TRANSPARENT, COLORLESS | NFRARED RADI ATI ON ABSORBI NG COVPQOSI TI ONS COMPRI SI NG
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t hat absorb infrared radiation and that conprise nanoparticles conprising
non-stoi chi onmetric tungsten oxide particles. BACKGROUND | NFORMATI ON [ 0003]
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hexabori de particles are often included in such conpositions. For many
applications, however, such particles do not provide a sufficiently high
level of IR radiation absorpﬂﬂEhIi@FﬂMHEﬁﬁVEN@H@Nh range of -800 to 1400

nanonet ers, en of particul ar comrercial i mportance.
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undesired color to the conposition in applications where colorless
conp05|t|8H§mﬁ?%”$ 141%¥d.  Moreover, since such additives are often

rel atively expensive, the cost |npact of utilizing such additives in the
required amount can often be prohihitive; |t woul d be desirable to
provide optically clear IR BALKL ROINDL IV QRN POoSsi tions conpri sing
infrared absgypbsng @ﬁﬁﬁdsﬁlbﬁsswﬂh%ﬂﬁh@&ldcabﬁbl@ BiaPERY iAo IY) tRgeRAROSI ti on
is transparent and colorless and exhibits excellent IR absorption in the
wavel engt HeHiEA demany arphentions: tAG0 Haintoie Cere] Simsryrclyecrg ameP@q [ 0005]
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polymeric coating compositions, among others. As a result, IR absorbing materials, such as
indium tin oxide, antimony tin oxide, titanium nitride, and lanthanum hexaboride particles are
often included in such compositions. For many applications, however, such particles do not
provide a sufficiently high level of IR radiation absorption in the wavelength range of ~800 to
1400 nanometers, which is often of particular commercial importance. As a result, to achieve
adequate performance, the IR absorbing particles must often be included in the composition
in amounts such they impart an undesired color to the composition in applications where
colorless compositions are required. Moreover, since such additives are often relatively
expensive, the cost impact of utilizing such additives in the required amount can often be
prohibitive.

[0004] It would be desirable to provide optically clear IR radiation absorbing
compositions comprising infrared absorbing particles dispersed in a binder in which the
composition is transparent and colorless and exhibits excellent IR absorption in the

wavelength range of ~800 to 1400 nanometers.



that are transparent and colorless. In sone enbodi nents, the conpositions
of the present invention conprise: (a) a binder; and (b) no nore than 500
parts perwoi2biomssi72based on the total weight of the composiusea/021f7
non-stoi chi onetric tungsten oxide particles having an average primary
particle size of no nore than 300 nanoneters dispersed in the binder.

[ 0006] In other enbodi nments, the conpositions of the present invention
conprise: (a) a binder; andﬂéﬁﬁLgEXZ&MLQELQXEHIEQﬂ non- st oi chi ometric
tungsten oxi fRoPRr tinGh@sn RAYIRY 1RDHrAVRTAGRHR s MEMePR bohpb&tissZ# nffen0 noOre
t han 300 nanoneters dispersed in the binder. These conpositions of the
present i MAEAT GRS ERE colpriens tihapmacabedipEpaihe semertiiondobicayescaind have
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guant i t i eavafigei mgwaeyperitls siks eftho mork ignSPe ardoneatrs dispeased icthabimde@ariheteo be
understood as hein dified in all instances by the term "about".

Accor di ngFYnuas g Mdrekbente rediin P Do dhn b Runhp bodt S ilesier s set
forth i n thhe fathawengawpetititeahion) and' *a/iqaaked cl ai ns are approxi mati ons
t hat may var endi ng upan the desired properties to be obtajned by the
bresent i mvellgh. i HieRoByp e abo e bl Er Shineind i BpR s RAAT 1 ho
appl i cati @fetef-blbanslaat driidl& afl cehed aad1@Ning nethotifie scope of the clains, each
nuneri cal paranmeter should at | east be construed in |light of the nunber of
reported significant digits and by applying ordinary roundi ng techni ques.

[ 0009] Not wi t hst andi NI ED'BESCREFTION OFMIEINYRNTAGNATEL €r's setting
forth the broad scope of the 1nvention are approxi nations, the nunerical

val ues set f 0P i nHarpemeprs O fheclobing deidiled ¢eserintioptibt tade pndsteed Yalgs

possi bl e. gy vdHEER MhSBss@ WRiou AN Rive VaALRAE AR Yo QRBARS &B&Hk &iHAreLr F Or'S
necessarily resulting fromthe standard variation found in their respective

testing mesmerbnegeised [QUE0jonAry o, Moteosdioather Ben imday SPUBiEnst Hamplenyor
nuneri cal \x}’h%g&hér%(t\s'etiﬁ(ﬂcﬁ&i Qi Muntbers expressing, for example, quantities of ingredients

used in the specification and claims are to be understood as being modified in all instances by

the term “about”. Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations that may vary
depending upon the desired properties to be obtained by the present invention. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.

[0009] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard variation found in their
respective testing measurements.

[0010] Also, it should be understood that any numerical range recited herein is

intended to include all sub-ranges subsumed therein. For example, a range of “1 to 107 is
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intended to include all sub-ranges subsuned therein. For exanple, a range
of " 1to 10" is -?-intended to include all sub-ranges between (and

i ncl udi ngyotzhw/aserzt ed m ni num val ue of 1 and the recitedTrsimom4val ue of
10, that is, having a mi ninmum val ue equal to or greater than 1 and a
maxi num val ue of equal to or less than 10. [0011] In this application, the
use of the singular includes the Iural and &jural enconpasses S|n%ular

unl ess spéﬁ@ﬂ? &?F?mg?égéﬁoﬁ?ﬁﬁr veeen (gl igefpdlipg)ohe rqehed REmEBpiawetilon, the
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or nore 25-50 nanoneter f the visib ortion. o

ol cotr ol B ETEb iRt IR sl g ot BRObHE BhatiBRero peeey
nanonet er suicalnagas leabtt83i perdetie o/ iirs bdvhcecap@t hd loast 0 pérb@lt el enetificadoaghightiaad is
spectrum S ercgﬁta e vari ations are of .course toler bl e sq, Iong as

the eye d&E erﬁt&if 6H8EME I BRI FhTE- 1Y YISBTFiY ESeamsreT Edc‘ﬂﬁ?ﬂ?f an

optical degsid yye@bsdr@Bshd ddaiboflien asSUGh whge'l @&Sr thivédcdordd (AL, Fértx&apme, cases,
| ess than 0.05, in a 50 nangneter ranqe in the visible portion of the
BY

el ect r omadkat UL iR SFHRY ePRknefsDIBY Ren &Lt RBstrsedccpmRogitaT | n 1 t aken

by densi t @aRInAESvel ModEHiseGbiM Ge@liret thANGES MpYRiJHORIR - abk QO LdhifRandynHbeat ed,
the conpositions of the present invention conprise a binder. As used

herein, tREOREEY iONBPREEF 25 %F wngmetsr rngesf Hisuditde Reftien phihe FlscihnagActcungst en

oxi de parheles @65 $iethnbREEIN 1R $n HinsPEY-SE danohidct %r%@é Qltﬁlmﬁéjbﬁi%[&t s, the
bi nder is a resinous binder such as those conprising, for exanp

t her mopl agpition ebHehctrPBrEncte fReFlfs e bmRh perewyee stLioRs are rOéeﬁna@ei t@l@f@@lﬁ abl e
conposi ti g@?ong?ﬁtﬂ)ﬁgéyl@: dB8s R TP hQRS 1HRMP LA \Aggxe%pniﬁééhy ﬁkéfﬁg%&*g%wlhe

conposi tions resent 1 nvention may t er-based” or ased
density of less than 0.2, such as less than 0.1, or, in some cases, less than 0.05, in a 50

nanometer range in the visible portion of the electromagnetic spectrum. These kinds of
measurements can readily be taken by densitometers in reflective or transmissive mode.
[0013]  As indicated, the compositions of the present invention comprise a binder. As
used herein, the term “binder” refers to a continuous material in which tungsten oxide
particles described herein are dispersed. In certain embodiments, the binder is a resinous
binder such as those comprising, for example, thermoplastic compositions, thermosetting
compositions, radiation curable compositions, as well as compositions comprising a metal
alkoxide. The compositions of the present invention may be water-based or solvent-based
liquid compositions, or, alternatively, in solid particulate form, i.e., a powder compositions.
[0014] In certain embodiments, the resinous binder included within the compositions
of the present invention comprises a thermosetting resin. As used herein, the term
“thermosetting” refers to resins that “set” irreversibly upon curing or crosslinking, wherein

the polymer chains of the polymeric components are joined together by covalent bonds. This
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liquid conpositions, or, alternatively, in solid particulate form i.e., a
powder conpositions. [0014] In certain enbodi nents, the resinous binder

i ncl uded wot2hiomss47e conposi ti ons of the present inventi @OTASAMOI0SEZT a
thernnsetting resin. As used herein, the term"thernosetting” refers to
resins that "set" irreversibly upon curing or crosslinking, wherein the
pol ymer chains of the polyneric conponents are joined together by coval ent

bonds. Thﬁ)w%bé@rlfsya%asa%ﬁa%ﬂ Vil e Ainkiag dracHo 0 the SeMPOSHIAN YIRS on of
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crosslinking reactions also may be carried out under anbi €nt condltlons
Once cur edeagiionsralsosinpy Re darrigd phlewnsdes embicpigcandigipns. Wincg cwigd omsrasslinkerh a he
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resins suita use int onpositions Such as coat I ng conpositions,
of the preseﬁmlihvéﬁmhumwﬁmgham® mﬁ@bbéhanwiQWh@hDQQO$mnnEdwhn@nmmh@

react I on Cc)f 8 1(1n the rgs!epngm éntlog cﬁud%nﬁr E;Ya?ne ki thos‘%?or%n J ol Q¢ Peagtlon

curing ageﬁ? aV|H oup s r'eac active group(s) of
t he pol ynef a pAB/mﬂ:S hdvm@atelem ohehe/pe ef malipel gromr dndi scurpgnrikedt haeing cmpia%
ol i goners,

ud wthout |jm¢tatiqgn, bot no
copal yrer & outhsalfe FETte Rh g ghoopls bRt S Pyl FERRE I iy 280
unsaturatedmamﬁyesmempmgahmmn@ihﬁd@xﬁﬁk@ﬁhﬂﬁﬁhﬁﬁumpﬁluﬂhhwm@gnﬁMhummBic,
acryl ate, SI|ICOﬂr@% ? ners yners there and m ur es
Eher cof © SIS Rttt ey S gDy SR0R. SATRES Y PRt Reac g
hydroxyl, pbgoeyanatds, pauste, peBviafiTedguiafld eakReX HWilabe bied UpSymasDog

others, including m xtures thereof. [0016] Suitable acrylic polyners
i ncl ude, PBYMERRaIcRl and duigiugsBePRfednd SARPHAR retchye LT PRE SREh FpEIT¥at i on

Publ i cat i @ah@R@3/ LIBTIIOxM idkydndO3Bhide003B8dmaré hed Chib8L1ROThb PR, hotthi ch

bei ng i ncorporated herein by reference. Suitable polyester polyners
i ncl ude, PHErselgitping mixthss diegakceri bed in United States Patent Application

Publ i cation gje@e| 01RB3Hhe eﬂ liat o[l)Qi%anc &94%76)(519?160{1{0@@ dE’sQﬁBédoﬁl grnté@h' ch

bei ng incorporated herein y refer ence. Suitabl e ur et hane pol ynmers
i ncl ude, Mttesdrignpirplicatitpdaibliession PHESA ISR IGM t ed0 ért[ 9 ptheeiied PPt @fat i on

Publ i cat | %&Wé’fﬂ&ﬂﬁ%@aﬁwﬁ' he%m[g, k- 00 1% gb% L t&regolg?@&fs' gé]u&f i ch

bei ng i ncor por at ed ein reférence. Suita ase ofynmers are
defi ned i mxdis, tRst deNubecsmamted@lat@tPa@@t Applicalipm Bgblisatio®, 2QOB/@1@83t1éd\1port| on

of which QF fOBQO]I—[B&RSr]RRé aIeﬁ%ogl%lﬁ%lf nwh{%}{ being incorporated herein by reference. Suitable
polyurethane polymers include, for example, those described in United States Patent
Application Publication 2003/0158316 Al at [0047]-[0052], the cited portion of which being
incorporated herein by reference. Suitable silicon-based polymers are defined in U.S. Pat.
No. 6,623,791 at col. 9, lines 5-10, the cited portion of which being incorporated herein by
reference.

