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pane+s conpri-sing infrared absorbi ng agents, aﬁ%#&QMEEG
nore specifically, the present invention is in the
field of polyner sheets and nultiple |layer glazing
panel s conprising infrared absorbing agents that

sel ectively absorb infrared radi ati on. BACKGROUND
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transmission characteristics that are particularly suitable to the end use of the product.
For example, it will often be desirable to limit infrared radiation iransmission through
laminated safety glass in order to provide improved thermal properties.

The ability to reduce transmission of infrared radiation, and specifically near
infrared radiation, can be a particularly desirable characteristic of multiple layer glazing
panels, and particularly for safety glass that 1s used in automotive and architectural
applications. Reducing the transmission of infrared radiation can result in the reduction

of heat generated by such radiation within an enclosed space.
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encl osed space. Many exanples exist in-the art

of conpositions and nethods.to reduce infrared

radi ati.on transm ssion through nmultiple |ayer glazing

panel s. I ncluded anong these is the ne of agents that

sel ectively absorb radiation in the infrared region.
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Figure 3 is a graph show ng spectral curves for two

glass lamnates at two tine points taken at the edge
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acidic conditions. The present invention
i ncludes interlayers conprising | ant hanum hexabori de
and an epoxy agent. As will be described in detail,

bel ow, any suitabl e | ant hanum hexabori de and epoxy
agent can be used. Lant hanum hexabori de and epoxy
agents of the present invention can be disposed 25 on
or wwthin one or nore |ayers of an interlayer. In
various enbodi nents, the | anthanum hexaboride and
epoxy agents are disposed in or on a polyner sheet
that is incorporated in an interlayer. In these
enbodi nents, the interlayer can conprise only the
singl e polymer sheet, or can be-a nultiple |ayer
interlayer conprising the polyner sheet. Enbodi nents
in whichmultiple layer interlayers are used include
those that are known in the art, and 30 include, for
exanpl e and without limtation, interlayers having
two or nore polynmer sheets |am nated together to form
a single interlayer, and interlayers having one or
nor e
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pol ymer films, which will be described in detail
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In any one or nore ofthe layers, including
pol yner sheets and polyner filns, and the various
| ayers can. he the same or di fferent . 5Exenpl ary
multiple |ayer interlayer constructs include the
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an epoxyagent. As will be described in detail, below, any suitable lanthanum hexaboride
and epoxy agent can be used.

Lanthanum hexaboride and epoxy agents of the present invention can be disposed
on or within one or more layers of an interlayer. In various embodiments, the lanthanum
hexaborids and epoxy agents are disposed in or on a polymer sheet that is incorporated in
an interlayer. Inthese embodiments, the interlayer can comprise only the single polymer
sheet, or can be a multiple layer inferlayer comprising the polymer sheet. Embodiments
in which multiple layer intetlayers are used include those that are known in the art, and
inclide, for example and without limitation, inferlayers having two or more polymer

sheets laminated together to form 2 single interlayer, and inferlayers having ope or more



10

15

20

25

30

WD 2007/ 070746PCT/ US2006/ 061536 I n further
enbodi nent, interlayers as just described can be
added to one side-of a nultiple |ayer glazing panel
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in varions embodiments, is less than 3.
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preparation of |anthanum hexaboride and its

i ncorporation into or onto polyneric substrates is
well known in the art (see, for exanple, U S. Patents
6, 620,872 and 6, 911, 254). Lant hanum hexaboride is
avai | abl e, for exanple, as a dispersion of

solidparticles in liquid, with2jirconi ymand . -
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Ushéle Widdh the present invention, as are known in the

art (see, for exanple, US Patents 5,529, 84 %Ld e and
5, 529 Iszajousspbadimantsf$heresal FEmLen. lagbaym hexaboride an

ORGSR U 88 st gl sissiaganni s i

tfodyme itme (The coaghiraticydf lanthanum hexaboride and epoXy agents, 2and the
ratio between 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.

Tn various embodiments, a polymer sheet of the present invention comprising

lanthanum hexaboride and an epoxy agent absorbs at least 5%, at least 15%, at Jeast 25%,

at least 50%, at least 75%, or at least 90% of the infrared radiation between 700
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bi sphenol - A; (d) pol yepoxi di ved pheno
novol acs; (e) diepoxides ofpolyglycols, alternatively
known as an epoxy term nated pol yet her; and (f) a
m xture of any ofthe 5 foregoing epoxy resins of (a)
through (e) (see the Encyclopedia of Polyner Science

