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'(54) Title: INFRARED (IR) ABSORBING POLYVINYL BUTYRAL COMPOSITION, SHEET THEREOF AND LAMINATE
CONTAINING THE SAME e

(57) Abstract: A polyviny] butyral composition is disclosed which is comprised of polyvinyl butyral resin containing an IR ab-
sorbing effective amount of lanthanum hexaboride or a mixture of lanthanum hexaboride and at least one of tin oxide and antimony
tin-oxide, Also disclosed are a sheet of the IR absorbing polyvinyl butyral and a glass laminate having the IR absorbing polyvinyl
butyral sheet disposed between two sheets of glass.
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Pol yvi nyl butyral.(PVB) resin sheet is used in light-transmtting |am nates
containing one or nore rigid layers, such as glass, for appl gGa/ such
as autonotive and architectural glazings, show cases, and protective gl ass
for 6 May 2005 -2 pictures, docunents and the |ike. The PVB sheet absorbs
energy and prevents disintegration when, for "anple, the head of a vehicle
occupant strikes the rigid layer of a |lamnated w ndow after a sudden stop
or a foreign object is propelled against the outside of the lamnate. 5
3 azings, including | am nated glazings, tend to transmt heat energy. This
can be particularly problematic in a confined area, such a vehicle
passenger conpartnment or office, because of potential overheating of the -
confined area. Thus many techni ques have been developed in an attenpt to
.control heat transm ssion through 10 glazings. A conventional heat '
shi el ding transparent conposite may conprise a very thin |ayer of
reflective netal such as aluminumor silver which is deposited on a
transparent substrate by vacuum deposition or sputtering techniques, 'lbis
15 technique is limted on vehicle and -Bui | di ng Wi ndows because the film
t hi ckness nust be extrenely thin. In addition, netallic |layers may al so
suffer fromcorrosion problens. It is known that nanoparticles of various
i nor gani ¢ oxi des, can be di spersed wi tITDE 20 a resin binder to form
coatings that reflect particular wavel ength bands of infrared and
aUowhJgh4evels of transm ssion of visible light. In particular, US.

| 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




Patent No. 5-,$07;511 discloses that antinony doped tin oxide (ATO has a.
very Jlowtransmssion to infrared |ight having wavel ength eﬁ ed#*bg 1400
run. U S. Patent No.. 5,518,810 describes coatings containi g‘ﬁ%ﬁ; oped

i ndium oxide (1TO 25 particles that substantially block infraredilight

havi ng wavel engt h above 1000 run, and that the crystal structure of "I TO
can be nodified to block Iight having _wavel engths of down to 700-900nm
U.S. Patent No. 5,830, 568 describes 22Fani nat ed glass with an interlayer
film3 0-containing functional ultra-fine particles that provide heat .

i nsul ation, .ultraviolet- ray absorption or maintenance of sufficient radio
“transm t t afe@uresiocynents packthe like. The PVB sheet absorbs energy and prevents. 6 May 2005

-3 interlaygr filmis,polyvinyl . butyral, ar ethyl ene-vinyl acetate

copol yner. %ﬂggé%gmpg ’iféac’ﬁﬂﬁprleaﬁ}elylﬁ"@d Bg?t"FIE‘Pés“cF\’Rﬂ"&%k%@"P Ml tin oxide
and i ndi umjdyeRoPxXiadfnatedRirtohCaRs ' . i ar ed .
bl ocki ng coa}ft'i ng congz(i)tg(?tain?r? 5 m?éﬁ%%ﬁskﬁfns %W%@&%Pﬁﬁg&gnd net al :
hexabor i de agdgst thesoutsiBe of thadamiifide. or | TO bl ocks t he hi gher wavel engt hs of
infrared light and the netal hexaboride particles block the | ower

wavel engths of light. The coating may be applied to polyneric film
substrates €ini | r [ wever ., of enpl oyi ng
net al hexat()}(%ri g’ glgﬁlg alﬁrggféke@féé%ﬁrﬁéte Pg%g'?émglﬁh?ag ger%%r?ﬁ% _Ft ion, 10
- parti cul ar pgrtitwarly peobdematic ih atcenfiredeired; 8eeH a Véhicle phefigdr aBpatBent SUMVARY
OF THE I NVENTL.ON This invention is directed to a polyvinyl butyral

conposi ti offf rHeeaUsE op PotoRtial piverheating of thengondined arego Thus mang an | R

