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[ 0001] The present invention relates to substrates
whanwic/ogp3one or nore coating |ayers conprising BCT/OBIING/025702

effect conposition and a tactile effect conpositi on.

BACKGROUND | NFORWVATI ON [ 0002] Coati ngs having "speci al

effects" are often used to H{zpart vi sual_effects,

tactile eff ed@QlOdt EEEES HRAF HFEFACHTING er

tanpering, duplication, counterfeiting and the I|ike.
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- use of one does not inpede or interfere with the
coatings, use of one special effect composition may interfere with or mask the effects

of another special effect composition. Accordingly, there is a need in the art for
coatings and methods that allow for the combination of special effect compositions.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a substrate coated with one or

more coating layers. At least one of the coating layers comprises a color effect
composition and at least one of the coating layers comprises a tactile éffect
compositibn. The color effect and tactile effect compositions can be in the same
layer or in different layers. ‘

[0005]7 = The present invention proVides coatings having both a color effect and
a tactile effect. Significantly, the use of one does not impede or interfere with the

effect of the other. This is an advantage over other coatings in the art where, for



effect of the other. This is an advantage over ot her
coatings in the art where, forexanple, the application
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particles held in a matrix. In another erhbodiment, the particles in the array comprise

a radiation diffractive material. A "tactile effect composition" refers to a composition
that, when applied to a substrate, produces a desired feel. For example, the tactile
effect can be to impart a soft texturé'or "soft feel" to the substrate.

[0008] In one embodiment of the present invention, the color effect
composition includes an ordered periodic array of particles held in a matrix wherein
the difference in refractive index between the matrix and the particles is at least
about 0.01, such as at least about 0.05, or at least about 0.1. The matrix may be an
organic polymer, such as a polyurethane, polycarbonate, polystyrene, acrylic, alkyd,
polyester, siloxane, polysulfide, epoxy or.mixtures thereof and, ivn one embodiment,

is crosslinked. Alternatively, the matrix may be an inorganic polymer, such as a



pol yester, siloxane, polysulfide, epoxy or,mxtures

t hereof and, in one enbodi nent, is crosslinked.
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such as anetal oxide (e.g. alumna, silica or titanium

di oxi de) or a sem conductor (e.g. cadm um sel eni de).
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[0010] The paﬁicles are fixed in the matrix by providing a dispersion of the
particles, all ‘bearing a similar charge, ih a carrier, applying the dispersion onto a
substrate such as a temporary substrate, evaporating the carrier to produce an
ordered periodic array of theparticlés on the substrate, coaﬁng the array of particies
with the matrix, and curing the matrix to fix the array of particles within the polymer.
The dispersion may contain about 1 to about 70 vol.% of the charged particles, such
as about 30 to about 65 vol.% of the charged particles. The substrate may be a
flexible material (such as a polyester film) or an inflexible material (such as glass).
The dispersion can be applied to the substrate by dipping, spraying, brushing, r¢l|

coating, curtain coating, flow coating or die coating to a desired thickness, such as a



The di spersion may contain about 1 to about 70 vol.%

of the charged particles, such as about 30 to about 65
wo 006812 t he charged particles. The substrat ePCEYSIDES/@25702

flexible material (such as a polyester film or an

inflexible material (such as glass). The dispersion

can be applied to the substrate by dipping, spraying,

brushing, roll coating, curtain coating, flow coating

or die coating to a desired thickness, such as

at hi ckness of about 20 microns, about 10 m crons, or
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as ﬁdteﬁi 'be‘gQ' éJ @rn% q%@pmn?sﬂmoqf this embpdigant i further

des | oy 'SaﬁF‘?Iblle?ﬁ&r'i f{lfd“ 90b8/o4 QS4E’§ QﬁEBFp ré‘féﬁrﬁ(}) r‘él@er’é(hlzé herein.
include a tactile efféect conposi t

[00df f ect &b lgesd oheavatiag Iﬂermdrduﬁ@&iﬂie ;bmsenémventlon will
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haviag@ fabﬁletéﬁ‘édtlcgnﬁfd‘sﬁran conposn tion is in another
coating |ayer. For exanple, the coating that includes

