10

15

20

25

30

PCLYMER FI LM5 COVPRI SI NG STABI LI ZED | NFRARED ABSORBI NG
ACGENTS FI ELD OF THE I NVENTI ON The present invention is

wo eoozh@7#7 el d of pol ymer filnms conprising infrBCEUS2006/061539

absor bi ng agents, and, nore specifically, the present
invention is in the field of polyner filns, such as

wi ndow films, conprising infrared absorbing agents

%@Yﬁ%@eﬁﬁw§ EOMPRRIRA ﬁAgfﬁiE?aﬂtl?\iAﬁED_ ABACERBAMNAGENTS
ol'ymer filnms 1'n general, and wndow filnms in

particular, can be used in many applications to

provi de performance oci at ed
device, material, g|§§$ﬂg?ﬁgfﬁ%€ﬁ§?ﬁf¥ m For exanpl e,
di spl ghe Pesbmaaventoh iin the AsITRfBbBRleRYisms cahpidey infiyired
tubes, and light emtting di ode devices can al

[ e

ahivabiag agents. land.Haonesper Ber s th PresentnpleRds mft}“? Fbﬁﬂd of polymer

P i f ively absorb
PSPl Bl RO SR AR e slcctively
vdrdrelsmdaianact er enhancenments. One particularly
comon use of polyner filns is as an enhancenent | ayer
on a glazing or within a nultiple |ayer glazing panel.
Pol ymer filnms can be applBROKGR@UWDazi ng, for exanple
a w ndow, either at the tinme of manufacture or anytine
t her e&phvrer s ingenepiland ygngons films pparfigian, gan be dsed in many
L i { ial
PEPALE BprbaC Bl DR En Y (L Ao BRI GRAR. it
glazimngwonatber. itdRet Fof dxampte, display davicensichee plasme idisplags.|opthode ray

eful for i .ovi.ng the solar..transm ssi . .
D o by pBER 9108 (S el 1 RFRRT M8 theggugoration of a
pbBAEN iﬁ?ﬁii @ﬂg&fcag afsb &k afplicido %tli‘fﬁm:s oﬁﬁdxeﬁ}lﬁe&itiﬁlspﬁichyts shades
near .infrared radiation, can be a particularly
aed Lk%fiﬂ» ¥ RrRYids CpReYSHhREacsr BT 1 1 | m and
par ti efedfaltulRfy SPUNPhse df pBR/nid! #m@ s @Ahidtement layer on a
architectural applications. Reducing the transm ssion
efazingforarithin p anilaple dayer gazing panal. Palymes filg ot harpphied to a

g tod by. horadiati T

452 R BB WS BERht b kLR ERPARIER troreafcr
Fonpasnple, godymdrdilmB icho s rdttoditted to existing windows by using an adhesive

to bond a polymer film directly to the exposed surface of a window. Retrofitted
applications are particularly useful for improving the solar transmission characteristics of
a window.

The ability to reduce transmission of infrared radiation, and specifically near
infrared radiation, can be a particularly desirable characteristic of a polymer film, and
particularly for polymer films that are used in architectural applications. Reducing the
transmission of infrared radiation can result in the reduction of heat generated by such
radiation within an enclosed space.

There are many examples in the polymer arts of compositions and methods that
reduce infrared radiation transmission. Included among these is the use of agents that
selectively absorb radiation in the infrared region. One effective, known agent is

lanthanum hexaboride (LaB¢). Lanthanum hexaboride, while an excellent selective
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reduce infrared radiation transm ssion. Included anong
these is the use of agents that selectively absorb

wo 2@7ati7en in the infrared region. One effectiRET/URWON61539

agent is | anthanum hexaboride (LaB ). Lanthanum
hexabori de, while an excellent sel ectiveabsorber of
near infrared radiation, is subject to nolecul ar

e fre:?~I Cadt IO ! sﬁ%j%&qﬁ %ngu?ﬂ dg E%Eét&ﬂlb'@fétté L:ommonly
condi ti ons, I'ch conpromise 1ts I nfrared”absorbing
ailxiounteyed davrirbhaentahgmditedds.conplo somhponsseitdinfreted atisorbing ability.
needed tp enhance the characteristics of I r films
Cormpr {1ty TR S EBS DS 1 Fjipsare Byedee 1o Sifancd e
sResdtédigtrl by polp@ky Akhs édrﬁﬂfi%ir@qﬁﬁﬁieﬁiaﬁﬁ)rbﬁ%taééﬁﬂ%d, specifically,
hexaboride, so_as to inpart stability w thout

selypicrEnaFoyprginglenthagurs hexaheridg. relas to aparsupNRWidRut
T ..lnvention includes polymer

@?Fﬁ%wgﬁg}hggnl(ﬁggaﬁiﬁphg%un1hexaboride and an epoxy
agent. The | ant hanum hexabori de and epoxy agent can be
i ncorporated into t r fi Ln any
sui tabl e manner. ngkﬁgé%P?Qﬁqgﬁgiﬁvgébﬁb$ggent
sur pr irsé Pebsdnt MRyt sacades g&’y}riel? alhOthaddn@sitse ththdd@m

ant hanum hexabori de, which allows for the production

gxagendarand 4 qpexy esent. Ab¢ lnthagumdergbosise Gpd eporragenigran be

Py . . _ i B
EPipRKL SRR {Eh PR AR SluffdhagRL P addijonofan
afoxamgentcatirsmgly povidex aspbiization effiet td theilingighntio, hexaboride,
di spl devi.ces rotective caoverings, and gl azin .

P D LG ot it nobfinse e PexdHiee ST bl infrared
tadiegioh ia0d rdsiyy ohMesnRatay degraddtols PoRARY ifBind thuspréAlcefhave a
absorbing agents and their devices, materials, and
ﬁg%l%r:ﬁ&éme%’ﬁb?ﬁ apphgatiomssier pemymebut netimitektogdiselrn dedees,
hieicelite cdafhbaniLhsHARAR ag)gpe&fémen epoxy agent are

I ncorporated into or yner filnms that are
useful as performance enhancing |ayers for various

applications. As w | ' i tail bel ow,
pol ymer filns of thekgﬁgggﬁifpﬁsggpkgﬁﬂgan conprise
any sThd prikent politi@! invalves pélpmpF ey dodshrRMRadiARALBsorbing
%%I ner. fLIgB.cogBrise polééethylene terephthal ate).
BiagH ek {igse shptgriplpend glazings ceppeising thoss pelymer films. As
digcloUitRfeih, N theHimt BdxABo @ drUS epoxy agent are incorporated into or onto

polymer films that are useful as performance enhancing layers for various applications.