+ absor bi-ng Fcfcﬁj_’ﬁﬁﬁés‘iﬁv@@%@ev&%pémtﬂaa%mpt to control heat transmission through

-

~
o

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




—-hexabof--de--Pref-erabl-y—-t-he--pol-yvi-nyl---butyral - resi-n-eont-ai-ns--an--+R-abserbi-ng----
effevtive anount of a m xture of |anthanum hexabori de and at IB%?S# %ne of
indium tin oxide and antinony.tin oxide. The |anthanum hexg % 9%2nd any
indiumtin oxides and/or antinony tin oxide nmaybe present as fine

particles, i.e. having a particle 20 size that wll not interfere with.the
vi sual transm ssion through a sheet comgri sed of such an IR absorbing
pol yvinyl butyq. liis invention is also directed to a sheet formed fromthe

pol yvinyl butyral conposition of this invention as well as a glass
| am nat e conprerdayer Glin tsipelslindtbatyrd br ethylghasmyhasititg chpyrfieqheof this

I nvention di spos t.her epet ween. The sheet forned from the pol yvinyl
butyral co npsgqlltlﬁqgﬁﬁd f@'ﬁ?%??rﬂaéwgaﬂe Ry tinsexidaandindhwetin axider bi ng
“glass to forma lam nate with optimum sol ar absorbi ng properties. The

.glass lamnate of this invention is particularly efficient at reducing IR
“transni ssi onERiA-h8A856d dipclode thonseadf ah brifraeéd bloblERAg oMUY cohipfBtion 30 6 May
2005 3a .g\cco dhggl% é‘ll{—fé aspect of the present invention provides a
pol yvi nyl _bu‘f“{ﬂp nt ‘8ﬁ§8 i ﬁf@'&?»ﬁnmeﬁ?éhwwnyucmwl The ATO and,

di spersed i nogFothledds e I3¥her Wiy } | nfrar ed sor bi ff.ective
anmount of (i) | anthanum hgi)lgabor%‘lggétgsréﬂgﬁrérgéiﬁgﬁjf@e&egjﬂ%%&ﬁjm

hexabor i de articles Hleckshe veer ofavélatithsofUight, Rk a8Rg ni’d}tﬂe@BﬂYedttbn oxi de. A
t igvention provides a polyvinyl butyral sheet

second aspect 1of t h pr%ser_ C
containing 4R y‘?‘?ﬁ'ﬁ&ﬁ?’e‘& StErdes olibsey 1809 diselpsuse arduggestidn, howevenwfhanum
hexabori de Qrfdvin ' s 0f aboride at | egst one of
indiumtin oxip(ﬁjeyI I agnlgetgln%%&tﬁsﬁ %@%@%ﬁpg&@ni%ag ' PRy |
(but yral ldhegarticularly for use as an interlayer sheet in a glass laminate.

SUMMARY OF THE INVENTION

This invention is directed to a polyvinyl butyral composition comprising polyvinyi
15 butyral resin containing an IR absorbing effective amount of lanthanum
~hexaboride. Preferably the polyvinyl butyral resin contains an IR absorbing
effective amount of a mixture of lanthanum hexaboride and at feast one of indium
| 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




A third aspect of the present invention provides a glass |amnate

conprising two sheets of glass with a sheet disposed therebeéxe g
~conprised of a polyvinyl butyral resin containing an infrar& bi ng

effective anount of (i) |anthanum hexaboride or (ii) a mxture of

| ant hanum hexabori de and at | east one of indiumtin oxide and antinony tin
oxi de di spersed in said sheet. 6 May 2005 -4 BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure | is a transm ssion spectra indicating the effect of LaB6
on clear glass |aninates having a poPinyl butyral interlayer containing
0.45% antinony tin 5 oxide. Mre specifically, the line | abeled "LaB6" is

th;a tlransﬂxmsrslmly sqoermsig wg]c{erft of toé aﬁr@s%;ﬁﬂfmg;@m@tnh@ywm}saapgbl_y,vhﬂy?ﬂ@k%] yral
lnteril a anlm)n I N OXI e; e i ne
| abel edy%kﬁsﬁg@ gorg&{ ‘1{ 'ét¥f Fpsihand. ispersse i said elyvinyBubddlcaavi ng
ahpol yvi infiardsliebsabing ndef&mgeejalmwﬁntoal(r)l |agxh9mfi~5%exaaémc@% (i) & rAiuELe; 011: and

