@,lteﬁﬁ)r@hfusmn of

result, the infused array exhibits a nmultil a%ere

thedpQrgapig marticyaie Rhagsh et rspUlinbedafased agay exhipits a multi-
lay BB RAS NI E SRR IROLYBBIYErs of predominantly organic polymeric

particles (layers A) separated by layers of predominantly inorganic particles from the

infused inorganic particulate phase (layers B) with the inorganic particulate phase

possibly including some organic material such as from the matrix composition and/or

the first particles. In this manner, infusion of the second particles results in “layers”
10



particles (layers A) separated by |layers of
predom nantly inorganic particles fromthe infused

WO p@pasMssT particul ate phase (layers B) w th tP&r/US2009/040753
i norgani c particul ate phase possibly including sone
organic material such as fromthe matrix conposition

in taé Stdred, iReribbic Hrray 0t fitst baRicleb mel&thhmw matemufau SFdtore-
the second particles results in

Sh“g' iyRiRafticlgrahavieg theserayd B?Vt'F'ieFéﬂf“?%jrﬁh?é'%éh%éqs&“'lnﬁ e

lay&Ridrhafte A& d(ﬁn'e?dlly ekAbits @fs@rﬁbﬂé of ddnfosRaphitle@ chravdhad first
t he secon articles infused therein, the resultin

pariigles V‘{'tﬁﬁp%ﬁ Ratieles infuspskiberain)yheld ki the matrx maetiat u
resgftar?t%ﬁfb%‘sﬁ@ BRblob HARICl ISR @n%&ﬁéd.e porfia (13d bﬁ{;lﬁ&l first

h second partlc es I nfused erein
parﬁﬁ*ﬁﬁ) anchan \organic poTton & dhe ifsed§ P@f tl@a@t iAS ghown,

i r b, fdip St
sotdRea P, #138% roRpihc b LoiBfsdt{d ey Sughe
Commﬁemqmmes cles). As shown, schematically in Figs. 1

and 2, the inorganic portion conprises a mnority of
the conposite particles. [0030] The treated array is
[0036F ov er dihedrechiexbhvanit reeateerd arahsbleany, wates artdeahy unreacted

stalrB iy Gl e el RV b ER BN bR "

temﬂeeatateeﬁ Hi?nipg matlkerated we:ﬂnpaatmbeud:h 69 aﬁouﬁmoabbm@bdvat but

w .t he eco osition t e ture tepo

belB AR e SRR A o Thap Ry e B et A afostdnh ay

nomll?rrembﬁes?ruﬂdmma’d ArlassiiaiPand mhab%o:fb@ilutatz;lﬁtiele@@gﬁemgon
reac on I N | S | Ca out,

reaiali: Lafmp g e aRe R DL | TR S uarE e g p the

tenfife?&te ke @ncm‘/aﬂd'r\ %réééhk@é\‘tthe SBit/emn detbnahlﬁ %bﬂﬂg €aNpde
conduct ed under vacuum [0031] In one enbodi nent, the

condueRssyndeT MaEW-al of the present invention is

non- gel ati nous and substantially solid. By

non-gel atinous, it is neant that the conposite o
[0034] er i alln @ae smbedimesthtthe SORPPSILR WRiANaLOtae eresgnt inkeriien is

noﬁgei‘é(ﬁﬁ s af/SlidsBng ?ohBy?' 'gsel£'tf?4[1 uEﬂPQ‘fﬁ@%tftﬁeﬁ%@

droge I'n certa| enbo € conposit
compesiiei mategal ddes not egyain d ftdining matewsstmhtasawtyr @nplys not a

v B el L IR EE RSP o oS tkbie
matasias ofathe ipaddent Ementd)n s:uinetamald;«mly includas itlee vkt ambsecond

ool B BB B b SBEP  E R

sutﬁswttlarlyssoifd tThe mlﬁeetnt: r%tm/@fnhe partuc}l;ssao ?Hl'eamgmé(nmthe composite
t

ma, eé@fﬁﬁ %alﬁ/lratr%’cr%[’ %15'2? r ) r@?@elogpo;iet eegasti cles as

conpared to an array of partl cl es not having the
[ hase. The cha of jntensi.t

10038f 1 37 cineatusd P GHESE BueTivoa & G opeS duLTaTS Mg (Mdrease
or §dUrédsd) bf EHfiebRB@adBtion from an array of the composite particles as
compared to an array of particles not having the inorganic particulate phase. The
change of intensity of reflected radiation is believed to be due to a shift in difference
in refractive index between the composite particles and the matrix as compared to
the refractive index difference between an array of organic particles held in a matrix

not having the second particles infused therein.
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in refractive index between the conposite particles
and the matrix as conpared to the refractive index
walrdopasssite bet ween an array of organi c parti cPEEUBNY040753
in a matrix not having the second particles infused
therein. Substrate [0033] The substrate nay be a
Subdtexeé bl e material, such as netal sheet or foil (e.g.
—alum num f oi | er or a film(ar sheet) of
[00931 yest dinegub %@tﬁéﬁ)ﬁw@%ﬁéei‘@@é’ﬁ Aal 8 "{‘gﬂ@? al sget g foil

(e. g rHIurﬂPh'uFH f@llﬁ@hﬁéﬂ dla fllmqéhsl%tﬂéfﬁkﬁ)%/e@ferr& ééltyélthyle%
is nmeant that the substrate can und

it
ter%'ﬁl@iﬁ‘iedgETétqr@@Si@f&ex'@%m@tq{@ [feiaBiaA §lasstar plaskengy - erXIbIe it
is &AM ﬁﬁaﬁ%h@@u@?ﬂté 85 lindefgo H“leEHQMEaI%'tr@E‘ééH SG¢H as bending,

irreversi bl e chan One sui tab substrate I1s a

streﬁ:f@ln@pzwwesa%mamc? thedie. wwmmswf@anw@vefp@mmngﬁe&@
sulh, SRR M apDu el SO AR ol picropdes ese
arerdisepsaca U.SoRatentNas. 14y838/644; ékﬂGé N a0@6r1d6332§hwétcb are
8B Bt 5 300 B0 S BETRS et

soli mobertbe wasignation Eexlin® by PsE}G]trideBnnes | loat Rdmer suitaibls iﬁemible

sufeds ol EBhATta) e Ay Jhalf, B kMG rinec

syrttharcrteaxhesisuedm nirtyhaylen,(etiuBne fihyiatefatd fozen (H\o% thaing,

theBRo Bai Shafe (B0 YOIF Il adibrerooRRletins Bbe pRERTRh Brenas,
polwuﬁylra@l&t@hﬂ@b@;bmyrﬁersswymyllcﬁlotneétalnbQSpalpmermtuwtaiane
tiles. In certai Qtegﬂoom nents, the flexible

ela§tl§>&e[r§ aﬁygg‘[eﬁ?ée lIgHAndEtyp BStrates. "Conpressible
substrate” and like terns refer to substrates capable
of under goi ng a conpressive deformati on and returning

[0034] s bst'%ﬁ?"tﬁﬂ SocRENYUErng agle bRl iR atriPRIEssi0ie

sutS&‘?rfa%s”abb%r&%?olé 8asRGic” HMA 1kEhdPmsHeiB i& 8SbtRtes capable of
deformati on" means a nechani cal stress that reduces