As will be described in detail below, polymer films of the present invention can comprise
any suitable polymer, and, in preferred embodiments, polymer films comprise
poly(ethylene terephthalate).

Previous attempts in the art to reduce infrared radiation include using various
infrared reflective layers (see, for example, U.S. Patent Documents 6,391,400, 5,245,468,
and 2002/0150744) or various infrared absorbing agents that are distributed on or within
polymeric layers (see, for example, U.S. Patent Documents 6,737,159, 6,506,487,
6,620,872, 6,673,456, 2002/0054993, 2003/0094600, 2003/0122114, 2003/0054160, and
International Patent Application WQ02/077081). The use of infrared absorbing agents
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infrared reflective |ayers (see, for exanple, U S
Pat ent Docunents 6, 391, 400, 5, 245, 468, and

wWQQO®2/00r50744) or various infrared absorbi ng apEnUs2006/061539

that are distributed on or within polyneric |ayers
(see, for exanple, U S. Patent Docunents 6,737,159,
6, 506, 487, 6,620,872, 6,673,456, 2002/ 0054993,

i @slion of th t
EUPRALER3A RRELRL Atk s A0 OO g t s ece
dfie icndnvamoacheatabarmiditivgs el bs Famexamedes highgeeistugd conditions or acidic

di ff.i.cul ties, anong which is the gradual degradation
§PP4HP% agents due to environmental conditions, such

as, f qhepxaBR!ifvenfiod indiRics pblyenet ilelh torapiSsifg ladthathing hexaboride
conditions. The present invention includes polyner

£ind e ceangest dgnfhanumdetshasids 4bé ePae agbts ah thegwsspnt invention
g&?ﬂé ditsﬂy&%h%ﬁ%y%méﬁ(gghqgfﬁﬂﬂ.d epoxy agents of the

resent invention can sposed on or within a
pol ymer film POLYMER FI LM As used herein, a "polyner

[ ' relatively thin polynmer |ayer that
%&*@@E‘?@ﬁa performance enhancing | ayer and that
can r eadisky hBeind 8 PESIgmEeP B MRbAIS Alelatidelyithi@ poBimer layer that
mul tiple | ayer gl ass panel. Poly(ethylene

fi@cEgnt ped pRrérmaBcabAnERE Ay and fhesan seadily bF parded to a material,

i . . .
QiR of R P 2443 BRORHIE My cthy R BRI ) 1B ofiionty
Qs apdlymerefiler.s to 0.20 millineters, or 0.025

illineters to,0.,1 mllineter her thi,ckness f...
cour sa8 VEQs SPments, 4 POl Al hap A SHAIS 0T  flomillimeters
0,80 enil 1afietais Ph. 0 CRi et POtoyOTRBO milliki¥erfor DIDR5 RHiBSB&ErS to 0.1

invention include, for exanple, a nulti-I|ayer stack
fgHinpedens o EXtes ghickuresses eof coBrssrarg Henfak perhcagyle chosen based upon the

%gu@@ag}g pHdgidd si bl e Iight when exposed to sunlight.
his multi-layer stack is known in the art (see, for

exanpPelynwD{g8s 0f 28 @result iovGitioRandnde, Jorz98mplsS) manltdtlayer stack

ARG AP i OGRSl o
sedlpgnt Thik nulgepes stheldis kapivhGatie)arc@en Esadxaigle, WO 88/01230 and
El St 40190 PRt es camptize Gurerafles (et e, Angsprgms-thick
?fggziﬁga{)]gﬁéé%fd(&l)e oM RYorO bt SRAIY RS sl &ntihilF @go¥ited, optically
cooperating dielectric layers. As is also known, (see, for example, U.S. Patents
4,017,661 and 4,786,783), the metal layer(s) may optionally be electrically resistance
heated for defrosting or defogging of any associated glass layers.

An additional type of polymer film that can be used with the present invention,
which is described in U.S. Patent 6,797,396, comprises a multitude of nonmetallic layers
that function to reflect infrared radiation without creating interference that can be caused
by metallic layers.

The polymer film layer, in some embodiments, is optically transparent (i.e.

objects adjacent one side of the layer can be comfortably seen by the eye of a particular

observer looking through the layer from the other side). In various embodiments, the
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heated for defrosting or defogging of any associ at ed
gl ass layers. An additional type of polyner filmthat

weanw7b®7ewsed wWith the present invention, whi chP€BUS2006/061539

described in U S. Patent 6,797,396, conprises a
mul ti tude of nonnetallic |layers that function to
reflect infrared radiation without creating
o t Rinbh§ tHeAUSPIgstic material

By b R e Aimoh tHef i materils
bpting alitapld prapsties mmy{ms,a:olsabg:tbm@ muflaxsemly@m@r@te@aoolyoleﬁns

t he a er .can conf rtab b
SRR HLER; o FEak G o BRETRen hASaBHRe Bib P and
bRy mEisdad. thé ik, Al WiiSue BB R AMs Sthe _tpb@m&r Yﬂﬁﬁﬂa)felr komprises
Ia er congrlses a thernoplastic materi a

58 g5 eo-shepteher] shesmRplastitfilons haamgéh% fl%tﬁg Piqpexgiegy which
t
e A 8 AR e
mn@mhalac)eglatcdsnocimed/ (PEz'IKIi)o rlh crerigre epmbmdgments) poly(ethylene

FERTWATRE T P S b S AFEPR T vrt it has

beershinghit eiebtéHed oRab@d9E bgeroil, ABd Raybeag h%ﬁtfstefb(ﬂi&d to provide low
properties, which include polyesters, for exanp o
plTikeat FiATasieristics BibpR Rel ente) toalﬁyaffa W@%rﬁswrf‘ér{@g fess than 2%

e aRbE hebah a)re& aﬁg gﬁ e RFhinugd af EE‘Z . | n various

enbodi nment s, yl ene terep al'ate) is used,

and, Marioas ¢®usg eni)sdfaﬂ:e Klbsunmh’@c}nut;yt(seﬁ)hmlmd]ylene terephthalate)

htha ate s,,been ax

B SR AT bk G BB o SR B TPl ishEPE B Bean
s\tpphmf@ge«c Ia)asmoe MPlo$trh & Filidd @ tiURpR61 Rdertdone@af WRb @ttlude a

é E per at fg | ess than 2% shrinkage in both
freERat g gr%&%fé% O YR gt KN In Hiscrt. andas P desiked Aglow.-

and surface treatnment techniques for poly(ethylene
terephthalate) filmthat can be used with the present
Hﬁ@@g £PédSar e di scl osed in published European
Appl i %ﬁg sgﬂaﬂ}‘@ 'C 93%%21%%9 h sz%:og mer teluls asoaI taqam E:[sl%ganp Itayer ona
i nven N Can also ine coa or “an
polyideo {jirh @f ére prmnameer_kmvmin pﬁmbi:nlar alid har&’dits&ﬁa}abeea combination

ed be DCOAT sui tabl e, conyenti ona
Hgli“gé’:eégtcmc%fh dl‘}%?if %f3£§§®géP%tﬁ d moapmers, i &9’6‘&’0%1
Pl tyiARig 4%y Qfcohdl8 (R R8&Med 'n'i‘YJeff‘tPa%t 34h9 @@S)t bW tRkompounds
t he hardcoats may be a conbi nati on of bﬁ%&@i icic
(¥

SRNYNING PEas) OF mn@arbﬁlcpml@ (asigsatberim n{\#R9,846). Other
SRIR0Y AR tant coating materials suitable for the purpose are described in U.S. Patents

3,390,203; 3,514,425; and, 3,546,318.

