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SI NGLE PANE GLAZI NG LAM NATES FI ELD [01] The present
di scl osure relates generally to single pane glazing
wo 2008083686 and a met hod of form ng the sanme. BACKGROUMBS131
[02] The need for energy efficient windows and gl azi ng
systens i s known. The choice of a particular type of
wi ndow depends of a number of factors i ncl udi ng WV,
visible and opdinedE PANE &Mm{ and
climatic condltlons [n coo omnate i mat es,
FI@IHISZI ng unit having | ow sol ar heat gain coeffl ci ent
| ow i nsul ating properties may be adequate while in
heati ng dom nated climates a noderate sol ar heat gain
Thél Ip?é@gntvﬂlwﬂ'ost&irégféldt&sé’én@fia'll?go @fn%@#%fn'e &Fa A £ laﬁﬁﬁﬂ&dand[ PBkthod of
I'n residences and conmercial b dings located in
forppesthalsameeas tenpered gl ass is needed to withstand
hi gh wi nd and nechani cal stresses. In many such
I ion state and |l ocal laws require the use of
Bﬁ@ﬁ@h@i@ﬁ% ass that offer increased nechani cal
performance agai nst ballistic and hi gh pressure
n .
Tl RO ¥ A ARttt Rl ol FEALE Sy Bk MAIRE0 Pl ghoice of o
paitiealiar sjzpeea@wmedw\d dgpemls dfoa pnm%eld ef :faft@’s ymdndhng UV, visible and
tection. Low em ssivity (Lowe) at i.ng .
opfif Peré?mfﬁnae,taﬁs gffcs;anl chipagic é‘«ﬁ%¢1é9nsanla cgpling daidmapd climates, a
glazﬂglﬂtﬂtt i RAH Blaiiftial %alnl-&‘é‘f‘ffclé’ﬂt RAQUSw 3H &1L geﬁbﬁér{lé’s may be
S I'n heating domnated climates. Two types
add¢quateewlniéeaini hagsn@ﬂlomtnatdéyalmma}w xmiodwrate bathieaggain along with high
referred,t "hard coats" are applied
lnSB[i)’PP%B“{pﬁ’é“eﬁﬁFﬁﬂege?‘ﬁre of glass while sputtered Lowe

coatings are applied in a vacuum process, comonly

In FRfRERDnHosfncrsiaf buitdd@isSlocatéd Ineéoaﬁﬂaﬁarghﬁﬁéﬁlpl@fe@t @adsSs needed
manuf act ured. The hard Low e coatings are nore durable

to mdistrRs) hish windread meshanivHi sepsps.pin manv sugli Isgavens, state and local
lav&ape'ﬁlfuﬁgttﬂé gPF TJ}elaﬁﬁ) datteadr: gﬁatssc‘ tfl%{p&? {(eﬁ%ﬁgﬁfe?lﬁan%a \ia%fforrnance

ver oys an easily attac
agdhdrasipliveic | mdeighpndssurs lietpaatS as seen with small missiles and hurricanes.

Puncture and tear resistant films are applied to non heat strengthened glass to provide

safety and protection.

Low emissivity (Low-¢) coatings reflect mid to far infrared energy and are used in
insulated glazing units. Low-¢ windows are especially useful in heating dominated
climates. Two types of Low-¢ coatings exist. Pyrolytic Low-e¢ coatings, commonly
referred to as “hard coats” are applied during the manufacture of glass while sputtered
Low-¢ coatings are applied in a vacuum process, commonly referred to as “soft coats”,
after the glass plate is manufactured. The hard Low-e coatings are more durable and may
be stored indefinitely prior to window manufacture. The soft coats typically comprise
silver or silver alloys and are easily attacked by the atmospheric elements such as
moisture, salt and water. Furthermore, during the construction of the window, a practice

known as “edge deletion” is performed to reduce the coating edge from such attacks.
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noi sture, salt and water. Furthernore, during the
construction of the window, a practice known as "edge
wa@l2008v3ws0 is performed to reduce the coating BPCUOESINTORS131
such attacks. BRI EF SUMVARY [ 05] The present disclosure
rel ates to single pane solar control glazing | am nates
and nethods of formng the sane. In particular, the
BRAEES ¢l osure is directed to a single pane solar
cont?ﬂ%kg}a2|ng | am nate that includes a first glazing
substrate and a first lamnation layer that is
Thdipsgosedsdosutdreeldtey ot sigllaphmgsatathontral glazifig 3anioawds and methods
Iazln substrate |s di sposed on a second | am nati
? SW%}Ft {1} a%fés;u wﬂw@f«@e@t 8&%@19%%&8 firqgtad to a single pane solar
t?d‘l'g?é"z‘i Grfibdt &8 id RO @l SibshR dnld"aSfirst lamination 1
COIF am natlliggn 1ayer “and aeseconaé?%ﬁ?natslﬁon a{nayerrS gmination layer
thapyy dibpsed oh 0w firstglating gubssrathi shosedd ghzary wbsterte is dlsposed on a

R S P Lo B raminrc

bethRBR AR tHr@! BmidYiBh lhyerindPP38HnaShMBRMoh NBydFUl Al ﬂﬁbﬂ%ﬁc Low-¢
polymeric infrared light reflecting filmand one “of

codting igldasponesl e bgtqumr@@rfafeoeﬂ thenfiist fid/et sesahd gilaringt subatrate. In

sorfy, S FaFRRR I AFH0% Plsiaoi ot Sl BivaPls §page between the

mudtilh P éﬁ)ﬁl’rﬁéﬁ‘ceinfr@rea %@ﬁﬂ&ﬂ@&tﬂ@sﬁlﬁﬂﬁﬁf( dnRlof thaMhAflg Substrates.
secon i nner surface and a second outer surface, and a

yrolytic Low e coating di sposed. on the second oute

In g lf}rﬁaf‘é@mdgﬁ%ptaa Fmte arg elazig Yk ickuden o fipteglagsi sghqztrate having a
firdt qlfuie‘? GLiFRQ dgnhlar%ﬂsﬁgﬂt efhcbel %S@H %lgﬁ Jubktflte hMﬁ% a sec[ond inner
su a I ngle

rrace an he second | nnér sur ormn
sutﬁmeanglmcmgi amnertsurfaCd Jand o pyndytieboerbadting Kitspo&d on the second

met h cturl a si ngl ne gl azi n|t
Outcf, élllr rg{m ugt {AYfT é)o eg‘lcc lﬁF grseg | f%g‘rlnég ﬁgg nglted between
thd ﬁlﬁtslhnéﬂ'kﬂ?fﬁcegé{fdftﬁg §ec@ﬁ&i ifhef §urBloe %Fﬁﬁlg%‘-&ﬁﬁﬁﬁane glazing unit.
providing a second gl ass substrate having a second
i nner surface and a second outer surface, and a o
In pwtbtly@mbod._mﬂme acoethpt 9f danpastdingre singlespane rdezing erit includes
pr0V1 1n§(r:§fc}rs| Iggeh? nkgfat[e gv1ng]CI b%%ltlbg ersu%%g%ner Iacﬁ{st outer surface,

I'ng ween ner

prévidih@cesbad s sabantk haniag S wdoad enndruiiabg add H BgbRd outer
pane gl azing unit. BRI EF DESCRI PTI ON OF THE DRAW NGS
sur[ff@s] alf e | IVRIHES éw%ﬁycqa@na&@%%mnem yeaoRd epweio sy face, and

larfn atﬁ%ﬁ'rﬁiﬁﬁ #EIO gol ];nehg qnirgtleh qvgh@ geﬁie%hﬁ |fﬁ91 g&%éﬂ E’ﬁé ARt inner

| ouUs e nts o nventlo I n connectl on
suI\f\ade fandl k&> second inner surface, forming a single pane glazing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the

accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view of an illustrative solar control glazing laminate;

and
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acconpanyi ng drawings, in which: [09] FIG 1 is a

schematic cross-sectional view of an illustrative
w@0answent rol gl azi ng | am nate; and[10] FI G PCT/ESH07/088131
schemati c cross-sectional view of another illustrative

solar control glazing lamnate. [11] The figures are
not necessarily to scale. Like nunbers used in the
Fi6 ulfsea,ssd'hgfn% ic tc?osh-'sgﬁiocﬁgﬂpf%(l/egf ﬁ%otﬁg"\fﬁ\d% tivie LsoWr | donf61 glazing
understood that the use of a nunber to refer to a
langioatponent in a given figure is not intended to limt
t he conponent in another figure |abeled with the sane

n er. DETAILED DESCRI PTI ON.[12] In the follow n .
T SRR T GR PFEPETER e L s TR SRS ARG refer to lke
co@lR&vunms HRakved, Of WiB RAGAINE6EP that aRE us® ofhi &limBEEto refer to a

shown by way of illustration several specific
comppnrsut ikt siven fighee isondeinipnded s diort thvagorppdnent in another figure
labggg%kﬂﬁgg?mgﬁg?ﬁgptenpl ated and may be nade w thout

eparting fromthée scope or spirit of the present
invention. The foll ow ng detail ed description,

