NTERLAYERS COWPRI SI NG STABI LI ZED TUNGSTEN OXI DE AGENTS FI ELD. OF THE
| NVENTI ON The present invention is in the field of multiple layer glazing
panel interlayers 5and, nore specifically, the present invention is in the
field of multiple Iayer glazing panel interlayers conprising stabilind
tungsten oxi de agents. BACKGROUND Pol y(vinyl butyral) (PVB) is comonly
used in the manufacture of polyner 10l ayers that can be_us interlayers
in Iight-transdNHERh@YEBﬁpﬁgﬂgéS@U%ﬁnﬁg F@ﬂ%ﬂﬁ$%§%¢gxﬂﬁéﬁgﬁ§iﬁc
| am nates. Safety glass often refers to a transparent |am nate conprising a
pl asticized poly(vinyl butyral) interlayer disposed between two sheets: of
gl ass. Safety glass often is Léﬂ%ﬂ%@?EF%JNHBNEQNFanSparent barrier in
architectural an ' j 1R i | Stebiegbsorb
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energy, such as caused by a blow from ect, w thout al]ow ng
penetratibn tiuk moghpachisalbpdnpregend invemionds is e figlbef mitEnkraLiane gigss, t hus

i ni m 2i ng dpTBge OL LN Yarliok U6 L0b] 664S,Bk por Sons wi thin an encl osed
can

area. Safety glass also e used to provide other beneficial effects,
such as to attenuate acoustic noise, reduce UV and/or IR |ight

transm ssion, and/or enhance the appea@ngeyand aesthetic appeal of w ndow
openi ngs. 20l nterlayers often conprise, In addition to their polyneric
component, vari oulgegeyibstytahdPVBunctimrnlyesal in &e manefagpecf pelmef radi ati on

that is transmtted through it LN shed Z Thase.agents,
homever,H@ftaﬁmﬁﬁggﬁﬂs?gﬁ?%”%%g?%hgg%ﬁ% é%%?é%%gmg?%%%%§]?ﬁggafﬁﬁgshed
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15  object, without allowing penetration through the opening or the dispersion of shards of
glass, thus minimizing damage or injury to the objects or persons within an enclosed area.
Safety glass alse can be used to provide other beneficial effects, such as to atienuate
acoustic noise, reduce UV .and/or IR light transmission, and/or enhance the appearance
and aesthetic appeal of window openings. '
20 Interlayers often comprise, in addition to their polymeric component, various
agents that function to alter the spectrum of radiation that is freinsmitted through the
finished glazing product. Those agents, however, often are unstable or cause undesirable
effects in a finished laminate.
What are needed in the art are interlayers that are formulated in a manner so that

25  desirable agents are stably maintained without impacﬁng other characteristics of the

polymer interlayer.

SUMMARY
The present disclosure includes polymer interlayers that are used in multiple layer
30  glazing panels. Interlayers of the present disclosure comprise a thermoplastic polymer, a

- plasticizer, a tungsten oxide agent, and 2 stabilizing agent that prevents the degradation of



pl asticizer, a tungsten oxide agent, and a stabilizing agent that prevents
the degradation of the tungsten oxide agent. Interlayers incorporating
such conponents have inproved ultraviolet |ight blocking character, and

al so maintain optical quality over tine. A first aspect provides an
interlayer for use in a nultiple layer glazing, conprising: poly(vinyl

but yr al ) jthegrutgstey stidnagonti ducrhySHINEOrROEHI ESUE) RPNV PEEer sel ected from
the qr ouR,onek ALl &0 SAULE aMinGpidryalibuohindl Tor mil a and

conbi nati on mul tivalent metal salt: wherein the sole

ul traviol et absorber and the nultivalent netal salt are added in an
ef fective anduyfi st &pPGRddsh ihRHBYdrayaiseSn dakilgas %ybf\gl\étiﬁi;,b&cﬁ‘ndrlsabi
transm t tapegnh @uRRput six percent or less, after the interlayer has had
exposure f nggtg,qg% Lgdneradi ation in a weatheroneter for 500 hours, and to
ther eby 1N D] frado fé&o?d?e'r@éleét@ﬁ fbmae ot upPaRkRenEdf 8eide@ie haiBng Ungsten
oxi de agefd cisal drhih erl ayer; and wherein said interlayer conprises 0.05
to 0.5 weight percent of said tungsten oxide agent. Cli3 CH3 2 A
second aspect provides a nultiple |ayer glazing panel, conprising: a sheet
of glass; and, an interlayer in coptadt;w th said sheet of glass, where
sai d interlayer conprises: poll#(yi butyral); a tungsten oxide agent; a
ﬁ 4

and combination thereof; and

a multivalent metal salt;

wherein the sole ulraviolet absorber and the multivalent metal salt are added in an
effective amount to reduce the interlayer's decrease in visible light transmittance to
about six percent or less, after the interlayer has had exposure fo ultraviolet radiation
in a weatherometer for 500 hours, and 1o thereby inhibit a blue color shift due to
ageing effects of the tungsten oxide agent in said interlayer;, and

wherein said interlayer comprises 0.05 o 0.5 weight percent of said tungsten oxide

agent,



a nol ecul e having the structural fornula Cli 3 and conbi nation thereof;
and magnesi um bi s(2-ethyl butyrate); wherein the sole ultraviol et absorber
and magnesi um bi s(2-et hyl butyrate) are added in an effective anount to
reduce the interlayer's decrease in vi sible light transmttance to about

Six percent ory Lessy é&‘rm”% >{ ergf‘%mha%n&x 3 %af‘” ol et
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e B E,%fﬂa% P13 e spu ool ARG Bae v my
butyral); %° ﬂ%ﬁr gﬁn8§|de agent; a sole ultraviol et absorber selected from
t he group consisting of: a nolecule having the structural formula a

mol ecul e having the stru%;yra tor mul a C13

3

CH,

a molecule having the structural formula

and combination thereof;

and magnesium bis(2-ethylbutyrate);

wherein the sole ultraviolet absorber and magnesium bis(2-ethylbutyrate) are added
in an effective amount to reduce the interlayer's decrease in visible light
transmittance to about six percent or less, after the interlayer has had exposure to
ultraviolet radiation in a weatherometer for 500 hours, and fo thereby inhibit a blue
color shift due to ageing effects of the tungsten oxide agent in said interlayer; and
wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxide
agent.

A third aspect provides an interlayer for use in a multiple layer glazing,
comprising:
poly(vinyl butyral); a tungsten oxide agent;
a sole ultraviolet absorber selected from the group consisting of: a molecule having
the structural formula
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and conbi nation thereof; and magnesi um bi s(2-ethyl butyrate); wherein the
sol e ultraviol et absorber and magnesi um bi s(2-ethyl butyrate) are added in
an effective anount reduce the interlayer's decrease in visible |Iight
transmttance to about six percent to about one tenth of a percent, after
the interlayer has had exposure to ultraviolet radiation in a weatheroneter
for 500 hours, and to thereby inhibit a blue color shift due to ageing
effects of the tungsten oxide agept—¢my said interlayer; and wherein said
interlayer conprises 0.05 to&0.5/wei ght percent of said tungsten oxide
agent . A fourth aspP@ct ppsyides an interlayer for use in a multiple
| ayer gl azing, > _(vrﬁ%l butyral); cesiumtungsten oxide; a
sole ultraviolg ed fromthe group consisting of: a nolecul e
havi ng the str i g nol ecul e having the structural fornmula

Cl i3 and conbi kg { fhd a mul tival ent netal salt; wherein the
sol e ultravi ol et™~absorber he 3yltivalent netal salt are added in an
effective anmount to reduce the N\ erlayer s decrease in visible light
transmttance to about six pgpeeRt to about one tenth of a percent, after
the interlayer has had exposure te—ulH;r avi ol et radiation in a weat heroneter
for 500 hours, and to thereby inhibit a blue color shift due to ageing
effects of the cesiumtungsten oxide in said interlayer; and wherein said
interlayer conprises 0.05 to 0.5 wei ght percent of said tungsten oxide
agent . A fifth aspect provides an interlayer for use in a multiple

| ayer gl azing, cC risin vi nyl butyral); cesiumtungsten oxide;
nagne5|uﬁiﬁpgf@g$gpﬁ9ﬁ®%gWWih %@"ﬂﬂ% a sole ultraviol et absorber having the
structure:

CHs
HC
HO
CHs,

CH;

and combination thereof; and

magnesium bis(2-ethylbutyrate);

wherein the sole ultraviclet absorber and magnesium bis{2-ethylbutyrate) are added
in an effective amount reduce the interlayer's decrease in visibie light transmittance
to about six percent to about one fenth of a percent, after the interlayer has had
exposure o ultraviolet radiation in a weatherometer for 500 hours, and to thereby
inhibit a blue color shift due to ageing effects of the tungsten oxide agent in said
interfayer; and

wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxrde
agent.