Further examples of useful hardcoats include cured products resulting from heat
or plasma treatment of a hydrolysis and condensation product of methyltriethoxysilane.

Hardcoats that are useful also include acrylate functional groups, such as a
polyester, polyether, acrylic, epoxy, urethane, alkyd, spiroacetal, polybutadiene or
polythiol polyene resin having a relatively low molecular weight; a (meth)acrylate
oligomer or prepolymer of a polyfunctional compound such as a polyhydric alcohol; or a

resin containing, as a reactive diluent, a relatively large amount of a monofunctional
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containing primary al cohols (as described in U S
Pat ent 3,429,845), or with conpounds contai ni ng

w@eoonaror4dr secondary al cohols (as descri bed i PCTUS006/061539

Patent 3,429,846). O her abrasion resistant coating
materials suitable for the purpose are described in
U S. Patents 3,390, 203; 3,514, 425; and, 3,546, 318.

Further e am sef
Fr)n:{)o m% suef eassuhyﬁ1 t%m ac%k# %hﬁl)rlg&g'?grﬁeﬂlﬁg%ﬁe%? m%%}tgg fmethylstyrene
oy Nﬁﬁlhy@yﬁ'omw@f Ed@lﬁﬁlhbﬁlglapﬁmdbmﬁr qaikh as tnmet?yllolpropane

tri xysi | ane rdcoats tha u
e-érr%l@écra PaY o GnstbitaD f&%&ﬁgopyffﬂe gl Gmem et
eﬁ{ee%l co@ﬁi(}h%ﬁﬁs&yla?ec{aéfdtéé%ythﬁﬁﬁw(méféﬁﬁ&@w@ dipehleéfthritol

splroace ybut adi éne or” pol yt hi ol ‘pol'yene resin
haxa(mgﬂaaqrﬂhm ﬂ \6dleyamecdwl ei(rethyberylagedrgieoperdy! glycol
gge qgr%'ate ol i goner or prepolynmer of a

P§ et Shal conmpound such as a pol yhydric al coho
or a Mesiowenitadimdids, agSlate hfadebaty aredréfeand, and partlcularly
relatlvelx | arge anount of a nonofuncti onal nononer

#A- (meth)acryl ate, ethyl hexyl

(neth)acrylate styrene, nethylstyrene or
N-V|n rrolidone, or a polyfunctional nononer such

5éﬂfﬁ ﬁBﬂEﬁBﬁ&H@Etrl(neth)acrylate hexanedi ol
(it hy TSR Gion pF IARRER YRS HALE Bh s HIBLRL LBl Fonto

polyfreeic Is)xbsmraydsé:t Wﬁﬂ ttheen ira&léyittf(ﬁed; €ir example U.S. Patents 6,620,872
SR e S B R o
esTRDSHIEBS By liR&d, )(Jhtfht ﬁrc}aﬁfuﬂl 5RPdiSpedién ftsexhé}ﬁéed & Blé)pnate.

partlcularly ur et hane acryl ates.” LANTHANUM HEXA
The phapapzim exabprifaeambmiomrestdddniodwlame fils of the present

bRYERE Ay Qe BB M ROUNIBNY bR 8GR drbarpqunt hat is
@;fﬁ@.@nﬁtﬁzprawde the desitdd iadjnfrakaittsareunacheiiadm aisd exdessively
e Y ot ProrGRTEe vin o SoRREi AR Biaph braporide is
a@emosawmmwg@simaﬁﬁ&mh@mauats%f olanb mazﬂ%agh@ﬁé&aﬁ L(de1 10 0.15
can_be incorporated into polynmer filnms of the present

Wﬁ\ﬁ@hP?f&?ﬁta o %lyt%%i gkghe p%rﬁ%n}n {n elah@idlmems i @Mmthgr infrared
Qfsoﬂfé?soirg %éﬁ el e{nﬁbdﬂ@ of‘fgﬁl’:ﬁg];\ Ho ide H%x{ bEiANedl % opriately.
near 1 nfrare sorbance Wt hobt

grOV| de the desire
kayaplex elegtbenvuskfpl infrared absorbers mclude indium tin oxide and doped tin oxide,

among others. In embodiments in which lanthanum hexaboride is distributed in a binder
layer or a hard coat, lanthanum hexaboride is, in various embodiments, incorporated into
polymer films at less than 3% by weight, preferably less than 2%, and more preferably
between 0.5%-2%

Lanthanum hexaboride can be incorporated into polymer films by directly mixing
with polymeric precursors prior to film formation. Lanthanum hexaboride can be
incorporated onto poly(ethylene terephthalate) films, by, for example, spray techniques,
gravure techniques, or dipping techniques, among others. In other embodiments,

lanthanum hexaboride can be incorporated into a hard coat material, as described
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I mpacting optical performance. In various enbodi nents,
| ant hanum hexaboride is incorporated into polyner

wo pdomw7a7a7 anmounts of 0.01 to 0.2 wei ght per ceneCT/OSD86/061539
to 0.15 weight percent, or 0.01 to 0.1 wei ght percent.
I n enbodi ments in which other infrared absorbers are
used, the anount of |anthanum hexaboride can be

reduced, appropyi | .

