ABSORBI NG POLYVI NYL BUTYRAL COMPOSI TI ON, SHEET THEREOF AND LAM NATE

CONTAI NI N@OTi26®88/E 5 BACKGROUND OF THE | NVENTI ON 10 Fi el dC3fUSOlve3sv8ivent i
The present invention relates to an infrared (I R) absorbing pol yvinyl
butyral conposition, a sheet nade therefrom and gl ass | am nates contai ni ng
the sheet as *®wmokd interlayer. In particular, the polyvinyl butyra
conposition contains at |east |anthanum hexaboride (LaB6) and nore
preferabumwﬂ num hexabori de and at | east one of indiumtin oxide
(I TO an @mmwmeMME oxi de (ATO . Rel ated Background Art 20 Pol yvi nyl
butyral (PVB) resin sheet is used in light-transmtting |am nates
.containing one or nore rigid |layers, such as glass, for applications such
as autonotive and architectural glazings, show cases, and protective gl ass
for WO /USA /.13898 -2 pictures, docunents and the |ike. The
+PVB sheetﬂ@ﬂ@ﬂﬁ“ Nm gy and prevents disintegration when, for exanple, the
head of a I'cle occupant strikes the rijgid layer of a |am nated w ndow
after a suddeﬁ”??bp or a foreign object is propelled against the outside of
the lamnate. 5 3 azings, including | am nated gl azings, tend to transmt
heat energy. This can be particularly Hrgghenatic in a confined area, such
a vehicl e passenger conpartnent or of f 14 ”“because of potential overheating
of the confined area. Thus many techni ques have been devel oped in an
attenpt to control heat transm ssion through 10 gl azi ngs. A conventi onal
heat shi el di ndNERAREBr(@R) ABSORBING POLYVINYL BUTYRAL COMPOSINON, of
reflective netal SHERTERBHEREORANDLAMINATEVOONTAININGPTHE SAME a
transparent substrate by vacuum deposition or sputtering techniques. This
15 techniqgde is limted on vehicle and building wi ndows because the film

t hi ckness nust be extrenely thin. In addition, netallic |ayers may al so
suffer fromcorrosion problens. It is known that nanoparticles of various

i norgani c oxides, can be dispersed within 2 0 a resin binder to form
coatings that reflect particular wavel ength bands of infrared energy and
allow high levels of transm ssion of visible light. In particular, U S

Pat ent No. 5,807,511 disclo i &gﬂl hR, oxi de (ATO has a
very low transm ssion to in??%%ggﬁbF§ﬂ§tﬁg@¥ﬁgﬁ vgﬁgﬁbth exceedi ng 1400
nm U S. Patent No. 5,518,810 describes coatings containing tin doped
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The present invention relates to an infrared (IR) absorbing polyvinyl butyral

composition, a sheet made therefrom and glass laminates containing the sheet as an
15 interlayer. In particular, the polyvinyl butyral composition contains at least

lanthanum hexaboride (LaB6) and more preferably both lanthanum hexaboride and

at least one of indium tin oxide (ITO) and antimony tin oxide (ATO).

Related Background Art
20
' Polyvinyl butyral (PVB) resin sheet is used in light-transmitting laminates
containing one or more rigid layers, such as glass, for applications such as

automotive and architectural glazings, show cases, and protective glass for



2 5 particles that substantially block infrared |ight having wavel ength
above 1000 nm and that the crystal structure of ITO can be nodified to

bl ock |i gwio dzaédasg wavel engt hs of down to 700-900nm U. S. Heavesv/4B&9s
5,830, S68 describes a lamnated glass with an interlayer film3 0O
containing functional ultra-fine particles that provide heat insulation,

ul traviol et ray absorption or naintenancé-of sufficient radio
transmttance. The preferred WO 021060988 PCT/ USOL/ d3898 -3 interl ayer
filmis polyvinyl butyral or ethylene-vinyl acetate copolynmer. The
exenplified upittugesfdot@mensstahd kiedikien dihe B Bistidetabizyriisicher@y iaflé prents ndi um ti n
oxi de. EP- A-1008564 discloses the use of an infrared bl ocking coating
«conposi ti on Sigintegrationahgnfer amplates headof @vebisle opsunant sakesibe rigid such as

the metal heddbt ACTRREIRAER, FAIShAtEr ShE00, Rl obBLURRRBEINET e

rcoating may bsagigpthe odtside afeteylaminate.f i | m substrates. There is no disclosure
or suggestion, however, of enploying netal hexaboride as a nanoparticul ate