%%@P%%g?%d 2 %y%‘lﬂm%lg{%gf?@}féng%ﬁr@ﬁ [ 62@0 Gt 1teasD 70%, at least

GO eirleisad (%, @vubicha BE%, fiflgd wigbihHehiet her of

bi sphenol - A of . class (a) is DER 331 from Dow Chem cal
Conpany. A di gI yci dyl et her of bisphenol -F epoxy of
¢l aeebRiM sEkROOREsE n DPL- 862 and a hydrogenat ed

di gl yci dyl ether of bisphenol-A 10 e of .cl ass
i s EPGREReRagiion of damghanyy hexahorigh ity i o o
%‘b@% ﬁg%’h 2k GRARRMS artAsd20boy eRa1E 178 P apinere)20,872

yde novol ac of cl ass (d)b is avail able from
Bod/6CHA PS8 h| Laathaprndetabordelisepeileblsetos example, as a dispersion of

APy oty Bk o
Ssui L a mﬁmmm%fﬁe?m bc{;gd@e@mdem@wbm Srsisaph dhesesent
%@%@ﬁ?1§3?§§m%§%ﬂﬁxr g do gmﬂreg%alep%ihgggnsucgbégimﬁm

tshiffRfentiosebesetle desirtd nfar iltkired ibsérbai@, WitwuTiiad cxcessively

contajn two_linpked cy ohexane ou t 0, eac
VRPRHESPRGHR R Oawa’éi?oiﬁl FROGEERR, 1P hlaegabonde is
IROPIIRRBOMEeth B ztdikﬁmfsfomdﬁa 10 @@ welght percent, 0.01 10 0.05

vvherem R3 i's an organi.c group ¢on %no

mx&@e@m 0.917 9/ B weighs TS3e5Ble An ﬁwgﬂ‘gmgfﬁ Rk PRt igered
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ected from anong hydrogen and al i phatic groug

c‘f@mtz@ilas iofigthgr useﬁﬁmﬁatr@mbstaﬁ@'ﬁﬁld@s 11& doped tin oxide,

|eg es i ncl ude
poxycyclohexylnethyl 3, 4- epoxyz3r el ohexane, bis
VO 20 Glbﬁiﬁiﬂﬁ@@b&'ﬁdﬁ]@ﬁ%ﬁﬁ@ﬁmﬁl into polymer sheets, and specifically

into poly(vinyl butyral) sheets, by, for example, melt mixing the lanthanum hexaboride
into a melt comprising poly(vinyl butyral), a plasticizer, and, optionally, other additives.
Lanthanum hexaboride can also be incorporated onto 2 polymer shoet that ‘has already

been formed using, for example, spray fechniques or dipping technigues, among others.
Lanthanum hexaboride that is useful in the present invention can be nano-sized,
ground particles, for example, less than 250 nanometers, less than 200 nanometers, less |

than 150 napomeiers, or less than 100 nanometers in size.

EPOXY AGENTS
Any suitable epoxy agent can be used with the present invention, as are known in
the art (see, for example, U.S. Patents 5,529,848 and 5,529,849).
In various embodiments, epoxy compositions found usable as hereinafter

described are selected from (8) epoxy resins comprising mainty the monomeric diglycidyl
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as adhesi on adi atl f

NI Bt pichafiteq 2R o R diBBrice
EApInas c&rd@dﬂdlmﬂﬁ:yﬁfmﬂﬁack for reflecti ng i nfrared
solar radiation and transmtting visible Iight when
exposed to sunlight This nulti-layer stack is known
in the art (see, for g0 exanple, WO 8801230 and U S
Pat ent 4,799, 745) and can coqw ise, far exanple, one
or nore Angstrorrs- f 3 o~Qne or nore
(for exanple t

20 R Re

wherein Rz is an organic group containing 1 to 10 carbon atoms, from 0 to 6
oxygen atoms, and from 0 fo 6 nitrogen atoms, and R4 through Ry are independently
selected from among hydrogen and aliphatic groups containing 1 to 5 carbon atoms.

25 Exemplary diepoxides include 3,4-epoxycyclohexylmethyl-3 ,4-epoxycyclohexane, bis




WO 20071070746PCl YUS2006/ 061536 deposited, optically
cooperating dielectric layers. As is also known,
(see, for exanple, US. Patents 4,017,661 ~and

W 03%@1074%3)’ the metal layer(s) may optionaldyrBoos61s3s
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electrically resistance heated for defrosting or .
def oggi ng of any associ ated glass | ayers. An

addi tional type of polyner filmthat can be used
-with the present invention, 5 whiehis described in
US. Patent 6,797,396, conprises a multitude of
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Varous eénbodi nents, the poly(ethyl ene terephthal ate)
has been biaxially stretched to i nprove strength, and

m%]%@ﬁ stabilized to provide | ow shrinkage

rert cs when subjected to el evated o

t enpersahisedheréia, g-pdtanar fithzmeaes stetainksden and figid polymer layer
directions after 30 mnutes at 1 [ '