[0017] In other embodiments, the film-forming resin included within the coating
compositions of the present invention comprises a thermoplastic resin. As used herein, the
term “thermoplastic” refers to resins that comprise polymeric components that are not joined
by covalent bonds and thereby can undergo liquid flow upon heating and are soluble in
solvents. See Saunders, K. J., Organic Polymer Chemistry, pp. 41-42, Chapman and Hall,
London (1973).



reference. [0017] In other enbodiments, the filmformng resin included
within the coating conpositions of the present invention conprises a

t her nopl a80i201ve8si7n. As used herein, the term "thernopl sTiUS2008817% t O
resins that conprise polyneric conponents that are not joined by coval ent
bonds and thereby can undergo liquid flow upon heating and are soluble in
sol vents. See Saunders, K. J., Oganic Paolyner Chem stry, pp. 41-42,
Chaprman and B3P L3Habs therowplsticorrtist irglpdeapridiont Emipisina dhqse yshds der
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certain enbodi ments, the binder conprises a radiation curable conposition.
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used herein, the term"radi ation curable polyner and/or nononer” refers to

nmonomer s AHEYLesyOr pesirg: iveghoas B8 veorpdsr e ddninyies. conponent s that are pol yneri zabl e
by exposure E@Z@]n PN n 2RHs G Bents lt'l(r\e%iﬁ(ﬁar @&nﬁllsgéz& F-Qfhtion curable composition.

As used herein, the term “radiation-curable composition” refers to a composition that
comprises a radiation curable polymer and/or monomer. As used herein, the term “radiation
curable polymer and/or monomer” refers to monomers and/or polymers having reactive
components that are polymerizable by exposure to an energy source, such as an electron
beam (EB), ultraviolet light, or visible light.

[0021] In certain embodiments, the radiation curable composition comprises a multi-
functional (meth)acrylate. As used herein, the term “multi-functional (meth)acrylate” refers
to monomers and/or oligomers having an acrylate functionality of greater than 1. In the
certain of the compositions of the present invention, upon exposure to radiation, a radical
induced polymerization of the multi-functional (meth)acrylate occurs. As used herein,
“(meth)acrylate” and terms derived therefrom are intended to include both acrylates and
methacrylates.

[0022]  Suitable radiation curable oligomers and polymers include (meth)acrylated

urethanes (i.e., urethane (meth)acrylates), (meth)acrylated epoxies (i.e., epoxy
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beam (EB), ultraviolet light, or visible light. [0021] In certain

enbodi nents, the radiation curable conposition conprises a nmu |ti

functi onawvo(nevdsy4rer yl at e. As used herein, the term " nulPCirAfSacooeanal
(meth)acrylate" refers to nononers and/or oligoners having an acryl ate
functionality of greater than 1. In the certain of the conpositions of the
present invention, upon exposure to radiation, a radical induc
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(meth)acryl at ed émat ers (i.e pol yest er (rret hzuacr yl at es)
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(et h) acr yMatheurybitéds poly@028 fincBuiet b | reac(ione pdacts ydf aineth) adciypil atcidc withetrhanes

i ncl ude dlaﬁq%glpblﬁgSIygc§&/%£%§ Cﬁ‘[@ boafseoqg 1y term nated i socyanate extended

aliphatic Hers. (Met h) acryl at ed pol yesters
i ncl ude the [(ma¢1 i dfxapipted @étmmérc(anpwn)dabﬂe (pbthpcatital wkthimeaandapdlphats

Comaer i arteied i ionindtidhy, PARRe ARl TRRED 1@ TEhaSSa oL BB 09 Heteuge
Ej ggisen; ;) Igrmﬁﬁ@aad)ﬂ fgw&’abmmzc?gy :aieaﬂaelle ffoatr PCB Hdghﬁk éwe,, Shyrnandaruniie tr ade
Gy 902t o Lo o s TROTRE ALk Yea PR B b Dol SIS HE 3/ Mo,

8402, 129@0471@5(7,,2448235@ 2650272)()@&33 2%748423@866248%3 #5477266,81230, 84833, 4835,
4842, 4866, 4883, 80, 81 , 812, 83, 830, 8301, 835, 870,
8800, 880330850k 83&%%#@@%%93 ég\?%lcéfm“é@“fl?lb’narVS%btl%ﬁ%m EHOMELP o HXOPA” under

the trade pdesidgnat Lrade d %ﬁfltféHE‘Sarg}{lerW" Bifes@GA B8 CNINOR0LIAKE 6, CNB16,
CN817, CNB18, CN929, CN944B-85 CN945A-60, CNI45B- 85, CNI53, CNO6L, CNI62,

CN963, CNCDBH7. EN3b6 CNRYeENOERBBD, ke 00, G2 B-1oNGRYS3. NN S, (1985,

comer ci aldnyeay aiN 3Bk, eCN@@én éﬁ@é@séN@ﬁ”@N@éﬁ chBw BivRgWNoga NENogger  t he
trade designation “Actilane"; and comercial [y available from Mrton

| nt er nat i épmerc@hly cagdablg [frogh dekeroph & hemigells. e Grasvisk, Nhvindagpee trade

designation “Actilane”; and commercially available from Morton International, Chicago, IL
under the trade designation “Uvithane”.

[0025]  Suitable acrylated acrylics include, for example, acrylic oligomers or polymers
that have reactive pendant or terminal (meth)acrylic acid groups capable of forming free
radicals for subsequent reaction. Examples of commercially available (meth)acrylated
acrylics include those commercially available from UCB Radcure Inc. under the trade
designation “Ebecryl” series 745, 754, 767, 1701, and 1755.

[0026] Another suitable radiation curable oligomer is a polyester polyurethane
oligomer that is the reaction product of an aliphatic polyisocyanate comprising two or more
isocyanate groups; and a radiation curable alcohol comprising one or more radiation curable
moieties, one or more hydroxyl moieties, and one or more polycaprolactone ester moieties.
The polyisocyanate often comprises 2, 2, 4- trimethylhexamethylene diisocyanate; 2,4,4-
trimethylhexamethylene diisocyanate, and mixtures thereof employed in combination with at

least one of isophorone diisocyanate and/or an isocyanate functional isocyanurate.



[ 0025] Suitable acrylated acrylics include, for exanple, acrylic oligoners
or polyners that have reactive pendant or termnal (nmeth)acrylic acid
groups cawekbw/mst472ormi ng free radicals for subsequent Peaatszan/02EtanNpl es
of commercially available (neth)acrylated acrylics include those
comercially available from UCB Radcure Inc. under the trade designation
"Ebecryl" series 745, 754, 767, 1701, and 1755. [0026] Another suitable
radi ation cuf®9Ble oYPlioHastiona @nedyperraicdRonaBIey Aist Hsthauiblegioreise ihadte i s t he

reaction RsAFMGIon®T ofafhealptRBft G eRhY hEPGHANRL Sy RRHUPIiSitatign,t WRuRkioR €
i socyanate groups; and a radiation curable al cohol conprising one or nore

radi ati on U nca@p@ roREnFERal, preaypclingile awadimstignal rppBtaceiiicsad BRETST nor e
pol ycaprolgaet ene ester noieties. The polyisocyanate often conprises 2, 2,
4- trinmet hyl hexamet hyl ene diisocyanate; 2,4,4- trinethyl hexanethyl ene

di i socyanat e[004#ld rﬁ@pmﬁlé@tlwehefrxempleemrfo;se@hlm didwstiprnl i end witiifyngiionpleast

one of is )
Socyanur herpERBys bpARRKENEhR. DM A SORKARE By il MiRune, 13
sui tabl e foglrylems egliyeplt Hlémct(h}apx)@ttt,l drsbugnedihle dueedant 2i3diewethypropand 1 Brcl ude,
w thout |im |0 d|f tr|fu tlonal t.r I

bent ar uncTSHER: *RE SRt (MRl sk Mbhaie: shl AlUthld Mg

[ 0028] Rememedloladl(meth}mazmm geo@fxyktedt laabthdd]l fdn(mﬁth)malhteamdogenﬂyf ghedl onal

(et h) acryl at e. nonomer de, wi t hout mtation, ethylen | ycol

i Crrt hy i S ARIRES! MigiaderegPad HrchocflPrafe aSikal: $h8H o

gl ?cr %/lh;it al(mzthﬁac@uenetdnythpllempglye(lﬂldlanetg)aagra;el m:i;&opﬂ?rﬁ gm?mgieﬁi)acrylate,_ I
i (meth)ac ene gl ycol diacrylate, ethoxy]ated hexanedio

Gi ot 1) achotighgend BERY HETSH RRmGIEE HEHD: HT SRR Ui  PoPRNTN

gl ycol di (nﬁ(mem)@eﬂytb atxﬁnetml&pf@ph@ aﬂm&wmﬁwl glgl:éf@:lﬁfopdfk}( RR)Baiyhal e,
hexyl ene glycol di(meth)acrylate, diethylene ycol di fmet h% acryl ate,

Cr 1 br opy! SRR e e BRI s e G é?tFFS‘?Théfl‘?ée SRt BTy et o

trimet hyl gremdvieothedbiret hacryl ate, pentaerythritol tri(neth)acrylate,
trimethylolp ane tri(nmeth)acryl ate, glycerol pr opohént ri (neth)acryl ate,

et hoxyl at ed £q05%t hAPETSpR YA s8aplEy ?@PHQ%WP AtnstionghgngtyperyiateHypnonisrsy| ycol

di (et h) agfoyld@t &ufnge Mhett YinBSdt R 0% imel IR Mp a'ff@p{e%a{%wlé%&' Vehofyiaep! gs of
suitable tetra functional (neth)acrylate nononers iInclude, but” are not

limted t@entgirythifohe tappasylpieoppensact ehrital cethoatate @Emwxlﬁtat epengaerythritol
pent aer yt EHPB%{ME ?ett{agc@ﬁﬁtléllﬂ&ﬁdmé)ﬁlﬂ&lﬁ% YLhpt tol ethoxylate tetraacrylate,

pent aerythrit
[0030] Representative examples of suitable penta functional and hexa functional

(meth)acrylate monomers include, but are not limited to, dipentaerythritol pentaacrylate,
dipentaerythritol ethoxylate pentaacrylate, and dipentaerythritol propoxylate pentaacrylate,
dipentaerythritol hexaacrylate, and mixtures of any of the foregoing.