di spersion?in a PVB conposition, 10 particularly for use as an interlayer

i ected +o o pargnG R e el o ORIk YRR R bty

resin contai npargeuddtlyl proBlesnati®imgckifined hied SsuaiawehicRfpaksenpéraaripaiteabor i de.
Preferably the polyvinyl butyral resin contains an IR absorbing effective

amount of a norxaffies begaupeef notential onexkasting abthg sanfined asepstThysanasy i ndi um tin
i d d antj npny ti i de. The . hexabar.i d. i ndi ti
oxi de and an t:,jelér:i%‘}{x‘ eﬁlg}zrl]\{e%e'eg%ev -e[ol%rd ifab Q&&H{}Eto%éﬁxlr@reﬂedtetrﬁwsg‘, t _%g'_gh’m In

oxi de and/ or XI e present as ar , havi ng
a particleo2 fagsihge that will not interfere with the visual transm ssion
t hrough a sheet conprised of such an IR absorbing pol yvinyl butyral. This

invention is also directed to a sheet fornmed fromthe pol yvinyl butyral

conposition of this.invention as |1 as, a glass | am nat.e conpri.sed of two
cheets 2 & o gPRenBRiRRY Bt Mirsoalhy ribotic mnd TomBle SRR

t her ebet ween. |af&tr $éRRLIvé ReitE shichla8 AluniRuBYr ¥iverWhhidtis Mepdsie@bRasi tion of
this invention may be used with heat absorbing glass to forma |am nate

wi t h opti num sarisparertisebsthitepy yacopardepesitiomerspyitering techriiquese Tois t hi s
invention_ s rticularly efficigent at.reduci IR tra L.SS[,0nN W t hout
dogr adat i b oFCpeds Fmitdgn,yBiols and Pyilding svinddlys bespisedbnhtptorohoss ~ 43s08
-4 BRI EF DESGRI,& bl htréthel] hin DAY, rhialli€ lad edsSmaly AISANTE HOMOCOrRRRAL I a

i ndicating the effect of "LaB6 on clear glass’| am rnates having a pol yvi nyl
butyral interpablemscontaining 0.45% antinony tin 5 oxide. Mre
specifically, the line | abeled "LaB6" is the transm ssion spectrum of a

gl ass |l am nate having a polyvinyl butyral interlayer containing 0.01 % LaB6

and 0. 45% ant j IO w RatRehSSartidl B€of VafiBud ABRIAR oxiResL@B%be dishelsBS within
transm ssi on spectrum of a glass |amnate having a polyvinyl butyral

i nt er | aye20 comtesinrbimdgr Co AFRocantingsuhat reflect partidelar watlergeh bande of bifeakedld " No | R
add 1 ves, {5 Ahe LEATRT 5L RO.E0 ShecLium o &y Laminat e hauing g o yvin

Patent No. 5,807,511 discloses that antimony doped tin oxide (ATO) has a very

low transmission to infrared light having wavelength exceeding 1400 nm. U.S.

Patent No. 5,518,810 describes coatings containing tin doped indium oxide (ITO)

25 particles that substantially block infrared light having wavelength above 1000 nm,
and that the crystal structure of ITO can be modified to block light having
wavelengths of down to 700-900nm.

U.S. Patent No. 5,830,568 describes a laminated glass with an interlayer film
30 containing functional ultra-fine particles that provide heat insulation, ultraviolet ray

absorption or maintenance of sufficient radio transmittance. The preferred



Figure 2 is a transm ssion spectra indicating the effect of LaB6 on clear
glass 15 | am nates having a polyvinyl butyral interlayer containing 0.2%

i ndi um t i wooiodesss Mor e specifically, the lines | abel ed " 0./ l/0s0baB®s and
"0.004% LaB6" are the transm ssion spectra of glass |am nates having a

pol yvi nyl butyral interlayer that respectively contain (i) 0.2%indiumtin
oxide and 0.01 % LaB6 and (ii) 0.2% indiBmtin oxide and 0.004% LaB6; the
line |abeled "No LaB6" is the transm ssion 2 0 spectrumof a glass |am nate
havi ng a pol yvinyl butyral interlayer containing 0.2%indiumtin oxide; and

the line | abghRAaydidiimRs Eéll?bin‘yl/&&')'fral 6r dthPlechd-ANg M EOLLpaRARd Ut of a

| am nat e havi ng a pol yvi nyl butyral interlayer containing no LaB6 and no
i ndi um ti n oxéxdmplifiebulDETmic EDICBEITRNETION@Y tIiHKidewENTdON tihexide! yvi nyl
butyral resin of this invention will contain an IR absorbing effective
amount of | ant hanum hexabori de either alone or preferably in conbination