A fourth aspect provides an interlayer for use in a multiple layer glazing,
comprising:
poly(vinyl butyral); cesium tungsten oxide;
a sole ulfraviolet absorber selected from the group consisting of: a molecule having
the structural formula
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wher ei n magnesi um bi s(2-ethyl butyrate) and the sole ultraviol et absorber
havi ng the above structure are added in an effective anobunt to reduce the
interlayer's decrease in visible light transmttance to about six percent
to about one tenth of a percent, after the interlayer has had exposure to
ultraviolet radiation in satfer onet er for 500 hours, and to thereby
inhibit a blue color s 'P Jue to ageing effects of the cesiumtungsten
oxide in said interl ayek; erein said interlayer conprises 0.05 to 0.5

wei ght percent »f said tua n oxi de agent . A si xth aspect provides
an interlayer “hse i W Itiple layer glazing, conprising: poly(vinyl
butyral); ces ungs gxi de; nmagnesi um bi s(2-ethyl butyrate); and a sole
ul traviol et abggebery hawny the structure: CH3 wherei n nmagnesi um

bi s(2-ethyl butyrate) and the sgle ultraviol et absorber having the structure
above are added in an effeckive anmount to reduce the interlayer's decrease
in visible light transm #Hfange to about six percent to about one tenth of a
percent, after the interlayer has had exposure to ultraviolet radiation in
a weat heroneter for 500 hours, and to thereby inhibit a blue color shift
due to agghggcglgfr%%ﬁ i sthuraasina t ungst en oxide in said interlayer; and
wherein said interlayer conprises 0.05 to 0.5 wei ght percent of said
tungsten oxi de agent. DETAILED DESCRI PTI ON The present invention is
directed to the stabilized @F a tungsten oxide agent in polynmer |ayers
that can be used, either si or in stacks of multiple polymer |ayers, as
mul tiple layer glazing i Beerl dyers.

CH;

and combination thereof; and

a multivalent metal salt;

wherein the sole ultraviolet absorber and the multivalent metal salt are added in an
effective amount to reduce the interlayer's decrease in visible light fransmittance to
about six percent to about one tenth of a percent, after the interlayer has had
exposure o ultraviolet radiation in a weatherometer for 500 hours, and to thereby
inhibit a blue color shift due to ageing effects of the cesium tungsten oxide in said
interlayer; and

wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxide
agent.

A fifth aspect provides an interfayer for use in a multiple layer glazing,
comprising: poly(vinyl butyral); cesium tungsten oxide; magnesium bis(2-
ethylbutyrate); and a sole ultraviolet absorber having the structure:

CH;
H;C
HO
CH;
N
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N
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CH,
HC
CH,
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As used herein, a "nultiple |ayer glazing interlayer"” neans an interlayer
that can be used in a glazing having nore than one |ayer, for exanple, two
panes of glass with an interlayer therebetween. Interlayers can consist of
a single polyner Iayer or mul tiple Iayers conbi ned, d azing panels can be
used, for npl t| ral

appl i cati in magne ; 21 :s(e eE u % Egﬁd t o?ee% rgvzgte{:rbso?o rlnavm%t and a
stabi | i zi %ﬁé%% °e° % MEETRG H%r ug Ful as
E is| P ansgn a%ce oa lﬁsllx ) n}/o téou rtens | 3 ere | ayer
ol ari ng. Al Steaf @ i %%effﬁ’Bgfg?P.b i d %

| ayers of Hh Hte W P

| t fpﬁ]s & erté\fséa 2 4AY ?Ct‘cg % etcﬁsé?rﬁ;vpl ?gt Iy(r:rerl
bty A Sﬁgl‘vﬁﬁtyﬁfﬁy@%se ' BB kst <¥f% R Sade 1™

tungsten e be agent as an infrared absorblng agent A tungsten OX|de agent
can be dispers n_or _.on ner ers of an interl ayer.
A tungst en OXI @’X@ﬁﬁ?d@aﬁw%%s%'9?@&1@”?% Lﬁ%Qn% h %85'8%’ directly on a
pol ymer 1% ny suitable nmethod as is known |n the art, for exanple,
but not IHHfY i §' hddi ti on durlng manuf acture of an individual |ayer or

di ppi ng, gy i Pm ?Qe treatnent after manufacture. I n
vari ous %é %f ﬁg e agent is incorporated directly into
t he bulkz%?o%“ g SQEQﬁ H56H of a polymer layer. In these

enbodi nents, a tungsten OX|de agent_can be incorporated into the polyner so
as to provide a polyner |ayer Eavi g'3a wei ght percentage anount of tungsten
oxi de agent of l|less than %Fp}{ »g% 0.6% or 0.4% or 0.01%to 1.0% O0.05%
to 0.5% or 0.1%to 0.3% éﬁed enbodi nent, tungsten oxi de agent

pi gnent s inNcQeROra h f a polyner WO

2009/ 020806 PG =2 Rr. I n various enbodi nents, nore than one
type of sol ar i 5 included in a single or in multiple

pol ymeric Ia a tungsten oxi de agent will be

i ncor por ate® ; MNor di sposed on a pol ymer layer in an anount
sufficient to achieve the desired jnfrared absorption effect. 5As wll be
appreci ated by those of skill in Fﬁe art, this amount will vary, depending

on the other conponents and pignments. In various enbodi nents, a single
polyneric |layer wll have suff|C|en sten oxide a ent to revent t he
transm ssY¥H z‘ H‘Eﬁ.@ﬁs‘t‘ﬁbb’? ({é fyrates F‘%‘ig% 54':%%"” ot 8 heygos of

i nfrared FEIUSR PRRYS; 31 pAES @G‘“ RS ROy ‘32?@90‘?13}% tr1 r?é* r@as%r 70%to
95% of neAMSiif ‘I'Qah‘ea“? gg‘ﬁ't‘ceitﬁ H%ttts"f BT %”t t‘iéPﬂ“té’tﬂéé ﬁtpﬁt tzé ¥isible
li ght scaf'® &1 PRasYTgig stao gé'h eﬁ %Ee PEYESYhan 150
nanonet erfiours. @8 '“t’ W&Fﬁbm@h %ﬁa te}og sh ftirdur%é% 9%IRGATIEHS tﬁeﬁ@%fews In
addi tion Pﬁgﬁ?ﬁﬁt@ﬁt g% ol ymer |ayers of the present

i nventi onwle‘ri%‘BrsﬁtS‘r‘ﬁ‘teéatéerﬁﬁtﬁi"??Sz @Oa%gr‘tte'gt"é PErcEVEetSald QRIS B1Sf shift in
the pol ym#f-ayer due to aging effects of the tungsten oxide agent. It
various enbodi nents of the present 15invention, a nolecul e having a
benzotriazole group, a multivalent nmetal salt such as magnesi um

bi s(2-ethyl butyrate), or both are incorporated into the polyner |ayer along
with the tungsten oxi de agent. A nol ecul e having a benzotriazole group can
be incorporated in any suitable anmount, and, in various enbodi nents, a

nol ecul e having a benzotriazole group is 20incorporated at 0.05 to 1.0 phr
or 0.2 to 0.8 phr. A nolecule having a benzotriazole
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group can be incorporated in any suitable manner, for exanple, through
direct mxing with a polyner nelt. Ml ecules having a benzotriazole group
are available comrercially, for exanple, as Tinuvin 326 and Tinuvin 328(r)
(G ba Specialty Chemi cals, Basel, Switzerland). 25As used herein, a

"ol ecul e having a benzotri azolRETGEER DEFEBRE I@NND| ecul e havi ng t he

follow ng group ‘”f'hF E;ielglanjt f9ertibh g%igd: to %Qrsl{ﬁ'dfhéed use oP£RE Qkdnl AZOk&Nnt in

Exanpl es of nol ecul aving a benzotriazole group that are useful with the
present i nvepdljos liyemsthatiean baiusddogither singlyt et prks ST BlEpg PElYIEL I2YFFSm i n

328(r): m%pﬁ‘quybr AR MhAck! 1. Tinuvin 326(r): CH3

As used herein, a “multiple layer glazing interlayer” means an interlayer that can
be used in a glazing having more than one layer, for example, two panes of glass with an
interlayer therebetween. Interlayers can consist of a single polymer layer or multiple
layers combined. Glazing panels can be used, for example, in automotive windshields
and architectural applications.

As is disclosed herein, a tungsten oxide agent and a stabilizing agent are
incorporated in polymer layers that are useful as interlayers — or as layers within
interlayers ~ for use in multiple layer glazing panel applications. As will be described in
detail below, polymer layers of the present invention can comprise any suitable
thermoplastic polymer, and, in preferred embodiments, polymer layers comprise
poly(vinyl butyral).