DHEhELEOPESCRIPT@INt O be taken in a liniting sense.
[13] Al scientific and technical terns used herein

have meani ngs comonly used in the art unless '
In geHeHowsg dpagitionedtferdine isefadaite therscpmpanydegidriaermegshat form a

o beghBard it whiBife YRATIPe ot Hediiof oo Rrflp SR cgbfments 1
is ®f bd BRIPHESEHat BIhSE bABYdithentsldt cbiteRPRtt NS Mha$ e made without
i ndi cated, all nunbers expressing feature sizes,

deparougtieom ghel seeRs ot spirpr obélra ipesseifs sxentiorn. hehe following detailed
S I fi ion.and.cl aj re:t1a.be understood as being
e R B MRS kR L bRt ot
Accordingly, unless indicated to the contrary, the
Alhstiattificadndpeclatied ecmssekd fherdih have tireniiigy egamogly used in the art
specjfication _and_attached clai ns are. approxi mations i
unkﬂﬁﬂa?th%tgﬂswsﬂﬁaé-pgﬁe drgnifigenprorded HEREREE i? @ﬁértﬁﬁeé@dmtaﬂdlﬂg
fé&%ﬁ%“é rin® u8&! RORRLAS deith dMOFE nSKIbhR o hithif M€ s8ide of th t
© ut i |zei ngutfde ?Lacﬁfnas d%sg{ﬁoged er e? nl. lf 15]S #?eo © presen
disclesureat i on of nunerical ranges by endpoi nts includes
all nunbers subsunmed within

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties used in the specification and claims are to be understood as being modified in
all instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained

by those skilled in the art utilizing the teachings disclosed herein.

The recitation of numerical ranges by endpoints includes all numbers subsumed within
that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within that

range.

192l (13
a

As used in this specification and the appended claims, the singular forms “a”, “an”, and

“the” encompass embodiments having plural referents, unless the content clearly dictates
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that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3,
3.80, 4, and 5) and any range within that range. [16]
WOA200808W80 n t hi s specification and the appendeRCTUSI00B(88131
the singular fornms "a", "an", and "the" enconpass
enbodi nents having plural referents, unless the
content clearly dictatesotherwise. As used in this
otll%ps%%é.f '&?t 59&] 11@”[ 1S %%c%@&ﬁﬁ%ﬂd (Hléa'apﬁ qd%@eclélﬁ{smth 'Eerrn “or” is
'S genera inits sense udi ng "an
genpnhles smlphla'eé Ontlsnl;ensd? earliidingli‘@ebdde’suidtssethai cmtengt :bYe]arly dictates
The tern1 "polyner" will be understood to include
copolynmers (e.g., polynmers fornmed using two
or nDre dlfferent nononers), oligoners and
The @R Ndl{a8s Wwieseiderdsod@! inclage pOlywiERy, %op&l?rtn@ﬁ;r@rgs ,polymers
or copolyners that can be forned in a m scible blend
forped] usTgetwoepimnosd digfcecny aaromgrazoligpmass and cebigations thereof, as
0 I t, .t l.azi
wel POl oot SR (i ARGt RE R bRAR
interlayers di sposed between the glazing |layers to
Thé merm asimgit ipdnatoglating hefersgbaz glagingnhdt .if fokfijed Tifiias least two glazing
di scl osure reI%Les to si.ngle pane sol ar contro
laygisathahgre ainiee oasHyT et RER OBt MO8 Mt YCHedishoned Befveen the
gleRflolib el @ forh NR0RE GRADKNM Ackigsukie 15 di rected to a
gl'e pane solar control glazing | am nate that
includes a first glazing substrate and a first
Thisadis¢lastire nrella@y ép sihgle piage dbkpoesadoloplazing lhinimatesgimlz methods of
fo@ﬂt@%%&g § g}% i Sea%%cn qgg g}e prg?eﬁu ﬂfs%toglsla}rtgﬁs IS’%F@%T@ qugesglg?enpaane solar
conthdl rgdd 26k lahGidite il hﬁa{‘ddeﬁl@ firkt ghdisg batira@taad abfseaiination layer
the first lam nation [ayer and a second | am nation

that gydipposed piy ths st glazipgsebstigtet | A geqosd dlazwswlisterie drdisposed on a
secgﬁgze{nrngl?tre .nalﬁgerggAnehﬁgtn‘Eir%% nﬁq{cqﬁfrgr%ﬁ?ggt @Q@%dnggf%lm is laminated
betaksnrthd Migstnamopdiohilaye dndye rsecoslddhaslmled 1bgirwegnpytrbigtic Low-¢

mul til ayer polyneric infrar reflecting film
cosiihg Brasnored e a@wﬁr@ré ﬁ’é’t %%t s g R
SOﬂlQ%ﬁl‘BB&%n{S af) Hifra ?&i Ih%ﬂpabﬁgbm Ma Fﬁ]‘?&% f‘a.tyleloﬁ d?%)osed between the

varil ous aspects (0] I nvent e galn
mlﬂﬂnlamrgpplymdns Onlﬁ‘SHGd)I’ilg]ﬂﬁ I’Gﬂﬁ:thﬁgaﬁm asd pcnmvoﬂeld: gkalzim\g/ substrates.
is a sche tICCF ss-secti.on of
W%ﬁenﬁwgqra%fpﬁ Jvamiqn RotPt Spnami A RREFEATON 0 Y?gwtm %%PGGFS of the
mdeﬁmrn@znebelgﬁnémw%ﬁ% dschibdisd ofoth@ gk 11 SHRBYIRY BelbHhO

and a second gl azing

ot

FIG. 1 is a schematic cross-section of a single pane glazing unit 100. The single pane
glazing unit or laminate 100 includes a first glazing substrate 110 and a second glazing
substrate 120. The first glazing substrate 110 includes an inner surface 111 and an outer
surface 112. The second glazing substrate 120 includes an inner surface 121 and an outer
surface 122. In this, first and second are arbitrary and are not intended to indicate upper or

lower, inside or outside or any other particular possible orientation or configuration.

A first lamination layer 130 is disposed adjacent to the first glazing substrate 110 inner
surface 111 and a second lamination layer 140 is disposed adjacent to the second glazing

substrate 120 inner surface 121. A multilayer polymeric infrared light reflecting film 150

-4 -
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substrate 120. The first gl azing substrate 110
i ncludes an inner surface 111 and an outer surface
WA 108/08%80 second gl azi ng substrate 120 i ncl udeRCHES2007/088131
i nner surface 121 and an outer surface 122. In this,
first and second are arbitrary and are not intended to
i ndi cate upper or |ower, inside or outside or any
is ﬂisﬁfgedp@é't%b&wf t | W?hqa & £3Y ahd QB larmnatlon lager 140. A
conf i guration Irst lamnation |ayer
pyrﬂilﬁmdscezd-eadpta@lﬁﬂ 15 dispbedfonrts¢ sagbad outgr sufast 1212 e 110
i nner surface 111 and a second |lam nation layer 140 is

g 2898800k BSE a0 o f RSP BhEh A YRENERE 3% of any

makdr@that efibwekd Hdsirhte Md2QH 92015 O $zﬁﬂ1n@t%ﬂ\*ﬁ@ @ huktSdyer polymeric
| am nation |ayer 130 and second | am nation | ayer f

infyeregd, Hphtyreflectingwiilan d8&t il gnangoembpdinegsstad fust 1tlﬁlenat10n Tayer 130
an? ﬁl%%@goi@g&%{n&%?ﬁ la%lég %%(ﬁ (ganl l[ae‘rznf%ln‘[g-rclp grﬂlnll ré’aneltf%rggtteh&g that will be

farfn(hﬁﬂ&d tiafsc alitlcdrihethe adrt, tiheltidiak | potyvimg lﬁiﬂ&lﬁt (‘EH\GB Zb,l @olyurethane
and 120 to be |aninated to the mul til ayer poly

”PL}R ,ap%lavmy]gﬁlilopgq |;@gfv1% afcpqa]{np]_bb@thyllqpenﬁ}bylene Vlnyl acetates and
%nFéghr% E h? &l}lfo‘?l{ deam Hl%hfsogc l@yo)er Iirsg Iﬁ‘@%rﬁ%ﬁlments, the
secon am ef

tion layer can rom a
lanviaaticet Yayof 1srﬂﬂ‘érorab—sbehﬂnatumblb] B& Bf asmohe grrefeoed hosterial for the

skilled in a cl.udi ng, ol yvin ut yr al
g iAol P EE e FEPBLR ST b1yt mEH By fecxample, US.
4,0091y¥ a0y U. §C§t)@f OSp@aM@BhWh%eare @ﬁ%&@t@d‘b‘yrﬂference to the extent
acet at es and YN(r) resins (E . duPont de

thelyiedponrtsco&f1ico .v&)lt.h thﬂ pseymet d;mi@ﬂdurmehﬁ\/sor ¢tHhearh gniable lagnnation layer
| ayer. is WV or. e- crab PVBlsone r ef

ol iy SmmSr NGy Sl B R o Tl Gt R radenames

CN 3800 aidNg106 am&&h@k@esg @5 @il [BRkhHiBn 1£,2F wak AR upkdn She desired
4,041, 208 and U. S. 965, 057, each of which are

applwea@rp&ﬂaﬁeébb%%rom@(é?@ﬁeéo prguRthé Rt ent t hey do not
conflict with the present disclosure. UV or e-beam

, l.ami t
T B0 AR 5 By SRR bt i

thet imdﬂiahmhe&n@h&h&%xmept%ﬁhﬁé pyfﬂhﬁict howlenaasngfl60 iedeposited onto

Iamntlonl yer on the sire )
thea%?ﬁ??‘ﬁﬁ‘t‘%ﬁ“ atllgnaﬁll haefe & HH tigndaygt, rﬁ?yog?lélsmﬂ%?fi along the

ﬁrs[thﬂzﬂ_ Sutktrag! A Opa‘Fﬁe g 2& hAPIBAL e AR [‘[@Ht Relecting film 150
formed by assenbling and then am nating the

majyrigi plaagd ah comagponignths fextdepinatipmiaych &3y Flod sacord lapwaagion layer

14§ 955 SOARY %o EROTih Fhe B L@@}e?%g oy g&%ﬁgk@ﬁ fe8ng film

158 &agtht 8cond glazing substrate 120 may be dlsposed in contact with the second

lamination layer 140.