FRPVEFE nCRBL BRI, St SR R e M R e fim o enbance

tdrtch xéstk@anca pnd gthet Herrscteristice@badoneangple, . BhPadnt 6,663,950). In

| ant hanum hexaporide is distributed in a bjnder |ayer .

gbercmbpdimenty e él‘ﬁi&%\oﬁéﬁ 58P ieomeratedinipt bigfid material tha

SR TBRE Swo hBSMP Bl RiBeinpt @ BRh WTREIiblelIfFer &lm! 858 well known

than 3% by weight, preferably less than 2% and nore

priétartabl y bet ween 0.5% 2% Lant hanum hexabori de can be

i ncor porated int I rfi i Nl Xl -

i th parnasn b&hPeBt: BEFL bl eRebibuckilh KBk nano-sice
geuind pattividigfoabrarhple, leathire2 5(eamopetaad, ks oirin@00 nanometers, less
on&etherne terephthal ate) filns, by, for exanple,

g}ﬁ‘l“al 0 maRemelgitedt et adn t Y pRKIRIESSZor  di ppi ng

t echNipQUSSous REMBGinUNRE T1thah imAHeREhorRIERAE bEBHhBined with antimony
| ant hanum hexabori de can be incorporated into a hard

tio axideninditnatin oxilederdior idel ehd addedrte athindsi nyenordwrddont of a

F@%ﬁm?%ﬂks are often enployed with polyner filns to
SnRance Scratch resi stance and other characteristics

( see, It thesecxabmliMentk) Mtinfoal eitox8leod Jredda@ly used, ahdh eie binder layer
enpodi nents, . | ant um hexabori.de can be incarparated,
P50 PR SERO7T B PN O RBY W EreRGRlY 20-00% by

RRISHEBT arftichdy dPS8HE &hd 15 (G MR WeldhPbelah@%Slim hkk4Boride,
as Is well known in the art. Lanthanum hexabori de that

preferally dessithant e, gndanerspreferablytbetweandhSPe2 ‘hatioa rested

i cl. [ | . 0
8RR hd FERe por i SERMafun HERBHUR R EOYe 35304 ghe ota
naighirptreets of dre duessf hhanuld Bexdondeiel smtinonyitieoxida
vari ous enbodi nents, | ant hanum hexabori de can be
conmbined with antinony tin oxide, indiumtin oxide, or
EPOXOXiAdEENBHd added to a binder |ayer or hardcoat of
a polymer film In these enbodi nents, antinony tin )
oxi deAn¥ spitaieerdy\ngericdn bayeed wih Hierigesent inyettiosy as are known in

BREEGCRL A G Y ST

In various embodiments, epoxy compositions found usable as hereinafter
described are selected from (a) epoxy resins comprising mainly the monomeric diglycidyl
ether of bisphenol-A; (b) epoxy resins comprising mainly the monomeric diglycidyl ether
of bisphenol-F; (c¢) epoxy resins comprising mainly the hydrogenated diglycidyl ether of
bisphenol-A; (d) polyepoxidized phenol novolacs; (e) diepoxides of polyglycols,
alternatively known as an epoxy terminated polyether; and (f) a mixture of any of the
foregoing epoxy resins of (a) through (e) (see the Encyclopedia of Polymer Science and
Technology, Volume 6, 1967, Interscience Publishers, N.Y., pages 209-271).

A suitable commercially available diglycidyl ether of bisphenol-A of class (a) is

DER 331 from Dow Chemical Company. A diglycidyl ether of bisphenol-F epoxy of
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wei ght of antinony tin oxide, and | ess than 3% by
wei ght of | ant hanum hexabori de, preferably |ess than

wQ@uo7and4nmore preferably between 0.5% 2% | n aPCT/US2006/061539

preferred enbodi nent, the wei ght percent of |anthanum
hexaboride is 1.08% 3.53% the total weight percent of

t he sum of | ant hanum hexabori de and antinony tin

Qs SIy) iEFRON EGENDPLARY a8l L 130 e RROXNioRYRI ofeh henol-A
usedﬁanth t he present |nvenﬁ?o$%eas ar & ﬁ%&ﬁ |namﬁg)eno
apexy( aladass (@rls ER@MX;Re:un $51 Rdotnefswinich 2@, a&&&@mﬁom Shell

PheRleLEShpait X TENBPRRPES PHET I mefRE R ARPRERIKTR 5

ﬁf/a‘ilﬁbleﬁf}orﬁMChaﬁicﬁBamBNMBf}l ﬂigdl )ﬁdié’cﬁ;ﬂﬁy(ﬁﬁﬂﬁﬁpﬁéﬁe) glycol of
cidyl  eth r of bi sphenol - epoxy resins

E g’p&? SEGL ‘?‘F&? 1 Paw Ghspbead as P‘E& 6?2y0| dyl ether of

bi sphegherfxa f)ies P thébl’eee%'og§ a&?ﬁ%{nhﬁlﬁg 9 4%0%1&5/&%&1%}(21%

hydr ogenat ed di gl yci dyl her © henol -
gabg @tﬁucamzaeatlpmfdhe h'mdb&w@ed {rel. Sd Patooi3.deE3YF. Also useful are

C tern
L R b e S R
ﬁyn’léimiaﬁhgg@pm(w daels bhahieh i{ Aked i Qughde( @dupd. SReh BREoxide
Enc cl opedi a of Pol ynmer Science and Technol ogy, Vol une
mpQjHs CP‘ﬁ?Sé’Pg‘éF%ﬁl?Eé"W i shers, N.Y., pages

209 271). A suitable conner0|ally avai | abl e di gl yci dyl

et her of bisphenol-A of class (a) is DER 331 from Dow
Chem cal Conpany. A ngIyC|dyI et her of¥7bi sphenol -
epoxy ofclass (b)
hydrogenat ed di gl ye
class (c) is N
avail able fr

di epoxi de of pol y(oxypropyl ene) glycol of class (e) is
avai | abl e from Dow Chi cal as DER 732RsFurt her

exanpl es of suitable epoxy agents include

3, 4- epoxycycl ohexane carboxyl ate conpositions of the
type wesem Red dnrorghric gidap enitaiding?Bio3R0carkdrsaioms gtoth 0 to 6

ar.s . di epoxi ch as those disclogsed in U 'S. Patent
%58 26 PEFoB P4 Hirbd ikt gyéhfaﬂglygﬁ aregpdapgadenty
getecesictiom amofp GRdioger MeEAiphtie PR%pSSoHLIRME 1 t8%dArbon atoms.
€|$SQX|de conmpounds correspond to the fornula:
xemplary diepoxides include 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane, bis
(3,4-epoxy-6-methylcyclohexylmethyl adipate), and 2-(3 ,4-epoxycyclohexyl)-5,5-
spiro(3,4-epoxy)cyclohexane-m-dioxane.
A further useful epoxy is 2-ethylhexyl glycidyl ether (available from Resolution
Products, Houston Texas, as Heloxy Modifier 1 16).
Further useful epoxies include diepoxides of poly(oxypropylene) glycol, 2-
ethylhexyl glycidyl ether, and diepoxide products of epichlorohydrin and polypropylene
glycol.