[00%3de col mamthgegnmmgn& ofdhe present invention, the color effect
composition is in one coating layer, and the tactile effect composition is in another

coating layer. For example, the coating that includes the color effect composition
can be a basecoat, over which is applied a clearcoat that does not contain the color
effect composition; the clearcoat can comprise the tactile effect composition. A soft
feel clearcoat is commefcially availéble from PPG Industries, Inc., as VELVECRON.
In this embodiment, the dry film thickness of the coating comprising the color effect
composition can range from 1 to 50 microns, such as 3 to 15 microns, and the dry
film thickness of the coating comprising the tactile effect composition can range from
0.1 to 20 mils, such as 1.5 to 4 mils. '



can be a basecoat, over which is applied a clearcoat
that does not contain the color effect conposition;

WO b@eokwar coat can conprise the tactil e effectPCT/US2005/025702
conposition. A soft feel clearcoat is commercially
avai l abl e from PPG I ndustries, Inc., as VELVECRON. In
this enbodiment, the dry fil.m1hickness of the coating
conprising the color effect conposition can range from
1 to 50 mcrons, such as 3 to 15 mcrons, and the dry
filn1thickness of the coating conprising the tactile

ffect n.can ran e fr mls, such
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pol yrmers, . sulflde contai ni n mer s, and
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polyashydrides, and combinations thereof. As used herein, “film-forming” means
that the matenals form a self-supporting continuous film on at least a horizontal
surface upon removal of any solvents or carriers present in the composition or upon
curing at ambient or elevated temperature.

[0015] Volatile materials that can be included as diluents in the liquid or
powder slurry coating compositions include water and/or organic solvents, such as
alcohols, ethers and ether alcohals, ketones, esters, aliphatic and alicyclic
hydrocarbons, and aromatic hydrocarbons as are commonly employed in the coating
industry. Examples of solvents for coatings include aliphatic solvents, suchas
hexane, naphtha, and mineral spirits; aromatic and/or alkylated aromatic solvents,

such as toluene, xylene, and SOLVESSO 100 (aromatic blend from Exxon



that the materials forma self-supporting continuous

filmon at | east a horizontal surface upon renoval of
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upon curing at anbient or elevated tenperature. [0015]

Vol atile materials that can be included as diluents in

the liquid or powder slurry_gQating conpositions

i ncl ude water and/or organic solvents, such as

al cohol s, ethers and ether al cohols, ketones, esters,

al i phatic and alicyclic hydrocarbons, and aromatic
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I Aicl 'ude conventional pignents’ an se inc ude
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substrate using any suitable means, such as die coating, direct roll coatlng or -
“reverse roll coating, curtain coating, spray coating, brush coating, gravure coating,
flow coating, slot-dye coating, ink-jet coating, electrodeposition, and any
combinations thereof. Powder céatings are generally applied by electrostatic
deposition. One skilled in the art can select proper application methods if more than
one layer is used, and will-further know how to affect cure of the coating layer(s).
[0018] Any substrate can be coated according to the present invention.

Particularly suitable are those substrates having decorative printing.

[0019] As used herein, unless otherwise expressiy specified, all numbers such

. as those expressing values, ranges, amounts or percentages may be read as if



could al so be included. [0017] The coating |ayer(s) of
the present invention can be applied to the substrate
waigioag2@ny suitabl e neans, such as di e coati ngPCTHUS0%/025702
roll coating or reverse roll coating, curtain coating,
spray coating, brush coating, gravure coating, flow
coating, slot-dye coating, ink-jet coating,
el ectrodeposition, and any conbi nati ons thereof.
Powder coatings are generally applied by electrostatic
depositi on. One ski Iled in the art can sel ect proper
plication netho if npre than one |ayer is used,
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cop@@ﬂ{ei‘%jﬂh%%réﬁ%ﬁy ace W(?]% word "about", even
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range recited herein is i to include all
sub-ranges subsuned ther%ﬁgﬁal enconpasses
[oozdnaul arrh@rfeudwm@ @indfles Ak iedfed REMuSRAR tHe it¥htion, and

téerm"polymer™ 1S nmeant to refer to prepol yners,
showldi s iper consirled arshlirhiding gloe ynwengioarinl aoypey mer s; t he
prefix "poly" refers to two or nore. EXAMPLES [ 0020]