The single pane glazing laminate 100 may be configured to be substantially clear in
appearance, having a haze value of less than 5 or even a haze value of less than 2. In some
cases, the single pane glazing laminate 100 may be configured to be transparent or at least
substantially transparent to visible light, having a visible light transmission of greater than
50 percent, or 70 percent, or greater than 72 percent. The single pane glazing laminate

100 may be configured to have a solar heat gain coefficient of less than 0.6 and a U-value

-5-
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first glazing substrate 110. The nultilayer polyneric
infrared light reflecting film 150 may be placed in
W@ ovBagIeswmi th the first |am nation | ayer 130. A¢EUS2007/088131
second | am nation | ayer 140 may be placed in contact
with the nmultilayer polyneric infrared |ight
reflecting film 150, and the second gl azing substrate
of +&Q 1Ry Obie (vale?mefé)r'(fé 99]“‘&%%6% LR Ltelé]%réﬁg ed in the example
'am nation [ayer 140 e si ng pane gl azi ng
sedtiambalatve 100 may be confl gured to be substantially
cl ear i n appearance, having a haze value of |ess than

r. eve a haze va s than 2. | h sonme.case .
Fich, s 5 Pl Sy ot OF andthd o0 afinu PeRmGir TG Ty single
patOglegng maﬂ%@@drﬁtﬁﬁtemoahclh@s@set fist bREiaBtsuBthaye 210 ?descrlbed above)
transparent to visible |ight, haV|ng a visible |ight
e

and @ayespnds slaging ofubgfrase 220 (ﬂ%’ﬁﬁb@b alp;ete nithe st glzing substrate 210
1nc‘l)tf({eg G tlnn[e? rsur@a{c% Qtli (?88 Eﬁy%u%e% s{gr?n iga egllgeseg'%llaﬁgmgépu[%strate 220

mdheata agallnﬁetcﬁﬁ'fafcb Q24 nztndoin be®s stifase 2226 amdhig, fiksvahdeefond are
less than 0.7, Methods for deterntnlng t hese val ues

arbifrary ged &g PelinteRdethdo EydiFAly BPRSS ilBWehdnsidg o oupidgiogany other
roifs RoSRIE GGk B2 S SCI R, oh ARELATGRAIMLS PR o
abcb\&mmaliseoéﬁalOadjmhudemeaﬁfsit redazing auistrgtesit®s trmat eurZd@ 211 and a

descri bed l.azi n ubstrate 220
soRLaren Bpovid) (el FEev) i 9 Rre T aRberHS treond glasing
suﬁs%te%iﬁsmﬁ’é? sluﬁa@er 28UT A 308t Rk Renéi Ri8dd | fr@}te%tmg film 250

12. The second gl azi ng subStrate 220 inclu an
is dmpesedsbmtva@e ﬁmllaamatlan loyrre?3G and ac@anzlzmmlmatlomhlasz@r 240. A
rst. and se re arbitrary and e not
pyﬁoﬂ%t oy u‘b gﬁﬁ BEPOSGdny X}’ee FO% PE‘FH é“réarce% Ahinfrared
light F36rbvad hzhr@ph@fclep]@§v§ﬂ Ploeis tidRRéBbét@BePthe second inner surface 221
configuration. A first lamnation |ayer 230 (described

andatiwe)ﬂtﬂa;/ea palysweid intprae dight tesleetig film Qﬁﬂgwawzmt@red light source
d
275 R R Gt S B S e 208, ) s sposec

adj acent to the second gl azi ng substrate 220 i nner

Ths yinfghcpan2 2laziy halibatt 29@ lrnaqydieyfaiembd: bi mfgeatbéidg land hien laminating
refle film250 is d| ween firs . :

thg emwﬁtat g#fmp PoRfFars Ssepihet & Vizkt §6HE 29%.18 gopgsited onto

the/SRIEPOYEF GurkRW292 C OBl Mgt l%ﬁgndtﬁ)nqhﬁ%@qné)}nbé BRposed along the
second outer surface 222. An infrared |ight” absorbing

first sgloppizg substretel H;ﬂer Tha dnulslagérspogmdrid atfweeh lightercflectorgfilm 250
maynbnerlacseg rnfl %gntac% with the first lamination layer 230. The second lamination layer

240 may be placed in contact with the multilayer polymeric infrared light reflecting film
250, and the second glazing substrate 220 may be disposed in contact with the second
lamination layer 240. The infrared light absorbing nanoparticle layer 270 can be coated or
disposed on either the second lamination layer 240 or the multilayer polymeric infrared

light reflecting film 250.

The infrared light absorbing nanoparticle layer 270 can include a polymeric binder layer
and infrared light absorbing nanoparticles disposed or dispersed within the polymeric

binder layer. In some instances, the polymeric binder layer may be separately formed and
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and the multilayer polyneric infrared |ight reflecting
film250. An infrared light source 275 is shown
wW@eososws0 t o the first glazing substrate 210. PRBYUSZ0hE088131
singl e pane glazing | am nate 200 may be forned by
assenbling and then | am nating the individual
conponents except that the pyrol ytic Lowe coating 260
S hl
o R P8 A FEINR, 1T et G fceting film
250.i ﬂstsonyb azsasgtlslm&ymmcebmdlér la¥éreis rmhttedloaycethepmhlylMEr polymeric

%6?{{ ﬁ%ﬁd ) %m(ghé ZS§t Ig%#ﬁg@%ﬁgqs% @ggy%grﬁglymerlc infrared

lightee ABEinlga T 230 A8y bANEjectdlioBibr&if: tPéaﬁﬁ&ﬁ ﬂe@ulﬁﬁ@ t2& thin surface
with the nmultil ayer poﬂynerlc infrared Iight

treptefenekayem gnfsome %8, thamaultihgespadpmerigindiaredglight beftacting film 250
i spesed in _con th t ecaond
mef 2 MRVo<th L5 BFRSe' rl e RinabLl s R TIB8r baayte per square
cetBRQRAITHiE bdohaitltmertthas dbcdHuBO 8 BEdraake theSPRG&Hsh Mthe laminate
either the second lamnation | ayer 240 or the .
laygisl surh Hipe hepolaprivate bypidoanos éellamgtmte fEigaRPFesging; ihpome cascs,
an ?létgesm[n%)?;%))mggcﬁn %:I{ Iﬁ%gg% Léag{g rrer £l Lﬁillfralge n;gﬁ%ﬁé 1nﬁ]g1eed reflecting
ﬁlmrpfrlbatceebaltmg i fraabd @hssbrlngg nmuppﬂrcﬂe keyeas Adhsmsgtd)nmtlon layers are
i sperse MAth n th polynerlc bi nder |ayer. In sone
“@ﬂﬁ§93ﬁé%g““?H%1ﬁBW¢ itc” bi nder | ayer may be
separately formed andt hen subsequently di sposed al ong
ThE lﬁ%st rg%{ztﬂg RYEEatd ehd/m%rsb@oﬂdrgwﬁﬁ ﬁlb'sirﬂetmafye(fé i%%éd‘gf any suitable
In sonme cases, the polyneric bi'nder layer is
glazmgt mteolat o Inhsnry lutstdnagse rth@ @llapmeg isebstrafes amad bei gphacted from a

tin tan .the nmultil ayer )
o T W<t a1 e G SRR oBRTE g FrtistOE Vil gY Theluding
vissI®]light €th §dIné@ c4:RE,0Ma gldzaat §BBirated &Ry Bl Rikctdd ﬂoﬁlhhaenals that
surface treatnent layer. |n some cases, the mul til ayer

trapsniy sehstantiphameyree of Tightt witkin|tee visthle spackums Olnpgynepiastances, the
firgt kébfﬁé%ﬁibstn?ite aﬁ]d/&r el G4 %Pa%mt r Sﬁ)tsﬁ%tm%; egcl{ %3 eSel%Eted from

per square ce cOoro
malidriadd soht as@Sssbqemzf gupythitep ahd clicelise Th@adidhias llmmf:s the first
the lam nate | ayers such t hat thes% | am nate | ayers do
A

glazing sybttepts gk the trrond glagmgculyiatiare PAthsB?s: cases, an

adhesi on pronotion |ayer may be coated on the

In Fd {y Lay&dimRelsy BRY Fifst | %ﬁzﬁﬁ’g gabduald esd 'an&ct)ﬁd MR OEubsRate are
coafing 1 nfrared absorbi ng nanoparticle |ayer.

foragded nltﬂmsapteanmmairanﬂ agees thersempedimilkn onwubistantibigysgmilar physical,
optlci:(all | olr s%lar Q:o%t?oel propertles For example, the first glazing substrate and a second
glazing substrate can both be formed of either clear glass or green tint glass. In some
embodiments, the first glazing substrate and a second glazing substrate are formed of the
different material and posses the different physical, optical, or solar control properties.
For example, the first glazing substrate can be formed of clear glass and a second glazing

substrate can both be formed of green tint glass.