Polymer layers of the present invention incorporate a tungsten oxide agent as an
infrared absorbing agent. A tungsten oxide agent can be dispersed in or on any one of
more polymer layers of an interlayer. A tungsten oxide agent can be mixed directly into
or disposed directly on a polymer layer by any suitable method as s known in the art, for
example, but not ﬁ]:;ﬂted to, addition during manufacture of an individual layer or

| dipping, spraying, or other topical treatment after manufacture.

In various embodiments, the tungsten oxide agent is incorporated directly into the
bulk of a polymer prior to formation of a polymer layer. In these embodiments, a
tungsten oxide agent can be incorporated into the polymer so as to provide a polymer
layer having a weight percentage amount of tungsten oxide agent of less than 1.0%,
0.8%, 0.6%, or 0.4%, or 0.01% to 1.0%, 0.05% t0 0.5%, or 0.1% to 0.3%. Ina preferred

embodiment, rungsten oxide agent pigment is incorporated into the bulk of a polymer
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WO 2009/ 020806PCT/ US2008/ 071527 A multivalent netal salt such as
magnesi um bi s(2-et hyl butyrate) can be incorporated in any suitabl e anmount
as wel |, aW@ 20982088 i ous enbodi nents, is incorporatedC@USYPRHERto 0. 1% or
0.05%to 0.075% The nmultivalent netal salt can be incorporated in any

sui tabl e manner, for exanple, through direct mxing with a polynmer nelt.

O her 5magnesi um salts can be used, and, in various enbodi nents, any

sui tabl e nullhjevallnermﬁou@emad:dimaki nmmhdﬁﬂonﬂss@d of solar absotinggtifesnt enbodi nent s
bot h a nol ecul e, havi n mgr oup and a multivalent netal salt,

such as rragn‘@cé\“l? bt ¥ Cért”ﬁ?’lu Il}fefri} A& incorporated into a pol ymer

| ayer conpri si ngIragehuﬁgshmgqt@mee ag;gemll belifidompovaed zmmsme’nhbq:omﬁmmg of the
present inven a.tungste s, di spose (o] r |ayer
that is incdf (’)’?‘eé{aéﬁ T ouf’ﬂ?ugﬁ(clwé&eoragﬁfve !t] deaiedd “Frf%%%" absmﬁn&t %HFnt erl ayer
can conpri seAonillype hﬂi}geﬁateﬂgjyehqaa bglsmr inldayeetr theranmmant W vayrrtcmndpﬂgean lthey er

interlayer Cg@%%@%}g t;[ an% E)ctme%re Onel & gsrembgnpnggt% r’:gles?r%{gae &)orﬂ menc?&we artl ple

| ayer interl LEES' 5 HE ose t are t, and
i ncl ude, f orhaexatfifdiant angbtehﬁmdshm tolprmemtama tomsmisyierethbapeledayraviaag two or

nore pol yner, | orm. i terl r, and
i nterl ayers 1%@%'0%%8%2%09?% v & %o S r%rar dc}aéel?nsonlug%]‘l%rﬁggna%o?lgmetf) %gérloevm th one
or nore pol y:mmsmétérl;m,e amn%no 9\5% bf@arnriéa‘eathgmdl thyt rehgtai | beI ow. In any of

these e di-ment ﬁ%ord @%né 1817.% %glb?eﬁlégg scz?t %Q; hI%zaer)] tlggu st%rp gf g’e UGIQS gy one or

nor e of e poly vari e sanme or
different. 2@Hxsermh a:BQ/nalfmrhétm]s,Ii&s It}azyéﬁo nanbsacthzaygﬂeqethmsw mb&etmcl ude the

fol | ow ng: ( Pol yi%addm&X?o a1e urr)mstéél 0x1den§é4‘§ ey in({lS &l thggrQs% tyg@e tiénayer) P

where n is n vari ous and is 1
to 5, and, |mcormmt@mstalahhwagﬂmn® Brevanga bles@ohmhhsrﬁt 13&62513(1’11@911&}@3&@@ of t he

present | nventi o sal R, bGARALBLE 1 L0, IMLLRLE, LRYED- ezl ng panel s,

and are imcorporate yers of gl ass.
Applicati%n Smfzemnons d en’mlecuﬂa $hvingcd @nkmndwldgrcapl@rmibvdlen wentshiselhds and

ar chit _E‘Ct ur Ialn% l al?ﬁ? b}s@n%la%u%rgg)r S boh;saéff' ﬁcor ?rgte(?mpo tg ’}58 E%Ier s}laﬁr present

i nvention, a er npri si'h en oxil ent are used in
bi | ayers. ASWﬂsédtdngmqu;deaodaﬂl ayer is a mJI tiple | ayer

A molecule having a benzotriazole group can be incorporated in any suitable

amount, and, in various embodiments, a molecule having a benzotriazole group is

20 incorporated at 0.05 to 1.0 phr or 0.2 to 0.8 phr. A molecule having a benzotriazole
group can be incorporated in any suitable manner, for example, through direct mixing
with a polymer melt. Molecules having a beazotriazole group are available
commercially, for example, as Tinuvin 326° and Tinuvin 328% (Ciba Specialty
Chemicals, Basel, Switzerland).

25 As used herein, a “molecule having a benzotriazole group” means a molecule

having the following group within its structure:

Formula I — benzotriazole:



construct having a rigid substrate, such as glass or acrylic, wth an
interlayer disposed WO 2009/ 020806PCT/ US2008/ 071527 thereon. A typica

bi | ayer coW&t0@@Rosps: (gl ass)// (pol ymer |ayer)// (pol VEASESYS2TB; | ayer
constructs include, for exanple and without limtation: (glass)//((polyner

| ayer)bli (polymer tInm)g (glass)/I(polynmer layer)h//(polymer filnm 5Swhere h
is 1to 10, and, in various enbodinents is less than 3, and g is Ito 5,

and, in various enbodinments, is less than 3.H | I n further enbodi nent,
interlayers as just described cap-béexg one side of a nmultiple |ayer
gl azing panel to act as a spall for exanple and without limtation:
(Multiple Layer d azing panel)/ er |ayeyNfih/(polymer film)g

10(Mul tiple Layer 4 azing panel) /‘-r),,//(polyner film

where h is 1 to 10, and, in varl A Faits is less than 3, and gis 1
to 5, and, in various enbodinents, Ts |ess than 3. TUNGSTEN OXI DE AGENTS
15Tungst en oxi de agents of the present invention include those described by
the general fornmula WOz, where Wis tungsten, 0 is oxygen, satisfying
2.0<z/y<3.0, 2.2E&xpypies G9olagnle pavipcrfopzpriggle gavd Mot ap avefyl slidgheof conposite
tungsten oxi .formula MWOz where Mis an
elegent sel c?%@ﬁ?%%ﬁ?ﬁﬁ?g%%%ﬂgwggﬁﬁ&%%taIs, aIkaIYXe-earth net al s,
rare-eartm nmetals, My, Zr, G, M, Fe, Ru, Co, Rh, Ir, N, 20Pd, Pt, Cu,

Ag, Au, : ®, TI Si, G, Sn, Pb, Sh, B, F, P, S, Se, Br, Te,
Ti, Nb, V fm Hiagﬁwﬁéﬂi tungsten 0 is oxygen, satisfying 0.001<x/y<1.0
or 0.01<x/y<0.5, and 2.0<z/y<3.0, 2.2<z]y<2,99, or/Z. % y<2.99. Exanpl es

of
/N\
N
~./
HiC CHg
and,
10 Formula I, Tinuvin 326%;
HC CHy
HC
/N CH.
\N
\\ /
N
i
CHy



tungsten/ oxygen ratios include, without limtation, W?2.92, W?290, W20058,
W24068, WL7047, WL8049, and the like. In preferred enbodi nents, the
tungst en oXMOREOHFERt i s 25 cesi um tungsten oxi de (Cs\REFUSHMRIME any of the
above described characteristics, and, in various enbodi nents, a cesium
tungsten oxi de agent having the nole ratio Cso33W3 is used. POLYMER FI LM
30As used herein, a "polynmer filnl neans a relatively thin and rigid

pol ymer | ayer t hatmfltinddit onsl @ sahpenhgresambes(2ahgbayng) d:myner PoI ymer
N T
penetration :é30%%ante%amd. ng%:asﬁ OF &% etibd muﬂtaperlapmetal @ﬁcanobaammn}bdm@i e I ayer

gl azing str uct ur r Vi, de nance. overre such as
i rar ad absbrit FOAE Al RSBl PSR TPRr Sk FRAPHETFA: Dol

commonl y usedagssian paoslsy:m:re ukdd, md, Enlwammammbu@memtb@dy mawlsmutthelelpol ymer film
| ayer has a tty}clénes 0.013 mMmmto 0.20 mm preferably 0.025 mmto 0.1
mm or 0.04 7t ](5%'5l E:flhe polymer filmlayer can optionally be surface
treated or coat edlntochercmirodmnmrbethcmmmehpviopeb¢rizetsiazo$agrbupaa$d adhesi on or