‘with at | eastgmpe1 g5k diskiBhdsithe 3¢ FAn 3ar8@ BREKihE Boigd®mpbbitibhe | ant hanum
hexaboride is 3 0 used alone as an IR absorbing agent then generally it

wi |l be presenhich porthias pathyAWTO vt ITidtapd ahetaldwxabdride snchaasduai6. dfheadbt 0. 005%
to about 0.1% ferably . . WO 02/060988. RCT/ USOL/ ~38398 -5 abqut.0.01 %to
about 0. 08% SIAAOISHE hLhighelgraySleBet obinsaras UEpt WL TEBATRHN SNt by
wei ght of 1 e ¢IRIRbEK BB 1loWdiSiaveRASRSBHARIE TRL @bt thiy bESGHHlibd £ OMTDI nati on

with at least one of indiumtin 5 oxide or antimony tin oxide as the IR
absor bers, t holyméric filmsutamates. HEbheab Bmodhiscldure onsuggestiby, Hoavepergefnt i n t he

| yvi nyl but | . in. i . t of ab .001 %t t 0.1 %
2oL YU T U B SRR bR B8 e bedi et oes
about 0. 0296 RRKG&IMIyPMr WE A ifEriAyee SRQIRPSphiOBmidktk. | N a preferred

enbodi ment, indiumtin oxide, anti'nony tin oxide or a mxture thereof wll
be present in the polyvinyl butyral conposition in an anount of about 0.05%

to about 2.0% preferably ab 0 % % .and nost preferably
about 0.1 %to about 0.5% pe%@‘ﬂM%ﬁ@?&ﬂtgﬁVhﬁ%mosi tion. 15 Wen a
m xture of indiumtin oxide and antinony tin oxide is used, the weight
ratio of indiumtin oxide to antinony tin oxide is generally about 90:10 to
about 10: 90, Buislinvesti@rialdirgctadut polPviddl uwyrabeonhpodBionGompliicing loiywiny |
butyral resin conposjtion of this inventign is used to nmake visually 2 0O
transpareh? SHbwpsresin coplpinipgan iRsabsprbyng effsctine pwpuntpf danthanum nat es

contai ni ng sUghanoride. Preferably the polyvinyl butyral resin contains an IR absorbing
effective amount of a mixture of lanthanum hexaboride and at least one of indium
tin oxide and antimony tin oxide. The lanthanum hexaboride and any indium tin
oxide and/or antimony tin oxide are present as fine particles, i.e., having a particle
20 size that will not interfere with the visual transmission through a sheet comprised

of such an IR absorbing polyvinyl butyral.

This invention is also directed to a sheet formed from the polyvinyl butyral
composition of this invention as well as a glass laminate comprised of two sheets

25 of glass having the sheet of this invention disposed therebetween. The sheet
formed from the polyvinyl butyral composition of this invention may be used with
heat absorbing glass to form a laminate with optimum solar absorbing properties.
The glass laminate of this invention is particularly efficient at reducing IR
transmission without degradation of the efficiency over time.

30



PVB sheet as an interlayer. Accordingly, the |anthanum hexabori de and any
indiumtin oxide and antinony tin oxide present nust be fine particles

whi ch do wato2imeassfere with the visual transm ssion throudCT/bw1g898t . Such
particles include nanoparticles which typically have a particle size |ess
than 200 nmand nost 2 5 preferably in a range of 5 nmto 100 nm Each of

t he | ant hanum hexaboride, indiumtin oxifle and antinony tin oxide is
preferably introduced into the PVB resin by first formng a dispersion in a
PVB conpati bl e solvent, nost preferably a plasticizer. It may al so be
possible to mx 3 0 the |BRESDESCRIPPEON OH EHEIDRAWIMBSY addi ng a sol vent
di spersion of those WO 021 060988 -6 PCT/US01L~3898 particles to the
-reaction m xture of PVCH and butyral dehyde prior to formation of the PVB.
VWiile PVB is ¢t.he [.esin I e vention it should be
5 r ecognt zed VRSE 0 RAPRBEg RErEAR Pk B ARERET BT Hebla ayer
‘sheets of gl Qﬁﬁnrla@dﬂﬂaaﬁlg?a mwudjllbatﬁmﬁfeﬂay&edntﬁmﬁng%)ﬂ%%%ﬂmbay kv, PVB
resin has a wei ght average nol ecul ar weig reat er than 70, 000, preferably
about 100,@0@&1& z‘ﬂgrmeclﬁa@llyrrﬁwdmeé@betheﬁ g a " idbE transmission sprstrografshy