The first glazing substrate and the second glazing substrate may be either planar or non-
planar. Planar glazing substrates may be used if, for example, the solar control glazing

laminate is intended as a window glazing unit. Vehicular uses such as automotive
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[31]

[32]

[33]

[28] The first glazing substrate and the second

gl azi ng substrate may be forned of any suitable
w@lr@shsgsimat eri al . I n sonme instances, the gl azPeyUus2007/088131

substrates may be selected froma nmaterial that

possesses desirable optical properties at particul ar

wavel engths including visible light. In sone cases,

W2

B R ol RSr THUNE 6] SELRL B L BFRBER AT i
substraiekl df sipsiodd; wml depersiomge on rtb¢ amtceded dsaeoff the ssblagl cantrolgglazing

substrate and/or th con a2|n st.rate each
oS (e it Kot MEwRTS PO a0 sy g ip e 25 include
addiﬁ@ﬂ@ﬂ lcb@podhts JulR al Hike; sclrd%clp%rsfstaﬁ%(ﬁfungﬁ h@fkSske. t he
first glazing substrate and the second gl azi ng

substrate are both glass. [29] In many enbodi nents,
The peralitically epniier dgvealsenting eandnelude swissios ich b tig oxide or doped

n YRR (3 Ca Bl QIR oSS (RASLEA 10N IBRPRER These

lar, or su ar phys
Loopt icoatingsofmmol @rthe anvilok ¢ff gheinii esits. Fdlfheexlﬁm&ireﬁl. “§dfie coats,”
first glazing substrate and a second gIaZ|ng substrate
descaed ghayepwrefpeneelffisplt & famer.c |Télsrpyg1 HiSLOW-Cfioaings qhihe other

rst
halgi be Eﬁllgqgﬁg&gg ggdlj] g%grl aZI Med o 0&&13%?%9¥ surfac g of a single

trate gSU strat orne
paItethIdiOW ehenp umat eSpatterahd.opes sealutgh eadtfler eswtl in a smgle pane

sicC opti cal r solar contr ropertie For
aoiitfior Qu¢ B repnegiia SHEo gt G idh i Dy mtigred Low-e
coéﬂn%@'ha@ RS%r aRtksAit et sk Qoﬁéﬂﬁﬁieﬁ%&n eRspRAE AR glass

formed of green tint glass. [30] The first glazing

hagulsstar df oabied They eacaelne bgl dezigngd dulpsevide ecryalpwbeolar heat gain.

P 5B B3 RO PR L 5L B, R vt o

U-Vand ﬁlﬁilﬁgh&rsbﬂ&ﬁéﬁi%@mﬂs a window glazing unit.
Vehi cul ar uses such as autonDtlvemnndshleIds si de

wi.ndows and rear. wi ndows may suggest the use of
AsrfByeupica ribpv g ez iipgle §a%ghaamééammﬁted@%1p¢w figgh fpmination layer and

a sg? i %gﬂ 1t R ltas}gr ' ﬂL?&?g %nﬂ)%g n?gntst foesﬁqgﬁ{naﬁf}ﬁ]tlﬁ%}s are at least

am na st gl azi Nng substrate

paﬂnlaﬂy Seamndof)palxivingl Hutysilr aEechmafy these lpoeimd diutyirainklyers may be
onents such as tlnf scrat ch- {e3|stant coatin

forgkg YiA eMOMReaqycRYy ORIV Rsed jacelplizAigp Jrpesss ! By #h polyvinyl

alc@R@t sNQaGaN Wil by el Y 8L iRl PRGBr@Sof b 07 d @athSrst In some
doped tin oxide (é.g., "fluorine doped tin oxide) and

instrancsp ¢her mlwmghbutmraééayetsamdy cdds” or Bhfswmed dvene polyvinyl butyral
thaioatolngﬁeer 1a gl??\{l?a@j)e So?utlaelncorpgra‘?e%ll ofst Elmtlfg Mg under the trade
name BUTVAR® resin.

In some instances, the polyvinyl butyral layers may be produced by mixing resin and
(optionally) plasticizer and extruding the mixed formulation through a sheet die. If a
plasticizer is included, the polyvinyl butyral resin may include about 20 to 80 or perhaps
about 25 to 60 parts of plasticizer per hundred parts of resin. Examples of suitable
plasticizers include esters of a polybasic acid or a polyhydric alcohol. Suitable plasticizers
are tricthylene glycol bis(2-ethylbutyrate), triethylene glycol di-(2-ethylhexanoate),
tricthylene glycol diheptanoate, tetracthylene glycol diheptanoate, dihexyl adipate, dioctyl
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[34]

[35]

descri bed above, are nore difficult to tenper. The

pyrolytic Low e coatings on the other hand can be
we@2a®Blogsesenper ed and may be applied on an out ePCHUS20TIERS131

surface of a single pane w ndow gl azing unit.

Sputtered Low e coatings cannot be used in a single

pane application due to issues related to

[ t [ u egly; €4

D Lo Bl A P e SR P LA bRYS Seiisononyl
adipatas heptginedylf rdipatehdibsiput sebacatm giodyngliapkhstiaves | sovkeras the oil-

gl it DR o PR O COREE TG B By fiosed in

U.Sand ,N@rsegzuqm@mﬁﬂ adipeicR 5N AliR1J%ed 8l Bl Phewl 4984 217,
U-val ue and hi gher solar heat gain. [32] As discussed

above, the single pane gla2|ng | am nate includes a
In fmanst embeilimantsonthe aypektilaied nelwaetth dnﬁraamﬁi nlaght otgfleetingr film is a

o Ba0 TSP PR SRR SHEFS Bl s o
sorhh dight Bakfivétey ht Medriaced bétayed deﬁ&)ilt lteeyctsor MRel laye® deacufficiently

guequs or sol vent-based acetaljzatiaon process in

thlmoczwabéqg% .r?@qct%il gloAgturegty, @fdhe dntgifeges blmdyr%ﬂea ERyfBIctive or

deéﬂnuc{lb@ iREESE {)rd@f‘ t@%i\%' the Gt E@Fﬁés&esnw‘ réﬂ’&'ﬁVf or transmissive
I nst ances, t e po yvi nyF butyral [ayers may include or

prdpertfesr fed opticinfipok ylvsiiqud tb utffeca Ihghh:atulirawicletmmlde,alhday-mfrared,

avai | abl e from Sol utii a I ncorpor,ated, t .. Louis. MO, :

or e PHacPEle T BOTAREY RegomcaRtipFcso e & physica
thlblx’&r%‘éﬁﬁl%ﬁﬁ)he@l S PRAKNE MdexP BT Ys@thah 3%6#1S1 FRMoRBter. Thicker layers

produced by m xing resin and (optionally) plasticizer
camriwwextn, abhorly mhkded,xcadh fap skl layéronat ther @Ughsuaifasbﬁeef the film, or

Sticlzer uded
rietye bputsly A s isRted et B RS et SaBRAR pefsyens
about 25 to 60 parts of plasticizer per hundred parts
Thofreflegiva. arfdx aﬁﬁdrﬁ}@swé poticitadyl ef ﬂheﬁliﬁﬁdlt@lia?@r poliymetivd@frared light
esters_of a ybasic acid or a pol yhydric al cohol.
reflggiing il Blleaétﬁué?ttoélr ef dhe r@fchéltfﬁyn@ﬁ@@ gf Jeprespective layers (i.e.,

mi io?aél%r_ Z: E% Iﬂgié?rcgh%)e'chg{aétlgég%d eﬁrfgasg 11?/18941 zed positions in the film by

anoat e) yl'ene g yco
in-giahe pifecoad mdideehy, agt dngl m&agimﬁhemzmmmmWﬁh a thickness axis

i hexyl i pa di oct , hexyl . . :
of g}i’cﬁe laﬁeifﬁ?sgdpéfa?serepfﬁssz%ﬁ ik Bidgk ofitke st material for light
po@ﬁk&ﬁﬁf&ﬁg ey %%b%@}gl Rat § alﬂapi Y RoR%heARERAL €y practlce the

butyl Sebacat'e ymeri’c” plasticizers such as th

refmctlvmdmﬂlcess:l @eba@ntmllatikwswdmdusmmatcm%s sflcgphos pmhtmgcessmg
con({] tions adl 'Pﬁet rensultﬁg}(}er% pao? dér?ccln?rared flgrht reflecting film can be made by co-

extrusion of typically tens or hundreds of layers of two alternating polymers A, B,
followed by optionally passing the multilayer extrudate through one or more
multiplication dies, and then stretching or otherwise orienting the extrudate to form a final
film. The resulting film is composed of typically tens or hundreds of individual layers
whose thicknesses and refractive indices are tailored to provide one or more reflection
bands in desired region(s) of the spectrum, such as in the visible, near infrared, and/or
infrared. In order to achieve high reflectivities with a reasonable number of layers,

adjacent layers preferably exhibit a difference in refractive index for light polarized along