The followi ng exanples are intended to illustrate the
i nvention, and shoul d not YAREnSt rued as limiti ng the
i nvention i JItr 8y f'n-, adigtipneurable QmanlﬁxﬁQﬁiﬂmSlt&@m ati on

[ooz’figf abl eA‘?ﬁﬂﬁ’Q{/@le‘W%Qﬁbﬁ bﬁ%ggﬁnlﬁow/gb%ﬁl‘éh%% grepared via

di ati on curable organic co ar ed
the fatlewirg pmmedgrqorlqﬂ@uyle@ zDﬁFtthjzihylbenzoyl) phcsphme oxide /

2- h)&iz ng;@ thylnre Q,%@ Mg%ﬁg gé glplgﬂg)fronga\)(g@h Chemical
corffa e ﬁm"%%%%“g%ﬁﬁ ) ST eond! a6 or o

295 from Sartomer Company, Inc., Exton, Pennsylvania, and 130 grams of SR494
from Sartomer Company, Inc., Exton, Pennsylvania, were added with stirring to 730

grams SR9020 from Sartomer Company, Inc., Exton, Pennsylvania.

Example 2
Dispersion of polymer particles in water

[0022] , | A dispersion of polyfner particles in water was prepared via the
following procedure: 2.45 grams of sodium bicarbonate from Aldrich Chemical
Company, Inc., was mixed with 2045 grams of deionized water and added td a1
gallon reaction kettle equipped with a thermocouple, baffles, stirrer, reflux
condenser, heating mantle, and nitrogen inlet. The mixture was sparged with
nitrogen for 40 minutes with stirring and blanketed with nitrogen. Aerosol MA8O-I
(26.5 grams) from Cytec Industries, Inc., West Paterson, New Jersey, in 229 grams
deionized water was added to the mixture with stirring, and the mixture was heated

to 50°C. using an electric mantle. Styrené monomer (416.4 grams) from Aldrich



295 from Sartomer Conpany, Inc., Exton, Pennsylvani a,

and 130 grans of SR494 from Sartoner Conpany, Inc.,
wExa06/0203PENNSY| vani a, were added with stirri ngP€DUSB05/025702

grans SR9020 from Sartoner Conpany, Inc., Exton,

Pennsyl vani a. Exanple 2 Di spersion of polyner

particles in water [0022] A_gjspersion of polyner

particles in water was prepared via the follow ng

procedure: 2.45 granms of sodi um bicarbonate from

Al drich Chem cal Conpany, Inc., was m xed with 2045

. f dei d wa dd d a.l I ]
Chefeteampeay: e dted vee DR E el aaaafﬁ% Wagzheated fo 60°C.
Sodhirh rde%ulfari@ffrldﬁ’f %ﬁl@i@@ﬁéﬁlca“ eakiddh H?Z Qams of

nitrogen inlet. m xture was sprged
deld‘l‘nzedﬁmatar)wwesaddedrtosthe mikioge etk Sjiramg.eDadnthen/_ene (102.7

grarpﬁ froag'ifje &%ﬁ%ﬁ{ ﬁ%eml I\/A&OM@SQ%%W %gs d F@@)ﬂ% rertg@WIth stirring.
Styr@héﬂiﬁorﬁ’cﬁh@ﬂ(ﬂﬁﬂ@‘@%rﬁé) mhyiqﬂéﬂmécwléfe Bofbiier (B30ust ams),

stirring, and thé m xture was heated to 500C. ‘usin
ethyignacglyrel dimathecrylsiy manema34d) giems. andydiziny) b&mz&ne monomer

(15§ bR T BRI e B Cofbany i, Betscoddssliviy stiring.