[0031] In certain embodiments of the present invention, the binder comprises a metal
alkoxide. In certain embodiments, the binder comprises an alkoxide of the general formula
RM(OR’),« where R is an organic radical, M is silicon, aluminum, titanium, and/or
zirconium, each R’ is independently an alkyl radical, z is the valence of M, and x is a number
less than z and may be zero. Examples of suitable organic radicals include, but are not
limited to, alkyl, vinyl, methoxyalkyl, phenyl, y-glycidoxy propyl and y-methacryloxy propyl.
The alkoxide can be further mixed and/or reacted with other compounds and/or polymers
known in the art. Particularly suitable are compositions comprising siloxanes formed from at
least partially hydrolyzing an organoalkoxysilane, such as one within the formula above.

Examples of suitable alkoxide-containing compounds and methods for making them are

-



propoxyl ate tetraacrylate, including m xtures thereof. [0030]

Represent ati ve exanpl es of suitable penta functional and hexa functional
(et h) acrwbabw/esetrener s i ncl ude, but are not |imted topcCuigsenbaeryt hrit ol
pent aacryl ate, dipentaerythritol ethoxylate pentaacryl ate, and

di pentaerythritol propoxylate pentaacrylate, dipentaerythritol

hexaacryl ate, and m xtures of any of the foregoing. [0031] In certain
enbodi mentisscgbed fe P eSapR Nﬁ%eﬁ%ﬁ(%}ﬁ%t%%“b‘%ﬂd&“@éﬁ{jr% 248 ret141686;

al koxi de. sl401699;t fi9y RADGAUNBIE;S4,7310B4DUNIER2 G UMIA(RES 434 81 K1 18929 the
general fornula RxN(]CR' e Ris an organic radical, Mis silicon,

z-c_Wwher
al um num B A3 dﬁ@a/%)i9929?7r9é:éfrﬁ 6. @ae pll R whishjaprdiagraperatsd by refpreaseky |
radi cal, Zek5 the valence of M and x is a nunber |ess than z and may be
zero. Exanples of suitable organic radicals include, but are not limted

to, alkyl, vI0g2] nlat hesejmldaytodinghisnythe gkepliidecicdmrsisepr spydmbamagion of a
-met h | | kaoxi de.. t ' t ed
g- e aCf?glﬂf&%xﬂfé’lpdg)alkgﬁg@bdéfif}&ﬁggsslﬁ REndnith H&f n eé&gc%@fé{a xisﬁgﬁ‘e e

wi t h ot her “‘conpounds” an nown 1n the art. Particul a

sui t abl e arcmowmenidgiidaxghi€:-Conthyilsi GigCailkawsitms thawmed durtgre d&ur dseas the
partially hydrolyzing an anoal koxysi | an such,as e Wihin the fornula
Sbove. . Exsiteonpodid ay O RRR HRehRkn Mg Sl B n RS ietbols Dbt o
maki ng t hempcalbegdsdrimbtdxysiland, S.  Pat end-ghlosoxyeih3bbiel®Qysilon264, 859; p-

6, 469, 119; . 6,180,248: 5 916, 686; 5,401,579 4 799 963: 5, 344,712:

4, 731, 2042505 E R A meGos o) (e st dRg e o GaghphGidony

5, 231, 156 prdpyli®Qet8FQisiland 6, 106, 605q-ghkldonfprafiitaethatygilinacor por at ed py

ref erence herein. 032] In . certain enpho iﬂfnts, Hhe al kgxi de conprises a
conbi nati & C@P"%’rﬁ‘{)&?@& SH#C: C 3) al k 1g}j3fc ORI ETBP RGNS | ane moYioner
and a t et pacdoxfpré)yitikemysysiiaReh RGIIRE thetdoy Gr daxMfet 6F such d)aab Kiphdhék. (G - C
4) al koxysil ane nmononers suitable for use in the coating conpositions of the

present i nvei0Bdh i TRt adfryeiansy thes Ban 8% yeqd) igfembiation with the

gl yci doxyetyaybkyiidet Qmﬁﬂji@@)al@xgdiw doxetdiyihg tohBbHQonK Sbfl @BEpredent

gl yci doxyethyl tri nmet hoxysi | ane, b-gl yci doxyet hyltriethoxysilane,

a- gl yci doxysrigsy inchidpe i okgaipleameteriglsgiugh | dfoseypipeiBgayeilanet KERGBIYalv@e. b-

gl yci dOXYI@JtﬂBﬂéF&{jsﬂHe hQit¥isthd 38 fine, Ra@p¥ il 9 E’ﬁe?&)ﬁ'aﬁéx?r%&?s%b{é&dd%&mr&‘
gl yci doxypropyltri met hoxysi | ane, 'hydrol ysates thereof, or m xtures of such

sil ane notaels. [0033] Suitable tetra(Gi-06)al koxysilanes that may be used
I n combi nati gy t iyt e, Y aﬁ%ﬁté,otet%tcgl)yahgw[ddlfdgiaﬁ&yl]%(@-@4%%}(%&15&”9 In

the coating conpositions o e pres
and tetra(C;-Ces)alkoxysilane monomers used in the coating composition of the present

invention are present in a weight ratio of glycidoxy [(Ci-Cs)alkyl]tri(Ci-Cy)alkoxysilane to
tetra(C;-Cg)alkoxysilane 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.

[0035] Appropriate mixtures of the various binder materials described herein may
also be used in the preparation of the compositions of the present invention.

[0036] In certain embodiments, the binder is present in the compositions of the
present invention in an amount of at least 10 percent by weight, such as at least 30 percent by
weight, at least 50 percent by weight, at least 90 percent by weight, or, in some cases, at least
95 percent by weight, at least 99 percent by weight, or, in yet other cases, at least 99.9
percent by weight, or at least 99.95 percent by weight. In certain embodiments, the binder is
present in the compositions of the present invention in an amount of no more than 99.99
percent by weight, such as no more than 99.9 percent by weight, no more than 99 percent by

weight or no more than 90 percent by weight. The amount of the binder present in the

_8-



invention include, for exanple, materials such as tetranethoxysil ane,
tetraet hoxysil ane, tetrapropoxysilane, tetrabutoxysilane,
t et r apentwybDorygiskene, tetrahexyl oxysilane and m xt ures PhEMUSEI10/0PRACB4] | n
certain enbodi ments, the glycidoxy[ (G -C 3)alkyl]tri (G -C 4)al koxysil ane
and tetra(C -C6)al koxysi |l ane nononmers used in the coating conposition of
the present inventign are present in a melg %ratlo of .glyci doxy

T

[ (Ci - C3) alCRYPPISHong ©f esaprspdeb iaysntionngant igngeebstueen ang eoyuhinagasy of PanEcisd f rom

0.5:1 to 10Qedincigdedvrage Qeita vauto 50: 1 and, in some cases, from1:1 to 5:1.
[ 0035] ApproFrlate m xtures of the various binder naterlals descri bed

herein may al®87be Ase@viarshhiadispepathat Fampostionhel dempesenti BHantor alwe
present i RyaRLd.QBn- s&)%?b@rletr &un§€eh%&ﬂe?%9fék G it (€ pRlaBdEs dséd Hér&ﬁent n

t he conpositions of the prese invention in an anmount of at | east
per cent byhaieingFrop-seirhipregiriirelfeesds megotaple rr@éqmlsmhm‘hehagh@ corgpositiga dhat 510

percent b ﬁlf%éng ﬁlra 1l reh 1]?|e%tf0195(201p‘g(gr§@tﬂ% BQIYdl t\g(g oL, Ihﬁre %f?:ﬁi%ntg 35%8?%

| east 95 percent ; wel ght y wel inyet other
cases, at if &ragibe@® Onigdreaent Papynt Nei @M4,,27cbr(“th¢ Wéasttntg)@t 95l %elmcéﬁtto by
meight I rtal n h resent in the I tions
of the pradet Prle RERARN bl RaRl DESRoh RaRLRRA B pSIRRAR,

wei ght , suxcltheaszmqaarmr, estd:uhmm@ﬂc Qomhmgbetmdaytwvebg Intore RBMEME endlbm Bi&x
percent by, wei ght or.no. nor ercent by we unt of the
bi nder «SE%?& %F“:%““tehgcﬁcrl?b%% tai‘“{ﬁ)ﬂ% B‘f HESr edb &Fnerﬂvgﬁ?f%rﬁ éta?hC [PRIgE

bet ween amygmembkmahdmnlphmmhasmﬁsnbemQN@mmesmﬁmﬁkuskweVwbgghahﬁe¢k&ed

val ues. [0037 0@@ Qr?V|oust i ndi cated, the conpositions of the present

i nvent i on %&f hfilse non- st oi chi onetri c tungsten oxide particles

di spersed i n[gobs] bimdey confydsiS@bIRIRS @edent th@LbE RO LAk SddRipaRicRIBhVd C
refers to netastable materjials which have _a conpositign that is different

than t hat 2P &YRECRITIGY PETIBE SHE GHap e BahdIh gansaiclise nCei grbadpetsploment s,

such as i shed@aedyl déﬁ@oélﬂoﬂfﬁ@f 1R Breb RS R @ffpriNOunSieddAidk Phriiclet BBingahl
patent”) at col. line 13 to col. 10, line 45, the cited ortlon of which

bei ng i nc@Y%@ﬁ@d%f@ﬁifh@lf%‘fl‘?lﬁb‘i/Ofrf@ffé?féﬁ@é 20(\aIGESEFS Be HIOFHhhED mpamgesent |

stoi chi onghrinGrebaRA 19 RELWRRR, e A5 WPLRrEIBNERG ShahdtiiGRt 68 hhakmhar ge
bal ance is achieved anong the elenents. In general, therefore,

st oi chi omembpdmeningse enosxitde 30s naEBIelah eredsiemaineds byi BaBetnieyfgst en
oxide is W%ég@h of M@ﬁsﬁli&ﬁ’ ele%HrSR nﬂéro@ogj(‘zflEM”) image, measuring the diameter

of the particles in the image, and calculating the average primary particle size of the
measured particles based on magnification of the TEM image. One of ordinary skill in the art
will understand how to prepare such a TEM image and determine the primary particle size
based on the magnification and the Examples contained herein illustrate a suitable method for
preparing a TEM image. The primary particle size of a particle refers to the smallest
diameter sphere that will completely enclose the particle. As used herein, the term “primary
particle size” refers to the size of an individual particle as opposed to an agglomeration of
two or more individual particles.