UNQ@OIO@IW%@SSI\%@QfOWr%du rpwr@iﬂg ¥ syhstantiatethersagie
she#%a@ﬁceq @c?w‘n? EivBefdihaliGh REs RRAS: Q{F{%%ﬁﬁprqbﬂ?ré%lve

e present I nvention may be a to a
def@mf@% GIEC asma@tarmaéstressdh@trregmeﬂ the yalysier aitleast and

terﬁad SF JRub&H dic} it & ost %Hétdfrgét?onc %E%ie% {%w@%%rc%ﬂip'%gite

resswe orrra I'on and return
mamnlaj; oidheipaddent tnventismmpay bepppli@Ettie & ¢mnmrea$jblessslbsmate.

ol BrRE SRR AT RE erh i hER R s TR HReLR ¢ ergegoinaa
comﬂrgsflwztdgmwdneammfanmmir@tto Isabstbntiaiypior sarne ghabe ance the

bl
coBRRt &b ErarBafin he Stasls TR LSH 1oy e R e R MBL art ke
tersk adam Deb&nicdl sgesathar redsidedtrasyoliiifie at7|5%(stqem§36|%rwof a
reater. Parti cal ar ex& I es of co ressib

su @gqpaﬁté%ast A% gisectiono Q%‘?FBF?'Q'? strate is one for example,

that has a compressive strain of 50% or greater, such as 70%, 75% or 80% or
greater. Particular examples of compressible substrates include those comprising
foam and polymeric bladders filled with air, liquid, and/or plasma. "Foam" can be a
polymeric or natural material comprising open cell foam and/or closed cell foam.
"Open cell foam" means that the foam comprises a plurality of interconnected air
chambers; "closed cell foam" means that the foam comprises discrete closed pores.
Example foams include, but are not limited to, polystyrene foams, polyvinyl acetate
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foam and polynmeric bladders filled with air, [iquid,

and/ or plasma. "Foant can be a polyneric or natural
woreqoens4s7 conpri si ng open cell foam and/ or cl oBEHUSM®INY/040753

foam "Open cell foant neans that the foam conprises a

plurality of interconnected air chanbers; "closed cell

ancﬂ/@ampdmﬁérg ;ﬁdwmw bﬁloﬁ@@ﬁh@/@ﬂ@épcﬁ)&ﬁer@l my(ﬁie@h)@bgﬁ@we

fodj i 5OYIPUABBTG NS By oA eJobma, RIS kasBRgRefdams,

an@@bl)/&lbﬂbf t feemhPEME BolptEfiPbleR@H OPYFBIefinic foams include, but are not
(meth)acrylimde foans, polyvinylchloride f oans,

“mﬁféﬂ @Jp@lvﬁr&ﬁéleﬂews tﬁﬁ’é‘ieﬁw;lﬂr@sfpﬁ@s @ndtaiapeng ‘ﬁﬁﬂéceﬁlﬁﬁj
EW" yehek nEvAff@é%HBca?ﬂébrﬁ’&lsséCH&Hdén %eﬁ"ﬁ‘ ﬂﬁd/oP@l'owéj &Il k.

foans I nclud but are not [imt pol ypr opyl ene

EVAdeam Caﬁdﬂ‘%ﬁéﬂﬂﬂf}lﬂtéh@etﬁéﬁﬁ@béﬂd rr@tlclgﬂ léWé f@ﬂrngusuah a5 shee
mmiso%%A Ijlff%r%ﬂ pes ﬁ@\(f\‘?@a% E@iﬂ;&é’ﬂ%?eﬁ?t &fj gﬁrj % of RABRity.

ose oam oam can i
Mokteddt\6A tnans babsomprlseoa deniseEAfaico AmMBsKiry' uWheI'@SISﬂBb@TeetS or

slag%, E?r?le?rﬁ?lt ?‘poﬁo%fse%ﬂﬁfaﬁé(pes of EVA foam can have

eren ypes o urface por05|ty I\/bI ded EVA foam
can conprise a dense surface or "skin", whereas fl at

10033 V1. o FioaRsABRRE B el adeaff e g o ¥ npfieatah ke

ardnhnmlep?lljphgﬂa; andli h@l@uoa(mm&d eﬁamgbs Ia.fﬁiﬁéll[l(ﬁ)er?rpﬂ)lmmidﬂ SF?tC)gI‘eSter

e AR chtoa e el hse B e s HesBEStET o1 or

theﬂﬂb%géﬁl?ﬁreb@ﬁ@d Elyhslﬁ@mphsaﬁfeaﬁt aﬁyecsfhlzeg teomﬁwn thérasdplastic or
an

thel SR TR LY HE: BORAe T MO IS PRk § TPO") such as

polyétﬂylﬁﬁ@bﬂébb@/pﬂip@fe'nésanﬁ bléids)thsreet tiasmpplages Didtedre, and
pol opyl ene and bl ends t hereof, thernoplastic

pollipasb e, SHeat OINSLFRITIROUNS ERACT RS R GHGN CeRigiBg SEMPoUNd,

acr‘;/%ﬁﬁl‘iIleQﬁﬂslﬁ:di‘lrr%‘i?éria‘i’s&1 n‘}lb'ndhﬁ’(gtﬁ’eqmﬁowﬂartlcular lastic is TPO that
acrylonitrile-based materials, nylon, the Tike. A

corpaigeasdlaroplens and ERDiHethyieqe Rf@nxien%@@n@mqumm ene
and EPDM (et hyl ene propyl ene di ene nonomner). [0036]
The conposite material nay be applied to an article in
[0028&} i ous T\hayx)mnonsit@ﬁ@te_riﬁbmvmﬁppliedméo g ayiislsi ingarious ways.

In 5@&%@& rfn tmﬂi%e Su(gsslt‘g?n eﬁéit?sc‘brro%hgec%ﬁl a &%bgl{?ﬁ@ and is then

renove comm nut e
renpavedi fram Hteesubsirate a;nsﬂa}onmmutedtlhte deotiqulaié fdrhakesh agmethe

ror STRARRS: the RELIH PRy sl et B LB 83
additivesintd edaging lcompayititre fdepplyingi talantaticie.nlt mayebe hendiiaiaeto
BB LR £PRPD oD b RSB st
mafe?icdl CRe@Jdddenadefnﬁee,rmame\reortﬁj nedQtiny ehd ditienenbeinvesactive
icles of the conposite material.