-AIWW-&@E&JWLW@EJ)@@%HO%%I@ @odﬁﬂﬁ%ﬁ Y4114"gramd, @02 ¢h water)

ans of deionized water) was added to the

from Aerih d-RETDie AL COMRARY. 1 ViekyAddRer e Kb Ry afireing. The
tem%,lér%ﬁh‘é' cﬂfrth rF‘n ﬁ%gmg@?@ﬁg% ’eath romﬁP@?eiggS‘?fdr%né?Srs The

resuhtahhpblyrr@rhhsparbﬂhefvaamalwmd {288bl40 gb@im&bmp@f%mg@aﬂd miras
an i viny

f"teééﬁﬁ%@%r%ngégéﬁ r{q%&%@%ﬁ%&%&é@%& Wﬁ%?@%Wﬁ%ﬁpeatGd The
g%&m%ﬂ}/dlsb%%l ndViefe dil&ﬂjtcganesuﬁd [!ltrrégllten;?d usu(wﬁ an EP2524-

y r oxy nic aci
BS0dal2 colinn #ogr BirbAdvarea Filtraioer Oxinacdn Gélifornid Dbmmxai water

(erprRRR A o SRl AR e aimaldly 600
grarAd Bf QiiafRERb YWaB e R0 Ul“lﬁs eIBﬁar'i%Wa& F8beRBHYIimes.

di spersion was allowed to cool to roomtenperature an
Addifigsal ultraditrate wasdbhgh remeead notilthetsailids esptest eéthe mixture was

een., The.process was repeated. The two resultant
41 fﬁ%ﬁ%’?gﬁ’yowg'%re added toget her and ultrafiltered

usi ng an EP2524-

Example 3
Color Effect Film

[0023] . Eighteen hundred grams of material prepared in Exémple 2 was

applied via slot-die coater from Frontier Technologies, Towanda, Pen'nsylvania to a
polyethylene terephthalate substrate and dried at 180°F for 40 seconds to a porous
dry film thickness of approximately 7.0 microns. One thousand grams of material
prepared in Example 1 was applied via slot-die coater from Frontier Industrial
Technologies into the interstitial spaces of the porous dry film on the polyethylene
terephthalate substrate, dried at 150°F for 40 secondsA, and then ultraviolet radiation

cured using a 100 W mercury lamp.



BS01- T2 columm from PTlI Advance Filtration, Oxnard,
California. Deionized water (approximately 600 grans)
wormemeiderl to the di spersion after approxi mat eP@I/68105/025702
grans of ultrafiltrate had been renoved. This exchange
was repeated 15 tinmes. Additional ultrafiltrate was
then renoved until the solidsg, content of the mxture
was 4 1.2 percent by weight. anpl e 3 Col or Effect
Fil m[0023] Ei ghteen hundred grans of materi al
prepared in Exanple 2 was applied via slot-die coater
frorn Frontier Technol ogi es, Towanda, Pennsylvania to
a pol yet hyl ene terephthal E%@W@iﬁaétrate and dried at
1800F for 40 seconds GaomEffecidtacidiind i | m t hi ckness of

[OO%pL?iX; %@wdﬂ = é&%ﬁﬁp?éiragg@gl%g%%g@rgaq%sngposmon comprising
119@'%?5@' & SRR FHARIHSRE €6 Tp%zslrfd aémaﬁclbéﬁr#%ﬁa and 24

o the interstitial spaces o or ous
gramaef fiphenHy? é!n@vtmrﬁeﬁfmhaﬁabalt) @hgspbmeaame d%h@/d r@ty—Z-

PR S RSP EBhpary, e

Milvidiee! Wisekiaah i 2 @03 F effVblcenbl, RHios9slicdnadsldidi@ coater from
radi ati on curabl e conmposi tion conprising 1190 grans of