i e PR ARCRPHENE SUPERE s reane s difes BO ddfiner
tBELP I Aalaatein, 20 Hat botyinbeafintale doethemerdvaniptdvidethe necessary
present invention_ are disc¢losed '.nrtgubl i s.tie%l eErur A oture
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ayer, as are known in_the art. POLYMER SHEET
Seoliethivisnt trpphthalesdis @ﬁ%@ﬁ%@e‘é'ww}’ﬁﬂ%‘%{%

mat er | ﬁlv%ﬁoﬁ%ﬁﬁoﬁﬁn%, We\oRher Bl Y43t Das afthRknz@6f (€13 mm to
used to tTormpolynmer sheets of the present jnventi oglm
0.20 mm, preferably 0.025 mmto 0.1 mm, or 0.04 10'0.06 mm. The polymer layer
can optionally be surface treated or coated to improve one or more properties, suchas
adhesion or infrared radiation reflection. These functional performance Iayers include,
for example, a multi-layer stack for reflecting infrared solar tadiation and fransmitting

visible light when exposed to sunlight. This mulfi-layer stack is known in the art (ses, for

-

example, WO 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one
Of more Angstroﬁls-thick metal layers and one or more (for example two) sequentially
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starts of nore Than one |ayer, for use as an
interlayer that provides adequate penetration
resi stance and gl ass retention properties to
| am nat ed gl azi ng panels. Plasticized poly(vinyl
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5 Technol ogy, ard edition, Volunme 8, pages 381-399,
by B.F. Wade (2003) can be used. In another :
enbodi ment, the aqueous nethod descri bed therein can
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_rd@itivesyidchalingmlastiaiase, diobases

aval in various forns from for exanple, Solutia
Inc., St. Louis, Mssouri as ButvarTMresin. In

vari ous enbodi nents, the polymer sheet resin
conprising poly(vinyl butyral) 10 conprises 10 to 35
wei ght percent (wm. % hydroxyl groups cal cul ated as
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4, 6’54, 179). As_used _herein. thet %r nf' nol ecul ar. . heroin that
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he present invention, |ncluding,
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Vel eiends), Rgbitaylens gny! goetat tions 'arre%kea?ud the like. In
further embodiments the polymer sheet comprises poly(vinyl butyral) and one or more

other polymers. Other polymets having a suitable glass transition temperature can also
be used. In any of the sections herein in which preferred ranges, values, and/or methods
are given specifically for poly(vinyl butyral) (for f:xample,- and without limitation, for
plasticizers, component percentages, thicknesses, and characteristic-enhancing additives),
those ranges also apply, where applicable, to the other polymers and polymer blends
disclosed herein as nsefizl components in polymer sheets.
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i ncrease the adhesi veness of apol ymer sheet,
relatively greater anmounts of adhesion control agents
will generally be used in interla.yers of the present
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e pol'ynmer sheet to enhance its 5 performance in a
final product. Such additives include, but are not
limted to, dyes, pignments, stabilizers (e g,
ultraviolet stabilizers), antioxidants, antibl ock
agents, additional IR absorbers, flane retardants,

conbi nati gns. of the f.oregai i 1] . ‘ :

li ke, ¥ gwgiwamgpﬂs?%g&gf‘?nﬁ %ﬂ%&# g%? ogﬁ%g i NE i) can be
fc{aﬁkéﬂr@?ﬁoﬁhﬁ gg?aélﬁggiﬂ}?gmfﬁmtarémhmggb gISD,s: skiBled in the art (see,
ol ymer S |

Ror DI OUSO OIS SORL DS L BT TDL o Ps SRPefpEpt 5 Bolvent

PlerfAoSERE BOVingLRRI LRI h Bicydopetiast Dolymer Science &

appropriate for the pgrtlcular appl i cation. IBgﬁne ed. Tn

Sebiowagsn¥ Sscdifes, Hobuia & oz SRESOR WAEOY ARV DLgRERES

SV 2 o MR e dioR sk bed HRAER cddidsed 2olp(viny]

of
8 ?retnhbé)n "Carbon atons. The anmpunt of pl asticjzer
tatyrilpisadinntddiytayaildbleiptvatious fgrasom fanesampls, Solutia Inc., St.

tenperature 1 Tg). af the poly(vinyl butyral) sheet.
Irpugeltk ﬁwﬂég‘&%%rr E#Bunt s of plasticizer are added

to degk oansk baBoditeis it pﬁmw%ethefmi%%ﬁisiagm(mrbwd)
t he present mvgntlon can g:l a O C.orl ess o)
onioes 103035 B EhERgters Gt 3 Py el Bapes GreyIaEd B pelyvinyt
L2GHBh, 130850 A 15iick gl SRl AR ez bolyoanp alcabin: r 150 22
the pol'ynetresins of the present 20 jnvention i .