. the matr | and
|nd%§€(y\ée[e’nt C{)Hartlﬂe§ﬁ th,eeqo %@a‘tq{@éx owever, a
reddicfidreihens Eefﬁh%ﬂ@é ﬁh'db)( dﬁfé?’éﬂé@sgefnbﬁally'ﬂécﬁl%%btth’e mfensny of

refracted radiation. Therefore, when minimal haze is desired and the refractive index
difference is reduced, intensity may be maintained by increasing the thickness of the
composite material, i.e., by increasing the quantity of layers of particles in the array,
as compared to material in which the refractive indices of the matrix and particles are
more distinct from each other.
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refracted radiation. Therefore, when mnimal haze is
desired and the refractive index difference is

WO 2waaeds7 i ntensity may be mai ntai ned by i ncr eBGI/OfRMNE0753
t hi ckness of the conposite material, i.e., by
increasing the quantity of |layers of particles in the

[0037] &y, a% 0RO BRBLERNGNY, thBlceAliIrR) cdrﬁpwﬂomotﬁmuségér Rardicsat”,
indices of the matrix and particles are nore distinct

SUG i ARXIEE hEPC PIBHAP SRR BB U AT UPHBREOT taretaeduin er

corBBOIRB! drio®t poRMiIT RESwWRin tha k. FRaticularfUsiitaBR 8 compositions
al koxi de. The "al koxi de can be further m xed and/ or

corppizing gilaxanes tormed fr@ﬁh@id%@ﬁdévaﬁwﬂy BVderYIZK'ﬁﬁI?fnS known in
org%ﬂ@alﬁé%ysﬂfr?é fsh@ﬁ’h@bhé( \AﬁtHFnttﬁ@ lfc?rnﬂﬁa%l?&@%da?ﬂ%of suitable
npr|S|ng sil oxanes forned from at | east partla
alkﬁyde@pptﬁlm@ eamRIUER Ganesiheds on makingdhemare deseiberiim U.S.
Pa{e'HENBQ dd‘b'é@@é’%@m @@%’%%31 1@ aslg'otz%l € 916.686; 5,401, 1879

cont di N ng conpounds’ ahd et ho tor’ na
4,70R6809,.844.€32r4,68H 264 4LJ?5§ 8P tdeftid, NGk 4 884355 $,186; 023

5095745 §27h458e5 93 B D L 108 9% dyich ety

refdremiéeine®y. 4, 814,01 7; 5,1 15,023; 5,035, 745; 5,231 ,
156; 5,1 99,979; and 6,1 06, 605, which are
i ncorporated by reference herein . [0038] In certain
[003B8bodi nemtertaih kenbadlnastitslehe atkpkids esmprisesth k:nmblnranormbf a

oAl Gl s Eoihg A & el ok iane
moﬁbM@r dElWM)@[ @C&)aﬂk)}{]lfrll Dq%ﬁlkcﬁyé)a{mbm’}tﬁhérélgaltable for use in

oners su ng COﬂpOSItIOﬂS

theoqoaf'ﬂ%cgmeg%mn% QT\F%%Pfeéﬁ” 'H\é‘l”ﬁ'&@ g inclide

glyglbuﬁyrﬁcﬁﬁwf%ftﬂbk‘yélfdn@t Gde?étﬁyltnmethoxysnane a-glycidoxyethyl-
doxyet %I tri met’hoxysi | ahe,

trlemc&yyango&@g{c yyqthg{rmggggmsg‘me B-glycidoxyethyltriethoxysilane, a-
eg@idSk%Er‘o%?l’errﬁéthMJ(}s" Iéﬁ@tob@w éb}y%F@pyltrlethoxysnane B-

doxyet hyltri et hoxysi I ane,

gIyglpgéymmmme@jmxwllanﬁeﬁﬁwmxng@yl trlethoxysnane y-
glyéfiSJ())b%;sm Wé'fﬁb‘% Lif a!’nbeﬁ 5%%@9%@&,‘ and/or mixtures of such silane

ycl doxypr opyl rlnet ane,
moboguega;. &awm’r@m(at% @Ik@msy@nqsdhet may be used in combination with

the‘@ﬂyéf&d&ﬁéﬁ%&%l] {T%t 4l o?élllaﬁQ%tH%yﬁ Jw%(%ﬁésmons of the

er eo such silane
preSant invdrdion énaleed {aC expaipkeo xasériaas egcht dmtetranptivxysibed, | n

Lhation w he. ' j - I ri{cg-cC
e bR ek b iR R SlE: RgReMbiodase
tetrahesdortysilanecearid mixtures thedeof. f or exanpl e, material s such

as tetranet hoxysil ane, tetraethoxysilane,
t et rapr opoxysi |l ane, tetrabutoxysilane,
[0039] r apenlrﬁ yerexiy ehibadimeritetthabpxidooy(yGi-CaaryignC,m xt ur es
n certaln enbodi ment

h .
04 K%Y%'asz@ %@%tetlé !s?) Qemorvs»wacenmw@meﬁ HB%@@ﬁP%ﬁ@a%{wd
coms@sfﬁt{r@ dEtéo QﬂeIS@PFMﬁ\Vé@Bﬁ‘ af®PRIFBASIN USWSlghtiratid 6f @%@om

ositions of esent i nvention are prese

Cs)\%«' HCrGe) alg%)fsn@lpg/gq t{gg;\lgp if¢glalkoxysilane of from 0.5:1 to 100 1

such as 0.75:1 to 50:1 and, in some cases, from 1:1 to 5:1. In certain embodiments,

the alkoxide is at least partially hydrolyzed before it is combined with other

components of the coating composition, such as polymer-enclosed color-imparting

particles. Such a hydrolysis reaction is described in U. S. Patent No. 6,355,189 at

col. 3, lines 7 to 28, the cited portion of which is incorporated by reference herein. In
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C3)alkyl]Jtri (G -C 4)al koxysilane to tetra(CrC
6) al koxysilane of fromO0.5:1 to 100:1 , such as 0.75:1
W@ 200305485and, in sone cases, from1l: 1 to 5:1 PCT/HS2009/040753
certain enbodi nents, the al koxide is at | east
partially hydrolyzed before it is conmbined with other

cer@é?ﬁ@ﬁib@ﬁirﬁer@é v&en@r i€ PRVt iA @ﬁmdm ABces3EB ToRthe hydronS|s of
mer - enc| osed col or-i gg)art articles. Such

theHV&’ Ayzpbiesalk@deq(Bbhn9rLxg ime]ftaim egybodimesys. é‘\‘ﬂterl\ﬁ present
in eﬁ) #6urk B8t RasCPb males bi W&Er gert RoldBf hi/delyzhblediRRide. AR

of which is incorporated by reference herein.
cerfaii eMPafinastih GdMaEiesic mm%téfe if Sufficiant. g berrdequaifount

necessary for the hydrolysis of the hydrolyzable
al koxi de(s). For exanple, in certain enbodinents,
(00481 er i dn peré@@mﬂhoﬁlr@ﬁntarﬁ)@ﬁtaly@tﬂs atovidegde catalyzedhes of

hyc)/u‘@n&&% ARRcofBbSa86n 'F% |Bhyﬁ@@rﬁalﬁéﬂﬁ86¢ FH’en é 'Ehecceétél%trls an

nments, atnospheric nolsture
acigie rmieqalandlor[aonaiellalt diffeeant &iom téa‘@o@umategal a/haﬂnt%nﬁsates

an %giggfg% ?ﬁg%&g (tecg Q%tﬁhé’ é%‘ ||3ﬁ m{gér?a{ni E}g)@a@%ﬁg% ,th% ﬁ((:eidic
matmlaalsmbsersframn aalmrgamcrmtdemoa@ammaktlmor enixtategherslof. Non-

i & aBles ol SO B IR BB outs (e B 2"
hydrotiadiisyphbsphdribehyatoftlioticn@dlferic akidi s nakiasathéreom an

organi c acid, inorganic acid or m xture thereof.
Nonlimting exanples of such materials include acetic,