[0039] In certain embodiments of the present invention, the tungsten oxide particles
are of the general formula WOx where 2.2 < x < 2.999, such as 2.65 < x < 2.95. In some
embodiments, the tungsten oxide particles are of the formula WO, 7, or WO,o. In certain
embodiments of the present invention, the tungsten oxide particles are of the general formula
M;W,0, where M is one or more elements selected from H, He, alkali metals, alkaline-earth

metals, rare earth elements, Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn,

9.



[0038] In the conpositions of the present invention, the tungsten oxide
particles have an average primary particle size of no nore than 300
nanonet erwo 2Cevasai7’a enmbodi nents of the coati ng conpositipemaisedionbe7pr esent
i nvention conprise tungsten oxide particles having an average primry
particle size of no nore than 200 nanoneters, no nore than 150 nanoneters
no nore than 100 nanoneters, such as no nore than 50 nanoneters,

certain efodiiEnis g Goroa: Phal. Bol-dasoetr Le, TaNRyeY: é\fl?njﬁeaetﬁﬁ \Hf*sual |y

exami ni ng(j—g B, ﬁﬁ&gr\ﬁl@dﬂmﬁ%stéﬁ DrigbRyBes:S0.0N <@y £ lshfNas.GI10S ¢QRY0.( adEM < | mage,
nmeasuring the di ameter of the particles in'the i mage, and cal cul ating the

average prmary Parchér é-03ize/vot 2Phe hsade rcEROHRICEFcIVBge Higswagsm oxide

magni fi ca K
B e e

particle @Iezct@S@é?Q@dl Iétnteﬂﬁéatwd)gmwm%ﬁm Palhucatlh@NEx%{}%/lOé%SQéémla*\t H¥dllher ei n
L Tustrat ¢, gogil habh& J0 al}%%f b@fn Pl?c% Ehedl I}EE\Q B€encdNe primary
particle size of “a part ere e sha |arreter sphere that
will conpl et 31090]endlncrsealn hmbp@tmemgl tée tmstameddh@m@plns d¢shebadesbrve' irviermar y
particle size" r rs to a parti cl osed to
an agg| Onéflgegtglocr) ﬁr? I 0?0 thgit & Ig%réerfli dor sugsta 1a11 5‘1@% alPRS [uéec%%]réa}ﬁ nt%% gl’ i
enbodi nent“snbsdanttaﬂig smeelsﬂmefemvxepamms thathﬂwdﬁ amg\&ta%a aspel:tdauqoajf #d mbeshar e of

t he gener% forrrua {g hs%cp as 2.65 < x <2 95 1In
some enbodi mfts® I{OHBOH"“JW&S nmosﬁinﬁ«ﬁai‘}%f]?u‘%‘?r%% Bl Gt et BPFITPE IR 72 or

W2 9. Innﬁﬁdflhamnjﬁnbadldfmrltls of the present invention, the tungsten oxide

particles ar t general r mul e Mi S one or. mor el ement s
e ccted fr o0 ofhedRREHM b Py A e B el SR HPB 85

el ement s, ph@ent Zﬁven@'n mM]l be Repaldd, byCGhrloE’@ melhods hhowPe, thble, sl@bd iAGhe AW,

Zn, Cd, A In Ge, Sn, Pb, Sh, B, F, P, S, Se, Te, Ti, Nb,

U W, TancReinesg nipse SRhe Progtiest ey B FySe dlfme o Sy g geriled

0. 001<x/ y fdactos UtbmR8l ApOOdntheid, ¥ndonf othe PRMBhEds? If c&rtdin EmBo@BSnts, HIGBvedS 2. 65
< z/ly < 2.95. In sone enbodi nents, where the tungsten oxide partlcles are

of the geReaparicesniis Rraring dw, Bagjing sogethep opg op MyTe aigamp e frdorowRrdl

particl es (3 pHeSGHk BEd tdsn de'ﬂ&ﬁ %an% akes. RReMin éﬁ%dnﬁé’ﬁté R &%lésqﬁ‘aw on No.
2006/ 0178254 RI at [0071] (tl the cited portion of which being

i ncor por abedomet éi WCb;a Sly%‘#férb@n@é lntl[OQm@] mptarige intap nlagi eleinmherit(®) rapidly
ung=Len, SALAE RATLLELER HESELLBPAIR.1SL8-Ruo0R. IRl At ot 1
"subst ant igadebys ppHeqtistadh thohgr 8 rerigvet doovagent-Hatrgheveozaln tavwdfealgapalspect
ratio of nglmgra%d}op %ﬁ'lizing an alternative cooling method, such as a cool surface or quenching
stream, and (d) condensing the gaseous product stream to yield ultrafine solid particles.
Certain suitable fast quench plasma systems and methods for their use are described in United
States Patent Nos. 5,749,937, 5,851,507, 5,935,293, 5,788,738, 5,984,997, 6,602,595 and
RE37,853 E and U.S. Patent Application Publication No. 2006/0099146, which are
incorporated herein by reference. The tungsten oxide particles may also be produced by a
method described in United States Patent Application Publication No. 2006-0178254 Al at
[0088] to [0100], the cited portion of which being incorporated herein by reference.
[0042] In other embodiments, the tungsten oxide particles are made by a wet
chemistry method, such as, for example, sol-gel processes, precipitation processes, wet
grinding processes, inverse-micelle methods, and combinations of these processes. See, e.g.,
Beck and Siegel, “The Dissociative Adsorption of Hydrogen Sulfide over Nanophase
Titanium Dioxide,” J. Mater. Res., 7, 2840 (1992), and Steigerwald and Brus, “Synthesis,
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4:1, such as no nore than 3:1, in sonme cases no nore than 2:1, and, in yet
ot her cases no nore than 1.5:1, 1.2:1 or 1.1:1. [0041] The tungsten oxide
parti cl eswohato/@s42i ncl uded in the conpositions of the pCcEasad0ioamMenti on
may be prepared by various nethods known to those skilled in the art,

i ncl udi ng gas phase synthesis processes, such as, for exanple, flanme
pyrolysis, hot walled reactor, chenical vapor synthesis, anmong other

met hods. BHPEERECH ArkHBEnifetiusirhggiastum SerricosiFior Breslugiers, ppdp &e¥d by
reacting teoget£gr 19ng1erogppre organonetal lic and/or nmetal oxide precursors
in a fast quench plasma system In certain enbodi nents, the particles my
be formed i n[M942h Ry Yol (OR)SQIMBRATE [RgsieRaddq enstlsortedrepagiddsina

chanber; (RlodsaRitla¥. BEaLhOOmbAEMERL, 8hd RhigcelYoMB 8P RoPdoifhiPhFitRudeRey! €l d a
gaseous product stream (c) passing the gaseous product streamthrough a

restricti vaidesav &e georducell netiget thyonethedst deserftied aiboyeapin dhe siodwgioa rmd/2or
utilizing ap.@bLeraat ] 1‘(4.9 tﬁé?%léﬂ@in{éﬁ{s, st U @Rc ﬁmgggrlc PﬁH&E@&% b%(r)post

guenching stream and (d) condensing the gaseous pr streamto yield
ul tr af i ne pswkisel parrtdwingstm@Sehdrapurhgsi thaidlzed bakicadquand heplkasma syst ens and

net hods for j are Cr i in Uni.ted.States Patent .. 5,749, 937,
oo ans sor " S, A InELEREREER! OER R llihilli e b SRt Eh Sl WS o0,

U. S. Pat epteséppd ihe abmpesitRubih iag atmben oNao nREOHGAD OADAA4E peillidn @r(S percent

i ncorporated herein by referenc The t ungst i de rticles may al so be
o oduned 55 b Hoh it B RUEECTD A rhdnERL e Eal P SR T

Publ i cat i omseNNao n2Q0thafd) 158204 pAt mitiod Q038 percent bQ 1@Ght), drha yei dider qaastroon of
whi ch bei ng incorporated herein r ef erence. 042] In other .enbadi ments,
et uncs iine DR aBe B e ol e o OY s bRy s ARt P Mt oot ns.
for exanplemp&alongelin REQLGESHBDINPhBCItRI tiabito oRIJeCRSSAS, ardEire@hi Nditkgy
processes, inverse-mcelle nethods, and conbinations of these processes.
See, e.g.FmB@§HK§dHa%WB@€Fme1ﬁ§tTﬂ%%ﬁ%?8?19%T¢@§%K%@W@ﬁP@P“ﬂ?ﬂﬁﬁﬁ%ﬁ

Sul fi de oveh: INRNOPRBS& nlilfodnd.0H0 1 Bochds, \'x'/f_:ight) ofVBf Rne RS, at lehst 49 ptrl992) ,
and Steigerwald and Brus, "Synthesis, Stabilization, and El ectronic

St r uct ur e PEHIOMYAAPU RFTSEWibY OHAEE: BrseRioBr ettleweight Arfhe ceaRositigrt By songe | 19,
471 (1989)mnbORARL, tﬁsgﬂ&ﬁ@ﬂa%@ﬁt fgﬁst @@Ba@ﬁ%ﬁ#@gﬁ?.%ﬁ%e&&ﬂgﬁ §8pRXi de can

al so be prepared by various nethods. In sone e t he reduced form

of non- st epwhicsaetirlpast LUpgStrenoxilide (G4 precopt biweily| af o3Fr of Ibyst heartret hods
ey e RIE ARG LGRS A BT B Al
amount of the binder present in the compositions of the present invention can range between
any combination of the recited values inclusive of the recited values.

[0045] In certain embodiments, the compositions of the present invention also
comprise other IR absorbing particles, indium tin oxide, antimony tin oxide, titanium nitride,
and lanthanum hexaboride particles, among others. Specific examples of suitable particles
include, without limitation, any of those described in International Patent Application
Publication No. WO 2008/127409, incorporated herein by reference in its entirety, as well as
those described in United States Patent Application Publication No. 2007/0203279 at [0047]
to [0058], United States Patent No. 7,368,523 at col. 5, line 50 to col. 8, line 2, and United
States Patent No. 7,300,967 at col. 3, line 23 to col. 5, line 27, the cited portions of which
being incorporated herein by reference.

