Ti-tl e: I NFRARED (I R) ABSORBI NG POLYVI NYL BUTYRAL COWMPCSI TI ON, SHEET THEREOF
AND LAM NATE CONTAI NI NG THE SAME Abstract A polyvinyl butyrgly sition -
is disclosed which is conprised of polyvinyl butyral resin containing an IR
ab- sorbing effective anount of |anthanum hexaboride or a m xture of
| ant hanum hexabori de and at | east one of tin oxide and antinony tin oxide.
Al so disclosed are a sheet of the IR absorbing polyvinyl butyral and a '
gl ass | am nate having the IR absorbing pol yvinyl butyral sheet disposed
bet ween two sheets of glass. 6 May 2005 TITLE | NFRARED (1 R) ABSORBI NG
POLYVI NYL BUTYRAL COWMPCSI TI ON, SHEET THEREOF AND LAM NATE CONTAI NI NG TI M
SAME 5 BACKGROUND OF THE I NVENTION 10 Field of the Invention The present -
Jnvention relates to an infrared OR) absorbing pol yvinyl butyral
.conmposition,. a sheet made therefromand glass |am nates containing the

sheet as an 15.interlayer. In particular, the polyvinyl butyral
.yconposition contains at |east |anthanum hexabori de. (LaB6)~and nore

preferably both | anthanum hexaboride and mtin oxide (ITO and ant at

| east one of indiumtin oxid (ITO and-dmtinony tin oxide (ATO. e

Rel at ed Background Art 20 Pol yvinyl butyral.(PVB) resin sheet is used in

light-transmtting |anm nates containing one or nore rigid |layers, such as

gl ass, for applications such as . TITLE '

| - INFRARED (IR) ABSORBING POLYVINYL BUTYRAL COMPOSITION,
¢ | ~ SHEET THEREOF AND LAMINATE CONTAINING THE SAME

5 . -

BACKGROUND OF THE INVENTION
10 '

Field of the Invention

" 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 polyviny! butyral composition contains at least
' lanthanum hexaboride (I.aB6)-and more preferably both lanthariurm hexaboride and
.-t Jeast one of indium tin oxide (ITO) and antimony tin oxide (Aréj. -

Related Baékgrouxid 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

TNy




autonotive and architectural glazings, show cases, and protective glass for.
6 May 2005 -2 pictures, docunents and the |ike. The PVB shegt abfongsbs
energy and prevents disintegration when, for "anple, the he a2 vehicl e
occupant strikes the rigid layer of a |amnated wi ndow after a sudden stop '
or a foreign object is propelled against the outside of the lamnate. 5
d azings, including lamnated gl azings, tend to transmt heat energy. This
can be particularly problematic in a-¢onfined ar ea, such a vehicle
passenger conpartnment or office, because of potential overheating of _the
confined area. Thus many techni ques have been devel oped in an attenpt to
“control hedictuesfiosiments and thedikgh The BVER sheetalsorba enengy end iprevahts heat '

shielding tg .ent . conposi te co ise .a very thin_|ayer of

reflecti 8e drﬁ%ﬁ} S N |Wéﬁr;%}érh°§3%wmﬁle&ﬁm%§s theggish a \
t ranspar entiayer s Iaadti WHRID Vol 4 Lgues, 'lbis~
15 te(F:)hni qu%}&i s li m'lﬁ?atgd/on vmﬁggﬁ%&ﬁ% @Tangpﬁg%\gﬂgég@ggéﬁt he film .

t hi ckness ageinst theowside eftheYarpinate. | n addition, metallic layers may also &
suffer fromcorrosion problens. It is known that nanoparticles of various

i_norgani5c oxi des, can be dispersed within 20 a resin binder to form

coati ngs t oAdzikRl IeRidi [ ?if@%ée f infrared and
aUowhJgh4evels %T tﬁfg}l mﬁlgdsdla(i)gr?a% é%egpgéplmgﬁgﬁ?ageﬁ%{ﬁi Séﬁm%ﬁl S. Patent
~No. 5-, $07 patituldily ptadenatictint confindiine, ageslvétiicle Pudsdfpedr Adbatb@snd Very

low transm ssion to infrared |ight having wavel ength exceeding 1400 run.
U S. Pat eff 955¢, begause of patentipd overhenting of Akg enpdined areai Mhngmany doped i ndi um

- oxi de (! TOlcRfiqBale bech dehabpsd Rk AMbhdl LYodthRf fed: BRRRESoh bDg 2 "9 -

wavel engt h ab
10 glazings.

A conventional heat shielding transparent composi'te may comprise a very thin
layer of reflective metal such as aluminum or silver which is deposited on a
transparent substrate by vacuum deposition or sputtering techniques, This

15 technique is limited on vehicle and building windows because the film thickness
must be extremely thin. In addition, metallic layers may also suffer from corrosion

problems.

It is known that nanoparticles of various inorganic oxides, can be dispersed within
20  aresin binder to form coatings that reflect particular wavelength bands of infrared ( "
. .energy and allow high levels of transmission of visible-tight. Inparticular, U.S.
Patent NQ:; 5,807,5 11 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 dTO)
25 particles that substantially block infrared light having wavelength above 1000 nm,
- and that the crystal structure of ITO can be modified to block Jight having o
wavelengths of down to 700-900nmi.