[o04q] mi c Aplyuh@eiisl, thaedeplefatedih bitig onheshoesrdl teaictnic radlatlon

r|c rofluoric, su|furi aC| or m xtur
Ca’?ﬂ @aﬂ%fvswq?%wﬁna@qnwgf Cé’ét'%c%r@%s'%‘?{‘s
of tﬂé Fb@éé@n@mh@ntﬂﬁ bidfad adiedtd &d ﬁﬁ@/ob& Bﬁér%ﬁ’ecﬁéc@ Non-limiting
ydr ol ?/SI s and condensation cataly in the coatin

eX%!”GFPJﬁ%§ 1?‘?'%ﬂ§”%ﬂat“i‘91EO'BP%‘M'W'F%%'P%%”?;@BH iqdosyl 93l s
arodtdtid REYShRIm Salf ﬁﬂz‘%&l%@erﬁﬁm%altéb@hltﬂoﬁbﬁi%rﬁlﬂénﬂ%es of

aci d generating conpounds include onium sal'ts’ and

Poly@airginylens pelymarsotrscrieedindz &n Paians Bliot 8,99mdB8a) the®eni um
, <~ Ri.t
mtr%g%zﬁoﬁvol Estlts J&Eﬁg%?ﬂn%%\/gﬁted 8. £8hy ?éy Wﬁ%g&yﬁ g%nentyhe

yners descri Pat ent
acejalst inett Molyeniers and endscarneskdasivativas dgsrioaebindhs. Ratent No.

4,0%81%1@’ I&r?ona@dgsgg rtarrgrﬂgl‘?@%l:oﬁcﬁ E&#tﬁln dg‘aebérg nyl group ina

ers an derlv rves
pogitich alpba enbethbido the, Q&ﬂjm estat groop, dﬂeu@bbeylexwdenvatlves of

an Bl me SRIRGE. S8MHa} B uGRIERY pu PRl BidfeS e
resiissagnpiging bewzwndgroupanm theschafn, aucraaothake @eamhée! ioiJ.S.

el 5 BB, oL B B8 s VAR e i o

dissloséu msU ShParndRiecEdbed4bn U. S. Patent No. 4, 368, 253.
Exanpl es of these radi ation activated acid catal ysts
are also disclosed in U S. Patent No. 5,451 , 345.

[0048P42] lim ce@dih @iibol MRS TREkSId deheratifig oapbendis eationic
conpound is a cationic o ,
photoinitiator, such as an onium salt. Non-limiting examples of such materials
include diaryliodonium salts and triarylsulfonium salts, which are commercially
available as SarCat® CD-1012 and CD-1011 from Sartomer Company. Other
suitable onium salts are described in U.S. Patent No. 5,639,802, column 8, line 59 to
column 10, line 46. Examples of such onium salts include 4,4'-
dimethyldiphenyliodonium tetrafluoroborate, phenyl-4-octyloxyphenyl
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photoinitiator, such as an oniumsalt. Non-limting

exanpl es of such materials include diaryliodonium
wa200vas@md triaryl sul foniumsalts, which are PCT/US2009/040753

commercially available as SarCat(r) CD-1 0 12 and CD-1

0 11 from Sartoner Conpany. O her suitable oniumsalts

ph@fyﬁo@tﬁﬁmﬁlhbﬁéﬂf|uoaoémﬁaonaaé @@tjeé\}qmphier@/mdmam col um 8,
e 59 to col nBI es of such oni um

in
he’éaé'PPéoaPH@Pﬂ%lté Wf [42- tet@idﬁ%%rfﬂl)lod}’]ﬁﬁ%'?w e HdeRum
heXa2LbRfahiPbARe Maemixtures thereof. _

phenyl - 4- oct yl oxyphenyl phenyl i odoni um

hexaf | uor oanti nonat e, dodecyl di phenyl i odoni um

odZ;@](af | Uqfh‘éad?ﬁdd?‘ﬁ’ﬁﬁ&atglfyst[Lf]seb(ugtﬁe <EHart|ﬁ§| composmons of the present
gcanol ) oxy] phenyl @g enyl i odoni um heXaf | Uor oant i nonat e

mVQ‘ﬁI@Wﬁ%&WbW'qu%@- #epgnaicaathe Pagicylas mrateritls usadl QQW the
amHﬁﬁlq'ehﬂ‘lrédql% c%?éhtrier%o?@’fﬁ%{étg?rﬁhﬁroﬁ/g‘l@ aﬂE %%ﬁ&‘énsatlorlw

nventi on can var end’on t articul ar
rea|¢a0rer3| rafigirags edl., ajnatylyzmg ammmht Inr@qﬁaunr @dbtvdjmeatsawaz@idic

maff QhctbPadif bbhBbfind RRdMAAED) KS LSeRIhFARAGRSRAL 601 t0 5 %
reaction is required, e.dg., a cafalyzing anount. 1n

by weigh&ibasedibo dharttdl syeightef e ahingpasiticer i al and/ or aci d
generating material can be used in an anmount from 0. 01

to 5 % by weight, based on the total weight of the

[ooaaprp03| tThemon{db@Aé]naTérml patosd aecommg Ito ade mvemilbn @ahy be
ent

usGE ST defickSng THBE HheinEmY ot Valbig cstigPs PRfngligeture and

theiriyaigk&gihg bed anredieth domﬁé«ﬂgl E@amﬁI@sQif ed@nﬁerﬂb $>f value
ocurrent S 0

t
incfigB BUTEYCY. Cracth o R ARt Soler Ry £ e and trading

caré8)] derek Ofitfes drtr@g'f‘s?tra’ﬂbﬁs*(é gdiadebnsAiv e s cofPRafoe ddchlse fcidits
regi strations (e.qg., autonotive), conpliance decal s,

(.94 PRl sSVEBIS P KIBdeax SUBRE.COMS, PATRUR BIRMASasaE 754,

moR8Y Berd Ae41RAES IFHERBtckeREEKiPs BRE/oFRIGMH S, Qfoﬂ?rbﬁ’ed items (e.g.,
stationary, lottery tickets, chips and/or tokens,

evigenie) dQY@@Vd% KR¥S, (“@C@Q ang\;l'a@@ﬁgétﬁmsk%}ﬂ Fa Q@moﬂé’i/ barcodes.
ArtETé%Cdf%r@'ﬂéttﬁrb%?g) 80 irﬁ%rﬁ&gs QfsménLBQEﬂJLagl 2f|ncIL%de aircraft

arcodes. Articl anuf acture or pac
pardg, tautinesiivefoantasutiaes Mefelclﬁagienttﬁcatmﬂmmnbafs aﬁharrpsaeetﬁlcal

pro@H{:T%'HNd'p\é? S Ea?‘re%‘r‘&&h 2 Y& r%ebﬁe@l‘blﬁu Sdé c?ﬁ)%twear

ar maceut | c produc and
eleptronic de\sypes batie ks op’etdeamlc dbwces rag:o@nu fdcmbte:mtpr inting inks