Frojierdoduestripbhechinalesiss, Tawpadss Peanisylvamia tn1000 square feet of

coldr %ﬂ%ﬁﬁhlﬁaf éfzﬁﬁ'{bgeé 24191 a&%ﬁé’é filh RAEWe | at, 150°F for 40 seconds,

nzoy osp i N€ oxi

Iamﬁratecdtwa)pﬂﬁted‘rpbllwthyte?w t@mﬁnhalaté She@r Wlﬂ’s blacﬁ%r‘é@n purple,
bl end from Al drich Chem cal any, In¢., M| wauk

yelloy gpgnihite Pripting gng adfar@ﬂwnta(ueeﬂmed) wa&d%ptpetw@emtae two

coafs i S48 SRS EAMEFRRI 1) A0S e TAGAVSL PR cur

usingfd 600 Wirhanoufy BExappl be @oly‘étﬂaylemtaéphtharambdtrambfa&xample

F for nated to

3 Wi i, RSAIEA TS £k i B0 PaRSekShiaet Wb colgrafiect
con?éh@h?rerﬁélhbe"ét%%ﬁe&% e léhhlﬂﬁﬂe@jgpr?rﬁgd %hbé?”ﬂﬁ@?&{‘ tant color

unprinted) w ndow, between the two coater nip ro
eﬁeoﬂdeﬂnategmrlmmheewwfc(ld@i psd)g,luexht!b pioeiice Ialuatwomﬁ et
decora(tive co?or e%c? package. The perceived color of the said package changed
with viewing angle to include green, blue and violet. Additionally, the transparent
window displayed a lustrous blue color that changed to violet with changing viewing

angle, yet remained clear and transparent.

Example 5
Tactile Color Effect Packaging

[0025] - Example 4 was repeated except that prior to folding and gluing, the
resultant color effect laminated printed sheet was further coated with 50 to 75
microns (dry filfn thickness) of VELVECRON XPC30002 from PPG Industries, Inc.,
Pittsburgh, Pennsylvania, via spray application. The painted sheet was dried at
rooni temperature for 10 minutes then cured using a convection oven for 30 minutes
at a temperature of 180°F. The resultant VELVECRON coated color effect laminated
printed sheet was folded and glued to produce-a lustrous, decorative color effect

package. The perceived color of the said package changed with viewing angle to



using a 100 Wnercury |anp. The pol yet hyl ene
terepht hal ate substrate of Exanple 3 was then peal ed

w0 e@a02d3e2 | am nat ed, printed sheet while the cPdDUS2005/025702
ef fect conponent remained attached to the | am nated
printed sheet. The resultant col or effect |am nated
printed sheet was fol ded and @Lued to produce a
| ustrous, decorative color effect package. The
percei ved color of the said package changed with
viewi ng angle to include green bl ue and viol et.

. Additionally, the trans a t w ndow di spl ayed
inclyqR grsslls %LH%%“% Yidst. ¢ Mg‘é*@ ransnaseet WdeW displayed a

A T T

cledr @Oaﬁi‘arﬁparlm‘te %Wm thefdestraus, @e@emumhmlomff@t plagkage had a

fol ding. and ui n e resultant col
desyanle iaaiE el snpiivel hasetra sohyeNEb SIS ¢ h 50 to
75 mcrons (dry filmthickness) of VELVECRON XPC30002
from PPG I ndustries, Inc. Ekéﬂqfesé)urgh Pennsyl vani a,
via spray -application I Li.ed geet was dried at
room tenperature for =tTo—Hr =frefr—cured using a

[00ZB]NVect fopackeding Sleedd fr@l*rﬂFNi‘@NA@LEiPm’VERf QOREe ol balls from
18Q0F. The resultant VELVECRON coated col or effect

Acushngt{seraaapyi raiEp\ene Masrashysatife M2xing 3)) eewossed hologram that
exhu%&’ %Ucfé‘sn%blléJgél #ﬁ?‘:@ﬁ%?%@h%é%dr&&l’&a cb ofr;%h'i:hé) @%&?&%hchanged

ercelve
wnthwmmngmmﬁ@k@mdudmgm blueeamd blbltﬂ wasl umf@itiedi and was further

coafedayitty 58 T rgumicires (MM ks SR\ ELALRY KB 30002 vi
spr. icBGor ! ?Wb lﬂgﬂlﬁufﬂﬁéﬁ pb%?%éé‘%gﬁr%@at%gm temperature for

ransparent. rther ust ecorative col
10 mmﬂmstthpacﬂwig@ uking acomeiatiablavendot B0 enigutes atya temperature of

f | | lik f l e .6
18085, 5o sestyehel e RoBbigatkS meckags fp=hspAnd ghied ©
prodtictiNA§E EorBVERaEkite. 9Phé deablativeatkAGE Haaes dé%]F&!ﬂé‘Yactlle

Fai rhaven, Massachusetts, having an ehbossed hol ogram
quality speeifinally baviag desoft wevet likel feel. eHipwever, the Idaslralhie color effect

of pg c%%%d oqor 81 rgeo\}cwtlli I\)l%\/\ﬁl% léﬁafae wag n%qonger observed. This
démonstrates one advantage of the present invention, in that both the color effect

and soft feel are achieved.