w4 htdbosb grmpilopbtifhs pOBREBYIFICoBP e T spolRier et gosin can
'aﬁ Lhe é%é%aé se%%.%flafs'dhgfes&&gz%%ﬁﬁ,m RHONL 1 ORL ORI Wt. %, 7 WL
NS VG 8% y i

ers of” a po asic acid or_a polyhydric

alcHel%, anbsghot ret. 9 reSidnakdsico sy edleilaiet 28 HoRTYgacetate,

for, ex le,, triethylen ( [ - -

iy D LA PGP Bhlae s oy
Cinchidm@ et bﬁz@[agaﬁpejlhamfmr h?abmﬁOQ-bwe,gﬁt]@ml lhwe;:ml group
ate, tetraet ene _di|ieptanoate, dihex
a@ﬂ%éFé?a@@Eé%§$Eﬁﬁ%ﬁ%@%ﬁjgkxylp25 cyclohexylagipate, _
m'd?“ Urﬁ%aﬁBth%?ioﬁJmiéﬁgg@Qﬂ%hn@dﬁ@ab@lﬁpﬁseé'Pdls(aimrhwiyral) baving
adi pate, heptyl nonyl adi pate i.out) e t

P tiptrorie weEhta LA, 0B, S0 b 5i008 FRfER, 00, 70.000,

S ' Lt Qfarif 105 RA @fin6ls dr Deita). emall
sg%ﬁﬁggziﬁé%?gggg&%ﬁy%ﬁgy‘Pat. No VTR

. 3.841, 890 L

adititiesofadifiddydeprtealiseieicn gsabe pied %&1?‘194"?‘? Aspiafipgtion step 1o
d L O pAL e, 105 /tents -

gﬁ%e{a%exlhgfeaﬁaxﬁg%g&qm 1E£E 38006008 /mbRQsdeOfoR 8QinRTe ts

crzers can be used are m xed_ adi pates nade cul
f 1.502,084; R TER1 804, 8144329; s 4165#.3 78 sy 2. thejtepm g molecular

QTN e A R
et o sVaspabaioprolgaten g e e e
OO A iSABheL LAl AGhsd e SRRl

P RIAGOMINM sttt ab) bOaey REth, theeasibbdimeets,of thegresayt invention

ed herem,

| imcbsyiouenq it e oh e e OB bo TANBlT T o eed

Ofmagnesimn salicylate, magnesium nicotinate, magnesium di-(2-aminobenzoate),
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absiracts npumber 79992-76-0). In various embodiments of the present invention the
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5 ordinary skill in the art. One exenplary nethod of
form ng a pol y(vinyl butyral) sheet conprises
extruding nolten poly(vinyl birtyral) conprising
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rough a die (for exanple, a die having an opening
that is substantially greater in one dinension than
i n a perpendicul ar dinmension). Another exenplary
nmet hod of formng a poly(vinyl butyral) sheet
conprises casting a nelt froma 10 die onto a roller

lidifyi t he resi d b . '
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er”or "glazing panel of "the present. ] _
towdentasothelyi Rolyanyyl dntyrAkpungribpets plkise Bregant jIfygntion canhavea
e i nventi.pn_descyi b _ Sého 15°C
Hert i R e SR P S 2 S Ry R 13°C or
ngkhods of reducing transm ssion of infrared and/or

near infrar radj ationtl no an openi ng, .
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_q{wahﬁtsn ﬂ%&%ﬁb fthest F&%&iéﬂé@tﬁ.s?ﬁ&ﬁa%ﬂﬁed it ths polymer sheets of
i nvention, for exa

( c e, Wthin wi.ndshield.ar .. _
gheprerryt FapRIion cap ol 67 P67 BE bR Kb e slochol
T6nB L RREN S IME BlakBizdr b RBE, Tof Erabh@RS trid R gthcof di-(2-
manufacturing a pol yner sheet, conprising m Xxin ,
spotytmgEhtiristhrcneslyen dis-oyapwneale). Tislylamg ol fieptancate,

‘ S GihdRR daiDRE Sifbry1 2R Pate Byl
AEtectios TR MBI B3R B Y Bl e
siyelehexitiimite, mextireatod bepgylasd nomd rdipeiss idisqneaykadipate, heptylnonyl

asur i t.echni i - NOW riqbeds: allcyds,
Uﬁ%}ﬁ?}f’e{ H@%BV? g%bg%%e, ip%ﬁ?wg%#uwﬂs REnAE B8R diBRHdFEE sdbafic alkyds
mixtures of phosphates and adipates such as disclosed in U.S. Pat. No. 3,841,890,
adipates such as disclosed in U.S. Pat. No. 4,144,217, and mixtures and combinations of
the foregoing. Other plasticizers that can be used ave mixed adipates made from Cs 1o Co

alkyl alcohols and cyclo Ca 1o Cy alcohols, as disclosed in U.S. Pat. No. 5,013,779, and
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The clarity of .a polynmer sheet can be determ ned by
nmeasuring the haze value,  which is a quantification
of the scattered light by a sanple in contrast to the

wd{bﬁjuﬁj@%s light. The percent haze can be nmeasyMfB&haosinsisse
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according to the follow ng technique. An apptuatus
for nmeasuring the anmount of haze, a Hazeneter, Model
D25, which is available 10 from Hunter Associ ates
(Reston, VA), can be used in accordance w th ASTM
1) 1003- 61 (Re-approved 19771-Procedure A, using