usi ng | ow angl.e liaser. light sc ALen bas £ i,cally
conpri ses 159%18”5@5}'“&]’@9 gx'ggbqoyy vé‘%l&tu%'f@ lﬂgq%erfgw %6{/( \igafégyd%g

cal cul ated asp.psh\aviimvhy &herite! the AObeled “tNe I1414" 1§f}x@ftﬁhﬁﬁls§ﬁ09 shEtradh
resi dual ester groups, calcul ated as pol yvinyl ester, e.g. acetate, wth

t he bal ance Mar@]aﬁdtmmhte lpwm*g@rmbmnbﬂwmwdnu@ﬂym canteinanig 0.B3% opt i onal | y

i ncludi ng a m nor unt , of r OUR er,.t han. but yr al exanpl e
2- et hyl hexanaé\tmé?é‘ygv nsoé‘f%séliﬁ‘?%ﬁtl éaq) ét‘ilqc\)}g] c@“i‘f?? 535 Mi@“ﬁﬁg"} esinis
produced py kdb@&%rﬁ@ﬂ@%nﬁ’té hﬁﬂhgﬁ% fy@ﬁ@‘l Bhtyieﬁti:ht@ﬂaﬁf @&ﬁﬁﬁﬁ% rfoqijéﬁd ng PVOH
with butyral dehyde in the presence of acid catalyst, | owed by

neutral i zat i candgfo antimopntialoxle, separati on, stabili zatl on and drying of the
resin. It is commercially available from Solutia I ncorporated, St. Louis,
Mo. as Butvar resin. 20 Preferably, the PVB resin used in the sheet of this
invention is plasticized PVB. Plasticized PVB as sheet at a non-critical

t hi ckness of about 0.13 to 1.3 mmis formed by m xing resin and pl astici zer
and pr ef er abl Kiggier2 is @nrapsmoissibn sp@tmrim)ic@kngrthﬂjéff@l vhbaBo sedlearglassl at i on

t hrough a_ sheet .di e, orc n PVB t hrough a

J ast
hori zont alPy lﬁmt‘%ﬁd}aﬂ"ééiwwﬂ%}flrbgw"a 1gte ﬁ’éeﬁlcﬂﬁt 7 égﬁ’t‘f‘ “W“'&Bﬂf‘%r mng in
size to the sOealREHRAIL @Heﬁ?rfés la‘%le@y‘OQﬁ% L &6 a9 HoRd 1%5@6"" dr& il ng from

an extrusion die onto a'die roll in close proximty to e die exit to
i mpart desir auhrsums‘smespedta’rca‘cgi&ss isninates hzunmglaapsllydmybbutyhblmﬂlayaemat When t he

the roll 3 0 Woreheysoubingl e ind Geamimis i GOG RO EGotne val | eys-
and peaks. indium tin oxide and 0.004% LaB6; the line labeled “No LaB6" is the transmission
20 spectrum of a glass laminate having a polyvinyl butyral interlayer containing 0.2%
indium tin oxide; and the line labeled “No IR additives” is the transmission
spectrum of a laminate having a polyvinyl butyral interlayer containing no LaB6

and no indium tin oxide.
25 DETAILED DESCRIPTION OF THE INVENTION

The polyvinyl butyral resin of this invention will contain an IR absorbing effective
‘ amount of lanthanum hexaboride either alone or preferably in combination with at
least one of indium tin oxide and doped tin oxide. If the lanthanum hexaboride is
30 used alone as an IR absorbing agent then generally it will be present in the

polyvinyl butyral resin in an amount of about 0.005% to about 0.1%, preferably



Roughness on the other side can be provided by the design of the extrudate
die WO 021 060988 7 PCTI US01/-13898 openi ng as shown, for exanple, in
FIG 4 ofwlD.0%06ds% . No. 4, 281,980. O her known techni ques PCHUSHHSBOEI ng a
rough surface on one or both sides of an extruding sheet involve specifying
and controlling one or nore of the follow ng: polyner nol ecul ar wei ght

di stribution, water content and tenperatdire of the nelt. These 5 techniques
are disclosed in U S. Pat. Nos. 2,904, 844; 2,909,810; 3,994, 654; 4,575,540
and European Patent No. 0185, 863. Enbossi ng downstream of the extrusion die
al so roughenabbie).61%8 s atsout DDGS, aAS miosOpeterdbily sbaud 0PNNEBIbLEL ¢.@4PpOr ary to
facilitate deairing during |amnating after which the el evated tenperature

.and pressur e REtAERNRY Weighy ofghefompasititieet to gl ass nelts it smooth. 10

Lam nation to glass is according to generally known procedures. Sheets of
the present invention may optionally contain additives (other than IR

absorbers) t ovRehRAGANER hERIBTREE & HEE th @misiiaion Witlgarledss ondlbftindivbodiet | i ght
stabilizers, antioxidants, adhesion control agents and the |ike. 15 The PVB

resin of the oxideqr animpyyiin oKidg ap thedi absorbarswihen thedauthamun hexaoridhd nor e

commonly 25 t 0,60 .parts. plasticizer ([ . par f W n.