infrared radi n re{ tian. se f rformanc ers i ncl ude,
for exanple, aﬁmﬁ FUTY ™ asag‘rsmé gﬁ B Hg{? d’ra?e Tarr%irngcgp m T%di ati on

and transm tpqungeﬂ@w cs:nﬂphangaghgszewwmrdeegcpmed to sunlight. Th| s multi-Iayer

stack is, known in the art. (.se r_ex I U. S. Patent
47 99, 74 and Cg.lh vaélé)lrxrsb emb Lmegifs OI: 816: giee‘s?%mvgﬂuom st%l;l' g%\Qe %;[Q% C%?TB thi ck met al

| ayers and odigpoead zmmpdyrmrduyeeoha{crrpineozpm)ed srem}uﬁmlayad Ilyﬁdwmmeﬁms optically
cooperating dielectric | S. IS, mple, U S
pat ent o 4. 01 Bethai o BE S e (Fu ARt MR hEREbRRCTIATE B O

el ectricall yinﬁzﬁasesbcsm;aiaing thegalyed: oy, Bebedstitng vorchdeflogglapg of any
associ at ed gll %ﬁ eyer‘; s m;:iudeth t]?aggjv\ﬁ% ntﬁey an%cxgcqlg:leyg?%}aga'piegh{l hat can

be used with resent 1 nvention escri at ent
6, 797, 3965 cweitpni Bsesaman nmbiﬂaiytnséimng‘tm@nmteaiommr laggre fagnittakedttogethactoi on t o

refl ect I nfraged hatlaklon MODOHLCRaM N9l ALRLLRLENE. NAl,an be caused

by nmetallic aers ayer, Iments, is
optically t riamfpramhtonf(m ngpre mﬁymtfmradjhazhe&nﬂ bodrcrdicd s dsfailibhlow ayery can be

conf ort abl y E‘é odﬂ'x?e ?syﬁe RhhoferPRLd! g &l b%t&iﬁ&‘é@{n W9 BKL Q9ndrDEQpEN t he

| ayer fromt roosl g and usual | as a greater, "in sonme enpbodi ments
significantl gcgnfeéﬁyens,,anﬁ@msmﬂl@smmalcusbertb@rHMIoeé@mﬁi conposi tion than

20 Exemplary multiple layer interlayer constructs include the following:
{polymer layer},
{polymer layer/polymer film/polymer layer),
where nis I to 10 and, in various embodiments, is less than 5, and p is | to 5, and,
in various embodiments, is less than 3.

25 Interlayers of the present invention can be incorporated into multiple layer glazing
panels, and, in various embodiments, are incorporated between two layers of glass.
Applications for such constructs include automobile windshields and architectural glass,
among others,

In various embodimesnts of the present invention, interlayers comprising a
30  tungsten oxide agent are used in bilayers. As used herein, a bilayer is a multiple layer

construct having a rigid substrate, such as glass or acrylic, with an interlayer disposed



that of any adjacent polymer layer. In various enbodi nents, the pol yner
filmlayer 25conprises a thernoplastic material. Anong thernoplastic

mat eri al s MAMGP2PHt t abl e properties are nylons, pol YirEtHRWHEI 27 acryl i cs,
pol ycar bonat es, pol yol efi ns such as pol ypropyl ene, cellul ose acetates and
triacetates, vinyl chloride polyners and copolynmers, and the like. In
various enbodi nents, the polyner filmlayer conprises materials such as

r e- st r et chedhérher, nogbiagilgyef ¢dnemuchavighgs it (pelymot legkrpimperct filme, Bithyech

30i ncl ude pol yesters, faqr exanple I t hyl ene terephthal ate) and
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pol y(et hyl ene terepht hal at @)as$)8(pal¥ehZ 030N 026806PETAS2008/ 071527 used, and,
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stretched to inprove strend@ S AR RE s e hPheat stabilized to provi de | ow
shri nkages char actéricsitis t® Whad, subjies tetlodiness Biat tdn 3.embeisal ubesd( e. g.

| ess t han 2%)%Q&kggaggmkqmpgﬁgsghrgctions after 30 m nutes at 1500C).

5Vari ous coaPing And SUrTace YT eat ment techni ques for pol y(ethyl ene

t er epht hal at e) f iilmfutthbmbatimbe, inedgewiat fust deecripedse it added endricode af 2

di sclosed in |i shed Eura n plicati No. 5703 Pal v. filnms of

t he present Iflﬁi\%/{blﬁtla]yg'ﬁ TAE P4 egﬁ) %c‘r?%adaéﬁ%‘ﬁ?%rf%éé% pjl%?]ngllvgltrhogﬁlcﬁ%%ﬁﬁ'f og |l ayer,
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| ayer” neans. any th st mer conposition 15 formed by any

sui tabl e net%dﬁlTﬁf§£%9$%I%mH%§§§L¥hat is suitable alone, or in stacks of
nore than one layer, for use as an interlayer that provides adequate
penetration J retention properties to | am nated gl azi ng
panel s PIastfgﬁgggégg§§?§?%%#§%ityraI) is nost commonly used to form

pol ymer Bayers. Asngsedxidepgintof thepsisait invefton snchuae theee qeedripadbyi tbe (f or
exanpl e pol y(vinyd but I n that is,. mthe m xture
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her ei n, "nel%fﬁ?g%%%ggpgmgH%gbﬁéﬁﬁﬁf%?%%ﬁagig%%%Fﬁﬁ%ggﬁigagﬁgg{icizer and,
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hundr ed Si rts r2 ' d e} t K resin
R R i

Nb, V, Mo, Ta, Re, W is tungsten, O is oxvgen, satisfying 0.001<x/y<1.0 or
0.01<x/y<0.5, and 2.0<z/y<3.0, 2.2<2/y<2.99, or 2.45<z/y<2.99. Examples of
tungsten/oxygen ratios include, without limitation, WQa.92, WO2 .90, Wa0Os5, Wa4Ogs,
W17047, W150.49, and the like. In preferred embodiments, the tungsten oxide agent is
25  cesium tungsten oxide (CsWOQs) having any of the above described characteristics, and,

in various embodiments, a cesium tungsten oxide agent having the mole ratio Csg33W0s

is used.

POLYMER FILM
30 As used herein, a “polymer film™ means a relatively thin and rigid polymer layer

that functions as a performance enhancing layer. Polymer films differ from polymer



exanple, if 30 grans of plasticizer is added to 100 grans of polymer resin,
then the plasticizer content of the resulting plasticized poLyner woul d be
30 ph. TheWedr4eis%q ayers of the present invention cditTESHIF4E7 any
suitabl e polyner, and, in a preferred enbodi nent, as exenplified above, the
pol ymer |ayer conprises 30poly(vinyl butyral). In any of the enbodi nents of
the present invention given herein that conprise poly(vinyl butyral) as the
pol ymeri ¢ cdaponantsediferdiien ﬂha)’d p}otyme; f},ayseio noatherhiedies pivBde the necessary

2009/ 020806PCI/[ US2008/ 071327 di.nment pol ymer
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copol yester ri ous odi men ayer conprises poly(vinyl
butyral), poixgmpletWarf8/01p# api-hyhteghl, 7(995’@@)%61 pwol opthetiseylfoe pramplengtie acet at e) ,
or conblnatlo r conpri ses
pol y(vi nyl ?§¥%P§&ﬁ8 ng%r%%ﬁﬁgggag g§¥ﬂﬁ Jﬁg%gﬁm%?héyﬁﬁg%%¥§ﬂers havi ng
a suitable gdegweeﬂ Patsily p@memmgﬁeqimleyetﬁamsadi go» bewased, for exagple. of t he
sections her r r are given
speci fical | y glﬁdt‘g]t %13;%85 ‘ﬁ{%r??’g )jf% ?ﬂ%&i Iaié}hpﬁay Ogjﬁgél&%@%&% ?ll%m tation,
for pIasliC|msﬁ&meh@mﬂdmehﬁ0p$geeh@agwsOfmhvﬁknegdebﬁ1@@&
characteristic-e n I ere
applicable, to tEgﬁ@§hogﬂ5%?5%%%§§%ggﬁg%ﬁg %9&%? ﬂ§§z gﬁgéggﬂﬁerein as
useful 20 cowpdniedtsribad ipolSy Reent|6dY@peH, comprises F@Plﬂéﬁtf)@ﬁlon@ﬁ@%w Garpri si ng
pol y(vinyl btﬂstﬂr%lﬁ)m totr&?ecplﬂ%r%gcy Taffd 1011%&@6[1?:1[1&&1‘{18?&‘(@1'% BHE et&{ubléﬁlom
acetalization processes, as are known to ose I*ed e art (see, for
exanpl e, U. Sy Ratlbnlager?, 282, 057 and 2, 282,026). | n one enbodlnent t he
sojvent gpthod dosgphipsd difh el SRR Rbi ROk, To8 fivarly hbGo%H @pedi @ of

Pol ymer i ence
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), and usually has a greater, in
some embodiments significantly greater, tensile modulus regardless of composition than
that of any adjacent polymer layer. In various embodiments, the polymer film layer

25  comprises a thermoplastic material. Among thermoplastic materials having suitable
properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as
polypropylene, cellulose acetates and triacetates, vinyl chloride polymers and
copolymers, and the like. In various embodiments, the polymer film layer comprises
materials such as re-stretched thermoplastic films having the noted properties, which

30 include polyesters, for example poly(ethylene terephthalate) and poly(ethyiene
terephthalate) glycol (PETG). In various embodiments, poly(ethylene terephthalate) is



25Technol ogy, 3°d edition, Volunme 8, pages 381-399, by BE. Wade (2003) can
be used. In another enbodi nent, the aqueous nethod described therein can be
used. Pol yPoixgfozst yral) is conmercially avail abl e iR§TRRWOHHIN orns from
for exanple, Solutia Inc., St. Louis, Mssouri as ButvarTMresin.