I1'lumnant C,at an qbserver angle of eqrees. tn.. . '
fate b .%Wﬁéﬁﬁgﬂsgﬁﬁ@g@ﬁ@%ﬁﬁaﬂ%%ﬁ%%: %p%rﬁé’laﬁ?‘m
haass hﬁ;ag@ 88iphtd 3Ad/6MricthSRAe EiyB6l dBYetlidxiwer. t han 1%
Punmel adhesi on can_be neasured according. to the _
f ol | oWhemply@énhbewel nebancreplofeire ﬂiﬂﬂ%%dmi*’%s can be thermally
@ﬁc@{s&@&é(ﬁmﬁ &Eﬁt& Oh BB bR Sh@RoRnawh &) tho® of

eet to glass, t

e followng technique is used to
dutimnyrslil iptheas] Onfwserpplyry ghethos! dfdornring raltHiNa BuiyFd) sheet
prepar.e . . . . o
B St DR A A APk Bl st
efF)ivargriarigt thympl thretghc: dik (for exalnpinre disthavisgen lepeities that is

|Lass.. All braken gl ass. that .is_not er - the,
STl ey e frifdioh 1P 1 fafBindlBE (EALRich] Panogher
gwhﬁy?ﬁetﬁﬁ@ﬁohﬁhg 1a@dl?|@ﬁﬁﬂ'bh@rﬂ}&xeﬁ¢b%@ﬁsas3cbsﬁng amelt froma
utyral) _sheet_is vilsua coppared with .a set of .
dicamia Bler, PARALRIG IS P #ﬂggf@aﬁﬁiﬁ'ael&‘)?e%ﬁﬂé’ spfidified esin as 2
Wi N REKA EMBIRBL RS 1R poliAd Shécly Tah handitRkedsdsof firexample,
poly(vinyl butyrall sheet. In particular, at a | .

D lctoctst mlbmetees 6.2 8- Agmidibetrs, .47 0 Tathellacip: $905 0 15
%@h}ﬁ%%{?yl butyral) sheet. At a pummel standard of

% of the glass remmins adhered to_the
pol y( Fongdch subydiaiept éisedied abeve dommtipiag 8 glasslagsragnether

S YR o 3 B e e

gﬂade @dtic :g%ss.gExatﬁpleﬂflh;eth Badiogli ﬁmmlhjdav@daﬂmm]hﬂvmg ahigh
t .8 10, i ive, .t " S j "

ok Som P ntidtre doh e et 0t B (SRR e

i{ﬁl&c@ﬁﬂoﬁﬂés AHAPRBRINYE Hethamiythes, did sieifidfalip dloperbavinghieh 110 3

cmthick, having snooth 30 polyneric surfaces which -

-

FAEPOBSEEI I 4 MGieYand parallel, are formed. The

i ndex A15, ABRSEH BAhEFRMinREntioR oSN of Rl 6farl) E¥REyolymer
"Standard Test Method for Yell owness

zbests oTOTERETs oo pEITs 1y setiqn fiwlosed brrgadn ey copRftion-
spect g E)?{S/Qiff%ﬁ‘;énﬁoﬁ LgBnchiaanw At AnE Srihdbwshandwitsd: Binthed
spectrum  Values are corrected to 1 cm thi ckness
L3z produty edprisii amy oL thieieiRisists. of the presepigmyggn.
her ei iy, " ay t bhSds diSndndbeHial Gfe®¥ers and glazin
dir ec{JIhe ;%ggétggn‘g%ngg%gcgﬁ?%%g% %Surrber of Hllcre@%ct r o_ners an £ ) £
rganele sempesingripegoi idiedmer spglagag pang] efghe prosent mvention using
any of the polymer sheets of the present invention described herein.
Also included herein within the scope of the present invention are methods of
reducing transmission of infrared and/or near infrared radiation through an opening,
comprising the step of disposing in said opening any of the polymer sheet constructs of

the present invention, for example, within a windshield or glazing panel.
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5 EXAWPI ES Exanple 1 Si x polyner sheets are
formed having the conpositions shown in the table
bel ow (all nunbers shown as wei ght percent).

wdﬁ'ﬂ%‘ﬁl?&ém hexabori de based onKHV-11 10 di spgtshaedidssse

a smal| concentration of relatively large particles
(about 200 nanoneters) that cause scattering of
visible light. To reduce visible light scattering
reduced particle size | ant hanum hexabori de particles
are used in dispersion KHDV- 05A. These srral | er

t . _ho . - FIRVE
Phe. | ShERpsthEiy s Sotter Fhfichd f0figd 8r BUAIER TS S0
PR R cx:@ridhd i aﬂepoﬂyhgdnum&mmmmmwm@s fitha mel of any of

bl ended di ni ng 15 shee rusion ins s | e screw
eroRTs SoSFRE B b e R AR g Een b0

ext r ugedngidfmter SRREEANG: 16Rated RIS ——
|t exaboridé (KED V-_05A) DER 732 Epoxy Resin Citdc
AhoiqEE A mayttsalgspribed for use with the present mvenfion.