Mixtures of epoxy agents can also be used.
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wherein R3 is an organic group containing 1 to 10
carbon atons, fromO to 6 oxygen atons, and fromO to

w@20070700gen atons, and R through RO are i ndepePdBN$1096/061539

sel ected from anong hydrogen and al i phatic groups
containing 1 to 5 carbon atons. Exenpl ary di epoxi des
i ncl ude 3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxy

cyclo I'Eg%ﬁfz‘ Qeerdd @an(b%' 1ﬂc&gxyﬁéd§n B M!aﬁlé%'rﬁmﬁl( WritfethB Ype of epoxy

adi pate),” and 2-( cycl ohiexyl
spemof Eg@ht!e pl@@(go)rm;usitmhe»f dreepaiyrdérdidan end mefamquue of lanthanum

BB Tgn BTl € P B VEl epl thorporatea

Mhﬂlgfvvlﬂf thd 1dnthant kdx@boritke fotlexgppdeivaEithih ﬁﬂhﬂ{i@eposﬁed on a film,

d f I Iene ycol, 2- ethyl hexyl
E}’é‘i?él W%E?%@f g%&%’?g{ 0%1%1/121:}8 avg%gé gpglfymer ﬁlm%/ toget)l%r into a

SRiGHko4RPYdRI N and pol ypropyl ene glycol. M xtures of
epoxy adents can al so be used. Epoxy agents can be

i ncor povaties meOdnyemsu iepayl ageatspunincompotdted die woiglet pefeent of

AR IR O T R e BES PR TRl Thes
_walues tahﬂadi&inﬁﬁmmith €He. valte® v e @BeN.SfoM dnthag BeHeRhBIfideen any
i ncor par at ed with the | ant hanum hexabori de, for

EXRRIAEOR P i Sgegfqrﬁm@@@@g af@é?’é‘fﬁtl%ﬂ film within a

har dcegbmBhdithehis!
co yrer 7T S0l AR By o
aﬁdzwsthenb@m agent ean b@uma@pnagemrwua embpdicenponril. 2th 26% weight

geag@ﬁt%;tofr)%rf@wl%; erce to 10.0, 0.1 to 5.0, 0.5 to

t percent of apolynmer film

These Pmbzlmee silma of the p@@ﬂﬁlﬂ iReshtivh ichn bbesedah Ues sﬁta‘lb@ﬁmplay device.

?.bove f hanu hexabori de in any conbi natign,
8 gyt “é&a e ﬁwwﬂﬁr plegmz display ;BF”ilf‘é%lt igBhemytiing diode displays, and

ﬁﬂﬁpﬂhﬂﬁﬂéﬁnbﬁtd%‘ 'a?xﬂ)n@ D HRPOXY \éﬁ@ﬁé ethBodiRAERE gﬁﬂ?fx&dﬁlms of the

into a binder |ayer hardcoat, the epoxy a
BESSYH dzveption ran %@HP@Q@ dizedilydp men b thest d¥i®s usin@ ap Hehesive or

P&}é}ﬂé Ia?%r %%1115 el lg}o%mtm,[ O wei ght percent. Pol yner
resent ventien can be used in any
S UI t abl ﬁlrﬂhmsqﬂhqulmem,qmlyrﬁaf ﬁlﬁisaifmlheepres‘e&t heetionadan be applied to
L, a al?ﬁ/ panelai Icizht emtting di ode

g}gd %}3103 and other materials. In these embodiments, for example, polymer
ﬁlms of the present invention can prevent the discoloration, aging, and general
weakening of the underlying material.

In further embodiments of the present invention, polymer films are applied to the
exterior surface of a glass pane or laminated glass panel, including the inner surfaces of a
two or more pane insulated glass unit. Application of the polymer film can be performed
during manufacturing, or retroactively after installation of the window. In various
embodiments, polymer films used for these surface applications have a hardcoat to
prevent or reduce mechanical damage to the underlying polymer layer.

In yet further embodiments, polymer films of the present invention are
incorporated into a multiple layer glazing panel. These laminated panels are also referred

to as “safety glass,” and typically comprise two or more layers of a rigid substrate, such
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ot her flat panel nonitors, anong others hi various
enbodi nents, polyner filnms of the present invention

we@an7o®7appl ied directly to any of these devi CBGT/USI00€061539

an adhesive or bonding |ayer, as are well known in the
art. hi further enbodi nents, polyner filnms of the

present invention can be applied to shades, blinds,

fabyics d, o nater .lnt enbod

POPls S PR s TG B R 0 B ok TR AR relaively
¢tk PoIgMRAhdeh ETHH Sulpher s@x%tﬁﬁate@@lcﬁﬂ be amjds@ablﬁqﬁilymer and is
weakeni ng of the underléﬁng material . hi furth

SABTREPR (VY] bHe) <Qthst Usehamteraa!s inglidg PekyOrsthang. poly(vinyl
hforidlp gb@gﬁtﬁﬁeﬁmn g{a{e co ﬁaﬁlﬁb ﬂfere%f HndSRe ﬁl@é"eSa%ty glass
I'am nat ed ass pan ncl udi ng I'nner surfaces
mamafacnmnlgnmﬂhcpxh;rmdicnmpbﬁtlemk gt a&ﬁ kmnwh in fyepirt. d%niymer ﬁlrns of the

b dur | . .
Rt TAOR Gon B EPPBUEE e RUPTEd ERHE Depslin ghy Bitable way.
Fheexuiplo betWecl 856 PUISnRIBIRGISTRILE ap}ﬁ@bﬂif@ bdfdslve® otis®ding layers,

for these surface applications have hardcoat to

pelesh {ilgp caalsr be %emmt@,@mt@amgeéed gaping pansdreadigaentone of the
?’%}&/H%TF laﬁ%@ﬁ the' IHSIXQBf&IEE)Emr enbodi ments, pol yner

resent 1 nvention are |ncorporated into a
mJI ti m ethbagmbo@mmsm@ ﬂmapraient ifihegt®n| polymat 8npaiitbe §resent

é%v%l Hon Sgrer% %{bel%g%rg ?ﬁyg?@{t 1¥1 g h eall and t)ﬁpi&{)fgyer coXstruct

suaing s righdSibseite) dugh ds Plagsdr aéryme&wpmw%ﬁﬁznabﬁthe present
dIS osed ﬁgg or nore layers of a relatively thick

tpolyrRer SRsky fispossdstwarn s Tigid subirafreandrfje polymer

'}&ht qlﬁt: SoRBleY BBEk cANEE 4 Sin %19 :?gg)?xlléf RO Ydr ot naﬁH{xé’ 5@0’1 mer
O her useful materials In pol yur’et hane, yvin
éhﬁetﬁande)olyrp@l fyl(n@t Ak meltmagrwllachseuauu@ hasc;mh;ba singlie oigsd substrate,

|ke Saf et .ass ct.u
S B s A Pl {6 TR 12 RorBRAEH A il than 2 owo or
Rolry pare gladln(ij@ Aftypits lbﬂaﬁreﬁhsémflﬁﬂ(glﬂﬁ)/@ﬁﬂrﬁ% sheet)//(polymer
corporated into_a | am nated gl azing panel in _an