In various enbodi nents, the polyner |ayer resin conprising poly(vinyl
butyral) 30conprises 10 to 35 weight percent (w. % hydroxyl groups

cal cul at ed aseqahdy (rWaﬂyxlzq e@ibﬁ&hﬁht},,the]@};t(ﬂhgaﬁlewﬁrepl%athyed hovdgbn iga:081s

| | d | |
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| ess than 3 W FEEHRS A P”%%“Feérméﬁ]o bs cal cul ated as pol yvinyl acetate,
with the dpal ance Vbﬁbmgoamgamemface tre@feer addhjqubiiby oy (etblyteerageitabitg) but

ety hoxail gl febet FEGa oy Sfefuinno B Phasetsl TLVE o

enbodi nment s, Alﬁ}ﬂleatmﬁ|I\§0ﬁ®1570ﬁy%lyﬁﬁﬂﬁrﬂs$>ééie pekanf inivention bait ywahgudaavi ng a
nol ecul ar t tat Ieag t&O 000, 40,000 gg% 0, 55,000, 60,000, 65,000,
70,000, 120, BH6°2 IBHOGEHD tEpe 1AYe1 B ASEAIEH !N jrams per nmole (g/nole or

Dalions). Small 1Oquantities of a dialdehyde or trialdehyde can also be
added du ation step to increase nolecular weight to at

| east 352)(5 08@%@2“%@& for exanple, U S. Patents 4,902, 464; 4,874, 814,
4,814, 529; and, 4*1155@0&5}@)9@&/@3@&@1&3 hewreicns mateealt,aneh At l;mllyeéxurl BrtymB) ght "

means the wej ght ver cuI rwe esio ontrol agents
can e used P bty et Siaferd ity Hmd e b P hatit AR el BER . S0GT um

acet at e, pOt@sﬁc&lalgmtﬂéselt!’ﬁtﬁe sewamlelmgmem umsalts. Magnesiumsalts that can

be used with these errtci1| odi. rrent of .t he resen;h?l nvi ion include. but are not
ik

limted to, t hos & dr e B4 r yerPa RS T IRE, CPO]W%C%nslpoﬁglﬁnem um

salicyl ate, ﬂ‘(’lfﬁgﬂd&@flaumlﬂﬂahi@tnemaﬁ E),to magrigst hat idkuia@e alha obezdated norenagnesi um
Gt T O RARIDZRY % S MRONET bR R bRl Lo o
i nvention thgasyegereish prpsadstio lagimmeg peging parslss CRsdidey pollpivingt 'attﬁ)ﬂ) is
most commonly used to form polymer layers.
As used herein, “resin” refers to the polymeric (for example poly(vinyl butyral))
20 compenent that is removed from the mixture that results from the acid catalysis and
subsequent neutralization of the polymeric precursors. Resin will generally have other
components in addition to the polymer, such as acetates, salts, and alcohols. As used
herein, “melt” refers to a melted mixture of resin with a plasticizer and, optionally, other
additives, Components can be measured in parts per hundred resin parts, or *“phr”. As
25  used herein parts per hundred resin (phr) parts, on a weight per weight basis. For
example, if 30 grams of plasticizer is added to 100 grams of polymer resin, then the
plasticizer content of the resulting plasticized polymer would be 30 phr.
The polymer layers of the present invention can comprise any suitable polymer,
and, in a preferred embodiment, as exemplified above, the polymer layer comprises
30 poly(vinyl butyral). In any of the embodiments of the present invention given herein that

comprise poly(vinyl butyral) as the polymeric component of the polymer layer, another



O her additives may be incorporated into the polyner |ayer to enhance its
performance in a final product. Such additives include, but are not limted
to, dyes, POZa¥RLS stabilizers (e.g., ultraviolet stEABIYSPOPEPTES27

anti oxi dants, antiblock agents, 25additional IR absorbers, flane
retardants, conbinations of the foregoing additives, and the like, as are
known in the art. I n various enbodi nents of polyner |ayers of the
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for poly(vinyl butyral) (for example, 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 useful

20 components in polymer layers.

For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can be
produced by known acetalization processes, as are known to those skilled in the art (see,
for example, U.S. Patents 2,282,057 and 2,282,026). In one embodiment, the solvent
methed described in Vinyl Acetal Polymers, in Encyclopedia of Polymer Science &

25 Technology, 3" edition, Volume 8, pages 381-399, by B.E, Wade (2003) can be used. In
another embodiment, the aqueous method described therein can be used. Poly(vinyl
butyral) is commercially available in various forms from, for example, Solutia Inc., St.
Louis, Missouri as Butvar™ resin.

In various embodiments, the polymer layer resin comprising poly(viny! butyral}

30 comprises 10 to 35 weight percent (wt. %) hydroxyl groups calculated as poly(vinyl
alcohol), 13 to 30 wt. % hydroxyl groups calculated as poly(vinyl alcohol), or 15 to 22



used is dihexyl

adi pate and/or triethylene glycol di-2 ethyl hexanoate. The
pol y(vinyi butyral) polyner, plasticizer, and any additives can be

thermal | y pOweseed® and configured into sheet form ac&aydP®gCt® met hods
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weight” means the weight average molecular weight.

Various adhesion control agents can be used in polymer layers of the present
invention, including sodium acetate, potassium acetate, and magnesium salts.
Magnesium salts that can be used with these embodiments of the present invention
inchade, but are not limited to, those disclosed in U.S. Patent 5,728,472, such as
magnesium salicylate, magnesium nicotinate, magnesium di-(2Z-aminobenzoate),
magnesium di-(3-hydroxy-2-napthoate}, and magnesium bis(2-ethyl butyrate){chemical
abstracts number 79992-76-0). In various embodiments of the present invention the
magnesium salt is magnesiuvm bis(2-ethyl butyrate).

Other additives may be incorporated into the polymer layer to enhance its
performance in a final product. Such additives include, but are not limited to, dves,
pigments, stabilizers (e.g., ultraviclet stabilizers), antioxidants, antiblock agents,
additional IR absorbers, flame retardants, combinations of the foregoing additives, and
the like, as are known in the art.

In various embodiments of polymer layers of the present invention, the polymer
layers can comprise 20 to 60, 25 to 60, 20 to 80, 10 to 70, or 10 to 100 parts plasticizer
phr. Of course other quantities can be used as is appropriate for the particular
application. In some embodiments, the plasticizer has a hydrocarbon segment of fewer

than 20, fewer than 13, fewer than 12, or fewer than 10 carbon atoms. The amount of

10



gl azi ng products conprising any of the interlayers of the present

i nventi on. The present invention includes nethods of manufacturing

i nterl ayer WO2¢9/8188zi ng panel s conprising form ng an FCAEEREYEY7 or gl azi ng
panel of the present invention using any of the polyner |ayers of the
present invention described herein. 10Various polyner |ayer and/or

| am nat ed gl ass characteristics and neasuring techniques wll now be
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1977)-Procedure A, us t an e n f 2 degrees.
In various eNB3&CHERt ulglb tplrluasnmsé&slg%htlde? NVERLFO o éw{hél%neﬁ cg)lfl1az(g is less than
5% | ess t hash3tyrandirledstnd glml fh%z eﬂ@ﬂ’mmhte)aﬁlh@:siemmgly@m dibeptameats,ur ed
accordlngtoth t.echni is referred to

herein to qu y&n%éﬁcoéggﬁptgﬁoate §1 a%}pae 1octﬁ dlgalf{m‘ﬂgyéyl the fol | owi ng
t echni que i ScyﬁB;E&iytaO;pde,trmﬁil‘ﬂi‘raSef mnprpﬂrmid no?fymdphtys gh@ssnyll adipaabeptgaonpl es are