t he |ne a nsm sSI on sectrumo a

| ani nat e %ggﬁhg&a x%@?rﬁff\f; ?—Rﬂdat@%ﬁf@?’é? Oﬁsﬂé'ﬁmlt@fl‘%ﬂrﬁ’i MK En Eé.'é@ and no

antinony tin oxide. Figure 2 is a transm ssion spectra indicating the
effect of LaB6 on clear glass 15 | am nates having a pol yvinyl butyral

i nterl ayer _cont.ai ni 2% i ndi.umitin oxi,de, icall the |lines
| Bbel od” g AsBed b e ars g S lastrSheS s el SRERS steE oty B o

gl ass | anpfrmg@ga?lae:ﬂnggeﬁeqméyamo;w dﬁqt)yleg{hit}lmheﬂééé@yjagdet batii) agﬁ/iam igvel y
contal n (i 0,1 ndi um t 1 de 0 .an I 0 iumtin
oxi de anﬁa%“%m@hfé%w?h%”q éeﬁsat?&ﬁe%f '"Rmﬁgeomfes aﬁﬁeaf%'mﬁgrﬂ"sgw f 20
spect r umdispersedlimsasid palyvingitbityralsheet. a pol yvi nyl butyral interlayer
containing 0.2%

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.




indiumtin oxide; and the line | abeled "No IR additives" is the . .
" transni ssion spectrumof a |anminate having a pol yvinyl butyré&](| i&iﬁrl ayer
contai ning no LaB6 and no indiumtin oxide. 25 DETAILED DESCRI'#F OF THE
| NVENTI ON The pol yvinyl butyral resin of this invention will contain an IR
absorbi ng eMctive anmpunt of | ant hanum hexaboride either alone or T )
preferably in conbination with at |east one of indiumtin oxide and doped
tin oxide. If the |anthanum hexaboride*rs 30 used al one as an | R absor bi ng

agent then generally it will be present in the polyvinyl butyral resin in
an anount of about 0.005%to about 0. 1% preferably 6 May 2005 about
0.01% to about 0.05% HRIBFIBESGRETHOMNOY Hils DRAWINGSt o about 0. 04%
percent by wei ght of the conposition. Wen | ant hanum hexaboride is used in
conbination with at | east one of indium tin 5 oxide or antinony tin oxide

astheIRq:l?%ﬁ £ transh@ i ARRer de s jcally be
present int eég%@t\ﬂ nyl Ebtl)(?}it]@)fg‘?ﬂrnggaﬁﬂ%n an g{n%unt-éé\}d ggﬁgly%‘?ésg' 00 1 %to |
about 0. 1 laminptesheviaph polyvinyt bty 0 ifferlayepbuntdinihg@545% antimomstin  pr ef er abl y:~
about 0.006%tol1vi§ou_t 0. 02% per cent @éWEI g"ht of the conmposition. 10 In a
preferréd OxislsdiMespscHifalli the fine inbeled “LaBe’ indks transmissieryweetrum ofaxt ur e

t her eof w . 1 n . LYy . ok kORI N ,an anount
of mbout - §roLoeARE Rlint B pheirRPhyittal et e GRS E s 3 5 " ana
nost pr ef eDashAy antinnniyttirDoxids; i adeclubeléd S% PaBEeRtthOMan¥Rhisidn Hec ‘
conposition, 15 Wen a mxture of indiumtin oxide and antinony tin oxide
is used, tREagesylaminatehaving poluinghbutyral interthyer eondaining®df%in” oxi de i s

gg_nsgal 'y gl?t%&n)g gn o:gige;ta%d%l?eolulﬁé la%e(iéc? L}'Jo fﬁ%d&ﬁi%se’ri? Rxle%a%ts)r?lystsmzo; 30 to abo(yt :
10 spectrum of a laminate having a polyvinyl butyral interlayér containing no LaB6 -

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




The pol yvinyl butyral resin conposition of this invention is used to nake
visually 20 transparent sheets of PBV and visually transpar §Mad/gé
| am nat es. contai ni ng such PVB sheet as an interlayer. Accordingly,