[0046] In certain embodiments, the compositions of the present invention are non-
conductive. In other words, these compositions of the present invention have a surface

resistance of greater than 1.0 x 10'® Q/square. In these embodiments, the shape or
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processed in a reducing atnosphere such as a fluidized bed reactor and the
like. [0044] In the conpositions of the present invention the tungsten

oxi de parwDche#sat7e present in the conposition in an ampgmtusediomei4ndre than
500 parts per mllion (0.05 percent by weight), such as no nore than 250
parts per mllion (0.025 percent by weight), or in sone cases, no nore than
150 parts per mllion (0.015 percent by weight), or, in yet other cases, no
nor e t han MEOROeyt & Pler tUAgstan; gHIq @?@flebéieéfé%tfd syrligeily BencTallya Sbgrich #he

total wei ghdcripfa LdQe,CRMNRPPSIcH I ONcichAr S€fab@hN SRS se EMGokidDRS RN oxXi de
particles are present in the conposition in an anmount of at |east at | east

0.5 part paiticlss jafg grpefadly Jogos dgereeshin Hy cReiPgHEIn gichgthat bergtarg VT EeWper

m: I ' on (Q,Q00 %oﬁl%r&@\%enq}fe Yﬁﬁllg%ﬁ dxi@d par.[iaessfﬂnfﬁe E&n itioﬁtwﬂeﬁ%ﬁneﬁ iRdrd s per
mllion (0.005 percent by weight), based on the total weight of the

conposi t i dhm or wthep pticlkentiddivsenf ron-eonduciivg gpmpesiipnp allaws for dstpraducperr ofs per
mllion (. cent. b i B r er
T 11 on (0803 BEFGEResg Sl jiner farBOE oEPRFRATh 3G, FRAhE o,
(0. 0025 pérecebntredntingeinght phsolpdise df amst, henetotlialsuchedngtety tof wititte theompds ist i on.
.The arrpuntexoofse r\}/%icglrnsgl gin%'ff?cslgn?hee{tiﬂ E)P Ge O o%%fo#lbogéchoe];l rt he pr esen.t .
i nvent i on‘can range between any donbr nat ot of the recited val ues inclusive
of the recit4vhl uascerthio Gabpdinentethe digureeotbmdiin@E&ROB”) tohi ¢hectongpasi dxidens  of

t he present .inventi.on al so ¢ rise ot R ab bi ng.particle i ndi um
e P e Pl RBB ABR; B hBGRL Tl M AaSOL A i skt ERewhBor 1 e
parti cl es greaprign ok beuas ro Gp@ciuth s gxasmhasondqusiubtals], erep@r that besqianel ude,
without limtation, any of those described in Ipternati onal Paten

Nopl ' ont i O Bt tap PEfaRbc UF So68T T 20 saval ot bo A5t wor s it iy 75

r ef er ence gidatet than 6néquakioy.0, aschvl lflona®0 tIh®ee FO8ERIdeiRd Hynhd hitthehnSiratees

Pat ent Application Publication No. 2007/0203279 at [0047] to [0058], United
St at es ParehPoOsip ma‘?,“%% ,%%rnat(&w? d@{de@ PR EhesEtipgiop 8t 5508‘}m (¥) Z{her&lf’i]d

Uni ted St atiegppRati@itbd BP Bedi SORy 887 it Rhich J islthd 8 s@Badc@ o8 @jfptica'f_hDeh.éiQE 27,

the cited BOI’tI ons of which being incorporated herein by reference. [0046]

I n cert ai AOBMSoditheerpeentratios. ¥nps dletrrdrenedt t he present invention are

nonconduct i Vo8 OhheleaVDidSioN RES e AQBRARII NGO BDEInRIREENt | nventi on
have a surface resistance of greatér than 1.0°x 10 10 Wsquare. In these

embodi ments, the shape or nor phdidy WPudphéOPungst en oxi de particles
aci cul ar or [OBE] ar ™ WEF B Tiuron B R LESropnRader FENRY, EOHE R SBRET S ©°
gener al | y bhidghdsy. diEger $€M imeant éhat Grepomibednaosis ddest dhgtter hady ef arserbier y f ew
infrared light at 1100 nm while remaining transparent to visible light at 550 nm. The FOM is
strongly affected by both the particle size and particle composition, although the FOM is not
strongly affected by the nanoparticle loading in the composition.
[0050] In certain embodiments, the tungsten oxide particles present in the
composition of the present invention have a particle size distribution, as measured by the
ratio of D90/D50, of less than or equal to 2.0, such as less than or equal to 1.5, from 1.5 to
3.0, or, in some cases, from 1.75 to 2.25, wherein D90 represents a particle size in which 90%
of the volume of tungsten oxide particles have a diameter smaller than the stated D90; and
D50 represents a particle size in which 50% of the volume of tungsten oxide particles have a
diameter smaller than the stated D50. For example, if D90 is 90 nm, and D50 is 60 nm, then

D90/D50 is 1.5. For the tungsten oxide particle composition and average particle size, a

composition with a lower D90/D50 will, in general, have a higher Figure-of-Merit. The
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contact points between the tungsten oxide particles in the conposition when
formed into a filmor other article. The use of non-conductive conpositions
al | ows f owothw/gssoducti on of filns or other articles, sBCH/US301000t4a7 NEr
perfornms, that reflect little, if any, infrared energy, thereby resulting
in the absorption of nost, if not all, such energy to which the article is
exposed, which results in efficjent heatln of the conposition b y such

energy. [ 6YAH50 i By Be Hetermipg %%Plgotoseﬁleefltaatn Sl ag M Rt he

tungsten g&qgﬁngé&ﬁhgﬁ@§md§§@5yQ@Ql@gﬁﬁ{n when di spersed at 0.05 wt % (500
ppm in ethylene reater than or equal to 0.50, such as greater

|
t han or equal008¥l 0. 1¥5cert3meamg@dlmwah Ge weparitions of ghe greselt dnvantiam reary equal

to 1.25, r r I
Gront o 1 ARSI 98l ek S SR LR ERYR 8 12,

t he exti nethepipphations sedray o5k RBizprmanidsaimpaet Maddigern wvifasp bmiggnts denegéts by the
extinction ( i t S aw (A=
od ) in G?Ir(t: %%91119&% aﬁé@%sor ‘gtr}ga[ev?dé%% 1?(\%1{ Iﬁtésgﬁ;‘?x[%gééseﬂﬁ g%g%ﬁa\{orgerﬁlcleﬁtﬁga
concent r atgas, fdlkd, tedtdddhiyée palubing engpoundp,0QUE] reheat wnkmtmg giidst hed RO nmay b
e deterntngmmgnxkﬂn@gtlo of ODs in which: FOM = O D 11 COnp/ CDssOn p, [0049]
For this neasure nent t he spectrophotoneter should b e set to receive a 2
nm band pass[0082hi gAneVarE&\/lolfrez&nelest lat tchenadanbeonposint emtiodiments bet tier | ob

of absorbln rar light at 1100 ere nsparent to

o srbr o eBposionEEE e bt iPleestiny B Bt B TRt S S AIRRS TR 0 1 ol
size and ﬂammbelbnmﬁmnﬁﬁbmnanm ahﬂhomghdéh&afﬁhhn&mnetu&@nnMkadagmgcted b
y the nan rt ding .in the oSi ti 0050 n certa

Y bogi mandBRl Bh&! Fun BRTL AR hRalhnfrERRA Toat SR EEF SRR of the
present | rwwaztgecva)ttltadéetaamtgatﬂdv&lsauzaﬂezerdlbﬁttﬂgl htutta@es liR& a NGaFUr@tnbthyr t he

rati o of D90/ D50, of |less than or equal to 2.0, such as |less than or equa
to 1.5, frERpdmgnt dhere @ prgpideq E‘iﬁ‘héetd%’@ége P?tH?nC?nt?’Sllltgoa@/OZSSu“?rWerf%‘“ in D90

represent $ipRiMddeldrides which@rd Kot Mi®Bopdfiet he yMAhSHE @fboliARas iRnotxd de
particles have a dianeter snmaller than the stated D90; and D50 represents a

particle & syimngndRr 5ol of heldingl sronaed sofhglsinkn bRits ParatiseP@e have a

di ameter ggBbdifknd %nb&tthee 1sséo%ta%gné3§1§worl: Qa9 Wﬂl(ﬁdmg fa1dBRGic! l§ev81q am Inand D50
is 60 nm then D90/D50 is 1.5. For the tungsten oxi de particle conp05|t|on

and aver ageneamb@cemelteuth@e isgprewAgsos Pref@m. W somneserphpdencnso 0repse pigvided 4 n
gener al , §M§,&c hah& ﬁh&ﬂﬁﬁ of -Merit. TheDOO/ D50 ratio may be determ ned
[

by a photose nment ati on 't echni que, such as neasured by
[0053] In certain embodiments, the compositions of the present invention comprise a

plasticizer, such as, for example, dihexyl adipate, phosphoric acid ester, phthalic acid ester,
and mixtures thereof. In some embodiments, the plasticizer concentration ranges up to 35%
by weight of the composition.

[0054] In any of the embodiments, the D90/D50 ratio may be determined by a
photosedimentation technique, such as measured by the LumiSizer instrument, sold by Lumi
GMBH. Also, in any of the embodiments, the D90/D50 ratio may be varied by operating the
nanoparticle production process to ensure homogenous conditions within the particle forming
region of the process.

[0055] The compositions of the present invention may be prepared by any of a variety
of techniques. In certain embodiments, the tungsten oxide particles may be introduced to the
binder by chemical or mechanical methods. For example, the tungsten oxide particles may be
introduced to a polymeric binder or introduced to monomers before or during their

polymerization at a suitable time and location. Furthermore, the tungsten oxide particles may
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the Lum Si zer instrunent, sold by Lum GVBH [0051] In certain enbodi nents,
the conpositions of the present invention may conprise one or nore other

i ngredi erwe 20ypiss4rkl y used in coatings, injection noldi rgT/tsaaoor3et
applications, such as crystallization aids, inpact nodifiers, surface

| ubricants, denesting agents, stabilizers, antioxidants, ultraviolet |ight
absor bi ng agents, deactivators, nucleating agents, fillers, acetal dehyde
reduci ng EHMPEIHERS Ot RRWMER e HErOdHRA AR g ongiys by ARerhanies! Apjxiagi Yiking.
add't!VessmhgggghdﬁgMﬁﬁ&@ﬁML@&ﬂaﬂhbﬁhﬁﬁnﬁﬁﬁaﬂﬂﬁﬁﬁgﬁe&ﬁ9ﬁ&ﬁerta'n _
enbodi nents of the conpositions of the present invention, such as those in
whi ch r eheat [0086}ej Injsertain gpbediments, fs meggql paphish theytuggsias axisJUTtieen L,
articles i ~ ' : ~ : ' t ubes,
s, 11 bergidag § Hedindet kMo e @y oG ARG A her kA0 | ¢
provi ded aydaweluspeobdter pelypentatiomitng rahareo melyortatslreoldipg pagdaion gellets

subst ance i eI’ I : - i ot i I

neat - cot pevier Bl e il aDRASin RO TR AN EN TPEALERE, e
whi ch ar e Iiheomé jehibediments.othe Hendsentdxale pantiglest man bt hddede aboditimantincluding bot t | e

i's containing and/or itable for.holdin rbonated sof t. drinks. Further,
i yer anoigra o (nfh: A"t e Bl iR AAEREMEDAE & ALt

hol di ng al&otoglat & phievtexageshe ihlet santke ertleodi amenksticatinereactos apyvdhereddehga
preform 1n song .enbodi nents theretis grogided a containgrtconlﬁuning a
preform [OBBSH N 0Pt APAERLEHIHEND S PRI BI ST PEALIS: TP RaUR B dlent

i nvent i on pepoiyhics ecaatopl At paihizBdtweudh iaBt afidrheexalpbea pdefodyxydr raddigpat e,
phosphoric acid este ht hal i c. aci.d ester, and m xtures thereof. |In sone
ebodi menPEpse 1) Bl (& AR conlERtion SRrGh R ge R PLE L0, BT g of

t he conposiildt@na poBR&fHendaiodRyctof, ot Bea pHbOsHRNEMLBe otdithe 0DPROHIB hdERblich My be
determ ned by a phot gsedi nentation techni que, such as neasured by the