(F:)E)glr)aelrje? bagﬁma g ylds l%;:'l;[ttgﬁna yrr,%}g allasfumzers %uch%(sjglg Lo Irr%ﬂ%eﬁl&%cm giﬂ)cﬂgf_ g;ka{ ﬁe
gl ass. All Zﬁxt@is@k@]ﬁbspﬂa&smd Hiitateks S&ch(a‘s dmcddmeqimdj 8 Pat.Ne. pBENVEN nyl butyral)
lpglysz V: ﬁyf hg{]ﬁ%?%é[“jc a%dlscloslefssl N Sualfl:i{? %flé‘i@i la}sﬁldlmq EJ ucggxpiecro%%%ntat ntgﬁﬁar ds. The
st andar ds cothe éﬁepg@m@ Ddueaplssmaizers that mhlbc hsed areynming! dggremsdafongCawgsr emal n
2‘?2ﬁ{j:? dt 8 f tatz}l? rl QI%O}YO 5 an?g\siclobt' t%rCf?l %lcoh dg!:loseg ltélsggz% q\{({/ IS%);I/? %&%{yr al )

| ayer. Atsa @um@eladzsettambacr Gbcbfas Bﬁymdzphao%v@hoashmbghasms temddsngzeadhered to

e POy (Vi Mk BUNE ALal 48T 0L TLRALEY B ASR.RANS| S OF [ he present
2009/ 020806PCT/ Usze@&mmsmymm pélgast plasticiatr, indasy adljtivat cdnda germ@alivor 10.
"yl | ouness Paders ot CafpBt E el AR LR S phhool BEUHENESoL . 1o the

foll 1(:)\# ng: tsordinspyakién thm)ﬂt d@de ﬂaemkz@"yohetpdqu flemingaypely(vind mmmémr havi ng
sSnoo

20  comprises extruding molten poly(vinyl butyral) comprising resin, plasticizer, and
additives by forcing the melt through a die (for example, a die having an opening that is
substantially greater in one dimension than in a perpendicular dimension). Another
exemplary method of forming a poly(vinyl butyral) layer comprises casting a melt from a
die onto a roller, solidifying the resin, and subsequently removing the solidified resin as a

25 . sheet. In various embodiments, the polymer layers can have thicknesses of, for example,
0.1 to 2.5 millimeters, 0.2 to 2.0 milimeters, 0.25 to 1.75 millimeters, and 0.3 to 1.5
millimeters.

For each embodiment described above comprising a glass layer, another
embodiment exists, where suitable, wherein a non-glass glazing type material is used in

30  place of the glass. Examples of such glazing layers include rigid plastics having a high

glass transition temperature, for example above 60°C or 70°C, for example
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5 polyneric surfaces which are essentially plane and parallel, are forned.
The .index is nmeasured according to ASTM net hod D 1925, "Standard Test

Met hod f or WELPEGFSs | ndex of Plastics" from spectr dPpAGEIRELTTE | ght
transmttance in the visible spectrum Values are corrected to 1 cm

t hi ckness usi ng nmeasured speci men thickness. In various enbodi nents of the
present invention, a polyner |ayer can have a yell owness index of 12 10or

| ess, 18 or gobgsrbomies BndpolyabytmethIANREE SrdE5padiially hoS8cveme potyine3 | ayers are
prepared havi a thickn of . 0.76 mllinmeters (30 mls), 38 15 phr
‘triethyl ene Cﬁﬁ%@%ﬁo Simslhgigg)t%r?ﬁlﬁéxanoat e) plasticizer, anzzl t he armgnts of
CsW3, Tinuvin 328{criludbil inube pre@RiGvepti¢raarh stade ced!laciang of thghtlyserabi | i zer) ,
and Magnesi um bi s(:2-.et hyl b rate). indi . Fabl . are | am nat ed
ot ween o ety el St DL il bF LR R Bl BBt ® B R OF
transmittiance ( D8ht pre®ut invdaiioadlsoliucladek miitdsiabld T windafvs.and ethprdginhed t o

weat her omot of e TR bR A B Sl e PRI Tl Test i ng
Technol ogy LLC, Ghipageiinkdukipmiotlsiesopgrodt pivgamfacfuriedistefladersonil ggziset t i ngs:
e quar (LRl e fEle o Ml AR ARl e R Ay 1
Vi ght Wi ghiny % e ipglitne et tieuprase s tim)en g dghvrib&d herein.
10 Various polymer layer and/or laminated glass characteristics and measuring
techniques will now be described for use with the present invention.

The clarity of laminated glass comprising a polymer layer, 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

15 following technique. An apparatus for measuring the amount of haze, a Hazemeter,
Model D25, which is available from Hunter Associates (Reston, VA), can be used in
accordance with ASTM D1003-61 (Re-approved 1977)-Procedure A, using Hluminant C,
at an observer angle of 2 degrees, In various embodiments of the present invention,
percent haze is less than 5%, less than 3%, and less than 1%.

20 Pummel adhesion can be measured according to the foliowing technique, and
where “pummel” is referred to herein to quantify adhesion of a polymer layer to glass, the
following technique is used to determine pummel. Two-ply glass laminate samples are
prepared with standard autoclave lamination conditions. The laminates are cooled to
about -17°C (0°F) and manually pummeled with a hammer fo break the glass. All

25  broken glass that is not adhered to the poly(vinyl butyral) layer is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) layer is visually compared with a
set of standards. The standards correspond to a scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) layer. In particular, at a pummel standard of
zero, no glass is left adhered o the poly(vinyl butyral) layer. At a pummel standard of

36 10, 100% of the glass remains adhered to the poly(vinyl butyral} layer. For laminated

glass panels of the present invention, various embodiments have a pummel of at least 3,
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Delta Tv (%9 O 1.16 0 -0.3 0.3 0 0 0 -42.8 0.3 0 0 0.037 -22.3
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at least 5, at least 8, at least 9, or 10. Other embodiments have a pummel between 8 and
10, inclusive.

The “yellowness index” of a polymer layer can be measured according to the
following: transparent molded disks of polymer Jlayer 1 cm thick, having smooth
polymeric surfaces which are essentially plane and parallel, are formed. The index is
measured according to ASTM method D 1925, "Standard Test Method for Yellowness
Index of Plastics” from spectrophotometric light transmittance in the visible spectrum.
Values are corrected to 1 cm thickness using measured specimen thickness. In various
embodiments of the present invention, a polymer layer can have a yellowness index of 12

or less, 10 or less, or & or less.

EXAMPLES
Example 1

Seven polymer layers are prepared having a thickness of (.76 millimeters (30 mils}, 38
phr triethylene glycol bis(2-ethylhexanoate) plasticizer, and the amounts of CsWQs, Tinuvin
328® Tinuvin 622% (a hindered amine light stabilizer), and Magnesium bis(2-ethylbutyrate)
indicated in Table 1, and are laminated between two sheets of clear glass.

Table 1 shows the change in visible light transmittance (Delta Tv = Final Tv -
Initial Tv) after exposure to ultraviolet radiation in a weatherometer for 300 hours. The
weatherometer is a model Xenon Arc Atlas Ci65 (Atlas Material Testing Technology
LLC, Chicago, [llincis) operating with the following settings: irradiance, 0.55 W/m®;
black panel temp 70°C; water spray, none; filters — inner, quartz; and, filters — outer,

borosilicate (type S).

Table 1
Magnesium
CSWOs 1 Tinuvin 328° Tinuvin 622° bis(2- Delta Tv (%)
W{:;ght Weight % Weight % ethylbutyrate) i
. Weight %
5 0 1.16 0 03
0.3 0 0 0 -42.8
— 5 0 0.037 -22.3
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13 WO 2009/ 020806PCT/ US2008/ 071527 0.3 0 1.16 0.037 -21.3 0.3 0 2.3 0.037
-24.8 0.3 0.18 1.16

WO 2009/020806 PCT/US2008/071327
0.3 0 i.16 0.037 -21.3
0.3 0 2.3 0.037 -24.8
0.3 0.18 1.16 0.037 -6.0
0.3 0.36 1.16 0.037 -4.6
Example 2

A polymer layer is formed having a thickness of (.76 millimeters (30 mils}), 38 phr
triethylene glycol bis(2-ethylhexanoate) plasticizer, 0.05% weight percent CsWO0;, 0.046
5 weight percent Magnesium bis(2-ethylbutyrate), and various amounts of Tinuvin 326% as
shown in Table 2, and is laminated between two sheets of clear glass. Delta Tv is measured as

in Example 1.