[36]

[37]

[38]

U.S. Pat. No. 3,841,890 and adi pates such as di scl osed
in US Pat. No. 4,144,6217. [34] In many enbodi nents,
w0 b@stsdesd | ayer pol yneric infrared Iight refl eR€T/H8§2007/088131
filmis a nultilayer optical film The |ayers have
different refractive index characteristics so that
sone Iight is reflected at interfaces between adjacent
en ng :
the, YL Bf a J0 DT G P hpinfep ke hiph AR RTH: a8 for two
oﬂhmysmkpcbnxakms‘memnhmamavﬂnﬂqmeraboenﬁbﬁhndﬁﬁﬂamenmrdhwnve
mth |red ref ec ive transm ss
indh e iefe nolofisd S0 dif St olyribfi Jh R egRbodmens, the
reftdc@dS ifex Lﬂlff&@ﬂéeo&a%t be Ws$ uﬁlneo 09820-tb Hré®lc8h mAltilayer stack that
i nfrared wavel engths, each |ayer generally has an
refb:pt& rgamatiy iiedeans Sighi oﬁone polphxagion state hild knaessgits normally incident
1 ﬁ? |pl%> m£¥ Fﬁr Ptl Z i ndex) of less than about 1
g PEYSEONTRY BN °P§ ¥s can, however, also be
|ncluded, such as skln | ayers at the outer surfaces of

If dRed, ithanefattia @tectiffieecnbo basaey adjayeit saydissiooHgltt polarized along
within the film that separ.at e packets of |ayer

theTraxisegqnealsp i Elaradr inephis \‘ﬁ%Slﬁlbk?péﬁ‘rﬂeP%‘é“Yoﬂ’rqmggeS “hr the p-
poﬁ}i%tidna% CpoBQﬂtyd}?Jb'h w9 efé&&&q h\gh@ Mo d}{ &bl 6F %%@%gftlbh,nét any point

are a t1on of racti ve indices o
of nﬂa&pﬂajnl a/multﬂglmr opfical dilm ttre txrathyék B9 corfsaleted tayc&ro_r'wated within

ct.er d | east cal.i zed 05|t in
they e gt s B SR aae Foepitudt &/ 25 it BeaTRRn. Hmce i magnitude

of TR, &t bY¥ €quld X JRZIeqS 3Gl AR hoM §latlr tﬂliunt} kﬂﬁ@%a@ﬁiu%le of Any.
of 't he f|In1 These indices represent the refractive

Fuithaieroraf the h@@ﬂb}l edft whishemiateriat dayck i tghbegoolveithi Zedbalculating the

.al on t ual or.t on -, y-. and,.z-axes, )
a8 Aoy Ak ivrBeeegdy i PAEoFy & Rirnsaivg o In other
WO@&H‘Ufeotlef@&l@ﬁnﬂ&ﬂdl@ﬂ@%@@ﬂ%@éétﬁﬂ% 9648 GbinGiRg af Ghterface are Anj =
processing conditions. The nultilayer polyneric

irif2y AMEER I T hy> ar @fdnd srhongythei lpyar dasigesionnde2 Bie chosen so that ny, >
CQ%xt gJ@n of typically tens or hundreds of |ayers of
errnating polynmers A B, followed by optionally
paSS|ng the nultilayer extrudate through one or nore
Tonmbhintapd hoht teBlnctikigset pupdlatibed lightr &t afligng angleptofiensitaee, the z-
orientin he extrudate to forma final film T
md@égmsmarfg* B4 BRTVECT Srposedt B cenflied)ipype aipstagially less than the
maRHRGth Sy e HIdMidualex! @vRfSc@sesidl @knasses @88An, More

refractive indices are tailored to provide one or nore
prafgbblyc tinpn<bdide\ni.n Alesia edneagicon fEgndhde hendspemismatgh yields
1nter¥aces abetwenen ageler\él vsvhgsleefeﬂre]gt?\glty IPoflrr 8—&)8 atized" qlg%{ is constant or near
constant as a function of incidence angle. Furthermore, the z-index mismatch An, can be
controlled to have the opposite polarity compared to the in-plane index difference Any, i.c.
An, < 0. This condition yields interfaces whose reflectivity for p-polarized light increases

with increasing angles of incidence, as is the case for s-polarized light.

Multilayer optical films have been described in, for example, US Patent 3,610,724
(Rogers); US Patent 3,711,176 (Alfrey, Jr. et al.), “Highly Reflective Thermoplastic
Optical Bodies For Infrared, Visible or Ultraviolet Light”; US Patent 4,446,305 (Rogers et
al.); US Patent 4,540,623 (Im et al.); US Patent 5,448,404 (Schrenk et al.); US Patent
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[39]

infrared. In order to achieve high reflectivities wth

a reasonabl e nunber of |ayers, adjacent |ayers
wpe@Beswmbl y exhibit a difference in refracti veP¢nus2007/088131

for light polarized al ongthe x-axis of at |east 0.05.

In sone enbodi nents, if the high reflectivity is

desired for two orthogonal polarizations, then the

| ¢ i bi ' [ «

S R Y R LS Ch BOTPEs Fpza ot S Clear 10
Cobfredafeduerg Film’0BS PatcwthEr], 230bOdetreert 8l.) tGdor Bhiftags Fm”; PCT

| ndex qiffer an pe | ess than 05 0or 0 to prod
pubfiiiie M Oy B BR80Tk LRt Bt IR Ryni b hnd €S Patcn
Publi@fibn 200 P0E2BL K 1 BavANetSH 3L €A Pachthd PAISakih g MIIERIyLY Optical
_incident light of an orthogonal polarization state. '
FilpgB)] all 6f wbishrasel incorporated haesiri Y réfartese. diif sushapadgmeric multilayer
be en adj acent l.ayers for |ight | arized.al ong, t he
or MG MR s AT w1 Liped on P B BEE Y 8Pk Baccup of
the’ Bldive@dal Mhyieys. PISQPIE filing Scah Me Edi@ppPR) AMithZtEph Gdlume manufacturing
conponent of obliquely incident |ight. For ease of

prasgyseasad msy, begnadgry lases shecwfanf gelbpeads. on a nul ti | ayer
optical filmthe x-axis will be considered to be

ThE rfh@fﬂﬁaﬁgr ‘ﬁ'o L dfict fﬁ?rafgdaﬂghtof‘eﬂ% I SHCHe hRed B? an%l useful
magni t e o X 1S a nmaxi mm ce, the nagnltude (0]
cobbhinatamobHdteatptialk pobynaer tyeslaydrhaim fboy emboddigreett arleast one of the

t han) the ni tude. of. Dnx. Furthernore, the selection
ol e i BT lglasfélpg% B GTIRNGI1 K PO SMER A fgone of the
alt%rﬁit%%cil?ﬁ@ﬁ&?@r e fiBent WOIH%Y[EQE& had af (?%eerr(ﬁﬁﬁiaﬁhg Polymer

at “be non-negative. In other words, t '
layeefsrisatapie inmexenthoflfreenertbe snubelnywrempticaldilnay épgned by alternating

formn n.interface are Dnj = ] n.2j | =
e qf 4 B P oty bine £ e PRlyay ket RET Sobgepotymer of
pol5BMRAc Sereph@blaiti FoPETP%nd.a ke®nd palymer %:.pe_[iaahdiﬁg poly(methy!
mai ntain high reflectivity of p-polarized Iight at
megiicndie) NYMES) of aj ¢l eof M@&zqt%demeﬁhﬁ@w%@@h(cgﬁMMA)- In
. rs. _can.. | tgal
o b PV, Freafolifef ROt Siicd By BB RS o formed by
altetnhtigy lanae oDnKirst puimek ngle il¥ladisg Qo EBylene Maeghthalate and a second
: near zer

referably, Dnz < 0.25 Dnx. A zero or 0
PO&‘H&‘ﬁitXHﬁ’déglEdinﬁc?e‘)PPH\{Y%toé oty metheenagesng stbasrylate). In
andtAAELRLIMNASE, IRI hERldy¥t b¥lyhiFic RaRRbRTiRE— ALY it is formed by

constant or near
alternating layers of a first polymer type including a glycolated polyethylene terephthalate