The .clarltyr of a polymer sheet can be determined by measuring the haze value,

which is a quantification of the scattered light by a sample in contrast to the incident
light. The percent haze can be measured according to the following technique. An
-apparatus for measuring the amount of haze, a Hazemeter, Model D23, which is available
from Hunter Associates (Reston, VA), can be used in-accordance with ASTM D1003-61
(Re~approved 1977)-Procedure A, using Huminant C, at an observer angle of 2 degrees.
Tn various embodiments of the present invention, percent haze is less than 5%, less than
3%, and lessthan 1%.

Pummel adhiesion can be measured according to the following techunique, and
where “pummel” is referred to herein to quantify adhesion of a polymer sheet to glass,
‘the following technique is used to determine pummel. Two-ply glass laminate sampies
are prepared with standard autoclave lamination conditions. The laminates are cooled to
about -17°C (0°F) :and manually pummeled with a hammer” to break the glass. All
broken glass that is not adhered to the poly(vinyl butyral) sheet is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) sheet is visually compared with 2
set of standards. ‘The standards correspond to 2 scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) sheet. Inparticular, at 2 pummnel standard of
zeto, 1o glass is left adhered to the poly(vinyl butyral) sheet. Ata pummel standard of
10, 100% of the glass remains adhered to the poly(vinyl butyral) sheet. For laminated
glass panels of the present invention, various embodiments have a pummel of at least 3,
at least 5, at least 8, at least 9, or 10. -Other embodiments have apummel between 8 and

10, inclusive. '

The “yellowness index™ of a polymer sheet can be ‘measured according to the
following: Transparent molded disks of polymer sheet 1 om thick, having smooth
polymeric surfaces which are essentially plane and paraliel, are formed. The indexis
measured according to ASTM method D 1 9235, "Standard Test Method for Yellowness

14



Hexaboride (E1TV-11) 1 0.04 - _ 2 01)4 - 0.057 3
0.04 1.8 -

WO 2007/070746 PCTAIS2006/061536

Index of Plastics” from spectrophotometric light transmittance in the visible spectrum.
Values are corrected to 1 cmthickness using measured specimen thickness.
As used herein, “average particle size” is calculated by direct measurerment ofa

large number of electron microscope images of dispersed particles.

EXAMPLES
Example 1 _

Six polymer sheets are formed having the compositions shown in the table below
(ali numbers shown as weight percent). Lanthanum hexaboride based on KHV-11

10  dispersion has 2 small concentration of relatively large particles (sbout 200 nanometers)

' that cause scattering of visible Hight. To reduce visible light scatiering reduced particle
size lanthanum hexaboride particles are nsed in dispersion KHDV-05A. These smaller
particles are, however, more prone to hydrolysis than the larger particles in KHV-11.
The additives are premixed with poly(vinyl butyral) powder resin and blended during

15 sheet extrusion in a single screw extruder. Sheet of 0.76 mm thickness is extrnded using

4 sheeting dye.
| gz‘:;ﬁ“g DER 732 | Lanthanum
| Reference (KHDV- Epo;y Citric Acid EDTA Hexaboride
05A) Resin (KHV-11)
1 0.04 - - - -
2 0.04 - - - 0.057 -
3 0.04 1.8 - - -
4 0.04 - 0.038 - | -
| 5 - - - - 0.04
1 6 (control) - - - - -

The six polymer sheets are laminated between two 2.3 millimeter thick sheets of
20  glass. The six resulting multiple layer laminated glazing panels are measured for
transmittance of light at 1,000 nanometers at the edge of the panels. Results are recorded,

and the six paﬁels are then placed in an environment of 50°C and 95% relative humidity.
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Further sampling of fransmittance of light at 1,000 nanometers at the edges of the panels
is performed for nine weeks. Results are shown in Figure 1.

The six mlﬂtijle layer glazing laminaies are also sampled over a nine week period
for transmittance at 1,000 nanometers in the center of the panels, where ngress of
moisture is expected to be limited. The ratio of the transmittance at 1,000 nanometers of
the edges of each panel to the centers of those same panels over the four week period is
shown in Figure 2.