3

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




—-and-t-hat-—-the—eryst-al—struct-ur-e—of~1-TO ean- -be- nodi-f-i-ed-1-6 -bl-oek--+-ght-—having--—-
wavel engt hs of down to 700-900nm U.S. Patent No. 5,830, 568 mcidol%es a
| ami nated glass with an interlayer film3 0 containing functp
ultra-fine particles that provide heat insulation, ultraviolet ray _
absorption or maintenance of sufficient radio transmttance. The preferred-
- 6 Mgy 2005 -3 interlayer filmis

pol yvi nyl butyral or ethylene-vinyl acetate copolynmer. The exenplified
ultra-fine particles include antinony tin oxide and indiumtin oxide.-~-

EP- A- 1008564 infertayeoSlosisipdyvind bofyralor ethfleas-ethybhestiis 88pckatr Me COMPOSI ti on
5 whi ch cont aj ns @_.loth ATE or I.TO . a]gg@me,t al hexaboride such as LaB6. The
ATO or | TO Broumidied pliratingparticles inpludeaiisnasry tmexide eud indigit timodde.ne net al
“hexaboride particles block the | ower wavel engths of |ight. The coating may

.be applied to polyneric fil msubstrates. There is no disclosure or

“suggest i on, HBwel@d8566[isclospd thy usepfam iriflardtbblablan) ¢6atify Rnipefigear ti cul ate

di spersiop in,a, PV Jcogg‘gs‘“_éon 0 particularly for use as an interlayer
sheet in g gk conting bpth A engmetalihexaboeie s asiaB6i ThedTn i s
directed to @1 | r riskn vin 15
butyral resin Egl n?{ézgkﬁmegm%*lﬁvgﬁg%?%&ﬁgﬁéfqﬁ Z@P%dstbﬁ%ﬁ%?héfﬁ’?%ﬁkﬁ hanum
hexabori de. Hartedesrtinkythe lovep otayslenpths dflight. alhe @ftiig AR tRIaPNI@Ro | R absor bi ng
effevtive anpunt of_..a mxture of | anthanum hexaboride and at |east one of
indium  ti rpo&ﬁ“ﬁlé’ ﬁ&wﬁ&ﬁﬁ% oFc il ng diselesure ge suggesticm howdver abor i de and any
indiumtin pq{g,s;n &Pk I | ' be. pr.es as fine
particles, ?%ﬁe. ha%tlﬂng ac%g%q%@é ﬂ%@)agf&\z-@?et ﬁ%iKSWOBpnﬁg% WEPOFEPB Wit h t he
(vi sual tirtan paiteslarp farhise aghn mtalhgatshed 4 fhedaafingych an | R absorbing
pol yvi nyl butyq.

SUMMARY OF THE INVENTION

This invention is directed to a polyvinyl butyral composition comprising polyvinyi
15 butyral resin containing anIR absorbing effective amount of Ianthanuml
~hexaboride. Preferably the polyvinyl butyral resin contains an IR absorbing
effective amount of a mixture of Ianthanum hexaboride and at least-one of indjum
| tin oxide and antimony tin oxide. The lanthanum hexaboride and any indium tin
oxides and/or antimony tin oxide may be present as fine particles, i.e. having a particlé
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 buty‘ral
composition of this invention as well as a glass laminate compriséd of two sheets
25 of glass having the sheet of this invention disposed therebetween. The sheet |
formed from the polyvinyl butyral composition of this invcnﬁon 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 ét r'cducing‘IR S
transmission without degradation of the cfﬁcieﬁcy. ovef time. | |
30




liis invention is also directed to a sheet forned fromthe pol yvinyl
butyral conposition of this invention as well as a glass |amnnate
~conprised of two sheets 25 of glass having the sheet of thi 8 May2495i on
di sposed t herebetween. The sheet forned fromthe polyvinyl butyral
conposition of this invention my be used with heat absorbing glass to
forma lam nate with opti mum sol ar absorbing properties. The gl ass

| am nate of this invention is particularly efficient at reducing IR
transni ssion without degradation of tR& efficiency over tine. 30 6 May
2005 3a Accordingly, a first aspect of the present invention provides a
gpl yvi nyIAc!rmmlinlg!a'éI acmmpl' _@sb'éfttgnf QWFmrbsémgier@hﬁGﬂ d@Yévti)délét 3 %bnym]ggi B?@mﬁ,

i sperse ol yvin utyral , an ipfrared absorbing effective
armount 'o?’ °@Py§ﬁd§n?ﬁgw§mq%ngfm ral pesin ?GA?Q'WS?PGH%S%@ Poly¥RYIathitieh an

hex abgr i dhdragged a?sorgiagseﬁemme @induntliof m)t‘liamha.?aigﬁamasorimt bmﬁlr)y% trhisatuﬂalx ioFlﬁ- A
second a t esent i nyentian provides a polyvinyl butyral sheet
cont ai ni ﬁaglﬁ%hugll hnﬁxﬁg?'g qﬁ@%ﬂ?ﬁsﬁﬁn%?’ﬁ%@?‘\}@%ﬂﬂd EB\"XPP)(}I'F SKEBanum
hexaboride or (ii) a mixture of |anthanum hexaboride and at |east one of
indiumtin oxide and antinony tin oxide dispersed in said polyvinyl
butyral sheet. A third aspect of the present ipvention provides.a glass