ang biIg e itles SRrndbRimeits, ALY HARS sipf B hisBRve and
harlmdl?msr?ni;tﬁg; gomdgt zcrfgvairg[algdlsen\t\/are packagivg, theper seald satwork
(ndfHE PR RS B AY paREio ol GeBRRE miditiohd ol T,

indosmgl étﬂllpme)itkblombloaf m)atenetsrmorlwmg gnodsa‘ewelrgal ®oks, antiques,
itio strial eqU|p

satiotegts e Hrteatioauihesmand | Getio” Jeuee)” Saung apd oss,
fur@ishihgs! @hemici inedida® BBviESs, Baint hhd eoiHigs B VARG Ss andl
filtration devices carpets and ot her
transparencies. Examples of credentials which may bear the composite material
produced according to the present invention include drivers’ licenses, identification
cards (government, corporate and educational) passporis, visas, marriage
certificates, hospital bracelets and diplomas. These examples are not meant to be
limiting and are only a sampling of devices that may bear the composite material of
the present invention. Such uses are not meant to be limiting.
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furni shings, chemcals, nedical devices, paint and
coati ngs and wi ndows and transparenci es. Exanpl es of
wee@dasMssal s whi ch may bear the conposite nat ePCHIS2009/040753
produced according to the present invention include
drivers' |icenses, identification cards (governnent,
corporate and educational) passports, vi sas marriage
certificates spital bracel ets and di p| omas. These
[004%% np| edn é?‘%'t'%tth&é%rﬁpo%'@ BRteripknay R PERAYCS? & g fgrmyof a
filnP&gHeeN GvHidh deNdEasplehad aRRMtidReQicht 4Xvig @AR@BESIGe or the like.
material of the present invention. Such uses are not
nmeant to be limting.[0045] In addition, the conposite
[00'13] eri a'AIt@ﬂ%th@ly%@d&lﬂﬁéltéé‘f haEséQk %@Csuﬁ)sfrhierﬁypépplymg the
sheet, whi hen applied to an article such
afr&homﬁ’fﬁ@e%@lr@ﬂ{w% &he hausing Qfoh@]armlet%mhﬁtb% h9US"ﬂQ1 @f

a ,

cloBFANE DB LS ey I GA0E, oBon Bo S fEd Rl rmin et LB,

optipat lepbes, mtm:alaﬁ@melseclhﬂmg mgluslinges aesramditbe tieari ces or
directly to goods such as athletic equi pnent,

accessories, optical |enses, optical frames, clothing,
[0047E | udi ﬁ'@esiwwsm@maﬁe'real bf the. pr@mmﬁvem maypesisee to

auffBb &l an Sl Sul] &5 fuhERte £ BodMlerioc HBfile bEio jdentiy

thedsatiseesita wanofaviuce prodtict. iAdéoduinfent.tsuen sewr seeudfy card, that
manuf act ur ed

vedlS MoE EhieSTE Bagrati: tadsRETE SooR ol Gs SoRifeibilelg
authBNR therarielg |b§a|br$g m@rmmmem@l materke eﬂublhﬂlhblmopértlédﬂmereof

sud 45, laclen bl iai WaGeloreias ofePiligh af B RaRLBE Tasyy level

aloh8 e redtahthigat@dn wigHadditichal plopartiealsut db @lectrBiRBRétidYproperties
| evel alone or in conmbination with additi onal

(e-gr BejBg MasnelciencandUETa L AcRRRHIEY Fardpinslisles deguments or

de\REdWaBRARSHticatc e Wﬁl&%f't?ﬁ@bear/ér THRPEMHTdr b¥rrfiRhEtess to a
i ncl udes docunents or devices that authenticate the

fac:ha/e ﬁwh s ¥ the fermbelza lbadaen ekheogecyrityardrimay ddendifisthe dpegrer of
i D The: it
caa?di é ngya pﬁﬁﬂqldgﬁtlf{cﬁgéﬂg%@gr 2y ﬁssﬁ%r%gﬂgﬁy(fghgt}c’ﬁ?%é y
docphmrtior dewce thag mdiaaﬁea:taautherbearqja@@p@fris)o be pauyitted access to
M . . AR .
R e R
testasicior baxfisg: ptapesties b diffeaciing Iradiatio rsandielectyorozgribtismatA

co%ﬁ%rgea{sfeicggtybér@w@Einf% fo %&Fbéﬁtﬁg ?éﬁ)%gﬁlggr Li iis%g consumers

of m m«mm plsannaAeutmampmdben prcsmmmrm topckayiny beasing a

serspr gt R et vl Gl Bk aERacit 15 15 Afie R B aRino

its tiffrgoAe& ﬁgjpﬁgle@@&fdl engctmnwmsm: pm‘pettﬁhse maem;ﬂh% ivhicerddes mot
can test the pac In r its authenticity estl
resPPo HROPHREVDEL B SPey Gy e b rour PG tie Rackding Ik
dody @it tlh@ﬁbropféﬁ\ﬁé’@@bmg bettorbideReso betautiesiieNn dther consumer
ropriate woul d be considered to be counterfeit,

go%ﬁﬁ mnay w@gd;\{@]@orpﬁgglte materials of the present invention, such as’on the
housing of a manufactured product (e.g., electronic devices) or on the surface of an

article of clothing (e.g., shoes).

[0048] The composite material may further be at least partially covered with a
coating composition in a multi-layered structure. In one embodiment, the composite
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does exhibit the properties would be considered to be

aut hentic. O her consuner goods may include the
w@wposisse nmaterials of the present invention, PEGUUR208%040753

on the housing of a manufactured product (e.g.,

el ectronic devices) or on the surface of an article of

magdrial 131 ddatdcewith thesHb08 destriiddi8hartheat wtRasd t:@m mn‘ alh
further be at | east artl al Iéﬁ}cover ed wit

an%taért ?rHBOQi@ﬁ'Bbg?ec r,:qmoqshte gigfiqliis perIed wih @pra‘g@trgpr—éztlva goating,

sudi&s ArDediiTByEred A rEIREIRS StaERETIRS hi-rdiRchRARENYIndY be
t he above-descri bed "hard coat" coating conposition,
aﬁg{ﬂ@n

formgd aﬁatdvﬁéectwmr%rﬁg mRial e¥ApDSUCE y 150, SO,
Ti%fﬁ%?? M3, 15 4, il Eﬁ o RGNS W%ut@i_mgsuch as in a

layered anti - Tlective stack
anti-reflective coatlng may be forned of a dielectric

1003} 5 it o S e R el (P e

primgjplep at therinveytiof.0049 |nvehigort sjidum/\mmg)es)oanmbw a® lémited to the

oAU 05105 i BLAs HCoORARHALNBL! ARLRYES rilealdie

i nven e |nven fon s consi der e
limted to the specific exanples presented. All parts
are by wei ght unl ess ot g(r\mﬁ_eE ndi cat ed. EXAMPLES
Exanpl e 1 [0050] A dispersron o

pol ystyr ene- di vi nyI benzeleangued / styrene-net hyl

h | at th | L. .
(03B ot hacd @Pﬁ%rg'oa.ycv55@?@@%%2%'”&'%”46”&&%? LStgeneimetyler
memrmtemm ev 19cdl lﬁignétﬁitad:rﬂ)l\dtdldlvmmgéﬁﬁbﬁeeshe'ﬂ JArfidIes B water
| car ponat e ri C
wabesren M s ol MG RoSRUItS] HeSrOb etrarTE Plogrhpnate

fromaxl@stH @hé\nﬂ;&td)br‘hsan)f Was knieviBPE ooy tdBloﬂlzed water and added
t hernocoupl e, heating mantle, stirrer,