Example 7
Color Effect Flake

[0027] Eighteen hundred grams of material prepared in Example 2 was

_applied via slot-die coater from Frontier Technologies, Towanda, Pennsylvania, to a
polyethylene terephthalate substrate and dried at 180°F for 40 seconds to a porous
dry film thickness of approximately 3.5 microns. One thousand grams of material
prepared in Example 1 was applied via slot-die coater from Frontier Industrial
Technologies into the interstitial spaces of the porous dry film on the polyethylene
terephthalate substrate, dried at 150°F for 40 seconds, and then ultraviolet radiation

cured using a 100 W mercury lamp. The cured film was removed from the



with view ng angle to include green, blue and violet,

was unfol ded and was further coated wwth 50 to 75
wore@eozs1{dry fil mthickness) of VELVECRON XPOBOD0R2005/e25702

spray application. The painted unfol ded package was

dried at roomtenperature for 10 m nutes then cured

usi ng a convection oven for_@p_ninutes at a

tenperature of 18Q0F. The resultant VELVECRON coat ed

package was fol ded and glued to produce a decorative

package. The decorative package had a desirable

tactile qua itﬁ{specificaluﬁ havi ng a soft velvet |ike

I
polyetiaflenasignieinglain subsiicancemilacole atresimalely i risroas in size
s Bl R R b E P BT S M PLL T8 (G Hoan. Germany.

present invention, in that both the color effect and

soft feel are achieved. gggle 7 Col or Effect Flake

[0027] Ei ghteen hundred ¢ F%ﬁgnaterial prepared in

Exanpl e 2 was appl ilatilg golor &itegi 60gHAGer from

ontie h [ B i :

100357V e DR el et P M B IR T PG gt Bped with
stirrfh@@ B griandoB ¥ELWEC RONIKPOBODG2.d ybisck plastic tkreesdimehsional

approximately, 3,5 mcrons. One thousand grans of L
Styl@rg%rmwaﬁ CRRISa MRS RIRY tiom wilsthggsepantgogting composition

: r

o 2SI MCSAASE 40 T STRBAS! Thhshehal BRIt fhRSomte
artidérehanggbwitl vieing emgdh tchiachide Hudstiolet end dlackd Fadrther, the

1500F for .40 seconds, and the | traviqlet radiation,..
luStERR ode SRS PH(E SOIR6 TR HestLiiey o des Falde darla Rl sasdifically
havin@ BPySEvEemtderp! yethyl ene terephthal ate substrate =

and mlled to approximately 50 mcrons in size using a

nodel ZMLOO centrifugal m Il from Retsch GrbH <k Co.

Haap,,,. Ger many,. a e Tactile Color. Eife .
10028 | 'no Y38y Prtisis SRafs s bt s iveRfiof hpGE begn descried
aboWX A Rpds&6f ifgstastion, ithvil blerdvidhttte tR&seIsIaNdd Bf the art that ‘
VELVI XPC30002. A bl ack plastic three-dinensional

numerguvariatiangeef tae sletails ofitae pprsent ipeintioatman bewnade without
depéﬁiﬁﬁ%o%%h& fRehign %%%?l‘?}b& iRthe appended claims.




to a dry filmthickness of 50 to 75 mcrons. The
percei ved col or of the said coated article changed
wowaok/oxi3exi ng angl e to i nclude blue, violet aneCbhUszks/025702

Further, the lustrous, decorative color effect coating
had a desirable tactile quality specifically having a
soft velvet like feel. [0029], Wereas particul ar
enmbodi ments of this inventiolf have been descri bed
above for purposes of illustration, it will be evident
to those skilled in the art that nunerous variations
of the details of the present invention nay be nade