| am nat e “ggeﬁ%?tnfj ﬁsﬂﬁdto\?\g'es‘ﬁg%?rg yentioh 'g[gg'a?\ﬁ e 'Qﬁé’é‘?yrﬁi %‘ﬁﬁé‘é’d‘%‘?ﬂ%‘? 8Bet ween
c]?][rpri sednfedred qbebl?)ﬁghpﬁ?dlwé)r/]arﬂdum ﬁfﬁ(f) Iaﬁt_mghahnme]gpenidé of i 3dnia@1]§@rdﬁi ng
effectiv unt .0 i), | an nu exaboride ar (I a, mxture of .

" ant hanu TR ABeRbdke & REIR 08 mefi S Orde ol AR die PRy i n
oxi de di si=pemsed in said dolyviahdetyralGhddty 2005 -4 BRI EF DESCRI PTI ON OF THE
DRAW NGS

A third aspect of the present invention provides a glass laminate comprising two sheets of
glass with a sheet disposed therebetween comprised of a polyvinyl butyral resin
containing an infrared absorbing effective amount of (i) lanthanum hexaboride or (i) a
mixture of lanthanum hexaboride and at least one of indium tin oxide and antimony tin
oxide dispersed in said sheet.




Figure | is a transm ssion spectra indicating the effect of LaB6. on clear.
- glass |anminates having a polyvinyl butyral interlayer contai %nf; @0 45%
antinony tin 5 oxide. Mre specifically, the |line |abel ed Lg ay.g ﬁhe
transm ssion spectrumof a glass |am nate having a pol yvinyl butyral
interlayer containing 0.01% LaB6 and 0.45% antinony tin oxide; the lI'ine
| abel ed "No LaB6" is the transm ssion spectrum of a glass |am nate having
a polyvinyl butyral interlayer contai nt ng 0.45% antinony tin oxide; and
the line-labeled "No IR additives"” is the transm ssion 10 spectrum of._a
| am nate having a polyvinyl butyral interlay~containing no LaB6 and no
antinony tin oxide. Fi BREFDESCRIRFIONOFSHIDPRAWINGS i ndicating the
effect of LaB6 on clear glass 15 | am nates having a pol yvinyl butyral
interlayer containing 0.2% indiumtin oxide. Mre specifically, the liness

| abel ed * 059t kabiraissith 080 dPAlin@ i e oI ANNGH Bk YPhsgPO0L 1 2 Of

gl ass | am nates having a polyviny I nterl ayer respectively |
contai n (i larfiin26s handng apblywingkbutgrahimerliy@r ddntdiaing 0ed596 Ghiithoky @0 i ndiumtin
oxi de and 0.004% LaB6; .the Iine | abel ed "No LaB6" is _the transm ssion 20
spect r um oPXigdeqgMerg Sl’e&hé‘-ﬁﬁt’ She lipe fbeled sbpBQ ishe Bansprisiion speetrumpé

cont ai ni ng L odi m L 0xi der : ' abel.ed .. R gdditives"

is the traﬁ%%gr;%}%ﬁgh@p%%%Pﬂ%@ﬁ?&%ﬁﬁ%?ﬁet%%%&g%@I{‘} | §|an utyral

i nt er | ayer 0gk50% aitmhory throliedhe andabeed 1o LABG! i3 tAird®misfor ipEMrhED

DESCRI PTI ON_OF THE | NVENTI ON The polg/vi nyl butyral resin of this invention
wi || cont aPha glass kmingiehayingsa palyvinyk urmimwlmr ¢emtainiag @d¥exabori de eit her

o o o AR ok AT B e B e B 208 BlebBo™, " 00
absor biLog m&hmtmnaﬁﬁﬁ&r@vggoa 0;§5%l/y\iri 1 B?J?yrﬁfig&:ﬁlﬁgéﬂd%nialﬁﬁngg{) %‘A%BW but yr al-

resin in an anount of about ot o about % prefer May 2005
and no aritimony tin oxide.

Figure 2 is a transmission spectra indicating the effect of LaB6 on clear glass
15 Jaminates having a polyvinyl butyral interlayer containing 0.2% indium tin oxide.
- More specifically, the lines labeled “0.01% LaB6" and “0.004% LaB6" are the
transmission spectra of glass laminates having a polyvinyl butyral interlayer that
respectively contain (i) 0.2% indium tin oxide and 0.01% LaB6 and (ii) 0.2%
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% | ( N
indium tin oxide; and the line labeled “No IR additives” is the transmission |
spectrum of a laminate having a polyviny! 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 absorbih‘_g effective
amount of lanthanum hexaboride either alone or preferably in combinatidn; with at
) least one of indium tih oxide and doped tin oxide. If the lanthanum hexaﬁo'ride 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