Pl asticizers ‘X‘(ﬁﬁ%‘ﬁ%& %er%F%ef/’Eeldl tg?' §f)lé’g{t% lrgkﬂg%{ geqbngﬁy Zaén :%)(‘:1 n{E’i .ag 88 a
pol yhydri c algeiieh to eut @pbE prifeably abs@reORE o dboat 0P5ENendimp&o!

bi s(2-ethyl butyrate), triethylene glycol 2 0 di-(2-ethyl hexanoate),

triethyl ene girgfersblyitioup® -8aefatte abaus 0102, pgreant by gvejghs lof Hietropipasitiane, di hexyl
adi pate, dioctyl adipate) hexyl cycl ohexyl adi pate, m xtures of heptyl and
nonyl adi pates, diisononyl adipate, heptyl nonyl adipate, dibutyl sebacate,

pol yneri ¢ @| gatal fréfeRbdembodimidat, iddpuR -0k htRrbriyaiaetide 8t XMdgureand
m xtures of phosphates and adi pates such as disclosed in U S. Pat. No.
3,841, 890 2 Shemof widl rapresentinghe pelydingkbwyrabicampasit®n ipan amgont of abaut 217,

21 conol & as ol L8pasati Aot areimaph gt €189 B Tl g i abl oot ors

such as hexyl;pagi 0880 absut Y 9% PErceft B REEhUI R ompdsfliohhe invention is al so
directed to a glass |lamnate conprising two sheets of glass with the

i nventive sheet disposed therebetween. Additional |ayers may al so be
15 When a mixture of indium tin oxide and antimony tin oxide is used, the weight
ratio of indium tin oxide to antimony tin oxide is generally about 90:10 to about

10:90, and preferably about 70:30 to about 30:70.

The polyvinyl butyral resin composition of this invention is used to make visually
20 transparent sheets of PBV and visually transparent glass laminates containing such
PVB sheet as an interlayer. Accordingly, the lanthanum hexaboride and any
indium tin oxide and antimony tin oxide present must be fine particles which do
not interfere with the visual transmission through the sheet. Such particles include
nanoparticles which typically have a particle size less than 200 nm and most

25 preferably in a range of 5 nm to 100 nm.

Each of the lanthanum hexaboride, indium tin oxide and antimony tin oxide is
preferably introduced into the PVB resin by first forming a dispersion in a PVB
compatible solvent, most preferably a plasticizer. It may also be possible to mix

30 the IR absorbing particles into PVB by adding a solvent dispersion of those



WO 02/ 1160988 PCT/ USOL/ a3898 _8 di sposed between the two sheets of the
glass so long as the desired optical properties of the |amnate are

mai nt ai newo oleovgs ass sheets may be of any type of gl ass. PRAYUSOLUISAS | v
preferred is the use of at |east one sheet of glass that is heat absorbing
gl ass, solar reflection glass, lowa glass or the like. 5 This invention

will be better understood fromthe foll eéi-ng Exanpl es. However, one skilled
inthe art will readily appreciate that the specific nethods and results
di scussed are nerely illustrative and no limtation is inplied. Al parts

and per cent agRsticéroliNe RRALEHH mikdi8 98 PYOIEAN Bty ARREVdd ®itbr td GrimsatPbe 1 A
pol yvi nyl butyral conposition was prepared by m xing 19 grans of
-triethyl eneglt¥@Bl\’Boi s(2-et hyl hexanoate) with 0.32 grans of a 2.2 percent
di spersion 15 of | anthanum hexabori de nanoparticles in toluene and then
conbining this mxture with 50 grans of polyvinyl butyral resin. The

‘resul ting conwpgk PVEsWRSprefepRd 96kin Bsed iPHRRREERT inVentRh itdiduRrssed to form
a 30 ml| thick sheet. The sheet was then | am nated between two simlarly

si zed sheeh s refognizsdrthaylothes palythepy whish may g aisebiol foou interldysr shegtslafni nat e.