WHAM 1B deltAldéipRriSt ng from the invention as defined in the
appended clainms. WHAT | S CLAIMED IS: 1. A substrate
coated with one or nore coating |ayers, wherein at
| eqst opes ARddid dobRYialitit 8AR oF $Rsreceh@Narfrk efherein at least
conposition, and at |east one coating |ayer conprises

one gogting Iayer ebMmiises eneler eifemt comasdian, ket eestaneproating

ovo LBl 5BR % b2 R B h, e BoR L G Bec anc e

tactikosfiagidre @peddid. t he tactile effect conposition are in
the sane coating |ayer. 3. The substrate of Caiml1,

vvherei n the color effect conposition and the tactile
ect [ t e A

o1 TIERRRL PRI, TRl A5 A8: YRSt and e
tactiteosffet icompositioparessiaghasantedesatthgdeyendi ¢ array of

particles held in a-matrix. 5. The substrate of Caim

4, wherein the matrix is a polynmer matri x. 6. The

sufstr aﬁ'ﬁegub rété‘bﬁClaYmeir WHér%ﬁ%@@o}’dFPéﬁéc% cém gosmon and the

crosslln polymer. 7. The substrate of Claim
tactﬂm@fmtmolmwmrymmld;ff@ehécoatmg layerst. he group

consi sting of a pol yurethane, an ‘acrylic polyner, an

al kyd polyner, a polyester, a sil oxane-containing

pokymer Tha fdkitatd & GRiman wHRPSY-tA8 Hofdrbffe@t BempdBition

and/ or a pol ymer derived from an epoxy-cont ai ni ng
compubgsran orderertheeriadic array of partcled held inw@watixa t he

polymer is a crosslinked acrylic

5. The substrate of Claim 4, wherein the matrix is a polymer matrix.

6. The substrate of Claim 5, wherein the polymer is a crosslinked
polymer.

7. The substrate of Claim 5, wherein the polymer is selected from the

group consisting of a polyurethane, an acrylic polymer, an alkyd polymer, a
polyester, a siloxane-containing polymer, a polysulfide, an epoxy-containing ponmef,

and/or a polymer derived from an epoxy-containing polymer.

8. The substrate of Claim 7, wherein the polymer is a crosslinked acrylic

polymer.



pol yner.9. The substrate of Claim4, wherein the

matrix is selected fromthe group consisting of a
woredoalo2xt de and a sem -conductor. 10. The sSubBCT/EB®ODH25702

Claim4, wherein the particles conprise a polyneric

material selected fromthe group consisting of a

pol yur et hane, an acrylic pqtﬁypr, an al kyd pol yner, a

pol yester, a siloxane-containing polyner, a

pol ysul fi de, an epoxycontai ning pol ynmer, and a pol yner

derived from an epoxy-containing polynmer. 11. The

substrate of Caim 10, wherein the particles conprise

a 8r osslThalkeedstateyti Glajroky M@eremzzrlem@tr@u%@@hegtg fspm the group

d ai ; h . . .
consgafiid bt nistel Sifle aBF AP DEFRRRRE of °a Teral ox de
and a sem -conductor. 13. The substrate of d aim 4,

wherein the particles have an average particle size of )
0. 0@. t o Thergubsats ofi Claim 4Tnéegeimdbs iPariiies FoPERmaspolymeric

g RS ol HREBRRP o el el Ay, 2R pifimer, an
alkyd polymer, a polyester, a siloxane-containing polymer, a polysulfide, an epoxy-

containing polymer, and a polymer derived from an epoxy-containing polymer.

14.  The substrate of Claim 10, wherein the particles comprise a

crosslinked acrylic polymer.

i2.  The substrate of Claim 4, wherein the particles comprise a material

selected from the group consisting of a metal oxide and a semi-conductor.

13.  The substrate of Claim 4, wherein the particles have an average

particle size of 0.01 to 1 microns.

14.  The composition of Claim 4, wherein the difference in refractive index

between the particles and the matrix is greater than 0.1.