Lumi Si zer r‘?aﬁéf Pftfﬁge‘ﬁ? for dosingRellptssheqtgviPers.Ar §8te PRIYHY: of the enbodi nent s,

the D90/ D50 [es70 MBYceRfin \cabb&theRY, GO AMALEMOxitd BaldPRARRE hiaG b8 aRIQACAMGE | on
process to ensure honpbgenous conditions within the particle form ng region

of the prdeksder [obHBS) surhas EEhpayl el dnan gricqing néBe machipy Bnenvreay be
P B e0 BTN L Bl ol SER S R SEURELR T i 1
machine, or by combining the tungsten oxide particles with a feed of PET to the injection
molding machine, either by melt blending or by dry blending pellets. The tungsten oxide
particles may be supplied as-is, or in a concentrate form in a polymer such as PET, or as a
dispersion in a liquid or solid carrier. In some embodiments, examples of suitable carriers
include polyethylene glycol, mineral oil, hydrogenated castor oil, and glycerol monostearate.
[0058]  Alternatively, the tungsten oxide particles may be added to an esterification
reactor, such as with and through the ethylene glycol feed optionally combined with
phosphoric acid, to a prepolymer reactor, to a polycondensation reactor, or to solid pellets in
a reactor for solid stating, or at any point in-between any of these stages. In some
embodiments, the tungsten oxide particles may be combined with PET or its precursors as-is,
as a concentrate containing PET, or diluted with a carrier. In some embodiments, the carrier
may be reactive to PET or may be non-reactive. In some embodiments, the tungsten oxide
particles, whether neat or in a concentrate or in a carrier, and the bulk polyester, may be dried
prior to mixing together. In some embodiments, the tungsten oxide particles may be dried in
an atmosphere of dried air or other inert gas, such as nitrogen, and if desired, under sub-

atmospheric pressure.

-14-



bi nder by chem cal or nmechani cal nethods. For exanple, the tungsten oxide
particles may be introduced to a polyneric binder or introduced to nononers
bef ore orwouniongs47dei r pol yrmeri zation at a suitabl e ti meCans20i002at470n.
Furthernore, the tungsten oxide particles maybe introduced to a polynmer or

i ntroduced to a nononer by nechanical m xing, shaking, stirring, grinding,
ul trasound, etc., with or without the aid of a solvent system £0056] I n

certain emboOF%ht sTher prlyetist SBRIPRNHARRIOE Khe REssqny ARyenidnn BRY de Ysed 19 &185 ar e
intr oducegréf&rﬁsm@ecmopg@f)arﬁ@rﬂmag%g caﬁtgmag TR LAY RLGH AN HBePIdE @S tOo a

pol yner reactant system urlng%or after polynerization, to a polyner nelt,
or to a nBlad AYSERdePPERUSe] t §Olamewm@altlsmbyé§ﬁserrg ihpy pegherm through a

i nj ecti onygm Glﬂ Q&rt%ﬁt?dr&?héa’ﬁﬁ EMENSC Posl?cﬁatnid eth@&y?éf&‘ir[% b6 ORHRd, 4l BATE

enbodi nent s, tungsten oxi de particles may be added at | ocati ons
i ncl udi ng bbwos@ Prasserize airjthypegh theopen cad plthg Mokdat i on reactor, proximate the

outlet of an (ﬁﬁ()]e”l%r&?e%l! ﬁ@wrrﬁcﬁ&lhgrbou%t g\f)nﬂﬂé %éﬂ%&é"%@ﬂuﬁé‘ﬁl h(fb' d the
outlet of an esterification react ere ong a recirc oop,
prOX|natennhﬁngmkmqIw%ﬂbﬁ@n@p@$wﬂﬁstnmaubmnmmpﬂﬁmwmw1éwtm®w9@1k@dtmm»a
prepol ymer osﬁ?one{l A a boat le %.oRlotl nécexﬁfg pre ?untzéc{] air u%fl thaeﬂ% Erlp & Olﬁnl ?echﬁ) ?%a},r

prepolyneP rOX|na condénsaii on reac
at a points belﬂ\ke@wm nrhélelanﬂ a$ slacmzh tfdsteemmpleem [@S Hatpblloyﬁdmjmi)sartcbm@ratcﬁiaq or

or at a pai veen t y et ﬁf a o ycon ensatl n react and die
for form &reﬁle Yé‘% §°0h %ts YPEEHRIPY-M méo‘fptef Opr &f! %‘%en‘frébgﬂ"’ rtal n
enbodlnenﬁﬁhnahﬁmmunggmemnwnuﬂeoﬂﬁamﬂ&qﬁuhhms may be added to a polyester
pol ynmer, suc P and fed to.an injection nolding machi pe by an

Pothod. i not MG THEGR RS eGSO Ha B PR R Rkt e aica it

pol ymer i o tubyeofi dyRietyl SIubRtatts NGcliBEN hitGan &d/dDnS@QMBIHRIrAgs, ki@ dsuagshen
oxide particles wwth a feed of PET to the injection nolding machine, either
by nelt blﬁéfnéﬁ“hde%l? “695 &P‘}/ ths llé‘ﬁd‘?sn‘@elb%gl s tre%éeeflﬁrr?@g?‘é‘ﬁ“ xande Sﬁcal‘r £ cl es

may be suppligdafs; bSp 194dsiadid 3hE ARG aBTcat@ed B akdds, 3. POIMIBS oiHI6buras, PET,
or as a dls?er5|on inaliquid or solid carrier. In sone embodi nents,

exanpl es @hlesigilields cée- cad prher nd wesutnsh pofogestsyd BKdikgl ycol , nineral oil,

hydr ogenat edggsf Orsfable APGratk ¥EGER! céﬁﬁi&@i%%@@tﬁffﬁn% mﬁt@@é@]m&h&lﬁg fﬁ%érVd Y,
the tungsten oxide particles may be added to an eSterification feactor,

such as wirererenagl. eardonagh Phlveodamiiresied ey bedrds. bardwopt: sofhatody weshishered wi t h
phosphor i g]ﬁ%fegoar(,rl %hgb&a[r& Q)?l@(t@?gtralhgﬁﬁﬁrgrandtff?)m%oﬂgl X&&ﬂﬁﬁ&?ﬂé hod Q&L or, or

to solid ets In react or stating, or at any point in- bet ween
any of thes@etdgesd, jugh sopme.enbodiptentaoginyechemygstdethe bkd. dn artdagkes may

be conbi n%gww/e%,th Elteﬁgls iIrEa§/ cgf:nsﬁé’g\xsz(%ds in%%ﬁlibﬁlation with another material, such as a

resinous material, i.e., wood/resin composites, such as phenolic composites, composites of
wood fibers and thermoplastic polymers, and wood composites reinforced with cement,
fibers, or plastic cladding.

[0063] Suitable metallic substrates include, but are not limited to, foils, sheets, or
workpieces constructed of cold rolled steel, stainless steel and steel surface-treated with any
of zinc metal, zinc compounds and zinc alloys (including electrogalvanized steel, hot-dipped
galvanized steel, GALVANNEAL steel, and steel plated with zinc alloy), copper,
magnesium, and alloys thereof, aluminum alloys, zinc-aluminum alloys such as GALFAN,
GALVALUME, aluminum plated steel and aluminum alloy plated steel substrates may also
be used. Steel substrates (such as cold rolled steel or any of the steel substrates listed above)
coated with a weldable, zinc-rich or iron phosphide-rich organic coating are also suitable for

use in the process of the present invention. Such weldable coating compositions are
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as a concentrate containing PET, or diluted wwth a carrier. In sone

enbodi nents, the carrier nmay be reactive to PET or may be non-reactive. In
sonme enboaDreerwmss472he tungst en oxi de particl es, whet her PogaIS2@0/021372
concentrate or in a carrier, and the bul k polyester, may be dried prior to
m xi ng together. In sone enbodi nents, the tungsten oxi de parti cl es may be
dried in an atnosphere of dried air or other as nitrogen,

and if desisfigerd lanie Framat sy ﬁé%tf‘rscpaffﬁle%1§&r‘e15[7€9éég]ld Hig. B%ﬁ yE8igplied

conposi ti QRrs| 1@fals6 REiAPIELH B preMARRAt Widl) fHBdkaRBleUs 8Slutich {eRIIU AR HeBoupsed for
preparing packagi ng containers. The preformis typically heated above the

gl ass tranepsistipg of amser Ahesphate FOIRRE, pbRINSEYS OBIPD SPRMIBIL B B 98¢ AHOUPhe
preformt fiﬂﬁu&hl@e %&51 % 8:%91{0?%0518%& abRAoneR ioRGnd nROSbIkiOR! B the

preformin a bottle nol [ owm ng pressurized air through the open
end of t heombllrl@tlonﬁ (Dhrw]f | m\lsce [saigabld ngisdlivotubibtrages ibgndd eilver, edobsh med allpysch ar e
test-tubeghaped injection noldings, are heated above the glass transition
tenperature of the polyner, and then positioned in a bottle nold to receive
pressuri zed H1064 & hrli:ymmlets héimitablpei&iczemdubsmates aegbin pbwglpiniagd wehinicknown i n

the art, ﬁiﬁg%c xarnlll) 7 {)Tﬂ) lsultalbr| EJP gvmv_e bsl}lrce)ltes 343 dl%sg eneI N¢ g{‘a&%‘ g,t ed

herein by re Ica opera I'on ‘ener gy
from quar q)zlyesnérs apscey:btl’rmm epdyprepgﬁme mlahynm&eﬂhstp)olyeefbéﬂes q)bszacpybﬁmﬁlas
[0061] The ons of. rese re su | e for
appl | cat | GRTTGIRG: P VBTD St 5GBS BLvin i Ry rierian ko

ani mal sulpslymaplesl;rolmék asl doekglonding topolymsdes And bleeit boponaicks blmllgkacﬁdbﬁa i ke,
as well as &I ants, tre seeds, él?rl cultural lands, such as grazing | ands,

crop | andSCRRESERE NP POIYIH?IF ishat edliand areas, e.g., |awns, gol f

courses, athfoebbr fiehfhses &t GuitabRNEx@lch@ibshAnd a@r €8s, SM6d) @eeallQrigsss and
the Ii ke [ 0062] Suitable substrates include cellulgsic-containing

TRt eri al 5 WOV GATHY AR Pt EAEEBE BEROED &b A AMORT e hIR R NEPESed

fiber boangsd iacdweRd, ci@ht WRABH blcH® 2HhrivERAE! flaxPRip SldehRRar disc&Bi whaar d,
oriented strand board, and fiberboard. Such materials may be nade enti rel y

of wood, $ieRolamisicneolyite blaaghiabricsnppgarsniriih Eracgae girglatcneolyjakonaen sone

cases, hO\ﬁ@WopylEﬁ@p@i%lﬁf/l'cﬁio%d@%ly@ﬁémﬁlb%%b%%h RS EREDLARLI on Wi th anot her
mat er i aI such as a reésinous nateri al l1.€e., wood/ resin COITpOSI tes, such as

phenol i ¢ conf¥¥67k estxanwiey o Stuéébleflea‘m%duw@@ﬁ grep gin featherp (A & sappa ﬁ@myrrer s,
and wood QQJEB,Og%'aE &Sco()vednﬁbeJE—ﬁ‘e%glefAﬁ&g chif []”IE&IW)’ ;de@eelreﬁherc(é g.pxle?(ﬁltré froih lsﬁegg,' ng.

goat or calf and hunting leather), split velours (e.g. from cow or calf skin), buckskin and
nubuk leather; further also woolen skins and furs (e.g. fur-bearing suede leather). The leather
may have been tanned by any conventional tanning method, in particular, vegetable, mineral,
synthetic or combined tanned (e.g. chrome tanned, zirconyl tanned, aluminum tanned or
semi-chrome tanned). If desired, the leather may also be re-tanned; for re-tanning there may
be used any tanning agent conventionally employed for re-tanning, e.g. mineral, vegetable or
synthetic tanning agents, e.g., chromium, zirconyl or aluminum derivatives, quebracho,
chestnut or mimosa extracts, aromatic syntans, polyurethanes, (co) polymers of (meth)acrylic
acid compounds or melamine, dicyanodiamide and/or urea/formaldehyde resins.