about 0.01%to about 0.05% and nost preferably about 0.01%to about 0.04%

percent by wei ght of the conposition. Wen | ant hanum hexaborhiﬁaichogsed in -

conbi nation with at | east one of indium tin 5 oxide or anti r’Yy I'n oxi de
* as the | R absorbers, then the | ant hanum hexaboride wll typically be
present in the polyvinyl butyral resin in an anount of about 0.00 1 %to
about 0. 1 % preferably about 0.004%tg about 0.05% and nost preferably-
about 0.006% to about 0.02% percent by wei ght of the conposition. 10 In a
preferred enbodi nent indium tin oxide, antinony tin oxide or a m xture
thereof will be present in the polyvinyl butyral conposition in an amount
of about 0.%S%h¢-Hl%afRahoud 08955, pnd mestiyeferabhoaiioun).01%te abouttiodd% 1. 0% and -
nost prefer %10 about 0.5% percent by weight of the
conpositi on%h%n\/@gﬁgght%f%{ﬁén%‘?s“?%di umtin oxide and antinony tin oxide::
is used, the weight ratio of indiumtin oxide to antinony tin oxide is
general |y about 90: 10 to about 10:90, and preferably about 70:30 to about
- 30:70. The p¥hsn/lanthanusy bexabprideisiused ngeohindtion voth at beast enevediindiom tins used to

Kk [ Iy, : h f PBV and, vi | | ‘ I
am nat o5 o S¥ide R AhGRERER St ALAEIR drorks; FRLF Liemit R or i v the
| ant hanum hewdlhgiédly b8 dresaitin the iy besbsl in Beh ARbLTRYLGYN O] e

present nust be fine particles ch do ot interfere wt e vi sual :
transm ssi of-G0Yotaghoutifiel % Hpreferabdy aboup 8004 %4 te about OL05EE andamsspar ti cl es whi ch
typically hav articl j ze |l es an 200, nm.and npst 25 preferably in a
range of 5 Pﬁﬁe@?fé?}l@t@éy?ié&l?om 69%2’ Rezgenhiinteieht b the epmensitianadi um t i n

oxide and antinony tin oxide is preferably introduced into the PVB resin

«by first formng a dispersion in a PVB conpatible solvent, nost preferably
a pl ast 18i z&x 2 preferred ermblodimdne, ipdisgi t exitlq antimodPtih beide Br asemkd ng particl es

into PVB by ,addi.n sol vent _di spersion of those 6, May 2005
Y tftteor wilt Be present in the poPyvmyl utyral composition in a¥1 amount of about

0.05% to about 2.0%, preferably about 0.1% to about 1.0%, and most preferably

4

. about 0.1% to about 0.5% percent by weight of the compositio.n.

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 visnally
- 20 transparent sheets of PBV and visually transparent glass laminates containing such
PVB sheet as an il?terlayer. Accordingly, the lanthanum hexaboride and any
indium tin 6kidé_ and antimony tin oxide present must be fine par_ticlés.'Which do
“not interfere with the visual transmission through the sheet. Such particles include
riandpa_rticles 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, pbst preferably a plasticizer. It may also be possible to mix

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




-6 particles to the reaction m xture of PVOH and butyral dehyde prior to

" formation of the PVB. Wiile PVB is the preferred resin used_in t pr esent
invention it should be 5 recogni zed that other polyners whi cﬁW@g’ used
to forminterlayer sheets of glass |amnates could be substituted for PVB.
Ceneral ly, PVB resin has a weight average nol ecul ar wei ght greater than
70,000, preferably about 100,000 to 250,000, as measured by size exclusion
~chromat ography using |ow angle | aser |i@ht scattering. On a weight basis -
PVB typically conprises 15 to 25% preferably about 10 16 to 19% hydroxyl
groups cal cul ated as polyvinyl alcohol (PVOH); 0 to 10% preferably O to
3% r esi dual perticlss tajthougsstion atixtutesdfdV QK apd byityrdldéhyas bfibr toFofmatBRerat €. |
with the bah_‘a bei ng acetal, preferably butyral dehyde acetal, but
optionally Crict Xidi ng a m nor anount of acetal groups other than butyral,

for exanple 2-ethyl hexanal as disclosed in U S. Pat. No. 5,137,954. 15
PVB resin is produced by known agueous or solvent acetalization processes

reacting PVORHiliRVB thy preifetaidyesin usedtii eheopresab iR eords sibutdbal yst . fol | oned
by neut%al i zati.on of the catalyst, separation, stabilization and drying of
the resin. Terograzed panathes pglvmerawhich amyebefusedtoSiimtinterlayes shapoy aft ed, St .

Loui s, M. b Hifes Fch .. Pr ef.er. Y the P esjn used_in the sheet
of this inv%ﬁsts?on |{sesgﬁglgﬁe(§}l§£e%ﬁ'ﬁﬁ§/&rﬁ}lﬁ‘l Qg‘fﬁr%ibﬁgg’ %né@sémhtat a
non-cri ti calvetdgt abolesarafeigt @edated thahJ0LoDoL r%fezm'gabmjtqug ?(y m xing resi:n
and plasticizer and preferably (in cormerc?a “systens) ’ex? udi ng the m xed

for nul at i orPX0I08ugtmeassreddy sisteexciusion chfommatogsgphynisirgriowglel 1adek lighzed PVB
substantial ly

Inoua. o NERAGRN. ) BN R oIS 1 S0 0 sl el Y
10 16 to 19% hydroxy! groups calculated as polyvinyl alcohol (PVOH); 0 to 10%, '
- preferably 0 to 3% residual ester groups, calculated as polyvinyl 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 PYOH with butyraldehyde in the presence of acid catalyst, followed by
neutralization of the catalyst, separation, stabilization and drying of the resin. Itis

commercially available from Solutia Incorporated, St. Louis, Mo. as Butvar® resin.