* | ant hanum hexabori de and any

S H E
the

indiumtin oxide and antinony tin oxide

present nust be fine particles which do not interfere with the visual
transm ssion through the sheet. Such particles include nanoparticles which
typically have a particle size |ess thaﬁ‘ZOO nm and nost 25 preferably in a
run to 100 run. Each of the | anthanum hexaboride, indiumtin

oxi de and anti non o_ti n oxide is preferably introduced into the PVB resin
by first fordPPwd-8l%tephaut P, and npyrpreferrbhnationt @05% toaboyt 0% pr ef er abl-y

a plasticiz Ry ﬁqll ossible to mx 30 the IR absorbing particles
“into PVB by%&c&bﬁ%}%&g@{ ve %)godﬁ%%fét?%‘on of those 6, May 2005 -6 particles::
to the reaction m xture of PVOH and butyral dehyde prior to formation of

the PVB. Wile PVB is the preferred resin used in the present invention it
" shoul d be 5 Whetolgntharum bexaboridaisruspdincombination ehithrad Jeabteonesef dndiomftior m

range of 5

i nterlay
CGeneral | ;e;,)r

stituted for_ PVB.
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70, 000, pr efvﬁﬂ@@ic}hll?tt@%eséﬁﬁn@@p&l?vin%’l?gﬁa}gﬁesiﬂ& ﬁ?ﬁﬁbﬁlﬁ%{t{gﬂoﬁi ze exclusion |
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scattering. a wei ght
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with the bal ance being acetal, preferably butyral dehyde acetal, but

In a preferred embodiment, indium tin oxide, antimony tin oxide or a mixture
thereof will be present in the polyvinyl butyral composition in an amount of about

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

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

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

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

riandpa_rticles which typically have a particle size less than 200 nm and most

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

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




I ncluding a mnor amount of acetal groups other than butyral, for exanple-
- 2-ethyl hexanal as disclosed in U S Pat. No. 5,137, 954. 156RXng= inis
produced by known aqueous or solvent acetalization processes = Pt ng PVCH
wi th butyral dehyde in the presence of acid gatalyst, followed by __ i )
neutralization of the catal yst, separation, stabilization and drying of the
~resin. It is commercially available from Solutia |Incorporated, St. Louis,
~Mb. as Butvar resin. 20 Preferably, ti+e-PVB resin used in the sheet of
this invention is plasticized PVB. Ililasticized PVB as sheet at a
non-critical thickness of about 0. 13 to 1.3 nmmis fornmed by mxing resin
and pl asti cpemieles teithgredction miytute of R¥DiaNE belyraldelydsBlior @tbimdligaget Ne m xed
formul ati on tq; gh a sheet die, i.e., forcing nolten, 25 plasticized PVB
t hrough a thlz tally long vertically narrow die opening substantially
conformng in size to the sheet being fornmed, or by casting nolten polyner -
i ssuing froman extrusion die onto a die roll in close proximty to the die
exit to i npWhileddsB istHe preférradeaesin asaldh i Sreichbidventtifit Shalgy g t he pol yrer . .
When the_ roll surface has m nute peaks and valleys, the side of the sheet
cont act i ig TEREEMZAd thatginegpplymess whigh meaydte used fcefoemgatedaystr shieets0af o M ng t 0
t he val ley GRS - 4 t ther sid n peprov ided by the
desi gn of ﬁﬁgggxtruggfgﬁgﬂgggﬁ%§§ggsﬁgﬁﬂg7 @5@%bﬁ§w§§“§W6ﬁﬁ?Vﬁ&ﬂﬂexanple,
in FIG 4 cﬂvetigSm&P@dlﬂarhﬁl%}ég?&ﬂerm.qu@%m abg,gqﬁ@,g?bl%s for producing

a rough surface on one or both sides of an extruding she I nvol ve
speci f yi ng 20000 measured bysirs exclusion ehwinatdpraghyl using 109 anpl) Iysee fight
scattering. On a weight basis PVB typically comprises 15 to 25%, preferably about (

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




: : : . It
| ecul ar wei ght distribution, water content and tenperature Qf the ne :

?ﬁese 5 techgiques are disclosed in U S. Pat. Nos. 2,904, 84 ,Méyé%gg,Slo,
3,994, 654; 4,575,540 and European Patent No. 0185, 863. Enbossl g s knoun