(PETG — a copolymer ethylene terephthalate and a second glycol moiety such as, for
example, cyclohexanedimethanol) or a copolymer of a glycolated polyethylene
terephthalate (coPETG) and second polymer type including polyethylene naphthalate
(PEN) or a copolymer of polyethylene naphthalate (coPEN). In another embodiment, the
multilayer polymeric infrared light reflecting film is formed by alternating layers of a first
polymer type including polyethylene naphthalate or a copolymer of polyethylene
naphthalate and a second polymer type including poly(methyl methacrylate) or a
copolymer of poly(methyl methacrylate). Useful combination of alternating polymer type

layers are disclosed in US 6,352,761, which is incorporated by reference herein.
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[40]

[41]

[42]

[43]

[44]

constant as a function of incidence angle.
Furthernore, the z-index m smatch Dnz can be
w@BlgicBed t o have the opposite polarity conpR€BEUS1007/088131
the in-plane index difference Dnx , i.e. Dnz < 0. This
condition yields interfaces whose reflectivity for
p- pol ari zed |ight increases with increasing angl es of
Asl IS nSrek iy GRRFG fory 185k £ lincl
DTy o SlEreh e AR 3 S A b Apuh can piSlinclude o
pob’mﬁpll&ndet)%mtveﬂt n3raédl0liglt absRbuer nppasBeleatdeptrsdd ferein. In
1,17 Al frey
i st ey eiricplfer el i el b gt muts-
fuﬂéltibﬁeﬁ\éb 88, utBM acrylWe, Hat&ieryatéA @%a&ﬁ@l@er s et
.); US Patent 4, 540 623 (Imet a US Pat ent
5 448 404 (Schrenk et al.); US Patent5 882,774 (Jonza
Polyestats, that' @stuitable For wee iIUSrmarg the Bolp@srigdindey dayes negy include

IFIECTATEE O St e Ly e
mornohlet Ofﬁblleﬂﬂemlﬁﬂlgmz%()l@mr kotdcurs. alEagh "daifoxgtaesl monomer

Interference Filter"; and US Patent Publication
mosyhe Bpo byl o1 Aore Néﬁ%ﬂxﬁ igacig) on est@rABblaF%&wr@&S Aekrasy elycol
mo%hfeir | AY18Lul scﬂyo lﬁﬁre’ h lhlong quVE'tH rguoq The carboxylate
I ncor porated hereln y r ef e enc suc ymeric
momohet heyeolesphdycal bé ithensymepal thorermapbe l:wmlos mare diffoeeht types of
antly or.exclusively in the nmak up f th o
mq‘f?f&f% &aﬁamgygplges eIy 5! FROTORS B e iRn B BCJydpdwithin the

terﬁh‘ g?oly@sjtémeargaﬁﬁly@a%dﬂa'téggdcﬂ{\%geﬁ%ﬁls thearigac@iﬁﬂ & ofRAE monomer
arge sheets and roll goods. [39] The multil ayer

mqb@ﬁui,asm'lth:estem olgagkbrii¢ ghd. reflecting fil mcan be forned
by any useful conbination of alternating polyner type

Sult &' Rar Powla@a Yot %J;r)rpe?a%leorl]éc%les 1nc|1§ St fSNE 9

er Ratr g pol YHer 1ayers 16 birefri n%reneixamﬁge 2,6-naphthalenc

dloafboﬁﬁli@dcl&dﬁdsl@(ﬁfﬁet@ nhads freatphthaiteadd; sbyshtiedlicelcid@tphigalic acid;
ymer |ayer i.s birefringent and orientated and the
azeé%lﬁewcbl rdpisatqithg S%Pynw | By@erneac | diearpgpyilic. aqigh bheyclooctane
t y | ]
o SFRTHCER Mo HoORARR aih! L SHAETRALS cou
isopbthylked mclldsnmmdh&@mmal &tcﬁumPE]ijomtedc oyophthake afd; 2,2'-biphenyl

dl%@wet hg‘ilg Egd IESI%%}%FEJISS‘T ﬁ&%ﬁl&e&?ﬁ%&ylﬂ@f ﬁaa]&ﬁ‘%ﬂf 8t S5anched> esters of

theQ?MYHQ sﬁéhe?srﬁ&ﬁﬂ' o TRyl 9§tex@0| y(nethyl methacryl ate)
MVA). I'n anot her "enbodi ment, the nultilayer

p ymerl c infrared light refl ectl ng filmis formed by
Suaalhl@rgimql ngohemer sroddcutesf inckide pshylers elygel propllgde rglycol; 1,4-

buflf c}{oelt hﬁ/(i ‘ri%srolrenegrse{hek‘)eotfh?|6"jhexaner2holang’oep(:e(l)lj[qy(ii glycol; polyethylene glycol;
diethylene glycol; tricyclodecanediol; 1,4-cyclohexanedimethanol and isomers thereof;
norbornanediol;  bicyclo-octanediol;  trimethylol  propane; pentaerythritol; 1,4-
benzenedimethanol and isomers thereof; bisphenol A; 1,8-dihydroxy biphenyl and isomers

thereof; and 1,3-bis (2-hydroxyethoxy)benzene.

A useful polyester is polyethylene terephthalate (PET). A PET having an inherent
viscosity of 0.74 dL/g is available from Eastman Chemical Company of Kingsport,
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[45]

[46]

[47]

[48]

pol ymer type including a copolyner of poly(mnethyl
nmet hacryl ate and ethyl acrylate). In another
wersdsssemt , the nultil ayer pol yneric infraredPCi/ghkro07/088131
reflecting filmis forned by alternating | ayers of a
first polymer type including a glycol ated pol yet hyl ene
terephthal ate (PETG - a copol yner ethyl ene
Teﬁﬁs?@%ht&%&ﬁﬁ%ﬁ%a@ng%ﬁq r&ltxz?sgbsﬁ?)éfed 8’5 HE 1§‘§ aif28le from E.
exanpl e, cyc exane anol) or "a copo of a
L. IiBono HatNethopol & €tohyihene t er epht hal at e (coPETG) and
second pol yner type including pol yet hyl ene naphthalate

Th%: Eﬁ%@?r qq%&egﬁ%%% g?l{ %lr(s)[% ggc?llf%et i,lt-ﬁng f‘ﬂrf}]I% ?(%rg@L segrnents Specific
exdpI¥OBICideitRdse r&shrdd BbI ff@tﬂa@ﬁﬁw FolfyhdeRizatsie E@Frm@@imbﬁomers or

alternating |layers of a first nmer type includin

ohg@mrétsng‘fh endessaibpd alad Pabr Na. ééééﬁ%@t coff 5, lines 35-68, and U.S.
Pat%ﬁ 11%8 tcﬁgéﬁ")’]ﬁ, l&?lp@ 1% élt % i é‘ﬁﬁ ngglcﬁglreylﬂgg 5%Pe%b reference
nc ng ’pol y P a copépyner of
her}@ﬁi yThepblymerie thivaker Ydyat eén albls eﬂdlhlldecaﬁmjla abﬂyﬂiﬁe @Ifld acrylate/epoxy
al ternating pol yne ers are disclosed i

| a
oGO 1S YIRS HoTGOE R BT Yoy dteaen BYo- GREFGhEdnd US. Patent No.
6 dﬁ%@@? Nk émare'%ﬁcdikoc‘&féﬁ $59RPA%E lhg‘f'e{nh respect to FIG 2,

e S|ng e pane I am na e can also include a polyneric
bi nder layer with infrared |ight absorbing
Tha @nb@rmrtd whéss layes peelsdad infrancdiradiation mlwn;biegrbaxdjpaEMS dispersed

oo AR R 42 e B S L0 BELNASH e may

incARRY Ay @steMhiathe! FRA¥MTARY QLGS inflAdd raﬁiﬂt%ﬁSt]@{aﬁlp‘l&%f suitable
are suitable for use in formng the polymneric binder

maltexipdy inglugle mnﬂk@edaﬁe&ublwg/ tiat entamenyg iyden andizins exdemand doped
oxfging %/ e?ﬂlsgg{é\?\ﬁ% I%jelsgcol m(;n 8>r<r{§1% n%%lPéa%[l1g8§ )Ilnc%ldee RN (6).4 nge antimony

oxidlay gyl atide,MBdiarEdopda tRcKlid:, hASmbi d§FcdrBdi@m tin oxide, antinomy
carboxylic acid or ester functi onal groups and each
tmgwxgﬂ@oﬁntmmp fromersidceorpixturgothsicofrp Fesomycagrahgdiments, the metal

oxidy %B})ﬁeﬂ@slsle? E&‘l‘tﬁi% antidon &%QQ&‘%@E}EG@% qu&rlufr’lilg!rllg SMURSITO). n

e sane or there
sorde fcﬁmsgeﬂte m)?qa&sl mﬁialtlioh ebsdbig ddmepsanies appl iretudecort bre made of
| ycol, nononer ules. Also included within the
la H?”ﬁ%ﬁ@%g?e? pol ycar bonat es derived fromthe

reaction of glycol nononer nolecules with esters of
Laf@hRARInex#olde i 4R criottivcaidag IRWRZ)&E%@MWW absorption band

nol ecul es include, for exanple napht hal ene
centered on 900 nm. The infrared radiation absorblng nanopartlcles can be sized such that
they do not materially impact the visible light transmission of the polymeric binder layer.
In some instances, the infrared radiation absorbing nanoparticles may have any useful size

such as, for example, 1 to 100, or 30 to 100, or 30 to 75 nanometers.