Préferably-,_ithé PVB resin used in the sheet of this invention is plasticized PVB.
Plast‘mzéd PVB as sheet at a non-critical tlﬁcimess 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 t§ 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 shéei cqrntactingithe rol}
30  will have a rough surface generally conforming to the valleys an'dl peaks. |
Roughness on the other side can be provided by the design of the extrudate die




pol ymer issuing froman extrusion die onto a die roll in close proximty to
the die exit to inpart desired surface characteristics to Q%ﬁws'ﬂﬁqg,‘)f the -
pol ymer. Wien the roll surface has minute peaks and vall eys, Pe“Si%de of

" the sheet. contacting the roll 30 will have a rough surface generally
conformng to the valleys and peaks. Roughness on the other side can beprov
i ded by the design of the extrudate dies6 May 2005 -7 Opening as Shown,
for example, in FIG 4 of U S Pat. No. 4,281,6980. Qher known techniques
for producing a rough surface on one or both sides of an extrudi ng sheet

I nvol ve specddeyi gﬁtqmg ! ol hor f the follow ng: polyrer
mol ecul ar vvg(ibﬁ;?mn@%lsst ri gﬁ%x%nb&%&eﬂggrﬂféﬂg ]gaﬁg‘q?'é‘r@ér%pu@h@%gpgagngllg.
These 5 t edhelinigres farpeodliciglaasagh fuifakk & of@br bR Sid Ad. : ;
3,994, 654: .4, 575, 540 and ﬁE%ropegahn Bt o ORoor hoBi §é6%f.‘i’9%n§%%§%’ugﬁ8°c

downst r eam RV HeSPeeikying andeordrodling ang or eyt efithe tfoloveibe qiol et ace. As known,
eairing during lamnating after

thi s roughn | : AL g facilitate .

" which the eﬁé@%‘gﬂ&eﬁgﬁ%ﬁ%ﬁo& \gﬁt r Gﬁ‘gteﬁmeﬁﬁ'ﬁ'eﬁﬁﬂ&m@toﬁﬁshe shlelet to
l-ass meld s tedhnigpendrs distRsédim M8t PANLQ 28036 di . generally
Enown procegtj s.. . Sheets of the present %ﬂnv’e%%ﬁ%’%@r’rg@mgb%a?éﬁgﬂy contain
addi tives ( 5:73;549H%Empe%mgaicmé‘ks})wiﬁ@a@nb@ssh@ﬂb%ﬁ@éhﬁ?o%@h as dyes,

i gnments, u [ Ok: [ stahilizers, antioxidants, adhesion control
gggnts and t%‘rééﬁ\{‘?’ﬁ&e‘.%‘fé r%e&x}ée %ﬁt%e'tﬁé apwe,thissoughpessds | y pl asti ci zed
W th about &8npgopard@o St deairif: : ar phasticizer per
hundred parts Iiof resin. Pl aé?i%i ze%slxmc%%ﬁr‘%gﬁﬁgr eﬁ'ﬁlﬁgﬂ?ee.&wa{e esters of a
pol ybasi ¢ alimpesturg apd pyasyue daring omding.of tiiHeato @laah it fisARbe, ar ©

trieth i s(2-ethyl putyrate), triethylene glycol 20
(Ejr : (et2 g# ﬁ;?kg‘%ﬁg!&? (E.Ol)gslgstsr'?e @cﬁﬁ’ﬁlﬂ%\érggp‘ie%’&’ kél‘%‘f%ép%&ﬁdlmse, t et raet hyl ene
gl ycol _

s

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.
15 | :
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 tri'ethylene glyeol bis(Z-éthylbutyrate), triethylene glycél
20  di-(2-ethylhexanoate), triethylene glycol diheptanoate, tetraethylene glycol
' diheptancate, dihexyl adipate, d_ioptyl.afi_i_‘pg_t_;:, hgcxy_l‘_ﬂcyclgl__}cgcylgdipgte, mixtures of
heptyl and nony! adipates, diisononyl adipate, heptylnonyl adipate, dibuty]
sebacate, polymeric plasticizers such as the oil-modified éebacic alkyds, and
mixtures of phosphates and adipates éuch as disclbsed-in U.S. .Pat. No. 3-,84 1,890
25 and adipates such as disclosed in U.S. Pat. No. 4,144,217, Also mixed adipates |
~ made from C, to C, alky! alcohols and cyelo 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. '