[0068] Examples of suitable compressible substrates include foam substrates,
polymeric bladders filled with liquid, polymeric bladders filled with air and/or gas, and/or
polymeric bladders filled with plasma. As used herein the term “foam substrate” means a
polymeric or natural material that comprises a open cell foam and/or closed cell foam. As

used herein, the term “open cell foam” means that the foam comprises a plurality of
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[0063] Suitable netallic substrates include, but are not |limted to, foils,
sheets, or workpieces constructed of cold rolled steel, stainless steel and
st eel surweacerwesegked with any of zinc netal, zinc conpeamas2@0a2@iNC
al l oys (including electrogal vani zed steel, hot-di pped gal vani zed steel,
GALVANNEAL steel, and steel plated with zinc alloy), copper, magnesium and
al | oys thereof, alunlnun1allo S, zinc-alum num al |l oys such as GALFAN,
GALVALUVME mt%iFF‘RfH’Fﬁ%ﬁ‘ﬁ ICHYRRFIS ¢ éé |usethBergip e Aeh sy C‘fﬂ fegy regame|has st r at es

may al so Beunt$8fiprisek €L lsefldbst URLRE (BULANp&Ss. Coliiﬁrrfp%l i&gh Ste@laedrin@ie of the
steel substrates Ilsted above) coated mn?h a weldable, zinc-rich or iron

phosphi dePPivehireas Bansoberthaagliavde fatsy pelivinalshleridploans @olypreigae Prsess of
the pr ese?%lybl%}%?l@ﬂé RfAms ShalecilidaBhgs, Cefﬂétﬂoggle%gm%ﬁlgl %ﬁmﬁfe?%%?é fged in,

for exanple, ited States Pdatent Nos 24 and 4,186, 0 Col'd roll ed
steel is &aw isghideaiolyerapylene ﬁqa@@,rm%xeéwlw f%msm/oesébﬁwee/m%awtmﬂw

sel ect ed ff(Fa(Pﬂn GRE\ WAHRL RRLE D InRls & sq%sadr rﬁwﬁgﬁg’%‘afo@% Ustu'cfP'As sﬁ&

aqueous solution containing at |east one G oup nmet a

or ganophogpémies. E@%ﬂ@ﬁ@ﬂws@ﬁEYm@@m@ghd@ph@ﬁ@@@Immhufmuﬁweamdﬁboﬁmﬂmwt|ons
t her eof ble, metallic sybstr Lhve o]

al |l oys thereo?mcﬁw%%ij(EQ%Sufé§(gfa%3|ta%?%fgl ca$f§ﬂ?u SFlﬁ?er%ﬁg gl ass,
por cel ai nsaffigtecer am cs. [ 0065] Exanples of SU|tabIe polynerlc substrates

are pol ystyr est er ol ene | en

el at e o6 TRE0T Dol TR paBROsER STt BRI mn S DR HERE S0 S0

pol ycar boratisestes pgl yngi oty la @hqubﬂemM@mbMuﬂmmhgaMQm@pbs1mﬁmhymlmmhwagetates,
pol yvi nyl pyrrol i dones and corr ondi ng copol yners._and, bl ack c nmers,
ESIAMPAN ATRORS & e et ol S it B M B AT R S

Exanpl es of rsucbaink.eamexd oliRr swdigddeat BS c@tagn fehllﬁﬁdlﬁ]entyah(ﬁkﬁevef hﬂheaﬁsungkni ts,

wovens, nonwovens and garnents conposed Of(f yester, npdified polyester,
pol yest er BMBEHONaKY| e PresghloMveriion: g, apelith % Brame rabracexrdinglyr guche | oy

henp and aip&itiont SEAS BaveWPPkaos®y i 1sp§ﬂlit%(l§énf(qeap Rakiya Bl dprabin@d afiRhd CS,
pol yacrylonitrile, triacetate, acetate, polycargonate pol ypropyl ene,

ponV|nyIC€%¥%¥$de pol yester mcrofibers and glass fiber fabric. [0067]

Exanpl es of ﬁMV&PbLQm&Q%bh%ﬁo§Hpﬁkﬂﬁ&ﬁégéﬁﬁx@&éh%fh%%&aﬁht&@mﬂmn@@@ﬂﬁ from
sheep, goat or cow and box-leather fromcalf or cow, suede |eather (e.gqg.

vel ours f ruisiratnedp cogprsttionris aliivfeddngoHesas tm@rm@a%lh%mﬂaﬂrs pritinueus| [duran (e. g.
from cow 9{ &ﬁk%até k'w@%mal%“%é R (R0 gE'éJQMk bh 1h{%r 0 fes (Qﬁdut%'z%oto"‘ﬁ%' en

skins and furs ur-"bearing sue | eat
microns), such as 0.01 to 5 mils (0 25 to 127 microns), or, in some cases, 0.1 to 2 mils (2.54

to 50.8 microns) in thickness. A method of forming a coating film according to the present
invention, therefore, comprises applying a coating composition of the present invention to the
surface of a substrate or article to be coated, coalescing the coating composition to form a
substantially continuous film and then curing the thus-obtained coating.

[0071] In some embodiments, the tungsten oxide particles can be functionalized
depending on the particular application. For example, the tungsten oxide particles can be
functionalized to bind or, in some embodiments, associate with a particular component of the
coating. Such functionalization can speed polymerization by causing the tungsten oxide
particles to associate with monomers to be polymerized. As another example, the surface of
the tungsten oxide particles can be functionalized to be hydrophobic, hydrophilic, lipophilic,
or lipophobic. Such particles can in some embodiments associate with some liquid
component that is intended to be evaporated during drying. The tungsten oxide particles can

also be functionalized to facilitate their dispersion.

-17-



may have been tanned by any conventional tanning nethod, in particular,
vegetable, mneral, synthetic or conbined tanned (e.g. chrone tanned,

zi rconyl wearnsdsseRum num t anned or sem -chrone tanned) PCrfusd@sioead] t he

| eat her may al so be re-tanned; for re-tanning there may be used any tanning
agent conventionally enployed for re-tanning, e.g. mneral, vegetable or
synthetic tannin ents, e.g., chromum _ zirconyl or alunlnun1der|vat|ves

quebr acho, cHW4? ut %ﬁu%%wg% pxide gartigley faft pls0 ehyora by, ipyldiiprdeH&nes,

(co) pol yRRL:8y,ahey khﬂ@&&yhh&wﬁﬁﬂ r&RERPURERRY dARcamyey flatyenogiam de
and/ or ureal/ formal dehyde resins 068] Exaqgles of suitabl e conpressible

subst r at egespi§iag &a@ngcfama@a tﬁ‘t"le%fth?é‘t fr@mpy el ditenacnidl] Thig applicHian qui d,
pol ymeric nﬁly%g A&l ih hﬁﬂlﬁﬁho% WiReRithe RRAGOE ubtdSo 81%@91& He BALY TBLironPhAfder s

filled with plasna. used herein the term"foam substrate" neans a
pol ymer i ¢ heatedhat @Kmsedrrm &NV gherghar e@@f@prfr@esﬁ@r @péwn&@lflthff clpramghgic cl osed

cel foams%é%ﬁ’ljllﬂs@ s starblrg}ﬁn& [Bles ?’&bs%ﬂLﬂ)o n{‘)ers rgér*lﬁ% adsieinf 0am

conpri ses ura |ty of intérco necte air rein, the
term"cl oseldng: et Idrflograihd negns/et that lon$®rmomﬁ0@®m¢| @eéle acoamlg eslnoéerdinscr et e

cl osed POTL.&: dlme%m%kle wn@ER & OXII e\sl‘;;alit?cfl sonlg tulgz%st 9(9% yeﬁ w étaﬁﬁenﬁ 8 % at

polynethacry or| ane

poIypropymmmeXW@amkmmpbﬂyemhyksnemﬂbammuwmadxgpﬁymhe%mnﬁqxﬂmﬂnﬁiMEm&hpIe

pol yol ef i oans. i ncl ude | e ans ol yet hyl ene foans and/ or

et hyl ene 3kﬁyrn%¥%Wﬁ?gx &P%ﬁ é@ﬂqﬁ% [%gﬂnﬁnclude flat sheets or

sl abs or nol p@A3IEVAnfwofas emﬁbkﬂlhleﬂts thdr pesent G ehEs. pr&ﬁés&ﬁt&lﬁds'[o?ﬂ%ﬁng)&r EVA

f oam can have different &ﬁpes of urfacg ﬁg%osit conprise
f s

A C
a dense sGPfHcEYPEs BN RHEY-ed&™ 15t tign 8%“%@&850%&5%\/ é‘}?ﬁ 15‘Frtema

pOr ous SURhREELIR {:&Bg@ﬁlheﬁhean&@@tma@g)emﬁmsédtb@lﬁhsmﬁ(ﬂeruthegms@meat NMeRL i on
can be applled to such substrates by any of a variety of nethods |nclud|ng

di ppi ng of% FAFHICSHGH, C%T#Pr“é%’ﬁ@ngsieﬁtoé% Reptiies desriped hereinF ettt oktiged by

spraying, csff¥dmerdiob! @QVRM cOMini RRhOE usE UBD RGstePSxill®barifeat iNrtafONY
ot her nethods. In certain enbodinents, however, the coating conpositions of

the preseSMDPHPEHE BEN BEGOALIIMREEC BRNESHRR Y CHYING D he RILHFheHJe Patde

conposi ti QBgrifd KiRaANE ¢ <%h%QB§bBMm%h§ﬁRk§m%9'Tﬁb&ﬁm&ﬁﬁ o aRPbiceAtd Ay, by
sprayi ng at ambi ent cond I ons 007 After "application of the coat’ing

COMposi t i GHNedr. Inh‘@n}@reé@@ﬁtmeinﬁv&ﬁtwwte@@Xtdhepa@@ § catbe mixeH gvitodpdenst eicon i s
al l'owed tQ,G0MGS58hd QoatifE, Tudh SURS LA Wih@: Y 2 SANH: NYRY Rinkdd D98 particles

or a dispersion of tungsten oxide particles in a medium, such as a solvent, can be dispersed
into an already produced polymeric binder or into a monomer composition used to make a
polymeric binder, thereby achieving uniform dispersion throughout the polymer and intimate
contact in the final formulation of the coating.