10 & SRUIERAEPK ARHHPRRY WERAATIOBE DI REaNNY FAdeuBLE oS Jafigied
coNMetnEernaﬁd ﬁlﬁ@gbrf PAlet A@n8TkLRSWHY Eﬂiar?édi With "r‘nﬁro'@’éﬂ férhﬁﬁr(nlnutes

| anketed w nitrogen. Surfactant Aerosol

W'”lgt'rgﬁ'ng @ddhﬁ@'ﬁ@'&ew%wﬁﬂﬂf@ﬁ ISyefactapt Ber@SQt'W'\éQré (199,
froﬁHﬁF @|n@u%ﬁlbﬁ Iﬁ@d' I 1 ﬁfan@égﬁ |@aaﬁ‘§8ﬁlu91 9a|[IEH 45 hRa 8.0 g

ution ava| romAldric em ca npa Y,
Brij@$s. solutien4oth @va_dlebl_@ﬁromaﬁlvmmeblemmsl Gareanit tna.He 410 g
deiHhi?éﬂri‘(}v;alté’PL\tNQs ﬁ&éscf tlc\),g[ge {ﬁ{(t}.] EEYI’I’I %ﬁﬁlog/glgﬁyﬁi%g‘agiogized
watgarposg/ (etishwhe fodlogkd bylthe a@qjmgn of& b erpaieetgieny ighicel) meshy!

et el e ol B g ot Tl TR B hiea o

approxiaraesly 6020 w@ng ahelatmg\mamldoatgz@me rﬁ&&nrﬁbrg)’zcagﬁlalnabl e

vy R o1 (2PmShivalide AN CROFISabhotpaag g myes added

WltﬁgflﬁlH?f Fhe rﬁlthlF@ whehbstad then? Ga|So@RWBBﬁéulfat€Qron( AFHn@h 0
dei oni zed water) was ad to the mxture
Chemical Company Inc. (12.0 g in 144 g deionized water) was added to the mixture

with stirring. The temperature of the mixture was held constant for 40 minutes.
Under agitation, and in a separate container, 200.0 g of divinyloenzene, 1.0 g
Brij®35, 100.0 g styrene, and 1.0 g of styrene sulfonic acid sodium salt hydrate was
mixed with 300.0 g deionized water and heated. To this mixture, deionized water
(1000 @), styrene sulfonic acid sodium salt hydrate (4.5 g), Brij®35 (6.0 g), sodium
persulfate (3.0 g), styrene (150.0 g), methyl methacrylate (200.0 g), ethylene glycol

dimethacrylate (35.0 g) and all available from Aldrich Chemical Company, Inc., was
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with stirring. The tenperature of the m xture was held
constant for 40 mnutes. Under agitation, and in a

W@ pansss7 cont ai ner, 200.0 g of divi nyl benzenePCI/US2099/040753
Brij(r)35, 100.0 g styrene, and 1.0 g of styrene
sulfonic acid sodiumsalt hydrate was m xed with 300.0

ad@od@hd)éﬂrﬁ'e@om\@@bepmaammﬁﬁm@b Tigis tWas ShéA addeoeo the flask and
dei oni_.zed wat er rene sul fonic aci

follgyad! Wi Sal Q0- %Qcﬂﬁng? of ?Q‘O%’)Z%ﬁ waigr; [he Yegipergute wes h%lgcﬁt um
apprekipisdpb8° C3or04 G)houﬁs.t W@@sﬁltﬁ@@ol@nﬁ} dispBisibA was filtered

nmet hacryl ate , ethylene glycol dinethacrylate
thre @ dfiyy-migien Iter t@@al Ihgtnodymerahisparsien wias dneinilgafiltered using

o R oA e bR Bl g ol
bothiftam BTILAGvancgd miltigiiore inadeDxnard,eCA veatdewas mhreped using a

ool SHREbARHER 135 AL o GMRER) 78 8] oy Whelind OB obdcg water

hour's € resul ting I spersion Wwas
(300Rrpugls amlded vee the cnsspm3|bn latter 30090 oﬂ'thmammalyer‘rmd been removed.
ersi on_wa

Thig:egslaer'q eWag regﬁaﬁgueg ﬁr& mee]tuﬁtrll%%g% ﬁ traf|I A was replaced
witip 8683.0ydfi ddiionezeld wister. deddiearial amefiltiacs \haé them rBrhbved until the

iltrati Inc., Oxnard, ,_and was punped.
sol©§lc|qateg98£t|he§9léqU{e wéﬁ 65& étbyamelgrgwﬁgtrgatsflal was gppn.gg via a
s|oﬁ@|erc@&tmbﬂ1 Frohifér intludesl TeeRedIegy, ed. crrbva:ﬁ@a\/\mefo 43000
s added to the dispersion after 3000

po'M‘?thng? iqrephtBalpigsyRsE ﬁter%“f%qf g atfi§0s FéQrc:FpaW”ﬂﬁio a porous
dryrtﬁiaﬁﬁés%%f QR{X%?}E%%WE 8686.0 g of ultrafiltrate
W

was repl ac 683.0 g of deionized water.
Additional ultrafiltrate was then renoved until the

oa' =, GRERRLRh BTy Ry B P Ly
dipReyi{(2.et, 6rtricedtyiticazoyiephosphingyoxidede-hydroswardethylPA, t o
pro%g)%?@f?ﬁ&%g eoler?cf ﬁgﬁté?&%gtﬁdﬁc%bé@{pyaﬁiﬁﬁ Ighl\%uk%% WI 97% of

econds 't or o ness
theapfarcmphlllmn@tqmér(etmmmm (20) ﬂ)@ﬁéihylﬁhmoparhetrmbr;ﬁlatatfrom

saiffenybey oé ERpIRAL The sesilinl I siphh Hstoihonl & 474
nmaiddEs. 3% g tiksaexnce2- met hyl pr opi ophenone 50/ 50 bl end

from Si gnma- Al drich Corporation, MIwaukee, W, 97% of
t he hydrophilic nmononmer ethoxylated (20) trinmethyl ol

propane triacrylate froneganglewer Conpany, Inc.
Exton, PA. The resulti anEé}‘l I'mdiffracted visibl e I |ght
[0092] 474 AhSAREPTBPMAYSIEF (e OX YO MK HR{sRBEHYofHBSICal

(TMOEHtdvalatsi® fiBi GbIBst, YrQkaberieum 8hd 25% by volume of methanol
tetranethylorthosilicate (T (avallabl from

(HREG geade ffqm, HoppywelkBymjck anF‘N)aC ) MEsopsPared imebgaker. A
por’ﬁ@ﬁ '673{?1%' fllﬁmpoHQEQérﬂEI% if %/ngﬁ@ggﬁ‘?ﬂ@me Rt &kntéﬂglg tﬂe

Jackson) repa ortion o
TMQY/ methenal @hatm @dlsqaétgd (Ar @Rt Ximeiglyt hainkek &pe film was then

rertU¥adtdhh i $¥18S/methanol solution and placed into a 15% solution of
NH,OH in water (30% NH4,OH available from Sigma-Aldrich Corporation, Milwaukee,
WI) for approximately 30 seconds. The film was removed from the basic solution
and soaked in deionized water for 2 minutes, whereupon it was removed and dried.