Table 2
Wt. % Tinuvin 326° Delta Tv
0 23
0.18 - -0.1
0.36 0.2
0.72 0.1

10
By virtue of the present invention, it is now possible to provide interlayers, such
as poly(vinyl butyral) interlayers, with a tungsten oxide agent having improved optical
characteristics without an unacceptable reduction in optical quality over time.
While the invention has been described with reference to exemplary
15  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. In addition, many medifications may be made to adapt a
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

20  the particular embodiments disclosed as the best mode contemplated for carrying out this

14



0.037 -6.0 0.3 0.36 1.16 0.037 -4.6 Exanple 2 A polynmer layer is forned
having a thickness of 0.76 mllimeters (30 mls), 38 phr triethylene gI ycol
bi s(2- et hyWREXR{§¥4t%) pl asticizer, 0.05% wei ght percé’ﬁ?’U@:@W‘glsz% 046

wei ght percent Magnesi um bi s(2- et hyI butyrate), and various amounts of
Tinuvin 32e as shown in Table 2, and is | am nated between two sheets of
clear glass Delta Tv is neasured at in Exanple 1. Table 2 W. % Tinuvin
326(r) Del t dnvEutidh, 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, vaiues, or characteristics given
for any single component of the present invention can be used interchangeably with any
5  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
components, as given herein throughout. For example, a polymer layer can be formed
comprising a tungsten oxide agent in any of the ranges given in addition to comprising
plasticizer in any of the ranges given, where appropriate, to form many permutations that
10 are within the scope of the present invention, but that would be cumbersome to list.

Any figure reference numbers given within the abstract or any claims are for
illustrative purposes only and should not be construed to limit the claimed invention to
any one particular embodiment shown in any figure.

Figures are not drawn to scale unless otherwise indicated.

15 Each reference, including journal articles, patents, applications, and books,

referred to herein is hereby incorporated by reference in its entirety.
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-2.30.18 -0.1 0.36 -0.2 0.72 -0.1 10 By virtue of the present

I nvention, it is now possible to provide interlayers, such as pol y(vinyl
butyral) interlayers, with a tungsten oxide agent having inproved optical
characteristics without an unacceptable reduction in optical quality over
time. Wil ddag: i nvention has been described with reference to exenplary
15enbodi nents, it wll be understood by those skilled in the-art that
various c substituted for elenments
t her eof hﬁﬁ%r@%@&f&ﬁsg‘gﬁi romt gé"%?é Eﬁﬂ%fscoﬁ%'sm ention I n addition, _
many rmdlghg.@gtbg@% gé efte made to adapt a particul arf5| tuation or mat:arl al.
to the t \ r essenti a
scope thﬁgg E.Sg]%\’{a gi&gé’bé} S%%itdééqkrrl en%p@‘toyﬁ%?ﬁ%%ga%ﬁvaeﬁ Jf!}e R8¥"8e 1imited
to 20 the partlcu ar enbodi nents disclosed as the best rmde contenpl at ed .

for carrying out this WD 2009/ 020806PCT/ US2008/ 071527
CH;

and combination thereof; and

a muitivalent metal salt;

wherein the sole ultraviolet absorber and the multivalent metal salt are added in an
effective. amount to reduce the interlayer's decrease in visible light transmittance to
about six percent or less, after the interlayer has had exposure to ultraviolet radiation
in a weatherometer for 500 hours, and to thereby inhibit a blue color shift due to
ageing effects of the tungsten oxide agent in said interlayer; and

wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxide
agent.

2. The interlayer of claim 1, wherein said interlayer comprises 0.05 to Iess than about
0.1 weight percent of said tungsten oxide agent.

3. The interlayer of claim 1, wherein said tungsten oxide agent is described by the
general formula W,0,, wherein W is tungsten, O is oxygen, and satisfying
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invention, and that the invention will include all enbodinments falling
within the scope of the appended cl ai ns. It will further be understood
that any of the ranges, values, or characteristics given for any single
conmponent ‘of the present invention can be used interchangeably with any

Sranges, ¥8kyes.0,QindeeaRbEHeHyaRe goMaal HahuiaMWRD, Wheretiesn component s
of the i nMeRbhiQBiectddgidtn FOHB Ikl BetalsOalkalind carenbel, rblealtRWidigs def i ned
val ues f ofigeAchr ¥fin, FRERGADDIIEM Ki, FRSPEIEAGhRLEZM dd)rpushiguity, gor exanpl e,
a pol yrreregas(r%rpbelsﬂ, e Fosed, BOTB! TiSNBIV.av U she ReOW deuRpeHt 0 any of
the range&(y@b&%d's@tiﬁﬂégb!o@ﬁ‘sﬂ%ﬁ@ﬁﬁé2&15@959.'0@“' cizer in any of the ranges
gi ven, whereé appropriate, to formnmany perfutati ons that 10are within the
scope of g h@RhesfRt of GNRM, WHereiR BhidtiadstasNich RS rEUFPRI SPABodR |1 St.

Any figurg#i&dRiCHES TS, Ik MEAr iMdrBl Ngithe abstract or any clainms are
for illustrative purposes only and shoul d"not be construed to limt the
clai med i VERLARHAaYe? oAENimP Gy AL il @h g SPOHI B Hre O W] Amaty figure.

Fi gures %&ﬁgﬁgt 1151809490 of Rt EotiRt&res r&gi&ﬁfn%% sahSRheder 125660

it

ref erencepaditdididhiige J ournal articles, patents, applications, and books,
referred to herein s hereby incorporated by reference in its entirety. W
claim 1.gAhd iRREeR%EEhD], witReih TdinfBilalddd fodk8Nin Gkaziigey comprising:
pol y(vi nyga&m;e{ b s effechiviiIRiBRePl %u@%icé%t%i) leRs Wrldr 8 iRleRLyDSOr ber

sel ect ed i f: e structural -
formul a aéﬁnﬁdecufgjrﬁgyiggm?ﬁggg{% aﬁnu? gﬁegﬁ‘of‘?p“u’%ﬁf f gwgoartg_ '

7. The interfayer of claim 1, wherein the interlayer's decrease in visual light
fransmittance is effectively reduced to about 0.2 percent or less, after the interlayer
has had exposure fo ultraviolet radiation in a weatherometer for 500 hours.

8. A muliiple layer glazing panel, comprising: a sheet of glass; and, an interlayer in
contact with said sheet of glass, where said interlayer comprises: :
poly{vinyl butyral); '

a tungsien oxide agent;

a sole ultraviolet absorber selected from the group consisting of: a molecule having
the struciural formula

CH;,

a molecule having the structural formula

17



CH3 and conbi nation thereof; and a nultivalent nmetal salt; wherein the sole
ultravi ol et absorber and the nultivalent netal salt are added in an

ef fective anmount to reduce the interlayer's decrease in visible |Iight
transm ttance to about six percent or less, after the interlayer has had
exposure to ultraviolet radiation in_a weatheronmeter for 500 hours, and to
thereby inhibit a blue color shi 3 to ageing effects of the tungsten
oxi de agent in said interlayer;%aQd/wherein said interlayer conprises 0.05
to 0.5 wei ght percent of sai sten oxide agent. 2. The interlayer of
claim1, wherein said interlayer gomptiges 0.05 to | ess than about 0.1

wei ght percent of £aid Mngste i de agent. 3. The interlayer of claima1,
wherein said tungSten ﬁ?lki s described by the general fornmula WOz,
and satisfying 2.0<z/y<3.0, and those
_ ) , N\yOz where Mis an el enent selected
fromH He, ahk pet al s, -' -earth metals, rare-earth netals, M, _
Zr, Cr, M, F Ru, Co, Rh, , Ny Pd, Pt, Cu, Ag, Au, Zn, Cd, A, Ga, In,
T|, Sr, Ge, Sn Pb, Sb, B, F, P, S(gpe, Br, Te, Ti, No, "V, My, Ta, "and Re,
Wis tungsten, 0 is oxygen, and satisfying 0.001x/y.c..1.0 and

2.0.5. Zlgrﬁi?to%bma‘%onme?edfme” ayer of claiml, wherein said tungsten oxide

o ;ﬁrﬂwﬁ‘?ﬁe& ?e?ib e Qé%éiﬁf?ééhgﬁﬁ %ieg,ffé‘%a'””are‘d

i ght.

present i Baﬂ% ORHM a rare radi ati on
inthe 8 oQ.rt § ?sP&”E seaﬁgmg%ﬁﬂ o REpbabExkausp of clai m
1, vvherel rQ e is :
effectl VeioYors ﬁf a th m ar inte rI ayer has
had expo eea %a E}“%ﬁ 031 %E%:s § hours. 7.
The mteffr%\ﬁ erern e |n rIa er Vi sual
light tra mttance is effectlvely reduced to about 0 2 percent or |ess,

after the, é@ﬁ%@ﬁ §§%ng B, DRSRBREHER & WAL Bl AL A 4 6.2
0]

conpri si ng: sten 88 agn interl ayer in contact with said sheet

of gl asswqr’ﬂﬁa%aﬁsro?cram @rm&srn SURRLSER oxBO LY YL ABLY bty @ tungsten

oxi de age neneral formula W,0,, wherein W is tungsten, O is oxygen, and satisfying
2.0<zfy<3.0, and those described by the general formula MW, 0, where M is an
element selected from H, He, alkali metals, alkaline-earth metais, rare-earth metals,
Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, in, T1, Si,
Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti, Nb, V, Mo, Ta, and Re, W is tungsten, Ois
oxygen, and satisfying 0.001=x/ys1.0 and 2.0s2/y<3.0.

