FIRE RESISTANT POLYMER SHEETS FIELD OF THE INVENTION The present invention is in the
field of polymer sheets for use in multiple layer 5 glass panels, and more specifically, the present
invention is in the field of polymer sheets comprising agents that improve fire resistance in the polymer
sheets. BACKGROUND Poly(vinyl butyral) (PVB) is commonly used in the manufacture of polymer 10
- sheets that can be used as interlayers IFIRGRESINTABERPEYNERESEHEER as safety glass or polymeric
laminates. Safety glass typically refers to a transparent laminate cosing a poly(vinyl butyral) sheet
disposed between two panes of glass. Safety glass often |s used to rovide a transparent barrier in
architectural ni automotive openings. Its ma MRA t% energy, such as that caused by
a blow front an object, Witmp&&ﬁlbﬁm@@ﬁhﬁmm@fw@mﬂnmmnwinm@&ﬁ@;l@tass can be
funned by a pragesginhich hye layets.of glass ARd.aplasticdpierayah. 18l asRobyiakautyral),

are assembled into a pre-press, tacked into a pie Iamlnate and finished into an optically clear
Imminate. The asse%ﬁ}zﬁﬁ%%ﬁhﬁwg‘ﬁﬁﬁﬁeﬁwjﬁ EXYHREE S erlaying a poly(vinyl
butyral) sheet on that glass, laying 20 down a second piece of glass on the poly(vinyl butyral) sheet,
and then trimming the excess poly(vmyl butyral) ta the-egqasah the glass layers. The plastic interlayer

| butyral) oler|ho or.more plasticizers, and optionally

can be produced by mixi Iy( ny and
with one or more other még ARG eIt pi %“i?}‘ﬁ% AR EAR be collected
and rolled for §@ragb@ﬁ@%4@%§mﬁtmmlayemﬂaM' repifting lasbstemyos %mmmmed

glass structures having, tRe-Apte Seme.applicationsefdaminated
safety glass it is partlc sira ; ito P%ve }lonal flre retard on fe res, Exa Ies of attempts
to include some mek lLJi %r atio ﬁ& B%Wmnwtt [olg Qt? |6§hagJ giﬁgsile%s]g% fintumescent
material that are sp%ﬁ%ﬂ@ﬂé%@%ﬂ@%éw aylisjectsd @dmﬂsﬂ‘t‘he@@?%eﬁ@m the
further spread of a figcHEpe g@atﬁerﬁlaﬁéf@ saxesabediaiens 4 1Sh S0k knishitionahpretection,
however, is oftl%n de |ra.ble %Fol%tgeere is a need in he art for polymer compositions that

hile als

provide the desired i e TESISTANGE W o uAmanes for the facile m "anurahmt of a polymer ;
without adversely acting ct#fEy @&ss which Wﬁ%@’%@é eREyERY

disclosure, it has suﬂmﬁgr@lyub@t ¥atsumihie
Qﬁt@&%@eﬁlgs;@t Al ipetul as

phosphate ester warn caf. impwYa the fir

interlaym-s in innitipia, Iayar glass avalls uc% as those used in arc |tectura an automotlve
applications, laying down a piece of glass, overlaying a poly(vinyl butyral) sheet on that glass, laying

20 down a second piece of glass on the poly(vinyl butyral) sheet, and then trimming the
excess poly(vinyl butyral) to the edges of the glass layers.

The plastic interiayer can be produced by mixing poly(viny! butyral) polymer
with one or more plasticizers, and optionally with one or more other ingredients, and melt
processing the mix into sheeting, which can be collected and rolled for storage and

25 irausportation,

in addition to various conmmon uses for laminated glass structures having a
conventional polymer sheet type interlayer, in some applications of laminated safety glass
it is particularly desjrable to have additional fire retardation features. Examples of
attempts to mnclude some measure of fire retardstion inclnde the inclusion of additional

30 layers of intumescent material that ave specifically designed to char when subjected to '