The resulting film diffracted visible light at 483 nm and 29.2% reflectance.

Comparative Example 3
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TMOS/ et hanol sol ution and soaked for approximtely 1
m nute. The filmwas then renoved fromthe
warMognsesshanol sol ution and placed into a 15% BOI/U$10091040753
of NHAOH in water (30% NH4CH avail abl e from
Si gma- Al drich Corporation, MI|waukee, W) for

[ooaapr oxi mepetiyn aﬂthéemrpe@arér@m Exd |¥@ sydseraated with @mixture
e basic solution and soa eionized water for 2

th
of $reiiRhegy! (rhér &l asinypergey) P@H%Qf@'&e arigegryeeexymethyl-
profgﬁ)'?igbhbﬁkg 50301 ehd frérﬂcgl@rﬁaVAl&*lctH @oﬂpbﬁah’bn alt/m\ﬂ&%e@m/\ﬂnm 5%

% refl ectance. npar a ativ | e 3[ 0053]

1, B EMBHOLISEHEN AIc B ey FiRd Epely AR beng Aiasyate
botW'afvﬁlIé’oIéfmSFnué‘_f,e?rtdhf1er?(%lrﬁlgbaﬁﬂle e, Exdon,PA. This was followed by UV

-trimet hyl benzoyl) phosphi ne

curm deyexenyltingikn Qlffr?@te@/hqdm 8pPAphareRe32. Blo/relteatansed

from Si gnma- Al drich Corporation, MIwaukee, W, 48.5%

1, 4-butanediol diacrylate and 48.5% et hoxyl ated (20)

trimethylol pr opaneCDmpal(HWbﬁxerﬂ@dﬂh avai l able from

t oner P T

[oqéﬂf wv chh%}%% eewlrag i | ngﬂﬂh? ér"?\hce\t‘mc% CF&@%E?
Exﬁ@ﬁlememept B2t a%rtbﬁlcxédteaftﬂumroqudan ﬁxamleE’zkmpluee@ The

restl3g o B AL o4 B D Br S ik eledigedon of the
]t: : m p:r]?]gltjge? in Exanple 2 was us:ﬂd ':I;gesg/esul ting

The st for hE B Gialeb 8 (e ufdaRd: Barpl es are 1 sted
in Table 1. Table 1 [0055Takletir ansm ssion el ectron

m-croaraph o the material in Examle 2 is renroduced

| AT A~ B=a~a SR |

i iEXATERIe3. The | nARSEHPION | ca pé{\‘%"é&q“@@ e | vatigiestance

etween ayers of l(l;l&‘nt Igoull C partt L,zl_-ﬁ‘ A Ilpdl2|5 on
h §

e s—th
.2

19 4 o
oM SidiRugga T and 2 depppotra

ﬂ

FAETBIE LTBTREd Y ¢ e p¥ence bf ¢ 8-

3-1 Bal |y c-\nnl Lina of t h or aanie

Ho o

parti%cl es of E%‘ﬁf?ﬁree%trfatﬁﬂd% i s achPEvabl e by " adth éng
Mﬂé’_@n&oﬂmr_f_@%d_by_e

s _evidenced hy

the further wavel ength shift and refl ectance increase

[0085] Compay @4hsrRs&F3RBRRSN %l@BQra‘ﬂ)h o 8hieVii iheExahple 2 is

preferred enbodi nents of the present invention are
repaediced ik BidaBovEle iDiEre slicaparticlesare yisblabefwarn éayers oise

org?ﬁlcltrﬁé“r‘%d?ésesﬁ EmeQNﬁJH e HEt}é Rﬁ” Eﬁgﬁu MUY 2 depahdidlss

e Sspiri t an scope O e pre ent | nvc_an.tl on.
tharthe isgepeedipercent rpfiesiante ansredishisinofireflantdd iagiption ardigue to

theBEHLE b TR eB 3 flicE 9 AadRbRAN S sWEARMSELANERIMR: particles of

Examples 1 and 2 is achievable by adding acrylate monomer followed by curing, as
evidenced by the further wavelength shift and reflectance increase of Comparative
Examples 3 and 4.

[0056] While the preferred embodiments of the present invention are
described above, obvious modifications and alterations of the present invention may
be made without departing from the spirit and scope of the present invention. The
scope of the present invention is defined in the appended claims and equivalents
thereto.
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1. Anmulti-layered conposite material conprising:

alternating layers of first particles and second
WQ200i184885, wherein said first particles are aPCHO§®AI/ 040753

in an ordered periodic array and held in a matrix

conposition and said second particles are received

W thin said array or matrgxalM8osition or both. 2.

The nmulti-layered conposite material of claim1l

wherein said first particles conprise organic polyner

1. parA hﬁlltﬁ@yéﬂé@ M AE eRAstidPabinpediRg: conprise inorganic
particles. 3. The multi-|layered conposite material of

cl aﬁ'iﬁr@t\ﬂﬁéﬁﬁr%og arsd péft'&?ﬁ@@dﬁ@wfﬂépa@i@ﬁﬁ wiergin said first
par‘ﬁ@l@? %Péﬁrr&%e)dﬁh léh%?gerea'beﬁ%lbf Iah‘éy RAY W@Porm a matrlx composition
pol yur et hane, an al kyd pol ymer, pol yester,
and 5aigsapenchRatieles arﬁgres@wgwthmas%aw@mw ma@xmmp@sltlaﬁ or
bothPOXY-contai ning polynmer. 4. The nulti-Iayered
conposite material of claim2 wherein said organic
pol ynmer particles conprise a core surrounded by a

2. shefre iaNillagerad eonmpesitd materid off it wheRin Sad drst paRicles
5. The nulti-layered conposite nmaterial of claim4

cowm@rea@,'s.p@'vm%pagm% %%ﬁ'%ﬁ%“s"”gr@”ﬁ?&ﬁ ¢QreRfisg ingroanic
padigied, shel I's of said organic polynmer particles. 6. The
mul ti-layered conposite material of claim2 wherein
said organic material polymer particles have a unitary
3. St rﬂﬁé @Dﬁ-—la{ereJ %Smpgé itd mbR¥ial @f%l&ﬁﬁ'ﬁ’@ﬁéﬁeﬁw 554 BFdathc Rlymer
eln sald 1norganic partic
parﬂi@@s pptmé@le pelystiemenan acwll@bwr@@r uqotywretaanerl@@ alkyd polymer,
I I
a p'a];/!e%fer nagérfu%ggﬁ% 88@&% g‘@oy@%ﬁé sB f|d8 af\b%‘ré %ﬁ&ﬂ:&tammg
pmmmbtl-layered conposite naterlal of claim8 wherein
said netal is a netal oxide. 10. The nmulti-I|ayered
conposite material of claim9 wherein said netal is
4. si ITheonmuItltlayaed unnnpé;ltecmaietmm ofajlaJmi hwhereiraggie srgamic polymer
[.0r si ayered co
parHﬁ'?%FP%P”%%ﬁﬁP %?LHEP“”éﬁd ﬁy &eﬁhsli hgy 9&0‘306”95’%?'8{7 dtbffere”t from
saideoposite particles held in a matrix conposition, said
conposite particles conprising a polyneric organic
portion and an inorganic portion. 12. The
5. Multhe ﬂn@&’ﬁéﬁde@ eoPpasiteemaRrtiar dfalaiff4 wheden ddlid Weregaiic

sai d i norganic
particles are positioned in said shells of said organic polymer particles.