" downstream'of the extrusion die al so roughens the sheet -surface. ¢ n?t }
this roughness is tenporary to facilitate deairing during Ian1nat|n%-at fo
which the elevated tenperature and pregsure during bonding of the s FF
glass nelts it smooth. 10 Lamination to glass is according to generally
known procedures. Sheets of the present invention may optionally contain

iti ‘,,,15 ?&%95 e erformance such as dyes,
S?glrrteln;/gs &ﬁ%ﬂ?gi\%%?gﬁ[ib |’g§?’ut S %blqufl}lg(raé)%ﬁég{?%ﬁﬁ?é‘pé@jsgdI%EIrdﬂ‘loFmg:Irg: o
s . REos ) ‘
“WTh about 20 L0 80 AR more  Comony SerooRRAELof e el ' ! 7

hundred par t!8Vol¥s sneedying and eentrollingeane or pwnrerofithg fellpwiny.qrblyner esters of a
pol ybasi ¢ aGhfleQliardvd? t%fi@ﬁ?l%]dt% al cohol tSu t abl e pl asti ci zléars are
“triethylene g ycoﬁl e Ry PBuPgFLEyen ERY BEReratie ofthedes -Zﬁeﬁel iy
di-- ( 2- et Byl hechaign eﬁa'):,d(ijsfc{(l)bai f{ﬁxh,gppdt?gyggl’gggltg?lgp% g%g{(gg’@g%?;eg y)é' e
' te, di hexyl adipate, _ e __
013! ot AT B Pt s, g sy 1 pe .

' ' ' ' | asticizers such as the

o T o 1 o GRELRGH B o Bllehens (8 MRl e D oA Kt s deugbnensds ad pat oo such
di ' S : i.pat,es such as discl ose
T U S et oy S GlRle Youtine g i B e AR RS T ol by

al cohol s anifmsgEatere @nd presOrOdwiingimdingas thti shebon @thst Melts RsmoBat.- No-

5 - ' ‘such _‘as hexyl adipate are preferred
(o oot o8, Eambifiibh teRY &oclRhid & sencraly Rnown proogiurks

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 glycol
20  di-(2-ethylhexanoate), triethylene glycol diheptanoate, tetraethylene glycol
' diheptancate, dihexyl adipate, d_ioctyl.afi_i_‘pg_t_;:, hgcxy_l‘_ﬂcyclgl__}cgcylgdipqte, mixtures of
heptyl and nony! adipates, dusononyladipate, héptyiﬁbnyl a_élipate, dibutyl
sebacate, polymeric plasticizers such as the oil-modified éebagic alkyds, and
mixtures of phosphates and adipates éuch as disclbsed-in U.S. Pat. No. 3,841,890 _
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
p__lasticizers. —

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




30 The invention is also directed to a glass |am nate conprising two sheets.

of glass - Wth the inventive sheet disposed therebetween. Ad%i&%}gg@l{ | ayers
may also be ---- ------- 6 May 2005 disposed between the t g _53 of

the glass so long as the desired optical properties of the Lanj.nate are

~mai ntai ned. The gl ass sheets may be of any type of glass. Particularly _
preferred is the use of at | east one sheet of glass that is heat absorbing
gl ass, solar reflection glass, low e gfass or the like. 5 This invention
will be better understood fromthe foll owi ng Exanpl es. However, one __
skilled in the art will. readily appreciate that the specific nmethods and
results  didisnoseihetuean thetved sheetslofishe glasswse langlasthe Hegliedaptien is inpli ed.

Al parts and percgntages, are by weight unl ess otherw se specified. 10
Exanpl e | %r%er@ ioﬁ%elﬁﬁfwcaqm?ﬁ‘ﬁﬁ@? 'i%%%@ﬁﬂﬂ&eﬁwm@fw grains,
of triethylfpep Wi tz | s f.a 2.2 .
percent di )sé er si ﬁ@ﬂ?&ﬁg&@ﬁeﬁtlﬁg{ﬁlﬁﬁéﬁgﬁgﬁ ?&gﬂr%g%ﬁ?%it@qﬁssgﬁaﬁ t ol uene and
t hen conbi gpsmgbingiglassisplanrefleviiarglass, hvaerglasd omthk Jiké.nyl butyral resin. The
resul ti RY conposition was blended in a Brabender m xer and pressed to form
a 30 mI" thick sheet. The sheet was then |am nated between two simlarly

i zed sh i i : - ed to f | am nat e.
sized s eet[ﬁlSQﬁVéh'thﬂRmE%@ﬁﬁné%ﬂdé}@ﬁaﬁé \#ofn ﬁ‘@i‘oll&ﬁ%g xag;@?eﬁo ?‘f"%%rn Cand &