11. The panel of claim 8, wherein said tungsten oxide is present in an a'r'nuou-nt
sufficient to block 70% to 95% of near infrared light. '

12. The panel of claim 8, wherein the interiayer s decrease in visual light
transmittance is effectively reduced to about two percent or less, after the interlayer
has had exposure to ultraviolet radiation in a wea’iherometer for 500 hours.

13. An interiayer for use in a multiple layer glazing, comprising:

poly(vinyl butyral); a tungsten oxide agent;

a sole ultraviolet absorber selected from the group consisting of: a molecule having
the structural formuta

18



a sole ultraviol et absorber selected fromthe group consisting of: a

nol ecul e having the structural formula a nolecule having the structural
formul a CH3 and conbi nati on thereof; and magnesi um bi s(2-ethyl butyrate);
wherein the sole ultraviol et absorber and nmagnesi um bi s(2-et hyl butyrate)
are added in an effective anobunt to reduce the interlayer's decrease in
visible |ight transnittanceI%@ abouttisi x percent or less, after the

i nterlayer has had exposuge to~ytraviolet radiation in a weatheroneter for
500 hours, and to thereby nnhih %{blue color shift due to ageing effects
of the tungsten_oxidexagent x-rpn{said’interlayer; and wherein said interlayer
conprises 0.05 i cent of said tungsten oxide agent. 9. The
panel of clai nterlayer conprises 0.05 to | ess than about
0.1 wei ght perce sten oxi de agent. 10. The panel of claimS8,
‘wherein said tungsten oxi de agent ¢m described by the general fornmula WOQz,
wherein Wis tungsten, 0 is oxy&€n, and satisfying 2.0<z/y<3.0, and those
descri bed by the general formtla\M WOz where Mis an el ement selected from
H, He, alkali netals, alkaline-ear fetal s, rare-earth netals, My, Zr, Cr,
M, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, A, G, In, T, Si,
G, Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti, No, V, M, Ta, and Re, Wis
tungsten, 0 is oxygen, and satisfying 0.001x/y5.1.0 and. 2. 0Kz/y3.0. 11.
The panel of claim8, wherein said tungsten oxide is present in an anount
sufficie th@cQE%ﬁ&nﬁ%é@c%&?@f&% pear infrared light.. 12. The panel of
cl ai s, erern the rnterlayer's decrease in visual light transmttance is
effectively reduced to about two percent or |less, after the interlayer has
had exposure to ultraviolet radjat{8n in a weatheroneter for 500 hours.

13. An interlayer for use in & wyl/tiple |ayer glazing, conprising:
\de agent; a sole ultraviolet absorber

pol y(vinyl butyral); a tundgSfen o&

sel ected fromthe group _consistifng 6ty a nol ecul e having the structural
for mul a =N - -

\
/N
S
| a” N

and combination thereof; and

magnesium bis(2-ethylbutyrate);

wherein the sole ultraviolet absorber and magnesium bis(2-ethylbutyrate) are added
in an effective amount reduce the interlayer's decrease in visible light transmittance
to about six percent to about one tenth of a percent, afier the interlayer has had
exposure to ultraviolet radiation in a weatherometer for 500 hours, and to thereby
inhibit a blue color shift due to ageing effects of the tungsten oxide agent in said
interlayer; and

wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxide
agent. -

CH,

14. An interiayer for use in a multiple layer glazing, comprising:

poly{vinyl butyral); cesium fungsten oxide;

a sole ultraviolet absorber selected from the group consisting of: a molecule having
the structural formula : -
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a nol ecul e having the structural fornmula CH3 and conbi nation thereof; and
magnesi um bi s(2-et hyl butyrate); wherein the sole ultraviol et absorber and
magnesi um bi s(2-et hyl butyrate) are added in an effective anmount reduce the
interlayer's decrease in visible light transmttance to about six percent
to about one tenth of a percen% after the interlayer has had exposure to
ultraviolet radiation inga Sat frer omet er for 500 hours, and to thereby
inhibit a blue color siyft™~ue to ageing effects of the tungsten oxide
agent in said interlayek; gntemherein said interlayer conprises 0.05 to 0.5
i i -nqsten oxi de agent. 14. An interlayer for use in-a

pri sing: poly(vinyl butyral); cesiumtungsten
oxi de; a sole absor ber selected fromthe group consisting of: a
nmol ecul e havi g, yiral fornmula a nolecule having the structura
formula 0113 and conbi nat NopCkhereof; and a nultival ent netal salt;
wherein the sole ultraviol absorber and the nmultivalent nmetal salt are
added in-an effective anslint\tqg_reduce the interlayer's decrease in visible
light transmittance to about six*percent to about. one tenth of a percent,
after the interlayer has had exposure to ultraviolet radiation in a

weat her onet8lechie habRg tHostfturashiga t her eby inhibit a blue color shift due
to ageing effects of the cesiumtungsten oxide in said interlayer; and

mul tiple laye

and combination thereof; and

a multivalent metal salt; _

wherein the sole ultraviolet absorber and the multivalent metal salt are added in an
effective amount to reduce the interlayer's decrease in visible light transmittance to
about six percent to about one tenth of a percent, after the interlayer has had
exposure 1o ultraviolet radiation in a weatherometer for 500 hours, and to thereby
inhibit a blue color shift due to ageing effects of the cesium tungsten oxide in said
interlayer; and _

wherein said interlayer comprises 0.05 {o 0.5 weight percent of said tungsten oxide
agent.

15. An interlayer for use in a multiple layer Q]aziﬁg‘ comprising: poly(vinyl butyral);
cesium fungsten oxide; magnesium bis(2-ethylbutyrate); and a sole ultraviolet
absorber having the structure: - - :

20



wherein said interlayer conprises 0.05 to 0.5 wei ght percent of said
tungsten oxide agent. 15. An interlayer for use in a nultiple | ayer

gl azi ng, conprising: poly(vinyl butyral); cesiumtungsten oxide; nagnesium
bi s(2-ethyl butyrate); and a sole ultraviolet absorber having the structure:
wher ei n magnesi um bi s(2-ethyl butyrate) and the sole ultraviol et absorber
havi ng the above structure are added in an effective anbunt to reduce the

i nt er| ay ekhereifl @fdgpasiomi tis(Zieshyiugyrhie§hitd tHeatdTirbdbBLal R GEling the Per cent
to about fRekRRiithretlre ad@ey i Rlaffeafveeimdlit id Ridatd MeahteRAfriadcRypPSUre to
ul t ravi ol igtismaslicrt tramsrhiftamce abbRIrspRSrentt® BbORGnBAsHLE of 2RLrchAL, A& eby -

i nhi bi t anblirisager s 15t dposiire té OitradieineidRitbAGA & wabiHehem&BFioH Bb6 Ungst en

oxi de i n isairgl ahd tehkatginnigng bbb et thitdut tb BYSRY aifedts 6oRBIkses 0.05 to 0.5
wei ght pefeién &fidsaisdid iHirRasieNaxi de agent. 16. An interlayer for use in a

nul tiple Jeteh sgidagtieﬂg,:er@amFﬁée%im o6 We¥dHR hbrcaHt offsald) tungsd shfad ungst en
oxi de; megyapsi um bi s(2-ethyl butyrate); and a sole ultraviolet absorber

having the structure: wher ei n magnesi um bi s(2-ethyl butyrate) and the
sol e ul t rey/ispliRbriafes AreE ihAmungid BRreidzild, WbMpaAdiaye are added in an

ef fecti vepTBHNtbulyPalf,educe the interlayer's decrease in visible Iight
transm t t @Resh fufgdboBkidei X percent to about one tenth of a percent, after

t he i nt erhayRsidAnsistPasnpBRoS)ead0 ul traviol et radiation in a weatheroneter

for 500 howkis uitrdlibrt g@sd:rgkj@rf%bm'gitwgthjc}ur@: bl ue color shift due to ageing
effects of the cesiumtungsten oxide in said interlayer; and wherein said

interlayer conprises 0.05 to 0.5 wqﬁ%ht percent of said tungsten oxide -
agent. . H;C

CH;

wherein magnesium bis(2-ethyibutyrate) and the sole ultraviolet absorber having the
structure above are added in an effective amount to reduce the interfayer's decrease
in visible light transmittance to about six percent to about one tenth of a percent, after
the interlayer has had exposure to uitraviolet radiation in a weatherometer for 500
hours, and to thereby inhibit a blue color shift due to ageing effects of the cesium
tungsten oxide in said interlayer; and

wherein said interlayer comprises 0.05 to 0.5 weight percent of said tungsten oxide
agent. A , _
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