The resulting,l agi nate ha Vi I ansyg ssi on .of 2 0 percent _and a

sol ar transm &8y ﬁnﬁ?teéfo‘ggi’féﬂﬁ#ﬁlﬁe‘if%%@' ?gfﬁrﬂ&’gﬁfes@ AR no

| ant hanum hexalpy; b%w@qiarave\rgrnﬁIgbéaeerftmnmm(msm&rm 8601r900008 teand a sol ar
transm ssi on of %4 percent. These results show tha%l addi tion of | anthanum

hexabori de s asmbasureddycizs exolusiontchemsatdggaphorusing low anglertaser highg
vioual 1 anomSRA00. Sk Eln ity AT B B B
SXCoPL] A1l & 0 AT io BRI A AOFLELRS BRI 1 0%
with the preferably O to 3% residual ester groups, calculated as polyviny! ester, e.g. acetate,

with the balance being acetal, preferably butyraldehyde acetal, but optionally

including a minor amount of acetal groups other than butyral, for example 2-ethyl

hexanal as disclosed in U.S. Pat. No. 5,137,954.

15
PVB resin is produced by known aqueous or solvent acetalization processes
reacting PVOH with butyraldehyde in the presence of acid catalyst, followed by
neutralization of the catalyst, separation, stabilization and drying of the resin. It is
commercially available from Solutia Incorporated, St. Louis, Mo. as Butvar® resin.

20
Preferably, the PVB resin used in the sheet of this invention is plasticized PVB.
Plasticized PVB as sheet at a non-critical thickness of about 0.13 to 1.3 mm is
formed by mixing resin and plasticizer and preferably (in commercial systems)
extruding the mixed formulation through a sheet die, i.e., forcing molten,

25 plasticized PVB through a horizontally long vertically narrow die opening
substantially conforming in size to the sheet being formed, or by casting molten
polymer issuing from an extrusion die onto a die roll in close proximity to the die

) exit to impart desired surface characteristics to one side of the polymer. When the
roll surface has minute peaks and valleys, the side of the sheet contacting the roll
30 will have a rough surface generally conforming to the valleys and peaks.

Roughness on the other side can be provided by the design of the extrudate die



WO 02/ 060988 PCT/ USUL/. 13898 -9 | ant hanum hexabori de. A sheet was pressed
and a lam nate made with clear glass having visual transm ssion of 70
percent awed ®@okasstransm ssion of 44 percent. Exanple 3 5 PETHSyMEIYY|
butyral conposition was prepared in a manner simlar to Exanple 1, with the
exception that 0.462 grans of a 30 percent dispersion of indiumtin oxide
in triethyl eneglycol bis(2-ethyl hexanoaté)y was added to the resin al ong

wi th the | ant hanum hexaboride. A sheet was pressed and a clear gl ass

| am nate prepared 10 having visual transm ssion of 78 percent and sol ar
transm ssi on ¢pening apeheemtfor éxaaind, én BIGA 4ps111Y.8i Patl Nbut, 98 BO8(s N@ikr M@svn
prepared as in Exanple 3. This sheet was |lamnated 15 between two sheets of
‘heat absor bi rigchyigues ferqodusingstiroyeb syrfage g5 9ne orhetd sidgpohan extigingsheetal

S e K

pesérQﬁoerof %%oll%%@?bﬁly%g? 0 A

onp epared 1n a manner r to Exanple

‘1, with the exckpilaoweighedistdibatiGiysvaldr canteft andnarpéraiissans melt. These 50: 50

m Xt ure of

indiumtin oxide and antinmony tin oxide was added to the resin

al ong wi t h5 t Hechnagien araudisahesed b i at. Noshd 894,844 2, %9818t 29866 &4:pr epar ed

havi ng excel | ' RPA . A nol yvidyl butyral
co\r/r;:)ogi t?(on é?s&@p@@ﬁh@é&%@%ﬁgﬁ'& qlfsgsr%g'rrs 0 %ﬁ%@?%%%% q_fa{%% di sgersed
in plasticizegxtiutionidiyyalen@ughets the dheet(sarfatd YAl aiietouphhdssan 3 0

addi ti onal

resin and

1.25 inch extt UHE

10

15

20

25

30

878.7 granms_of triethylene g}l ycol di-(2-ethyl hexanoate). This
bl end of LaBaemnerapy isfaritijass degiringdiriag

ppimtsnakigravhiclothestavetedny | but yr al

V1% 021 060988 PCT) USOL/ - 1,3898 .- 1 truded jinto sheet using a

AR kst QTR onEgT g Wit e ek ThmdBe" 9119
Lamination to glass is according to generally known procedures.

Sheets of the present invention may optionally contain additives (other than IR
absorbers) to enhance performance such as dyes, pigments, ultraviolet light

stabilizers, antioxidants, adhesion control agents and the like.