é?ff‘} ﬁ‘?ﬁ‘e’ﬂ%ﬁvﬂ g bz a8pta ¢ 0% Hemrrsent 1?%%9&%@1%%( gseful for
Miﬁr@&é&ﬁ%&h@&ﬁp@éﬁ‘ﬁﬁ%@ﬁﬁ% Cﬁ’l Ay B8oh@%RRu e ¥§§Qf1rough the

fil can al so i ncor porate nto | am nate azl ng
falbrmes filpajand &vie ﬂmmlmextsheetr Billagier capstrstsaindlude th@(ample and

Qﬂﬁbgﬁngﬂmﬁgp panel . In other enbodi nents of the
present invention, polymer filns of the present

invention are u{éidhss)ﬁ/(@bbmee@}seet)ﬁ#(pum1 gy, n, a
bilayer is a milt bpasse)// ye}rrlercs egtgh;/tjp%t[ymer film)

where his 1 to 10, and, in various embodiments, is less than 3, and gis 1 to 5,
and, in various embodiments, is less than 3.

In further embodiments, polymer films can be incorporated into a spall shield, for
example and without limitation:

(Multiple Layer Glazing panel)//((polymer sheet),//(polymer film)),
(Multiple Layer Glazing panel)/(polymer sheet)y//(polymer film)
where h is 1 to 10, and, in various embodiments, is less than 3, and gislto5,

and, in various embodiments, is less than 3.
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having a rigid substrate, such as glass or acrylic,
and a polyner filmof the present invention, with a

WO powpmen7 st ack” di sposed between the rigid subSL/D81086/061539

and the polymer film The polyner stack can be a
singl e pol ymer sheet, or conbinations of polyner
sheets and polyner filnms. The resulting bilayer

St U EGRR (OB Yorh Rl AdleRabd: oS URSLY Acfis UL

| ass, results 1n a lamhate constr uc
tnln\&htlms, dnk @h e td’lﬁzﬁn@ﬂaﬁﬂfﬂfed’ﬁhﬁ&bp@e@ﬂs az infgpredreflecting

i%@é{;alf‘/b(%b{%‘? PRy Tlf?ttﬁ;t’% SheetoBe bis é@ﬂ%%ﬁaowé fither layers,

QficH 2§ RS Rkets Y 8MHAL la%ﬁe{ﬁ%&ﬂn%ﬂﬂsar l'y useful for
bi | ayers because the exposed é r filmtypically

al | ondn m@tsm@omvgfrré% §011ah¢q;1§rg>h g splar glaey) 1§ wdeghferene or more

?MIQ‘% I%DF g aggl;rﬁin ?)ﬁ etprgéenfEl Vi ?tgogln %({léjr é;é%f f&t {Cé; %}%’ycr%l?fenhonal

:gh’seth}lhinb()@oiwdfmmefdr iigre gdc(ltﬂfﬁsts )phb](qve tyenapticalnpetifies of the glass,

ol s.1to and, in various
é@ﬁ ikl %Qﬂéggﬂlﬁ H@&Fagy be Aoy ?tgd&)lieeu@ or gH{gpingig the

Vraﬁélﬂlﬁﬁoﬁ 6?@&1&35@&31@5 wa{/éeﬁﬁssoitrﬁﬁangh shéh dsHebPBifrared and

enbodi nment s, ynmer filns can be |ncorporated into a

gpeaviolethiSela gP #sp pareslsmbyt Entaddvieh results inj for semi epplications, a

SR B 855 DS APBLITREs o s s vt

psafel in/the pxekemmweﬁﬂimeir): fbtdnize @lagsretayf ¢lhsy) lowhE I(bvsheisﬂﬂty) glass,

IR OGN DI T MR R T

61737,139 bAd 8%dDB72NRIGAd bR trhRD bR BEXALA! bedRe@NAAd in some
epoxy. agents of the present invention, one or nore

EBROE RN Hie rigid ﬁ%hsgate Aba HEisi pleptia eving aglass iepsitientemperature
Eﬁéde%t’djr(‘)g 7H&Y, %Ise)&?r})hpﬁ Ig&?@&ﬁ?é’saahg g{) fk?f pal kpéggr'iatesc and

sheets of the ‘presen ayers su
sicisliygiross he‘eng fromnl i tarpdreatbrnyg én ﬂxemﬂiqd inroéetys. 1 n

vario IS enbodi con t ol SO as

is used Tor: 5 ge Oimq rogjtﬁetli’rte?eﬁ‘l EWF%@% T@ﬂsf’é’é‘“‘éﬁgﬂ’ %fand

Eﬂm(ypigeﬁte of therpresehi iBRentDAl2¢ digh@ssd siAdk WRhidRpolymer sheet and/or a
nven kgng% gl ass that |ncorporates one or nore

éﬂnﬂ ¢ FoRseBNion lythanum heyahoride and eppxy agents, and the
BhidTeiween them, can be adjusted to suit the needs of the particular application.

Generally, lanthanum hexaboride levels will be sufficient to impart the desired infrared
absorbance on the sheet and epoxy agents will be included in an amount sufficient to
provide the desired stability, depending on the application.

In various embodiments, a polymer sheet of the present invention comprising
lanthanum hexaboride and an epoxy agent absorbs at least 5%, at least 15%, at least 25%,
at least 50%, at least 75%, or at least 90% of the infrared radiation between 700
nanometers and 2,000 nanometers while transmitting at least 60%, at least 70%, at least
80%, at least 90%, or at least 95% of the visible light.

Also included in the present invention are stacks or rolls of any of the polymer

films of the present invention disclosed herein in any combination.

10
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and specifically, solar glass will typically be
fornmul ated to reduce or elimnate the transm ssion of

wapaesierabl e wavel engt hs of radiation, such asPCEHS2006/061539

infrared and ultraviolet. Solar glass can also be
tinted, which results in, for sonme applications, a
desirabl e reduction of transm ssion of visible |ight.