Figure 3 is a graph displaying initial, fourth week, and ninth week transmittance
specira for the multiple layer glazing paneis formed from polymer sheets with reference
numbers 1 and 3. , |

By virtue of the present invention, it is now-possibleto provide interlayers, such
as poly(vinyl butyral) sheet, and other polymer sheet, with superior, selective infrared
transmission reduction characteristics that are resistant to degradation caused by
environmental factors.

‘While the invention has been described with reference to -exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. Tn addition, many modifications may be made to adapta
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular emtbodiments 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 valnes for each of the
cemponents, as given herein throughout. For example, a polymer sheet can be formed
comprising lanthanum hexaboride in any of the ranges given in addition to comprising
epoxy agents in any of the Tanges given, whete appropriate, to form many permutations

that are within the scope of the present invention, but that would be cumbersome to Tist.
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_ The six polymer sheets are | am nated between two

23 millinmeter thick sheets of 20 glass. The six .

resulting rmultiple layer |am nated gl azi ng panels are
Wosd for transmittance of light at 1, 00fcy/ms2006/061536

nanoneters at the edge of the panels Results are

recorded, and the six panels are then placed in an

envi ronment of 50C and 95%rel ative humdity. WO
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LB&daql %eﬁéﬁ%’h&@ﬁy‘ Rborbsraftl ®YReiRnbd 164k entrety.
-l gur e I's a grdph displaying initial, fourth week,
and ninth week transmttance spectra for the nultiple
| ayer gl azing panels formed from pol yner sheets
w threference 10 nunbers 1 and 3 By virtue of the
present invention, it is now possible to provide
interlayers, such as poly(vinyl butyral) sheet, and
ot her pol ymer sheet with superior, selective infrared
transm ssion reduction characteristics that are
resi stant to degradati on caused by environnental
factors. 15Wiile the invention has been descri bed
with -reference to exenplary enbodi nents, it will be
understood by those skilled in the art that various
changes may be made and equi val ents may be
substituted for elenents thereof -w thout departing
fromthe scope of the invention. In addition, many
-nodifications may be nade to adapt a particul ar
situation or material to the teachings of the
i nvention w thout departing from 20 the 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 node contenpl at ed
for carrying out this invention, and that the
invention wll include all enbodinments falling within
the scope of the appended clains. It will further be
understood that any of the ranges, values, or
characteristics given

W
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25 for any single conponent of the present invention
can be used interchangeably with any ranges, val ues,
or characteristics given for any of the other
conponents ofthe invention, where conpatible, to form
an enbodi ment havi ng defined values for each of the
conponents, as given herein throughout. For exanple,
a polymer sheet can be formed conprising | ant hanum
hexaboride in any ofthe ranges given in addition to
conprising 30 epoxy agents in any of the ranges
%$%ﬁMSMMere appropriate, to form many pernutations
t are within the scope of the present invention,
ut t hat .| St o .
. our & bR b RO ARLEGT S ney e bR e
any claims.are for illustrative purposes only and
f°d not be construed to limt the clainmed
invention to any one particul ar e odi
iy £ P el sl 8 SRS AT g e i pegglyinyD)
ot herwi se i ndicated. 5Each reference, including
jperehdiccar ticl es, patents, applications, and books,
referred to herein is hereby incorporated by
r ef ernopsiyagint & ssieicd Sy the COAP MESIFIR ?ﬁ:ﬁl@?%ﬂl@s Phyer
gl azing interlayer conprising a poly(vinyl) butyral
shie@iyorohdeme} glycHanehalom! Bbridbbthaend diFpardepodyets of
agent are dispersed within the poly(vinyl) butyral
spietdbrohydrin and poligproppionyslagdnt i s sel ected fromthe
gi np consi sting of: diepoxides of poly(oxypropyl ene)
gl ycodaid cpoet Apehtiepragdntgh yrcirydnt ef hkto, 1 tehdeidhtgpmritchd the
products of epichlorohydrin and pol ypropyl ene glycol;

i agent,+.8 piesent ddquan anmount of 0.
?%d%( éﬁ? SEr ent of the pol y(vi nyl) but yr al sheet

and %%M%Atﬁiﬁhﬁ%ﬂ%dﬂﬁé@i&&dedﬁnlaﬁ 2PHEE OND. 00502 ke BBoent of
of 0.005-0.1 wei ght percent of

the poly(vinyl) butyral sheet.

2 The interlayer of claim 1, wherein said epoxy agent is present in an amount of 0.5

to 4.0 weight percent of the poly(vinyl) butyral sheet.