The PVB resin of the sheet is typically plasticized with about 20 to 80 and more
commonly 25 to 60 parts plasticizer per hundred parts of resin. Plasticizers
commonly employed are esters of a polybasic acid or a polyhydric alcohol.
Suitable plasticizers are triethylene glycol bis(2-ethylbutyrate), triethylene glycol
di-(2-ethylhexanoate), triethylene glycol diheptanoate, tetraethylene glycol
diheptanoate, dihexyl adipate, dioctyl adipate, hexyl cyclohexyladipate, mixtures of
heptyl and nonyl adipates, diisononyl adipate, heptylnonyl adipate, dibutyl
sebacate, polymeric plasticizers such as the oil-modified sebacic alkyds, and
mixtures of phosphates and adipates such as disclosed in U.S. Pat. No. 3,841,890
and adipates such as disclosed in U.S. Pat. No. 4,144,217. Also mixed adipates
made from C, to C, alkyl alcohols and cyclo C, to C,, alcohols as disclosed in U.S.
Pat. No. 5,013,779. C to C; adipate esters such as hexyl adipate are preferred

plasticizers.

The invention is also directed to a glass laminate comprising two sheets of glass

with the inventive sheet disposed therebetween. Additional layers may also be
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percentages are by weight unless otherwise specified.
10

Example |

A polyvinyl butyral composition was prepared by mixing 19 grams of
triethyleneglycol bis(2-ethylhexanoate) with 0.32 grams of a 2.2 percent dispersion
15 of lanthanum hexaboride nanoparticles in toluene and then combining this mixture
with 50 grams of polyvinyl butyral resin. The resulting composition was blended
in a Brabender mixer and pressed to form a 30 mil thick sheet. The sheet was then
laminated between two similarly sized sheets of clear glass and pressure was
applied to form a laminate. The resulting laminate had a visual transmission of 80
20 percent and a solar transmission of 62 percent. A similar laminate but containing
no lanthanum hexaboride had a visible transmission of 87 percent and a solar
transmission of 74 percent. These results show that addition of lanthanum
hexaboride substantially reduces solar transmission while maintaining visual
transmission at a high level.
25
Example 2

A polyvinyl butyral composition was prepared in a manner similar to Example 1,
with the exception that 1.56 grams of a 20 percent dispersion of antimony tin oxide

30 in triethyleneglycol bis(2-ethylhexanoate) was added to the resin along with the
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| ant hanumexabori de and antinony tin oxide. 8. The polyvinyl butyral
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indiumtin o
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glass | am nate according to claim9, wherein said polyvinyl butyral resin

conpri ses | ant hanum hexabori de and anti nony tin oxide.

oxi de.
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Example 4

A polyvinyl butyral sheet was prepared as in Example 3. This sheet was laminated
between two sheets of heat absorbing glass (so called green glass). This laminate

had visual transmission of 71% and solar transmission of 38%.

Example 5

A polyvinyl butyral composition was prepared in a manner similar to Example 1,
with the exception that 2 grams of a 20 percent dispersion of a 50:50 mixture of
indium tin oxide and antimony tin oxide was added to the resin along with the
lanthanum hexaboride. A sheet and laminate were prepared having excellent IR

absorbing capacity.

Example 6

A polyvinyl butyral composition was prepared by mixing 5.11 grams of 6.3% wt.
of LaB6 dispersed in plasticizer triethylene glycol di-(2-ethylhexanoate) with an
additional 878.7 grams of triethylene glycol di-(2-ethylhexanoate). This blend of
LaB6 and plasticzer was added to 2250 grams of polyvinyl butyral resin and



12. The gl ass |lam nate according to claim9, wherein said polyvinyl

resin conprises | ant hanum hexabori de,

oxi de.

said two sheets of glass is heat absorbing gl ass.

according to claim9, wherein at

sol ar refl ect
wher ei n at

i on gl ass.

| east one of said two sheets of glass is | ow a gl ass.

14. The gl ass | am

.A; L. AN . A(9. A& A(9. A9. AYyaL. AuL. Al ; "r. Au 24. Al (L. AYL, &ILOTh

- ldzupkfa\ W ce@(}rgg%

ca] ca]ca]ca]ca

ol EeRe o

cajcaliy:

but yr al

indiumtin oxide and antinony tin
13wolnme@ass | am nate according to claim9, whereipcTaiSohemsIs one of

nat e

| east one of said two sheets of glass is
1 S. The gl ass .ljJ@m nate according to claim?9,
. Al nYE

ﬁlcﬁ%ﬂrﬁé’dr% gjﬂ: Jfél?e]e?@c]xﬁélh&?‘(]).@%cﬁﬂ. ¢al cay ca]