In a first aspect, there is provided a multiple layer glass panel, comprising a fire resistant nand- ,
wherein said fire resistant panel consists essentially of two layers of glass; and, a polymer sheet
disposed between said two layers of glass, wherein said polymer sheet campus= a thermoplastic
polymer and a phosphate =t= plasticizea and wherein no additional plasticizer is pliant in said polymer
sheet. In a second aspect, there is provided a multiple layer glass panel, comprising: a fire
resistant panel, whel&RrsSiersirsnrisips s eohsi seeed séatfimyhotatifet éayerdiagtas@Bsecond lay=
of glass; and, a polyraet:shasialisposeekbeiwesa-said mretlay e amd saidsgcond layer of glace.,
wherein said polymer shegt ¢ rls thmm lastic rko and a phosphateester piasti-irer and
wherein no additional plaws%‘éﬁ(z’rgﬁs 5:%%&? In 53%11 p%nl“yme%r %%WM@%S ﬁ%rhﬁsposed in
contact with said seBEHE: By G TesayHeriacie maniathird aspeetptheneds provided
a multiple layer glas&mm%%apm&%@@g@m papeh:wherein said fire resistant panel consists
essentially of: two layers of glass; a first polymer sheet disposed between said two layers of glass,
wherein said polymer sheet comprises a thermoplastic polymer and a phosphate ester plasticizer and
wh.miena no additional plasticizer is present in said polyMirdieet; and one to t.ms additional layers
laminated with said first demepcshéei g gispostdi limiuy&aassaiﬂ&wa\l%)éen%%aé@d wherein said one
to tap additional lay. fth ﬁg)wm constr er film dispocad between a
second polymer she%e[tt%%%a thlrtlf%bl%l Ymer 2 ‘sheet. with ﬁ‘%—i‘l’ FRTaTS B SBRTRR fiffn s

polytam- sheet, or, B2 HiraEr ﬁ?"%ﬁﬁb%@r% W“ml mﬁa‘%wﬂmasmdtmhémas aﬂm\/lded a
multiple layer glassipesiehitites-iayer-eormpisie-a:9 : aipprising a thermoplastic polymer,
a phosphate ester plastiaeg, And.an AL 513R7Z61 paent, Wherepn said acid stabiizer agent s an
epoxide. The present disclosure includes a multiple ?ayer g?a p‘anefj ?er(fay rrwé](f)mpnsmg a polymer

sheet conaprising & THerPhStEs TR FoNy Mt T prspharedse niidly, ehtharizxeid sfabiliser
aseent. DETAVFD@E%R%W&M&M&&W@%Mwmlmﬁ@een

discovered that inmyy WQWA&% IS0 me sheets that are used in
multiple layer glas anels nQt on y |mparts improved fi ﬁre retardaton reratve 1o ‘ﬁ%’%ﬁdlack such
an agent, Ma also aft6tve BSHHd %&Wﬁﬁa@%@ﬁ%ﬁéﬁzed sheets using methods

and devices that are currerﬁ@lyaggevd farprduvies: mﬂﬁ@dmneresﬂeegakaﬁkmegdaﬁgﬁpﬁla@ﬁeester

plasticizers. As Wllkmﬂﬁwge%@%mw PN sheer.. mis, cam tise any suitable
thermoplastic polymer for eggﬁamelnz%%gsg Ibuté%r%) Further as, Wil Be desen eg‘fn ore detail
IS

below, many phosphate ester plastici %Eﬁ%@fﬁ%%@fﬁ%dr@ﬁﬁ?mmépertles

In various embodirféhtecardtie preSeipsientio - ade=parereonsists memitially of a.
polymer sheet dlsmﬂeduhﬁmwstw&we&%ﬂ mfgé%& %ﬁwher%m the
polymer sh-et co ha&[ggr.rg,gglggj‘g QO!¥m r, such as on(V|nyI butyral) and a p osp Jhate t
plasticizer, Wherm}%naddltlonal plasticizeris gagsemts?n Sgl Wfﬁé’f“@?@é@ @Ipnor art

attempts at prowdm@%%ﬁ%f‘?%?ﬂ?énﬁéfé‘ﬁétlon th=e embodiments of the present invention do not
:employ additional plasticizerstseesiar, exanmpeld-8. Rakpa 1%,&%&%@%@&9&%@@35 (see, for
example, U.S. Pat%gé&%ﬁ@y%ﬂge&mrbgﬁlmcluded! as dﬁtal 1ged bejow, for various

ptsposas other than to Iast|(:| e the polymer, for exdmple, adhesion co Sr’i?gﬁ?]aqnfrared

absorbing agents g bem%ggam WWSWW@%H@G?W@ é@ﬁﬁ sdmvemgeidagents, which
are described in deitsesbev: wm@@mmmymmw&@m%%&%@@mw In

embodiments in wmmﬁommmmtmg@ exams%l%ez [ O”t‘igt of the polymer

sheet, measured i rts per hundred % I;zr can be phrt’i“"b 70 phr, 15-60
phr, Or 20-50 phi. %‘P%g am%aLYnTLg Fphospha M%n \Yersa Theth aomamRand Sroeu FEE rve

determined by théZFpIR&RsA Wmﬂ@@mmmﬁw isintenddd. a‘n’ﬁﬂ@ﬂ&h@i@hﬁ&@@ster
plasticizers of the qresest:inyention SanaempdsewshgRnegfRlosphate ester, or multiple
phosphate esters. Use of a phosphate ester plasticizer as the sole plasticizer has su&)nSmglyshown to
result in 5 melt nt can be extruded in conventional, unmodified polymer sheet edevices, for example in
production lines specifically. desiyted to extrude poly(vinyl butyral) melts. For these embtTttents, in
which only a phosphate ester plasticizer is used, it is advantageous to use poly(vinyl butyral) having a
residual poly(vinyl alcohol) conby