T

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

with the inventive sheet disposed therebetwc_em Additional layers may also be




di hept anoat e, di hexyl adipate, dioctyl adipate, ~exyl cyc; ohexyl 4dj pate,
m xtures -of heptyl and nonyl adipates, diisononyl adi pate, %gaéié&ﬁgyl
adi pate, dibutyl sebacate, polyneric plasticizers such as tRKe"of=todified
sebaci c ‘al kyds, and mi xtures of phosphates, and adi pates such_as..disclosed -
in U S. Pat. No. 3,841,890 25 and adi pates such as disclosed in U S. "Pat.
No. 4, 144,217. Also m xed adi pates nade fromC4 to C. al kyl al cohols and
cyclo Q to ClIO al cohols as di sclosed-$n U.S. Pat. No. 5,013,779. C. to C
adi pate esters such as hexyl adipate are preferred plasticizers. 30 .The
invention is also directed to a glass |amnate conprising two sheets of

- glass W t Hlisnesed bepweani thetvahsheetsaif shroglasd sb hengeiahwdedired dgtidli onal | ayers

may- al so be _-=<-~ - ------ . May 2005 . disposed between the two sheets of
the glass SECRGHES ofthe laminglesgre “Hﬁ‘f‘F‘il:anhepgléfa%ﬁhﬁté@%’fbeth@ﬂYmerﬁt e are

mai nt ai ned glaEhePatiafarlp RRfd B IhdRe 8f x e ggwg}egi of &SRy i TRGL 1 cularl Y

preferred is the use of at |east one s ass t absorbing
gl ass, sol gbsarbing glass, salagreflestion glasselow aglasoor thidike.i ke. 5 This invention

wi |l becbetter understood fromthe fol l.owi ng Exanpl es. - However, one
skilled™in the art will readily appreciate that the specific methods and

resul ts diThGUseRtioa Wl BEHEkeY, LV ot at i IS inplied.
Al parts and percent ageg%%ghgéﬁt%?grﬁhﬁﬁ?@g%ﬁggﬁgmpg' BEVFr ed. 10
Exanpl e | An@smﬁsn imythe &rtiwill sdadity apediate dlint WRSspetiBe MidBodaniveduty 19 9rai ns
of trieth leneg‘{)%col qi %ng-et_hyl hexanoate) with 0.32 grans of a 2.2
percent di SIEYSSFLe masely fiusgali yeandnalinitasion ig émplieso paM paxts @l i n t ol uene and

t hen CO_”bi PérRéhthddl %rerﬂﬂéiﬁﬁt unless otherwise specified. ( '
| 10 ) "
Example 1

A polyvinyl butyral composition was prepared by mixing 19 grams of
triethyleneglycol bis"(Z-ethylheXano:ate) 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. 'f’he 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 contéining -
no lanthanum hexabofide had a visible transmission of 87 percent and a solar
transmission of 74percent These resuits show that addition of lanthaz;uni
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 Exarhple 1, )
with the exception that 1.56 grams of a 20 percent dispersion of antimony tin oxide

30 in triethyleneglycol bis(2-é'thylhexanoatej was added to the resin along with the




with 50 grans of polyvinyl butyral resin. The resulting conposition was

bl ended in a Brabender nixer and pressed to forma 30 nil t%h‘ﬁk f@%et' The .
sheet was then |aninated between two sinilarly sized sheets®dfe% r gl ass
and pressure-was applied to forma lam nate. The resulting |armnate bad a
visual transm ssion of 80 20 percent and a solar transm ssion of 62 -
percent. A simlar |amnate but containing no |anthanum hexabofide hid a
Vi si bl e transm ssion of 87 percent and8-sol ar transmi ssion of 74percent .
These results s how that addition of |anthanum hexaboride substantially
reduces solar transm ssion while maintaining visual transm ssion at ‘& high
| evel . 25 Exléﬁtﬁﬂ@ln?hwaﬁ%%iIh)%heﬂbmayp@ﬁsed@nﬂaéamimtcmmh\piﬁeﬂaﬁ@das@n a

manner sim |@ak:1.Q;: J. - with the exception that 1,56 grans of a 20
-percent dis p@vééggﬁ%ﬁ%%%ﬁﬁof%%%@d%g& transmissipp Of 44, pereentol :
bi s(2- 6t hyl hexanoate) was added to the resin along with the 6 May 2005 -9
| ant hanum hexabori de. A sheet was pressed and a lam nate nade with clear
*glass having visual transmission ofExampledcent and sol ar transni ssion of
44 perceng. Exanple 3 5 A polyvinyl butyral conposition was prepared in a
manner simlar to Exanple 1, wth the exception that 0.462 grains of a 30
per cent di spep6lyiyDutyrap 4 iHe i ot enegl ¥.co

bi s(2-et hyl he_garb]rga%(e) %\asé%ﬁd%besgio?o%mﬁagﬂlﬁaa %rﬁ%p%‘{/ t"r?&r%?m‘péﬂ’hanum
hexabor i de.. Withsthe exceptien that@462igmnd of aG0grreegl disgerdienbNiatRnPiepaied 10

havi ng vi sual ,tr,ansm ssi.,qn Qf .7 ercent and . sol ar transni ssion of 5
per c egt ' E}%%elﬂyl%egI%fcol%ls(g-ethy?hegcanoate) was added to the resin along with the

ﬁ - lanthanum hexaboride. A sheet was pressed and a clear glass laminate prepared