The resulting larmi nate bad a visual transm ssion
sol ar tranen¢ sdllehindhe & wilkreadily appreciataithat thd spetifie nfetholls ARG N9 no
| ant hanum hexabof i de hi d'?‘ vi si bl e transm ssion of 87 percent and a sol ar
1scussed are merely illustrative and no limitation is implied. All parts and
~ percentages are by weight 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




transm ssion of 74percent. These results s how that addition of |anthanum
hexabori de substantially reduces solar transm ssion while naiqhai | g
transm-ssion at a high level. 25 Exanple 2 A pol yvinyl al
conposition was prepared in a manner simlar to Exanple 1, wth the
exception that 1.56 grans of a 20 percent dispersion of antinony tin-oxide
30 in triethyl eneglycol bis(2-6thyl hexanoate) was added to the resin along-
with the 6 May 2005 -9 | ant hanum hexab8ri de. A sheet was pressed and a

| am nate nade with clear glass having visual transm ssion of 70 percent
and sol ar traginission of 44 percent. Exanple 3 5 A polyvinyl butyral

vi sual

conposition

aphe hexabaride; A sheehwas prsissediand atlamiBaenmade with cleartdlasshe

ti t 0. | NS, Of 30 t . di I, f indi ti |
oxiae in UTYEARe GRS g oo RR] FR Dok b e of hBce [he resin

-oxi de'

along with the [|anthanum hexaboride. A sheet was pressed and a cl ear gl ass
| am nate prepared 10 having visual transm ssion of 78 percent and sol ar
*transm ssion of 52 percent. Exanpl eExamplepdl yvi nyl butyral sheet was

pr.epar ed
of heat

b

S in Exanple 3. This sheet was |lamnated 15 between two sheets
sorbing glass (so called green glass). This |lamnate had visual

transni ssi oA pblyviky Pyl @ﬁhﬁfsithh%@rﬁa%}%%%ﬁm@%inﬁéﬁ%fméple 1, .

- 10

15

20

with the exception that _0.462 grams of a 30 percent dispersion of indium tin oxide -
in triethyleneglycol bis(2-ethythexanoate) was added to the resin along with the
lanthanum hexaboride. A sheet was pressed and a clear glass laminate prepared

having visual transmission of 78 percent and solar transmission of 52 percent.
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

25

30

lanthanum hexaboride. A sheet and laminate were prepared having- excellent IR

absorbing capacity.
Example 6

A polyvinyl butyral composition was prepared by mixing 5.-1 1 grams of 6.3% wt. |
of LaBé6 disperéed in plasticizer triethylene glycol di-(2-ethylhexanoate) with an
additional 878.7 grams of triethyleqe glycol di-(2~ethyihek£noate)‘. This blend of
LaB§ and plasticzer was added to 2250 grams of polyvinyl butyral resin and




20 A polyvinyl butyral conposition was prepared in a manner simlar to -

- Exanple 1, with the exception that 2 grans of a 20 percent 6&)@&%@ on of
a 50:50 mxture, of indiumtin oxide and antinony tin oxide - ed to

the resin along with the |anthanum.hexaboride. A sheet and | am.nate were

~ prepared having excellent IR absorbing capacity. 25 - Exanple 6 A .

pol yvi nyl butyral conposition was prepared by mxing 5.11 grain s of 63%

wt. of LaB6 dispersed in plasticizer® 19+ et hyl ene gl ycol

di - (2- et hyl hexanoate) with an 30 additional 878.7 grains of triethylene

gl ycol di-(2-ethyl hexanoate). This blend of LaB6 and plasticzer was added

to 2250 gr a¢sruged pie sheehysinga dy25dhch extiuderm ritheGhiétcontahi@d 0.01%9wexlta uded i nto

sheet usi ngBS\ %ﬂéS i nch extruder. ,The sheet .contained 0.01%w. La B6. The

same procedtre  WaPRREGCRT WS Bisiopith apRIopvde sropeatens of LeBBG  di spersion |