Exanmp lT‘ﬁ% PdseQh@ntigh @Eﬁ ihdiddes @\Fﬁdéﬁ?&(ﬁ@ ki ﬁllcﬁ)vxtfsh me’&tﬁ&efmlshed

i nventi on are bronze l'ass, gray glass, low E (
ehazswg producys ginqms;nm o mheapolghalsﬁlnpmfehespmserm nefektmmn

o R e 5 b i
PhRgS ciApride: #3@thg éiﬁﬁteklﬁy&%%l&ﬁ@%hgﬁﬁttﬁe prebént friv@h@on using

substrate is a rigid plastic having a_glass transition

faypEthargbeneidme o’ét!@cpr@ﬁnm@wtmn&esmbgﬁbic@m
pol yc ?Tl%cg{ﬂ? ﬂg% R«S}th%ﬂﬂ%ﬁ Itt@écoﬁ? %ﬂ?g E)gﬁlsgltltq enfiBH are methods of

Speci 0S€ havin car on atoms in
tmcmgngdnsmmnwf lﬂﬁarethandémmeenimﬁtarerdaadlsum tllrdugh an opening,

present i.nv Ianthan m hexabor i

BERTShS M0 HhbnEeh oy PPORDERD o b AP ST G gpnstructs of the
PtdsBihtiin Genlfioh YROE Ex iR 6 twidhiAl h ¥indshRd ¥hBlEzihE bﬂﬁel The
concentration of |anthanum hexaboride and epoxy

agent dhe grrgentriavangion glsp dpchedes matlads of spradisti igipgieazing to

S S I A0 GO O ptomer imsof

ﬁuﬂﬁt@mémeMunnnpart t he desired |nfrared absor bance

on sheet and agents w.l| ded in

o ound P BFP BHTPS Al STEES (HEott Bt eptpytine a polymer
tibpefdidgent inkent@ppl i cation. In various enbodi nents,

a pol r. sheet of the present invention conprising

| ant hééﬁ}ﬂ%’qﬁ"eﬁ 1158 Pregentameninndpisag warnsibledp @&%@e palymer films,

Lgasds p%?&e@&leh@ %%phllg’cﬁ/ﬁtﬁ/o O Bth%?%@l?ﬁﬁ:r églééﬂglt selective

| east or at least he i are at on
bétmmmmsmmdmtmhmwea§@GMnmg nesistang tmﬂngraianon caused by

11t at |l east 60% at |east 70% at | east 80%
§§8§%§§?&5§gmngr at | east 95% of the visible light.

Al so Wigleuxtle éhvleﬁtidirhhaspfee;s dedcribey @fth irefbredttodxagloRror
of any f th ner fil f the present
FW&?%‘%‘ eiy. Hvallps B rﬁf@ by thq%ealgfl e A thag yartpyes changes may

B& 8280 hnd é’(}’lﬁﬁﬂérﬁy m%& $0 shigibHAL for WA BLdss withd ‘a@ﬁamng from
and ot her ni shed gl azi ng products conprising any of

thessopist 9fithe invientian. dfl aﬁdlélomres@hmoqilmetmnsmy bfreade to adapt a
Pnt X sﬂuﬂﬁgﬁ] H glg‘fehgﬂol{ﬂee %a&ﬁtt’lg‘. e mv olillfv%&hol‘llltt ICIQ}%I’tlng from

ayers and
the essential scope thereof Therefore it is intended that the invention not be limited to

the particular embodiments disclosed as the best mode contemplated for carrying out this
invention, and that the invention will include all embodiments falling within the scope of
the appended claims.

It will further be understood that any of the ranges, values, or characteristics given
for any single component of the present invention can be used interchangeably with any
ranges, values, or characteristics given for any of the other components of the invention,

where compatible, to form an embodiment having defined values for each of the

11
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panel s conprising formng an interlayer or glazing
panel of the present invention using any of the

w@eioynorr74f il ms of the present invention descriPedUsS2006/061539

herein. Al so included herein within the scope of the
present invention are nmethods of reducing transm ssion
of infrared and/or near infrared radiation through an

openin conprisin he ste f disposing in '

SRERP A1 BB B LRGP AR Rt T on be formed

RO8PEBing laNRHuhOiexaboti decix AP bE theWhridek @iv@n\Wh Bditioretocconprising

gl azi ng panel. The present I nvention also includes .

PEPRORECTETInagy phierangsy ShifneXNe APRFOTS: RO MaRy perRpuations
' i r ' \ to list.

SN eGP AP 8 Ll ) g

pr eseriny figleatiforned swnbeane givde witiavthe ebstraationray eldimb gre for

i.acorporating a pol r filmof the sent. i nventi.on. ..
SOrRT Bt Rl SBhe ol he porsH e fo TG s G bgtion to
ta@y Phe phuticulaPéniBedimkhi JBwnShahy dgureol y( et hyl ene
terephthalate) film and other polyner fil W th

super ifdgures@p et drgwnitp seale welessrllpaise dndieatedduct i on

char agi.ep 'recﬁzlleﬁée, iﬁéi'&ﬁin?fo af %ﬁk@%&t%rﬁ . qgﬁﬁ&g@ﬁé, Qhd books,
caused by environnental” factors. Il'e’the 1 nvention
hrefsrrbé enhateinds hdvebly imcoiporaddirertecnm iv e aplimry

enbodi ments, it will be understood by those skilled in
the art that various changes may be nmade and
equi val ents may be substituted for el enents thereof

W t hout departing fromthe scope of the invention. In
addi tion, many nodifications nay be nade to adapt a
particular situation or material to the teachings of
the invention wi thout departing fromthe essentia

scope thereof. Therefore, it is intended that the
invention not be limted to the particul ar enbodi nents
di scl osed as the best nopde contenplated for carrying
out this invention, and that the invention wll

i nclude all enbodinents falling within the scope of

t he appended clains. It will further be understood

that any of the ranges, values, or characteristics
given for any single conponent of the present

i nvention can be used interchangeably wth any

12
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ranges, values, or characteristics given for any of
t he ot her conponents of the invention, where

w@ovpatiht e, to form an enbodi nent havi ng def i PE€OUS2006/061539

val ues for each of theconponents, as given herein

t hroughout. For exanple, a polyner filmcan be forned
conpri sing | ant hanum hexaboride in any of the ranges
gkvgﬁ.in addition to conprising epoxy agents in any of
t'heé gﬁges gi ven, where appropriate, to form many
pernmutations that are wthin the scope of the present
i.nvention, but that. would be cunbersonme to list. Any

fli SuPRYPSE BIBOMMIHSer s gi ven within the abstract or

any chgimmudd BexaBbridd: hagt rative purposes only and
shoul d not be construed to |imt the clainmed invention

t o anyngpexypageni-cul ar enbodi ment shown in any figure.
Figures are not drawn to scal e unl ess ot herw se

i ndi cated. Each reference, including journal articles,
PatEretmlymadilicetdans], wieetib sailt spoxyefgent is delected &owi the group