weight, of 5% to 50%, 10% to 50%, 11% to 40%, 15% to 30%, or 20% to 30%, although 10 other
ranges can be used as welL It is also advan eous in some applications to use poly(vinyla residual
poly(vinyl alcohol) content, by weight, of greater than 25%, ntrtTa 27!., or greater H.ia 30%. The
polymer sheet described vstve for use in a three layer embodiment, can also be used in embodiments
in which two or morwlw@%emlwﬁ%%%m}gﬁl B%(& §me UgI%s[O ample, two
polymer sheets can be f nsed in contact with one another an betwee v'Vo glass ce produce a
four layer multiple |&EF B AR Which one or both of the polymer sheets has the composition
described above with a phasshaleasiarcasbie @M RlRsCiALID Sl gt@gmﬂq@mtscmw%e

film, which will be d%?)C”bmeeC{'- mare hill % [S%owthcan e incor orated between two polymer sheets, 2
producing a five layer glass panel in WhicH one-or Both got P%?rs?t@@@%g\?eegtﬁlﬂiﬁﬁgt%fé@l%?%s the
only plasticizer. Furﬁ’?é’gt %?ﬁ%%rﬁ#@ﬁts"‘fﬁﬁﬁﬁ‘fk%‘ﬁ@éiﬁétﬁ@l“émmﬁ SHRiedsoligeing or not having a
phosphate ester as the OnIYhQI;?eSsté%{Z rare, leud%lsegm tvxﬂeen tvgf Iayerls of 3Iass are within the scope
of the present invention, as Weﬁ as emboJlments in which® f%ef ?‘I agfﬁem E}’ﬁﬁe‘t‘)m}?ﬂ"@‘%lso used.
25In some of these eRBEENRERS Safireshasidl mei*;s it nat

essentially of two Iayat@g@bgig@sag@wng dlsposed therebetween a polymer sheet of the present
invention, having a phosphate ester as the only plasticizer, and one to ten additional layers laminated
with the polymer sheet between the layers of glass. The additional layers can be a polymer
sheet//polymer EIS/polymer sheet arrangement with 30 0 to 7 layers of polymer sheets and/or polymer
films, or O to 10 layers of polymer sheets, 4 where any of the polymer sheets can have the same or
different composition, and any of the polymer film.; can have the seine or different compositions. In yet
other embodiments,of the polymer sheets of the present invention ran 5 be utilized ina "bilayet"
construction. Such bilayer constructions typically comprise a sheet, such as ai
-eofglass,apolymersheet,niapolymgrfilml1ththatorcler This construction, which lacks a second pane of
glass, allows for a panel with lower overall thickness and weight. In various other embodiments of the
present invention, one or more additional 10 plasticizers are included in a polymer sheet These
plasticizers include esters of a polybasic acid or a polyhydric alcohol, among others. Suitable
plasticizers include, for example, Methylene glycol di-(2-ethylbutyrate), Methylene glycol
di-(2-ethylhexanoate), Methylene glycol diheptanoate, tetraethylene glycol dihoate, dihexyl adipate,
dioctyl adipate, hexyl cyclohexyladipate, mixtures of heptyl and nonyl adipate.s, 15 dfisononyl adipate,
heptylnonyl adipate, dibutyl sebatate, polymeric plasticizers such as the oil-modified sebacic alkyds,
and mixtures of phosphates and aclipates such as

Lo



disclosed in U.S. Pat. No. 3,841,890 and adipates such as disclosed in U.S. Pat No. 4,144,217, and
mixtures and combinations of the foregoing. Other plasticizers that can
beusedaremadipatesmdefromccohoncjoc4tocjo 20 alcohols, as disclosed in U.S. Pat No. 5,013,779.
and C6 to C8 adipate esters, such as hexyl adipate. In some embodiments, the plasticizer is
Methylene glycol di-(2- ethylhexanoate). In these embodiments, in which a phosphate ester is one of
two or more plasticizers used, the polymer sheet can be used in any of the permutations given above
25 for the embodiments in which only phosphate esters are used as a plasticizer. As used herein,
a "fire resistant panel” is any of the glass//pgrl%mer nger@%//glass constructs of the present invention
that have at least one polymer sheet hissing"aﬂﬁﬁ%ﬁhéﬂé ' 7*’B@f@ticizer. In various embodiments of
the present invention, furtherdonveritiopakmo ixfingiresistantlayerroprick-ns:deseribagelsewhere

herein, fire resistanh. 30 avess anke-added 1g.anyfire yesistant panels of the pr &%ﬁ%@éﬁmion- 5
e