6. The multi-layered composite material of claim 2 wherein said organic material
polymer particles have a unitary structure.

7. The multi-layered composite material of claim 6 wherein said inorganic
particles are positioned in said matrix composition.

8. The multi-layered composite material of claim 2 wherein said inorganic
particles comprise a metal.
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portion is positioned at opposing sides of said
organic portion of said conposite particles. 13. The
woreiovits48ayer ed conposite material of claimll MIBEUS009/040753
sai d conposite particles conprise a major polymeric
organi c portion and a mnor inorganic portion. 14. The
9. MulTHe maiaapste cOPPBsiteemaRrtiar ofallaiffs whédein ddid witedied A metal
said organic portion conprises polystyrene, an acrylic
OXig®| ymer, pol yur et hane, an al kyd pol yner, a pol yester,
a sil oxane- containing pol ymer, a polysulfide and/or an
epoxy- cont ai ni ng ymer. 15. The nmulti-|ayered
10 con:Bt?smtJE' Iregred pamp@ntebnnaieﬁhahqf q}m@r%whe@m %ﬁ'@‘ AR piicon,
titaRfd, 'zﬁ@orﬁ@r‘ﬁpélhﬁﬁﬁm‘i‘ rﬂ&‘ér@smngrqron-reh%/dﬂéllﬂlér' layered
conposite material of claim15 wherein said netal is
silicon, titanium zirconium alumnum magnesi um
iroQ [ ; ; iRG. Producing a
T A‘Inﬁ‘{}fj agér éon%gg%ﬁgtcﬁ{aﬁ@ﬁgﬁsﬂ%np“ sing: providing
a A @ndetaﬁiwndmartaymjmbmpngit@pwe‘cleabew inarmgtrisicomposition,
.Qr . ] . 1 X . .
saif 8?@@9%@@%%‘5‘5% cBipti .é. 4; g Bﬁnéillcscf?{g%mlgﬁb{tlﬁé arngjrégrlnorganlc
pordionmponent . 18. The nethod of claim 17 wherein form ng
the inorganic particles in situ conprises swelling at
| east a portion of the major conponent with a
12.pr €Ty salti-lagerpo semposite heriahofraEmi € whsrelncd s inmrghnic

PO o eRBOR BaUEt S Bh A ProPBIR T A1) B Gabesit
paniigesi cl es. 19. The nethod of claim 18 wherein the

inorganic particles conprise a netal. 20. The nethod
of claim 18 wherein the precursor conponent conprises

13.an 'ﬁié@&b{ Iéyéré@@oﬁﬁ@sﬁé“ﬁate'ﬂlﬁrél&!l’élﬁ] ﬂa\ﬁlhér‘éhﬁs‘iald:@@r'ﬁbbsﬁfé
silica. The nmethod of claim 20 wherein the

par(tjplgaﬁp@pﬁgqa ﬁmowwxm%nwe@rgaelﬁmortw W\ 3 B¥RAr diEganie portion.
acryllc pol ymer, pol yurethane, an alkyd polyner
ester, a siloxane-containing polyne
14. poI 'Inﬂitldéyeiﬂ@m@mpaﬁteerﬁawlab@ &t 1nvyh$r@|rwae¢ orgapic prrtion

corf@IRAS iRt n@ drldcrfi ’B%Wrﬁérns?ly@btr?anfe' ar Ellkgcggﬁl%‘%ﬂt

conpr|5|n ere array of “organic po
polpestes, @lsdexans:- @pntamlag petyinex, 2 palyeidiide and/oaaiiepgxyacontaining
pmzﬁg pnd conponent conprising an inorganic particul ate
hase infused into the first conmponent. 23. The
conposite material of claim22 wherein the inorganic

15.par'mecrwuﬁ‘lt-lgyeglélg%gmposite material of claim 11 wherein said inorganic
portion comprises a metal.

16.  The mulii-layered composite material of claim 15 wherein said metal is silicon,

titanium, zirconium, aluminum, magnesium, iron and/or silver.

17. A method of producing a multi-layered composite material comprising:
providing a major component comprising a periodic array of organic polymer
particles held in a matrix; and

forming inorganic particles in situ in the major component.
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has a particle size of |less than 1000 nanoneters. 24.
The conposite material of claim22 wherein the

WO p@egsM8sT parti cul ate phase conprises a net al PCRBS20041¢40753
conposite material of claim24 wherein the netal is
silicon, titanium alum num zirconium magnesi um

181 I OThe mBtHoaIof Bidirvar. wibein Toeéning RRaAbliganicRaetidiéd in@fiu
claim?24 wherein the netal is a netal oxide. 27. The

corpiinSsTelINgert dgash R POFtaR) ofithe PRIGKFEMBPRERt AN BgGHESOr

corﬁﬁémio %rnﬁd)r@hﬁié PRATERIS] FR) SRl Mérﬂﬁ@nerﬂ'ﬂeéﬁlw kd the major
ol yur et hane, an al ky ol¥ yester,

oly
Corﬁp%”qf‘é%ﬁéehb’dh? ﬁf%ufﬁé’r ﬁ@'ln?%@nt ff 95@9@@@% parrﬁ'éyeér an
epoxy- cont ai ni ng pol ymer.

19.  The method of claim 18 wherein the inorganic particles comprise a metal.

20. The method of claim 18 wherein the precursor component comprises an
alkoxy silane and the inorganic particles comprise silica.

21.  The method of claim 20 wherein the organic polymer particles comprise
polystyrene, an acrylic polymer, polyurethane, an alkyd polymer, polyester, a
siloxane-containing polymer, a polysulfide and/or an epoxy-containing polymer.

22. A composite material comprising:
a) a first component comprising an ordered array of organic polymer particles
held in a matrix composition; and
b) a second component comprising an inorganic particulate phase infused
into the first component.

23. The composite material of claim 22 wherein the inorganic particulate phase
has a particle size of less than 1000 nanometers.

24.  The composite material of claim 22 wherein the inorganic particulate phase

comprises a metal.

25.  The composite material of claim 24 wherein the metal is silicon, titanium,

aluminum, zirconium, magnesium, iron, and/or silver.
26. The composite material of claim 24 wherein the metal is a metal oxide.

27. The composite material of claim 22 wherein the organic polymer particles
comprise polystyrene, an acrylic polymer, polyurethane, an alkyd polymer, a
polyester, a siloxane-containing polymer, a polysulfide and/or an epoxy-containing
polymer.
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