IS hereby. i.n orporated.ﬁg reference.in i.ts entirety. W
@Pﬁ?l?ﬂnglg./f ai{pé%}cyﬁgl?oep%i s %‘?Eﬂpﬁgt?cn‘a.ep PHhanum
hexabori de; and, an epoxy agent. 2. The polyner film
of claim1, wherein said epoxy agent is selected from

3 e hgrrolimerdilsi eftdlaig biwherqipprie cponmgsabis xelgeisd fren the group

L . . . fil | ai
ARLAaR G RN P oty PR BROMIRL U Bloch siicTiphether, and
aeyeikgleingdwets afiepphidrdesirinfand poiypoopymemyehe) gl ycol ,
2-et hyl hexyl glycidyl ether, and di epoxi de products of

epi chl orohydri n and pol ypropyl ene glycol. 4. The

PO | SHERFolfrhérfile ofidl@inm, whevdie 64l BpSai £kefPi0pyesagdn n asount of 0.05
present in an anmount of 0.05 to 10.0 wei ght percent.

g0 1§Qevgightyneesent.i | m of claim 1, wherein said epoxy

agent is present in an amount of 0.5 to 4.0 wei ght

percent. 6. The polynmer filmof claim1, wherein said

| SarkHegrlymérdiabefrdldm 1,svipras esitl epoxyaageats prgsewifin @n @mount of 0.5

0 2 weight percent. 7. The polyner filmof claim1,
f égEW g@ﬁ%&ﬁn‘nthanun1hexaboride is present in an

6. The polymer film of claim 1, wherein said lanthanum hexaboride is present in an

amount of 0.01 to 0.2 weight percent.

7. The polymer film of claim 1, wherein said lanthanum hexaboride is present in an

amount of 0.01 to 0.15 weight percent.

8. The polymer film of claim 1, wherein said epoxy agent and said lanthanum

hexaboride are disposed in a hardcoat or in a binder layer.
9. The polymer film of claim 8, wherein said epoxy agent is 0.3 to 2.5 weight percent of

said hardcoat or binder layer and said lanthanum hexaboride is 0.5 to 2.0 weight percent

of said hardcoat or binder layer.
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amount of 0.01 to 0.15 wei ght percent. 8. The pol ynmer
filmof claiml, wherein said epoxy agent and said

wo anvloztym hexabori de are di sposed in a har dcor€T/0820061061539

a binder layer. 9. The polyner filmof claimS8,

wherei n said epoxy agent is 0.3 to 2.5 weight percent

of said hardcoat or binder |ayer and said | ant hanum
hexaboride is 0.5 to 2.0 weight percent of said

hardcoat or binder [ayer.10. The polyner filmof claim

9. Whepelyme diloh dfatandswhereibsaid bardbaat er bindet lager further comprises

C rises 50 to 60 wei ght percen ntinony ti oxid
20db SRt P§%?F’at%‘?‘&ﬁ‘gt %n@%wﬁ?fgmm%mgﬂt pertent bf
haxBRRRI Hékabsride 88%880-33%94 e tétal wkighEpedbint PEIME 8k oFflanthanum

the sum of | ant hanum hexaboride and antinony tin

dwekehoridg and Tptememl Ymexidei | m of claim 1, wherein said

pol ynmer film conprises poly(ethylene terephthal ate).

12. The polynmer filmof claim1l, wherein said epoxy

dde rtheipslyswdrdiinad claimnh, wherejn sdig pelynsi §itri kgmefises poly(ethylene

al i phat.i c. nonoepoxi des and al i phati c di epox| des. 13.

?ﬂ@&§g¢9ﬁﬁr filmof claim1l, wherein said epoxy agent

is selected fromthe group consisting of diepoxides of

pol y(oxypropyl ene) glycol, 2-ethylhexyl glycid

dgnEhe polierctlibp ok Flaen pi ot sokl <BEKL AR itiglseicd femithe group
I : s of cl aim

bt RSB oo AU ARIREROAE 0 S

of 0.05 to 10.0 weight percent. 15. The polynmer film

f, aiml1l, erein said,epoxy.agent is present.in
JrouE Wt e SHEREEHER plSn b 551 flp the eroup
febhdtytiie ol dadpdkides o%&?x%p&?&@né%d&@%?&%ﬁﬁ%}&@l leher, and
present in an amount of 0.01 to 0.2 weight percent.
Hrepoxkie ppestustier! epichlareltydeinginghpelypretydansighycohi d
| ant hanum hexabori de is present in an anmount of 0.01

to 0.15 weight percent. 18. The polynmer filmof claim
1#, Theeobimersaindfepomyl lagbeteirasat] swixg apenttihpresent in an amount of

% bqrgge aég di sposed in a hardcoat or in a binder

VPP 104 Weig ‘%%?§ﬁer filmof claim18, wherein said

epoxy agent is 0.3 to 2.5 wei ght percent

15. The polymer film of claim 11, wherein said epoxy agent is present in an amount of

0.5 to 4.0 weight percent.

16. The polymer film of claim 11, wherein said lanthanum hexaboride is present in an

amount of 0.01 to 0.2 weight percent.

17. The polymer film of claim 11, wherein said lanthanum hexaboride is present in an

amount of 0.01 to 0.15 weight percent.

18. The polymer film of claim 11, wherein said epoxy agent and said lanthanum

hexaboride are disposed in a hardcoat or in a binder layer.

14
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of said hardcoat or binder |ayer and said | anthanum
hexaboride is O 5 to 2.0 weight percent of said

wharodooas? or bi nder |ayer. 20. The pol yner fil»eD1S2006/061539

clai m19, wherein said hardcoat or binder |ayer
further conprises 50 to 60 wei ght percent antinony tin
oxi de, and wherein said weight percent of |anthanum

E‘% X@Q@fp&?ﬁmf Sint o@&%@rﬁ 183%hdrbia shidtepbxywegaghis (2t htvepght percent

e sum of | ant hanum hexabori de and an

okjaisehardgoat ar Hing i layerdad sue lRUMRITSIG %ﬁf@ n¥§’ 3P © % et

| VI %in conpri ses: I ant hanum
ﬁﬁ» 0@85’ hgﬂﬁggt C{eic')xaggkagent 22. A glazing

con‘pr|S| ng a polymar film wherein said polynmer film

58! mHm ngg/mer any Lh SR, qu APOLi de:q 1808koafll TRE YayRe Blther
comprises 50 to 60 weight percent antimony tin oxide, and wherein said weight percent
of lanthanum hexaboride is 1.08%-3.53% the total weight percent of the sum of

lanthanum hexaboride and antimony tin oxide.

21. A display device comprising a polymer film, wherein said polymer film comprises:
lanthanum hexaboride; and,

an epoxy agent.
22. A glazing comprising a polymer film, wherein said polymer film comprises:

lanthanum hexaboride; and,

an epoxy agent.
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