L2111 04t Rt## AT SHEOmeqprodzel Me] eas] wsed, oril lcgipeepr]atappropdrtiahcaf] eaBc a] ca] ca] ca] ca

] ca] ca] ca] ca]
-%/-3-C ../
«17223B4444]5|

a] cal] ca] ca] ca

cal ca] ca] cal.ca] ca]

2 G740

cajl ca{ﬁg

1252/0,20;(}

.Gk

d] ca

al ca]

cal.cal cal ca] c
@m@&smn in'p achxzer and a%]dltlo]nal pﬂstlc!zer, 0 make concentrations o

ﬁda?ﬁg?%@a??gﬁ?%g%g %h%?]S Eg%‘%%

cal ca! % %&S8'

a(d()) 5+, "

]ca] ca]c
9:

U :;

;1 <_<<<<'svpfvisthle upk§daifamsnmissionalf dahinales ajingihesd Bleats bajveeghaapcal cal] ca] c

a] ca] ca] ca] ca].ca]
@ @ AaAdAnAABIESS

ajcaJca]calc
a] ca! HH;

B0

cal ca] ca].ca] ca]
eomn BY £p

cal] ca] ca] cal.ca
LS|

U] ca] ca! ?p??@
WEHRIrapsmEssINEaTRIS eSS ca] ca] ¢
YR LN &ﬁlg%@d%?li&ﬁlagélfa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

[PI]IDblqglllJ_JsJJIgKKLLLGVMVNNNNOOO) PPMQQ=RR{ vgl gb] ni d*Y] ] ca] ca] ca] ca] ca] ca]

ca] ca] cal] ca]
aljcalca &gE!
& ()-L10%& ()
& ()-s10% ()
10\\ !/ #10% \

109b& () --!1sM 109KBKHE ()- 9! 1

) (@& 1098>

15

20

25

30

! : " LaB@Aeih{ % 2T 10%&3&31?3 Y‘reﬂr.ﬁ%’ittaqce _Solar ITra.nsm.ittancel a':J]Y::]OOC/O
_s10%' (Y- eJdl IKLn-pN! #! L&I&B0% b b&' ()-Z 10\ 7010\ \
&)= (T7#I0988& ()~ ) T #o%6 I LO%& () - mr [x VAN~
LM 10%< K98 () - 9! 11]10%b& (52 L& 10%&] ()-Z

>& U %815 72 44

0.02 67 38

0.025 62 32

0.03 57 28

Example 7

A polyvinyl butyral composition was prepared by mixing 5.11 grams of 6.3% wt.

of LaB6 dispersed in plasticizer triethylene glycol di-(2-ethylhexanoate) with 21.47

grams of a 30% wt. dispersion of indium tin oxide in triethylene glycol

di-(2-ethylhexanoate) and an additional 863.7 grams of triethylene glycol

di-(2-ethylhexanoate). This blend was added to 2250 grams of polyvinyl butyral

resin and extruded into sheet using a 1.25 inch extruder. The sheet contained

0.01%wt. LaB6 plus 0.2% indium tin oxide. The average visible and solar

transmission of laminates using these sheets between two pieces of 2.3 mm thick

clear glass were 77% (visible transmittance) and 44% (solar transmittance; solar

transmission results were calculated using ISO 9050, air mass).
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following claims.
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mixture of lanthanum hexaboride and indium tin oxide.

3. The polyvinyl butyral composition according to claim 1, comprising a

mixture of lanthanum hexaboride and antimony tin oxide.

4, The polyvinyl butyral composition according to claim 1, comprising

lanthanum hexaboride, a mixture of indium tin oxide and antimony tin oxide.

5. A polyvinyl butyral sheet containing an IR absorbing effective amount of (i)
lanthanum hexaboride or (ii) a mixture of lanthanum hexaboride and at least one of

indium tin oxide and antimony tin oxide.

6. The polyvinyl butyral sheet according to claim 5, comprising a mixture of

lanthanum hexaboride and indium tin oxide.

7. The polyvinyl butyral sheet according to claim 5, comprising a mixture of

lanthanum hexaboride and antimony tin oxide.

8. The polyvinyl butyral sheet according to claim 5, comprising a mixture of

lanthanum hexaboride, indium tin oxide and antimony tin oxide.

9. A glass laminate comprising two sheets of glass with a sheet disposed

therebetween comprised of a polyvinyl butyral resin containing an IR absorbing
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13. The glass laminate according to claim 9, wherein at least one of said two

sheets of glass is heat absorbing glass.

14.  The glass laminate according to claim 9, wherein at least one of said two

sheets of glass is solar reflection glass.

15.  The glass laminate according to claim 9, wherein at least one of said two

sheets of glass is low e glass.