C

" 10  having visual transmission of 78 percent and solar transmission of 52 percent.
Example 4

',3 A polyvinyl butyral sheet was prepared as in Example 3. This sheet was laminated
15 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

e 20 A polyvinyl butyral composition was prepared in a2 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 aléng with the
lanthanum hexaboride. A sheet and laminate were prepared having- excellent IR
absorbing capacity.
25
Example 6

A polyvinyl butyral composition was prepared by mixing 5.-1 1 grams of 6.3% wt. |
of LaB6 dispersed in plasticizer triethylene glycol di-(2-ethylhexanoate) with an
30  additional 878.7 grams of triethylene glycol di-(2~ethyihek£noate)‘. This blend of
LaB§ and plasticzer was added to 2250 grams of polyvinyl butyral resin and




A polyvinyl butyral sheet was prepared as in Exanple 3. This sheet was
“lam nated 15 between two sheets of heat absorbing glass (so Cl@' I%bsgreen
glass). This lamnate had visual transm ssion of 71 % and s 7y~ )
transm ssion of -3 8% Exanple 5 20 A polyvihyl butyral conposition was
~prepared in a manner sinilar to Exanple 1, with the exception that 2 .
grans of a 20 percent dispersion of a 50:50 nixture, of indiumtin oxide
and antinony tin oxide was added to tht¥resin al ong with the | anthanum
hexabori de. A sheet and | am nate were prepared having excellent IR --
absorbing capacity. 25 - - Exanple 6 A polyvinyl butyral conposition was
prepar ed bye¥iudediptesheet ysing a 125dhclo@somder. ThefshestB6nwlired @ (106wt La

pl asti ci zer Brirﬁt 'hﬁeneﬁ%‘ col di -(Z:t-ﬁtgﬁ/l hexanoate) with an 30 additional
878.7 grai n8oof A4} SHTYPEITES PPy Bt Uith pRETAPRIIF REOPRFCRS f LaBfi s bl end of .
LaB6 and- pl ggtd : i : PToE:T:8N | yreal resin and
6 May. ~005 ﬁiggﬁiﬁﬁgaﬁi?%?doédgﬁ@pﬂlm ng 5’%"%%%%%\%)%{?% ef? . The sheet
cont ai ned 00-013%,M.02%20.0B%%, Aic).a3téovtpLaldbeihpody vieyl butyedl shebt! [Reagley opri at e
proporti ns%fof. .$1a86 (gi S‘Fer si,on in g_ln_ast i cizer. and additional plasticizer, -
to make Torddhiiblsapd selagiranspissiongl lanmates uging tess shasts reswwo. LaB6 i n

pol yvi nyl Lokt BF 2. i W R LR nd sol ar .trangm ssion of

| am nat es Bbsli ng t%gglglﬁ tstwggt% %Ht)g]t%smsgael_‘%tlft\g\%ﬁélg#iﬁ@?%@s?.‘?l%ﬁef‘ﬁg&“ﬁI ear

gl ass are |dakuktedasinpiSOs905 ak hewss ). ssi on results were cal cul ated using
| SO 9050, air mass 1). LaB6_ Weight % Visible Transmittance Sol ar

Transmttance 10 0 89 70

LaB6 Weight % Visible Transmittance Solar Transmittance ( ‘
10 0 89 70
0.01 , - 79 52
0.015 72 44
0.02 | 67 | 38
| 0.025 ' 62 32
15 0.03 ; 57 28

Example 7
[

20 .A_,polyvig‘){;i abn;yr&_tlfﬁomasi-ﬁeﬂ;was;prepared by mixing 5.11 grams of 6.3% wi,
of LaB6 dispersed:in plasticizer tricthylene glycol di-(2-ethylhexanoate) with 2147
grams.of a 30% wt. disp.ers_ioh of indium tin oxide in triethylene glycol .
di-(2-ethylhexanoate) and an additionai 863.7 grams of triethylene g’lycblr -
di-(2-ethylhexanoate). This blend was added to 2250 grams of polyvinyl butyral
25  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 laxilinatcs using these sheets between two pieces of 2.3 mm thick
clear glass were 77%(visible transmittance) and 44% (solar transmittance; solar
_ _transmission res_u_lfs were calculated using ISO 9050, air mass). . -
30




0.01 79 52 0,015 72 44 0.02 67 38 0.025. 62 32 15 0.03 57 28 Exanple 7
20 A pol yvinyl butyral conposition~was; prepared by m xi ng 5'§%W§U5HB% of
6.30/6 wt. of L4B dispersed in plasticizer triethylene glyc

" di - (2-et hyl hexarnoate) with 21.47 grans of a 39% wt. dispersion of indium

7% vl oL D esnAITahiS BANRRY ifthic bR A NS IR I B R Bl B o)

tin oxide in triethylene glycol di-(2-ethylbexanoate) and an additi onal

863.7 grains of triethylene glycol di-f -et hyl bexanoate). This bl end was
added to 2250 grams of polyvinyl butyral® 25 resin and extruded into sheet
using a 1.25 inch extruder. The sheet contained 0.01%w. LaB6 plus 0.2%

indiumtin oxi,de. The average visible and solar transm ssion of |amnates
usi ng these ?H&éi’%“%’@f‘w&{@g&@ciﬁ% this inyergion wilk be abivious kethosg| ass were -

transm ssion results were c usi ng
-- - ---- --followingglai@B805 Other variations and nodifications of this

invention will be obvious to those skilled in this art. This invention is

not to be limted as except set for in the following clainms. 6 May 2005
-12 IN THE CLAIMS: | A polyvinyl butyral conposition conprising polyvinyl
butyral resin and, :