[0074] The IR energy can be applied in any manner. In some embodiments, the IR
energy is applied using an IR heat source, such as an IR lamp. IR lamps are commonly used
and available to one of skill in the art. Ambient IR energy is suitable. The IR energy can also
be applied by simply exposing the coating to some other light source. The other light source
an be the light emitted by standard fluorescent lights or even sun light. Thus, the IR energy
can be supplied in any manner, as long as the IR energy is sufficient to at least partially affect
the curing or drying.

[0075] It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept

thereof. It is understood, therefore, that this invention is not limited to the particular
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t he substrate. Typically, the filmthickness will be 0.01 to 20 m|s (about
0.25 to 508 mcrons), such as 0.01 to 5 mls (0.25 to 127 mcrons), or, in
sonme cases 2010108540722 mils (2.54 to 50.8 microns) in thi ekmasgo10M2re1 hod of
formng a coating filmaccording to the present invention, therefore,
conprises applying a coating conposition of the present invention to the
surface of a substrate or article to be coated, coal escing the coating
conp05|t|8H‘?@H?HFHﬁgogﬂbEWdhﬁﬂﬁFWVdébﬁPFﬁH@GgwﬁFWﬁN@H@*F%éﬁ'@dP?ﬂﬁ“&he
thUS_Obtahﬂﬁ&n@@@hh@ﬁwmﬁ@Qléhdhﬁd%?@ﬁu@ﬁ&ﬁ@&Hﬁﬁks the tungsten oxide
particles can be functionalized depending on the particul ar application.

For exanple, the tungsten oxide particles can be functionalized to bind or,
in sone enbodi nents, associate with a particul ar conponent of the coating.
Such functionalization can speed polynerization by causing the tungsten
oxide particles to associate with nononers to be polynerized. As anot her
exanpl e, the surface of the tungsten oxide particles can be functionalized
to be hydrophobic, hydrophilic, |ipophilic, or |ipophobic. Such particles
can in sonme enbodi nents associate with sone |iquid conponent that is
intended to be evaporated during drying. The tungsten oxide particles can
al so be functionalized to facilitate their dispersion.[0072] Because the
tungsten oxide particles can also absorb WV in addition to IR energy, they
may sl ow or prevent degradati on commonly caused by UV radiation. The
resulting coating can al so prevent heat from passing through the material.
This application nay be useful in applications where the coating is used to
prevent the coated item from being heated or exposed to UV energy or energy
fromother portions of the el ectromagnetic spectrum Thus, |R absorbing
nanoparticles that absorb both UV and IR energy can assist in curing or
drying and i nprove the |long-term performance of the coating. In certain
enbodi ments, the tungsten oxide particles absorb at | east 50% at |east
75% at least 85% at |least 90% at |east 95% or at |east 100% as nuch
energy froma second portion of the UV el ectromagneti c spectrum as they
absorb fromthe IR spectrum [0073] In certain enbodi nents, the present

i nvention provides nmethods of drying or curing coatings using IR energy.
Because the tungsten oxide particles described herein absorb IR energy, the
IR energy may be transferred to the binder in the formof heat. Thus, the
conpositions conprising tungsten oxide particles described herein can
result in faster curing conpared to curing coatings wthout using the
tungsten oxide particles. In certain
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enbodi nents, such nmethods conprise contacting a coating with the tungsten
oxi de particles described herein and exposing the coating to IR energy. The
cont acti nyocar/mssar in any manner. | n sone enbodi ment s pPCThiS2a00g8irEN OXi de
particles can be mxed with at | east one conponent of the coating, such as
one the binder or a solvent. The tungsten oxide particles or a dispersion
of tungsten oxide particles in a nmedium such as a solvent, can be
dispersedVY%F%A§W3already produced pol ynmeric binder or into a nononer
conposition used to make a polymeric binder, thereby achieving uniform

di spersion throughout the polynmer and intimate contact in the final
formul ati dn of ACREIPEBEI 9FP1IFI0Y74] The | R energy can be applied in any
manner. |In song,)ephadi gents, the IR energy is applied using an IR heat
source, such as an IR lanp. IR lanps are comonly used and avail able to one
of skill in the)apmorghigh epd parR penavlgon,ibgsed ginttadiotal welght pfRhe pemppppitioan al so
be applie Sk : I : i - i . The
ot hor 11 ght "0y B KFERRINR P pRREk: POy TR R RSB g s
or even suwré¢ thghB0 MEhosctets epeRdandredyndean be supplied in any manner, as
long as the IR energy is sufficient to at |least partially affect the curing
or drying. [0075] It wll be appreciated by those skilled in the art that
changes caul d Bk cad®sition bhelagmibpdhereinttse tagaeen dwade phyoales ave bhditgedaplarti ng
fromthe roa§y$€yentive concept thereof. It is understood, therefore, that
this inventio *Hof* limited to the particul arembodi ments di scl osed, but

it is intended to cover nodifications which are wwthin the spirit and scope

of the inyention, as defined by_the appended clainms. WE _CLAI 1. A
Comosi 1 dn col FERGIOR &) cliih 2K Brre g B THO o ST R SHETREPEY per
mllion, basrtwo,ihe. total weight of the conposition, of

non-stoi chionetric tungsten oxide particles having an average primary
particle size of no nore than 300 nanoneters dispersed in the binder. 2 .

The conposi ti ofhOfonfogitivn ds c1MREr, RihbrefnBe donBStiENis@aheareparti cl es are of the
general formula WD 2-2 999- 3. The conposition of claim2 , wherein the

tungsten oxide particles are of the general fornula WD 65-2 95- 4 . The
conposi tign of pgd &J@o&tioﬂ@ﬁ&ﬁmﬂ,m&eﬁqw&ﬁﬁﬂokiﬁﬁn Is@olofi@lispar ent .

6. The composition of claim 1, wherein the binder comprises a thermosetting
composition comprising a polymer having at least one type of reactive group and a curing

agent having reactive groups reactive with the reactive group(s) of the polymer.

7. The composition of claim 1, wherein the binder comprises a thermoplastic

composition comprising poly(ethylene terephthalate) or a copolymer thereof.

8. The composition of claim 1, wherein the binder comprises a radiation curable

composition comprising a multi-functional (meth)acrylate.

9. The composition of claim 1, wherein the tungsten oxide particles have an average

primary particle size of no more than 150 nanometers.

10. The composition of claim 1, wherein the tungsten oxide particles are substantially

spherical.
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5. The composition of claim1, wherein the conposition is colorless. 6. The
conposition of claim1, wherein the binder conprises a thernosetting
conposi t iwo 200864781 Nng a pol ynmer having at | east one typeTafS201eaetsrve group
and a curing agent having reactive groups reactive with the reactive
group(s) of the polymer. 7 . The conposition of claim11, wherein the binder
conprises a thernoplastic conposition conprising poly(ethylene
terepht hal ate) or a copolyner thereof. 8. The conposition of claiml,

wherei n the bi PReLormRRROh D€ 8lafin 1aGhatinQRe GMEAN 6xiGOPRASES A0 Pr&OMA iR NY a
mul ti-functional (nmeth)acrylate. 9. The conposition of claim1l, wherein the
t ungst en GRMBSIPArinjag| BYURGYenaROE/Brnde) pifsnrer ynifioptangd |ag legstZALd §iIt R nor e
than 150 RARORE&dn kOl REiRATRRIhip8uGf. ¢! aim 1, wherein the tungsten
oxide particles are substantrally sphgrical.ll. The conposition of claim1,
wherein the tungsten oxide particles are present in the conposition in an
anount of ;po r : S per mllion and at least 0.5 part per
mllion, ggSeggéﬁn@Eg&?%%apﬂaé%ght of the composition. 12. A conposition
conprising: (ajaabbdeaderd and (b) generally spherical non- stoichionetric
tungsten oxide,partigles, havin n.aver [ may. article size of no nore
than 300 nanoniparir bRl RN AR AR ERAS BB TRIE RGeSl el i s

t r anspar eptimandac@lcditeas a0 ande throdifcesometéss Idisperand inthedigiar,f ace resi st ance
of greater than 1.0t‘ 10 101VVsq are. %g'dThi 0 sition oflclain112,
wherein the gelBF& §e SHHEPHEOAI™ g‘ﬁ?%pf‘rc?ile@ ALY TEROMECE AdIRIRYSiY i on i n
an anount seffacteestinine: dfhadatdd @Anpart 'dersquurd.| i on, based on the total weight
of the composition. 14. The conposition of claim 12, wherein the tungsten
oxi de particles are of the general formula WD 2-2 999- 15. The conposition
of claim 14, wWney @nipokifien biingiat €1 vaxiedethpatidralyaphaicel RitiddargpRemaln
formula W2 65-2 95. 16. The conposition of claim 12, wherejn the binder
conprisesﬂ§‘PH@PWB§€PPPﬁ@oE%ﬁﬁB%FPFHHME%WﬁFF%Fﬁ6”%@56P§Wéwlﬁaﬁph§m§@5Ieast
one type of mk@amposngr oup and a curing

14. The composition of claim 12, wherein the tungsten oxide particles are of the general

formula WO, 5.5 999.

15. The composition of claim 14, wherein the tungsten oxide particles are of the general

formula W02,65_2,95.
16. The composition of claim 12, wherein the binder comprises a thermosetting
composition comprising a polymer having at least one type of reactive group and a curing

agent having reactive groups reactive with the reactive group(s) of the polymer.

17. The composition of claim 12, wherein the binder comprises a thermoplastic

composition comprising poly(ethylene terephthalate) or a copolymer thereof.

18. The composition of claim 12, wherein the binder comprises a radiation curable

composition comprising a multi-functional (meth)acrylate.
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agent having reactive groups reactive with the reactive group(s) of the
polymer. 17. The conposition of claim 12, wherein the binder conprises a

t her nopl as0I201008MF0Si t i on conprising pol y(ethyl ene terephtrhsk@aneri4er a
copol ymer thereof. 18. The conposition of claim 12, wherein the binder
conprises a radiation curable conposition conprising a nulti-functional
(nmeth)acrylate. 19. The conposition of claim 12, wherein the generally
spheri cal gart o4 eqmpesitionarf €oi8r dde VBeirEiatly $5areile sehesirdePdiClstohdysra t han
150 nanombe@ﬁ%%;pri%glryJﬂ@cl&%@&%o%&@t}ﬁﬁ1§(b RinBndBdys. Wherein the generally
spherical particles are present in the conposition in an anount of no nore
than 150 parts per mllion and at least 0.5 part per mllion, based on the

total wei th O*Fhé g@nﬁb@iﬁ@ﬁ %f &151%13, wherein the generally spherical particles are present in

the composition in an amount of no more than 150 parts per million and at least 0.5 part per

million, based on the total weight of the composition.
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