I n plasticidgsgge i 1ol £ : .I at icons of

0. 0150 0, 0o SaHek R B b iz Ao B o B et

Results 5 of-014%, B02%620625%) &d 0.03%swi baB®m milyVinyliugireshest Reshliese sheets

bet ween éwo ‘pi.@(ﬁzes of 2.3 mm thio?( clear glass are |listed bel ow (sol ar :

transm s3i off WH¥E AP sofar ansmission of laminates weing tose gwts betweendwo 1) . LaB6

Vei ght_% Vi édk 8¢ 753 Thick AGP o120 26 iHEABABU SR CanshOscFord el weke O 79 52
calculated using ISO 9050, air mass 1). |

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




0.02 67 38 0.025. 62 32 15 0.03 57 28 Exanple 7 20 A polyvinyl butyral
conposi ti-on~was; prepared by mxing 5.11 gram; of 6.30/6 w i{] Lﬁ%
di spersed in plasticizer triethylene glycol - (2-ethyl hexan§ aéﬁ

©21.47 granms:of da 39% wt. dispersion of indi umt| n oxide in triethyl ene

gl ycol di-(2-ethyl bexanoate) and an additional 863.7 grains of trlethylene
glycol di-(2-ethyl bexanoate). This blppf was added to 2250 grans of

pol yvi nyl butyral 25 resin and extruded it nto sheet using a 1.25 inch
extruder. The sheet contained 0.01%w. LaB6 plus 0.2% indiumtin oxide.

The aver age P&Ible and | ar t[ansn155|on of | am nates using these sheets
bet ween two ? 55@35’9“? madificptiong of thizivertiaisy illferabvionsiq thoss bl e :

_transm ttancsilieyig tﬂ,gl%tg'plgls g@sﬁﬁ%%{ {oqggclﬁ%% alxs%&ceptt 83?31!{}'1 sshon results

were cal cul ated using SO 9050, alr nass). 30 -=-== ---- 6 My
2005 O her fwﬂﬂwalgoimmsand nodi fications of this invention will be obvi ous

. to those skilled in this art. This invention is not to be linited as except
set for inthe following clains. 6 May 2005 -12 IN THE CLAIMS: | A

pol yvi nyl 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
effective anou W&ﬁ@ﬂrﬁowlél@@ﬁp@en&ngpblbyvmyﬂrbu@mleemﬁ and,

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

butyral sheet demtbsithiniBexabofid@br (i) a neiRihié bﬁhﬂﬁaﬁlﬁh&ﬂfoﬁdﬁfan%
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 | ant hanum hexaboride, indium tin oxide and antinony tin oxide.

---------- 6 May_200%e pdfvind1 bityill 88ifipd AT RobrHY B AIhT) doliprifiGes o ©f

glass with a sheet disposed
7 mixture of lanthanum hexaboride and indium tin oxide.

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.




t her ebet ween conprised of a polyvinyl butyral resin containing an infrared
absorbing effective anount O (i) | anthanum hexaboride or (||) a mxture

O | ant hanum hexaboride and at |east one of indiumtin oxideSaff%¥ i mony
tin oxide dispersed in said sheet, 10. The glass |am nate according to
claim9, wherein said polyvinyl butyral cregi_n conprises |anthanum
hexaboride and indium tin oxide. 11. The glass |am nate according to claim

9, wherein said polyvinyl butyral resin conprises | anthanum hexabori de and
9, wherein

-antinmony tin oxgde. The al ass | am nat CCO to claim
sai d polyvinyl but yrél 25| "& r?‘BerPg’é‘ﬁWgﬁ ﬂgﬁlh%%i‘gb?ﬁlwé tdiSpRRPtim ¢ i n

oxi de and anti npieiebktwteR $bk nsedjo'fa ‘B[nggh Iﬁ?llﬁﬁi?%dl ng to claim9,
9 i stmPass I's hea sor bi ng gl ass.

wherein at |east one of said two sheets o
infpredtab S@bm&ﬁen@vq amandpfifip ,lamhmmm hemboﬂ@em‘t(u})ﬂ enipfursai d

14. The gl ass |
two sheets of Lef | | O I 15 Th ss, | am pate
according to cl iI%ié?nwg?’@i ngﬁaqd:agi %sm@ oty t ass s

low e glass.  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.

Bocu IR IR VL 4 g adaaat

"14.  The glass lammaie accordmg to claun 9, Wherem at Ieast one of sa1d two

sheets of glass is solar reflection glass.

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

sheets of glass is low e glass,