The single pane glazings described herein can be prepared by placing the lamination layers
layers between the glass substrate layers and placing the multilayer polymeric infrared
light reflecting film between the lamination layers, eliminating air from the engaging
surfaces, and then subjecting the assembly to clevated temperature and pressure in an

autoclave to fusion bond the structure into a single pane glazing unit that is an optically
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di carboxylic acid and isoners thereof; terephthalic

acid; isophthalic acid; phthalic acid; azelaic acid,
W@eloplgsedti d; sebaci ¢ aci d; norbornene di car boRg1/U82007/088131

aci d; bi-cycl ooctane di carboxylic acid;

1, 6-cycl ohexane di carboxylic acid and i somers thereof;

t-butyl isophthalic acid, trinmellitic acid, sodium

e ; : 2' - hi p n .

Clegliu(k:ar %ﬁ?yﬁ?gﬁgc |1{§ ga%]ﬂg%}eggdr?gr %%ﬁ%r elgf ‘;pa%a%éd ulseodv’vefror al Ky le, in a
dwellibgb® vEhinkear or branched) esters of these acids, such

as nethyl or ethyl esters. [43] Suitable glycol

nononer nol ecul es i nclude ethyl ene glycol; propyl ene

glycol; 1,4- butanediol and isoners thereof;

1, 6- hexanedi ol ; neopentyl glycol; polyethylene glycol;

di et hyl ene gl ycol; tricycl odecanedi ol ;

1, 4- cycl ohexanedi nmet hanol and i soners thereof;

nor bor nanedi ol ; bi cycl o-octanediol; trinmethylo

propane; pentaerythritol; 1,4- benzenedi nethanol and

i soners thereof; bisphenol A; 1,8-dihydroxy biphenyl

and isomers thereof; and 1,3 -bis

(2- hydr oxyet hoxy) benzene. [44] A useful polyester is

pol yet hyl ene terephthalate (PET). A PET having an

i nherent viscosity of 0.74 dL/g is available from

East nan Chem cal Conpany of Kingsport, Tennessee. A

useful PET having an inherent viscosity of 0.854 dL/g

is available fromE. |I . DuPont de Nenmoburs & Co., Inc.

[45] The polyneric binder |ayer can al so include

mul ti-functional acrylate segnents. Specific exanples

i nclude those prepared fromfree-radically

pol yneri zabl e acryl ate nononers or oligonmers such as

described in U. S. Pat. No. 5,252,694 at col. 5, lines

35-68, and U. S. Patent No. 6,887,917, col. 3, line 6 1

to col. 6, line 42, which are incorporated by

reference herein. The polyneric binder |ayer can also

i ncl ude curable acrylate and acryl ate/ epoxy materi al,

such as those described in U S. Patent No. 6,887,917

and U. S. Patent No. 6,949,297, which are incorporated

by reference herein. [46] The polyneric binder |ayer

i ncludes infrared radiation absorbi ng nanoparticles

di spersed through the polymneric binder |ayer. The

infrared radi ati on absorbi ng nanoparticles may include

any material that preferentially absorbs infrared

radi ati on. Exanpl es of suitable

-14 -



materials include netal oxides such as tin, antinony,
i ndi um and zi nc oxi des and doped oxides. In sone
W0 p®Basiees, the netal oxi de nanoparticl es i nclRCBEPS100T1088131
oxi de, antinony oxide, indium oxide, indiumdoped tin
oxi de, antinony doped indiumtin oxide, antinony tin
oxi de, antinony doped tin oxide or m xtures thereof.

EXAMPLER sonme embodi nents, the netal oxide nanoparticles

[49]

[50]

[S1]

[52]

[53]

[54]

[53]

I ncl ude antinony oxi de (ATO and/or indiumtin oxide
(ITO. In sonme cases, the infrared radiation absorbing
Thp dolbpang mptarlsmgre juses] indlec Brarhlesradreraindicatetthanum
hexaboride, or LaB6. [47] Lanthanum hexaboride is an
Cl\%%ﬁgcgle% t%lelr 11 mlnaﬁég‘glxaﬁ%% \a)lv?lﬁg %Rl t};la% gl hre%nc n%bSP {P tclor%Brlsmg 224

alt@hs@igblaRers RAPRIALA corIMYaas aescslbz@dl SJL$C617971396 tfoeyxdiiple, sce
not materially inpact the visible light transm ssion

ExgmpleRa- pol ymeri ¢ binder |ayer. In sone instances, the
infrared radi ati on absorbi ng nanoparticles may have

PR@Uy P‘f%s%%é’ lseﬁé Afulkitfsr #® ref{e‘a{ing ng ﬁll_lf; cBngegﬁaH}Q hvatfdble from

0 10 75 nanoneter e single ‘pane
31\@Campmgs descrl bed herein can be prepared by pl acing
the | am nati on layers |ayers between the glass

surRea Bl Py TP Rebiong PP (e fotgn oFkEe BT 4 ote rom

PPGAY8l@rics€PAM nating air from t he engagi ng surfaces,
and then subjecting the assenbly to el evated

rrEl erature and pressure in an autoclave to fusion
Cl% s$:h&may qr g ckear ghags ayadalg fienpBPfa Iedustiong uni t

that is an opticallyclear structure. The resulting

ey B e P o PR BRSSP HEF R e p SR le (fhicriayen

betwebe2i shbeis veh 88mselaflax RKe 1EXARpegyinylbetyealiavdilad¢ dm Solutia,
50 875: 2 I t I t I

St-flp@ Se%cﬁnﬂéﬁ?q Pl.r%l@s On%ﬂwgghzl%iaé@f OB § s%fe% d'and one

picRE oPElngnenCIVMMh aurggs c'cff' tﬁ@ @uh 149 00 1R4inpd8 16§ Lcoating was

_exanpl e, see Exanple 5). [5 0. Prestige series
citiripladed ypdrac¢tR to ¢tid E\iBIQIg)p@psl‘d:dw th¢ PNBc oRfelaiizdtéd)stack was then

L | abl e fg 3 2 t 500: ) )
neF it ATE Do o S AR ERCG gt et oif BHRRdY g eppdned e, The
larﬁiﬁﬁtfe@@ﬁébksaﬁ/@ﬂd tBé guth€18¥8d (autoclave available from Lorimer Corporation) in
the following cycle: ramp from 0 psig and 21°C (70°F) to 140 psig and 138°C (280°F) in
25 minutes, hold for 30 minutes, cool to 38°C (100°F) in 40 minutes using an external fan,

vent pressure to 0 psig.

Optical spectra were measured using a Lambda 19 spectrophotometer (Perkin Elmer,
Boston, MA). The spectra were imported into Optics5 and Window 5.2 programs
available from Lawrence Berkeley National Laboratories for analyzing thermal and optical
properties of glazing systems. Performance characteristics such as visible light
transmission (Tvis), solar heat gain coefficient (SHGC) and U-value, are determined using
the Window 5.2 program. The programs can be downloaded from

http://windows.Ibl.gov/software/. In all cases, the Sungate® 500 substrate is considered to
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[S6]

PPG I ndustries, PA [53] Cear glass: 2mmor 6nm cl ear
gl ass available from PPG I ndustries. [54] Severa
WO 20081083680 st acks were prepared by sandw chi ngPEI/UB10071/088131
sanple (Interlayer) between 2 sheets of 0.38mm Safl ex
RK 11 PVB (pol yvinyl butyral available from Sol uti a,
St. Louis M) , and then placing the sandwi ch between
b QR B ST T REe R REPCY 855 Raomiaadl fifd located on
theesxtwanr iohg stnagurei tlhe respltsotidesdnessertment darbehd®BindFable 1.
opposite to the PVB. The | am nated stack was then
heated in air to 900C for %O anutes, and then nip
rolled to remove entrai ned &¥1 The |aninated stacks

werfe diap ayt owlgate@dsopalit aatawer ayar]ablsuécom Loyivhme
Corn poi@dsson) (Bwtd@adifl | owi ng cycle: ranp from Btsk-8 F)
and (hid@€sf TO0Rbcdkion)140| psi g and 1380C| (2800F) in 25

m nut &smm holl dppsRite OB M NBY &9, PVEPO] 8O PSGe2( 1POOF) o bd
40 M nutes Wsing an external fan tvent lpressure to Q
psilg. B5] O9pRrehs P¥Pect FAL §ere mpadlr ed W¥ing a 0-06

LAMAdg kY SPEIIsRPR@B 0MERRI(( Per Ki nsil erg, 41B0sT 0N, ( 66
MA The spectra were imported into iicst and W ndow