. f"h\
. i
H




di spersed in said polyvinyl butyral, an infrared absorbing effective anmount
of Q [I|anthanum hexaboride or (ii) a mxture of |anthanum h bo e and
at |east one of indiumtin oxide and antinony tin oxide. 2. %§V|nyl
butyral conpositipn according to claim1, conprising a nixture of

| ant hanum hexabori de and indium tin oxidej23. The pol yvinyl butyzal
conposition according to claiml1, conprising a mxture of |anthanum
hexaboride and aptimyAiNg, oxide. 4. The polyvinyl butynd conposition
according to claim1, conprising a., mxture of |anthanum hexabori de,
indiumtin oxide and antinmony tin oxide dispersed in said polyvinyl

butyral. 5. A ﬁfl yVi nyI butyral sheet containing an infrared absorbing
ef fective amou OIW@@BWmBn&ngPDJ)Ymeﬂrbu@mleemﬁ and,

Li?;gagf?pgféggﬁ N sal d popbﬁy}b%%ragmﬁmﬁ tﬂl’lgg% ooy antlirs)ny t

butyral sheet dasthsmlimBerabotid@br (i} a nHRMRE bﬁhﬂﬁaﬁlﬂh&éﬂoﬁdﬁfan%
hexabori de and ,indium tin oxide. 7- The polyvinyl butYra eet accor i ng
to claimb5, coﬂ%@l@ltﬂbo@ $rind antisasky tin eidhanum hexabori de and anti nony tin
oxi de. 8. The polyvinyl butyral sheet according to claim5, conprising a

m xture of | anthanum hexaboride, indium tin oxide and antinony tin oxide.
---------- 6 M2y 20Qge pd] lbnﬁy&h %r e s of
glass with a sheet di spo%gld there%ﬁ‘tﬁv\een conpri él a poﬁ@’\ﬂ%n gbutyral
resin cont ai ni Aixtare ofidnthanach hosbohdeanddhllinet tivexidepunt O (i) | ant hanum

hexaboride or (ii) a mxture

3. The polyvinyl butyral composition according to claim 1, comprising &
mixture of lanthanum hexaboride and antimony tin oxide.

4. The polyvinyl butyral composition according to claim 1, comptising a .
mixture of lanthanum hexaboride, indium tin oxide and antimony tin oxide
dispersed in said polyvinyl butyral.

5. A polyvinyl butyral sheet containing an infrared absorbing effective amount
- of (i) lanthanum hexaboride or (if)a mixture of lanthanum hexaberide and at least. -
one of indium tin oxide and antimony tin oxide dispersed in said polyvinyl butyral

sheet,

. 6. The polyvinyl butyral sheet according to claim 5, comprising a mixturs 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, indivm tin oxide and antimony tin oxide.




O | ant hanum hexaboride and at | east one of indiumtin oxide and anti nony
tin oxide dispersed in said sheet, 10. The glass | am nate agw to

claim9, wherein said polyvinyl butyral resin conprises |an
11. The glass |lam nate according to claim

hexaboride and indium tin oxide.
resin cqgprises | ant hanum hexabori de and

9, wherein said polyvinyl butyral
12. The glass lam nate according to claim9, wherein

anti nony tin oxide.

said polyvinyl butyral resin conprises |anthanum hexaboride, indiumtin
-oxi de and. antingny tin ihde, ,13. The glass |lannate agccaording to claim?9,
wherei n at | east’ oneAcﬁlggé%W%comQR?@?gmfsﬁ@tﬁg pss WiLh? shest&isPAsig gl ass.
14. The gl ass | geichaeen e6@bHsAD M ofjk.ﬁ; gg,rm C 'E&Fﬁhid st one of said
two sheets of glass is sol gr reflg)ctiorﬁgl ss.&rfg- e dglass | am nate

accordi ng to cli@fiared abegrbing effeqtivd amamt 0fi@) déntkaiuch hexabordeemt(ii) afnighess i s
low e glass. of lanthanum hexaboride and at least one of indium tin oxide and antimony tin

oxide dispersed in said sheet.

10.  The glass laminate according to claim 9, wherein said polyvinyl butyral

resin comprises lanthanum hexaboride and indium tin oxide.

1. The glass laminate according to claim 9, wherein said polyvinyl butyral
resin comprises lanthanum hexaboride and antimony tin oxide.

12.  The glass laminate according to claim 9, wherein said polyvinyl butyral
resin comptises lanthanum hexaboride, indium tin oxide and antimony tin oxide.

13.  The glass laminate according to claim 9, wherein at Ieast one of said two

sheets of glass is heat absorbing glass.

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

sheets of glass is solar reflection glass.

15.  Theglass laminate according to claim 9, wherein at least cihe of said two

sheets of glass is low e glass.
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