3. The interlayer of claim 1, whergin said lanthanum hexaboride is present in an

amount of 0.005-0.035 weight percent of the poly(vinyl) butyral sheet.
4. The interlayer of claim 1, wherein said epoxy agent is present in an amount of 0.1

to 4.0 weight perceﬁt of the poly(vinyl) butyral sheet and said lanthanum hexaboride is -

present in an amount of 0.005 to 0.05 weight percent of the poly(vinyl) butyral sheet.
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the poly(vinyl) butyral sheet 7.The interlayer of

claim1l, wherein said epoxy agent is present in an

amount of 0.5 to 4.0 wei ght percent of the

pol y(vinyl) butyral sheet. 3. The interlayer of

claim1, wherein said | anthanum hexaboride is present

in an anount of 0.005-0.05 wei ght percent of the

poi y(v nyl) butyral sheet 4. The interlayer of claim

1 wher ei n sai X ent i S. res i n an anount

S.of 6 mulipledngr grBRTsaReErm iR Bt GRuRy P Bhiyral

butyral sheet and said Ianthanun1hexabor|de is -
shepise8@ACIN N an anount of 0.005 to 0.05 wei ght percent

of the poly(vinyl) butyral sheet. 5. Anmultip

| ay &anthhram grabgridsrand e epeoragenisirn gisparsddegighin ﬂwtpoly(vmyl)

pol y(vinyl) butyral sheets; wherein: Lant hanum
butied ahetd, de and an epoxy agent are dispersed within

the poly(vinyl) butyral sheets; t he epoxy agent

I's aRlpeteshch @REIEEE] GoMURe GO Loisistige of: didghogidexoies

of pol y(oxypropylene) glycol, 2-ethyl hexyl glycidyl

pofé&{ls'gmg?ﬁ e) CQI%‘P)Q éjcﬁy R&QA g@%ﬁiyp&h@%&fﬂ@ﬁ(ﬁm&ﬂbdhcﬁw

pyl ene ai d epoxy agent is

epﬁﬁﬁﬁﬁﬁﬁﬂéﬁﬂﬁggﬂﬁﬁﬁﬂéma1 %hl to 10. 0 wei ght percent of

tyral sheets; and

sai d .l,ant hanum.hexabori de e t, J

St SPANBT SSRRL A ER", 0 20 B oo
butyral shee 6. Anmultiple |layer glazing
@Uﬁ%?q@ﬂﬂﬁl b%WﬂF@FW§§%F'dthe interl ayer conpri sing:

a rigid substrate; and _a poly(vinyl) bu

heet ;
e anthanuin ierabrtarh PERCED O AP Ao M BB s Rgreent

are dispersed within the poly(vinyl) butyral sheets;
of tdvh of fexpphdgenl) butyralehestt. ed from t he group consi sting
of : di epoxi des of pol y(oxypropyl ene) glycol,
2-et hyl hexyl glycidyl ether, and di epoxide products
of epichlorohydrin and pol ypropyl ene glycol;
6. sal QA AR [age Rlazing PMPESIAL ah hltétﬂayaﬂﬂmhteﬂﬁy@ chmposing:

10. 0 wei ght percent of the pol y(vinyl) butyral sheet ;
and, rigid substrate; and
a poly(vinyl) butyral sheet; wherein
lanthanum hexaboride and an epoxy agent are dispersed within the
poly(vinyl) butyral sheets;
the epoxy agent Vis selected from the group consisting of: diepoxides of
poly(oxypropylene) glycol, 2-ethylbexyl glycidyl ether, and diepoxide products of
epichlorohydrin and polypropylene glycol; |

said epoxy agent is present in an amount of 0.1 to 10.0 weight percent of

the poly(vinyl) butyral sheet; and
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sai d | ant hanum hexaboride is present in an anmount of
0. 005-0.1 wei ght percent of the poly(vinyl) butyral
sheet. 7.The glazing of claim®6, wherein said epoxy
agent is present in an anmount of 0.5 to 4.0 wei ght
percent of the poly(vinyl) butyral sheet. The
gl azing of claim6, wherein said | ant hanum hexabori de
i's present in an anmount of 0.005-0.05 weight percent

gr alt PnerS éf"lé‘g]%‘/f!‘%g tbé]ﬂ%%&%geggﬁlm ?}Tg;;lg(glélg%ﬁfb(ﬁgo We1ght

amount of 0.1 to 4,0 wei ercent of the
poI9@V@ﬁyfﬂwﬁﬂb&Yﬁyn§H@§1Sh%gd sai d | ant hanum
hexaboride is present in an anmount of 0.005 to 0.05
wei ght percent of the poly(vinyl) butyral sheet.

7. The glazing of claim 6, wherein said epoxy agent is present in an amount of 0.5 to

4.0 weight percent of the poly(vinyl) butyral sheet.

8. The glazing of claim 6, wherein said lanthanum hexaboride is present in an

amount of 0.005-0.05 weight percent of the poly(vinyl) butyral sheet.
9. The glazing of claim 6, wherein said epoxy agent is present in an amount of 0.1 to

4,0 weight percent of the poly(vinyl) butyral sheet; and said lanthanum hexaboride is

present in an amount of 0.005 to 0.05 weight percent of the poly(vinyl) butyral sheet.
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