5t 2 prloyt ans adivesnt BB e { COMTawr encé3 Ber Keltey| Nat | A4l
Latyor 3 or T ey o A AP Y21 B §75eT Tel gt FORtdea 56
properties f glazing systens. Petformance
characteristics such as visible light transm ssion
(Tvis), solar heat gain coefficient (SHGC) and
U-val ue, are determ ned using the Wndow 5.2 program
Thiy enmpodognarnsoiCthn I8 GIEPADEFIGHAZING LAMINATES are disclosed. One
Nttp://w ndo | bl . gov/software/. In all casesg, th
sl i e JTsutl enBistiale st <CTRRNER? siherofan it died are
en¥iliBnéd! U Bhd @kcIBednodHAEME Bre REENnTl FoChEREsc8 bBBfustrdtion and not
considered to be located on the exterior of a
lingtatigwtand ¢he Prhgent awantian isfintited Dolyntmatha ckmmesthat follows hown
in Table 1. Table 1 [56] Thus, enbodi nents of the
SI NGLE PANE GLAZI NG LAM NATES are di scl osed. One
skilled in the art will appreciate that enbodi ments
ot her than those disclosed are envisioned. The
di scl osed enbodi nents are presented for purposes of
illustration and not limtation, and the present
invention is limted only by the clains that
follow What is clained is:
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1. A single pane glazing unit conprising: a first
gl ass substrate having a first inner surface and a

wo poogsw8t er surface; a second gl ass substrat eP¢CEHUB20G7/688131
second i nner surface and a second outer surface, and a
pyrol ytic Low e coating di sposed on the second outer
surface; and a multilayer polyneric infrared |ight

wh£hd 85defgsfil m I am nated between the first inner
surface and the second inner surface, formng a single
pane glazing unit. 2. A single pane glazing unit

1. accdv diglg phee ghzingunit covhprigngi t he pyrol ytic Low e
coat i onprises .tin oxide or doped tin.oxide. 3. A
i nd I Se Sy HE e s AR BT RECS Wi RO 1P frer
CONPkb&NA IRt shiRasie vinglaSecdriThAdtisuficd Mer seb@ii daédrface,
between the first inner surface and the nultilayer
pol ymeanida myiplytie bawrs eftating dispesedionghe sqcand qutepsusfagey aand

e AURLS SR, BRPAPL L B
t he seandrGuifageindshie faord amdr surtacebimingyeinghopanerildAng unit.

infrared light reflecting film 5. A single pane
glazing unit according to claim1l1, further conprising

at e | : 1 ' | LS| A
2 Dt T2l Bund A8k AR DOk LA PRSI BOLRE LT
codting aouipris¢sayesxipobydaped ¢cmioxfdear ed | i ght refl ecting
filmand a second |am nation |ayer conprising
pol yvi nyl butyral |am nated between the second inner

3. sur fAagRylapend %l§ziﬂ% Lk h@wedinPR) NBBA | CruHRE RuRisin@Rlcast a first
reflecting fiTm 6. A single pane glazing unit
langioatéordiayey leminetedibetvigenwhetiest mncheirgica ghdtheamatilgyerziohgneric
. uni f@%srﬁ ¥isi§%e 'ight transm ssion value of greater
ISR igfglg%ﬁ' “heat gain coefficient of |ess than
0.6 and a U-value less than 0.7.7. A single pane
glazing unit according to claim1, further conprising

4. a i A viegle@anq glpting Baibpesiordng tnddpiat 1. fertber capwrismigspesayd

. Lt ‘
BB b I PRER o R PP ERRA AR e MG ptymeric
infpaselightazfigegng filh. according to claim 7, wherein the

i nfrared absorbi ng

5. A single pane glazing unit according to claim 1, further comprising at least a first
lamination layer comprising polyvinyl butyral laminated between the first inner surface
and the multilayer polymeric infrared light reflecting film and a second lamination layer
comprising polyvinyl butyral laminated between the second inner surface and the

multilayer polymeric infrared light reflecting film.
6. A single pane glazing unit according to claim 1, wherein the single pane glazing

unit has a visible light transmission value of greater than 50%, a solar heat gain coefficient

of less than 0.6 and a U-value less than 0.7.
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nanoparticle |layer conprises |anthanum hexabori de,
antinony tin oxide or indiumtin oxide. 9. A single
W@2008/08f68xi ng unit according to claim1l, wherePCI/U®07/088131
mul tilayer polymeric infrared light reflecting film
conprises a plurality of alternating polyneric |ayers
of a first polynmer material and a second polyner
7. M8 o r 2 él le g@ﬁje %E%h%rﬁlﬁ% %éb;&?% th rg%nﬁi ?grrc'rog%nsf?ﬂé% fifrhd light
aqumlblygaam@atta%ehasemquecchbaewbm trhefsécemﬁ mmef senfad ahd gt multilayer

pO&ﬂE¥@| r@~iﬁgﬁ; ﬁ‘%@g§@Eg ﬁg{ér?gfogghgglggsclaln18

pol yet hyl ene terephthal ate or a copol ynmer of
pol yet hyl ene terephthal ate. 11. A single pane glazing
8. uni tA sieglo paiagaziog uma aerotdingvreelainn 7 tiecré¢in th infratedrabsorbing
na%qpart Eej]@&%%%?np%%esl [ant %ﬁtfrg hI | a% I‘lg?s ;églllﬁlgnﬁ %‘m oxiAde of 1nd,o fum tin
oxigenpri si ng: provrdrng a f|rst gl ass substrate havi ng a
first inner surface and a first outer surface;
providing a second gl ass substrate having a second

i nngr Slﬁé{g E%ge V\%l L% g&c% d(ﬂ %'tbt 8 in® ﬁ,r\leﬁe?&n tﬁéjﬁgﬁlat}l Polymeric

pyro ose € Ssecon

infeaued Hg:hi refagvdng ﬁltmmatnpﬁgesa plutatityl éfedternadhy p’elIymErlc layers of a first
nfrared. |ight reflecting fllanet en the f rst inner
i@ Er: gt

po msrgegarlghan ﬁ%ecge%ﬂlamehﬁ@w fpdt dcast e AfiRe altegnaigedayers
is M%Fﬁn@ngéﬁ@&léﬁ@dtéd ankthe @t%ﬁﬁ%&ﬁﬁ%@la &s thol%lre?tb B feflect

further conprising pyrolitic appl yi a Lowe
infooat ligly. on t he second outer surface before t he
provi ding a second gl ass substrate step.14. A nethod
according to claim12, further conprising

10PYyT @l dihdle Bhhd/glRRRE Whid ScRrdidPhEclGaRE,| Witr&ia MR fisst PelykkPmaterial
oxi de or doped tin oxide on the second outer surface

compprigss @obyisthypmne érdpliihalate e e sapolymasel prlyrihylenceterpbihalate.
15. A nethod according to claim12, wherein the
| am nating step conprises lamnating a nultilayer

11 pol YWghgle phitf glagigg uhit @tordies tedhinn @, Wihdre bR 8 esutbh@rface
first inner surface and the
faces an infrared light source.

12. A method of manufacturing a single pane glazing unit comprising:
providing a first glass substrate having a first inner surface and a first outer
surface;
providing a second glass substrate having a second inner surface and a second
outer surface, and a pyrolytic Low-¢ coating disposed on the second outer
surface; and
laminating a multilayer polymeric infrared light reflecting film between the first

inner surface and the second inner surface, forming a single pane glazing unit.

13. A method according to claim 12, further comprising pyrolitically applying a Low-¢

coating on the second outer surface before the providing a second glass substrate step.
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second i nner surface by applying heat and pressure to
the first glass substrate and the second gl ass
waupsvswmse. 16. A nethod according to clai m 12PCTE/US200E088131
conprising disposing an infrared |ight absorbing
nanoparticle | ayer between the second inner surface
and the nultilayer polyneric infrared light reflecting
film 17. A method according to claim 12, further
conprising disposing an infrared |ight absorbing
14nandparthbd hecdrdye to detnmméz rfutthe ceepoinagipyrditicslly fdeing a Low-¢

nd the nultilayer pol ric.infrared ljght reflectin
cof e FOTHEIE THE THRPE BB OXHE 6P B REhGRE: U epgoeiofthe
prdvdifE a GRBRA IgERS suRRhRARM hexaboride, antinony tin
oxidé or indiumtin oxide.
15. A method according to claim 12, wherein the laminating step comprises laminating
a multilayer polymeric infrared light reflecting film between the first inner surface and the
second inner surface by applying heat and pressure to the first glass substrate and the

second glass substrate.

16. A method according to claim 12, further comprising disposing an infrared light
absorbing nanoparticle layer between the second inner surface and the multilayer

polymeric infrared light reflecting film.

17. A method according to claim 12, further comprising disposing an infrared light
absorbing nanoparticle layer between the second inner surface and the multilayer
polymeric infrared light reflecting film, wherein the infrared absorbing nanoparticle layer

comprises lanthanum hexaboride, antimony tin oxide or indium tin oxide.
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