In various embodiments of the present invention, an additional fire resistant [ayer can be disposed on
the outside surface BF &1y er of ias sﬁgiii ARYPSF e TG s enHern st deserea nimifrkor
example, a glassilpotyriicrssie St cbnstiont Witlrradphtsphbtece sterastheenty-plasticizaedn the
polymer sheet canigghdenaduehesdise- resislantiayer.on:elingr expased glass.sudace to yield a
multiple layer elms‘&angla%ghé%g QIFQ fat%fl]gncture:jglas [p(;{?/m@r sheet// [fire resistant layer. A further
glass layer can be incluted. end. OpHonally Tivthar fire re<istantTayveriasddhyaicfefations to form
various fire resistareriGIfpiesRY srfassgrarelsaectbrdirmtoite-following:firzsresistant panel//(fire
resistant layer//layes)ytvndiaseR:5. awiole:n 10 less-aurld; theficesresisiant panel isany fire resistant
panel of the presegérg];égagggn thﬂ%x[i{g lrlseﬂ%jstaag‘gg%%éndg%%g n iteration can be any fire resistant layer
described herein, wherein the fire resistant layersoy h can be thie sanie Sraifférént. In'various embo
cots, the fire resistant lay&r &PresafsiEaa e ohtiapel nerthectshivnEphaspisatesebter
plasticizers, as diselosasd hessinljnimneseeat daye Bspand lueropolynars-d o-lavers, asdescribed
herein_ In further ients, of.t present !m&nti n.in which hosphate ester plasticizer is used
%RQ%J&] 5% DL ergiw [shiant £ E:HQO?E.IS“BG ggzé-;m

as the only plasticizer jn a pogmer sheet one or'more layers gfﬁlsrﬁumgsceﬁ SENATEANBE added to
form multiple layePHPA56 PEASEARY Y 200RTSHE ffeT et craratensdésiorneslessivipodiments
can be formed, foresmsaple yirdclingizéta lajer ehintpmne scont-materialanda layenaf-glass to any

of the above descibgg &m@ﬁﬁﬂ&ﬂ&f%ﬁ)&}%&'%ﬂ%&%ﬁn@%&&é‘&%Q%Bﬁ%mmﬁ“ﬁ&%?t with a
phosphate ester as, the .onl Elgslicizer. Forggeg mple, one ggssible co;on Is: &ascii/polymer
”’Z?Tya < }

sheetttglasstrmturhéscen ﬁ/cer’lf%.%?%%iﬁr BFE R o) Y P BEmRR FArse e ntatterial can be
added, with additi6FaErRrEbts Risrs 1856Rdbritetasmetded o sehdrdtes2adiied pimeseent layers.

Generally, a panetetshe-gansinitiehiith sdtiple suumescent.laysrsibaving:the.design: (glass panel
comprising p0|ym%3§%e§1%%@5&g%fg}§g%§tﬁ%@ can be added. In various embodiments, one or mor

acid scavenger agents, which are described in detai] below, can be added 1o the polyrosr
sheet o impart additional stability.

In embodiments in whick the only plasticizer is & phosphate ester, plasticizer
content of the polymer sheet, measured in parts per hundred resin, or phr, cas be, for
example, 5-80 phr, 10-70 phr, 15-60 phe, or 20-50 phr. The amount of phosphate ssier

3a



/l(intumescent layer/teen layer), where n is a whole number less than 10 The intumescent Jayers of the
present invention can be manufactured and 30 incorporated according to known techniques, and
specifically by those described in U.S. Patents 4,654,268; 4,485,601; and 5,434,006. The material
used as the intumescent 6 material can be any sunable materlal including, but not limited to, hydrated

metal salts, metal siliéigdehim e meltail piauesa ke e m%&mﬁW%@%%odlments the
intumescent material psijayelr siies E@t&mﬁt&rlﬁﬁgﬁé@kﬁﬁ@ﬁ&r@%&t&sm

weight ratio Si02: NZO&WM%M&% : *n 4&%%(}% from 25 to
urther em

40 or from 30 to 35 water as a weiglit percent _ me tsmcorporate aT'ayer of a
fluorocarbon composhiSFPERIE RS RETRHT: IR B E OB B W%%THY) n
blends of THV with otheit l A i ihee

example, as an addit@pg

panel having apolymersheet pho hate steraste on pI er, asdescrlbed above For
example, one possible conﬁ@ﬂ%ﬁ RETE

%iﬁﬁ&maﬁr %&H RirREeiz A testh ki Useful
THV a TIN blends thaticeantepewse ekl nis yOseviicelbsbaanthiShPatent

5,008,704, In vanougmrarsmez&mmwme  I628575 S ouB5eioht %
of TIN polymer seful THV rs and va us m thods for manufacturlng them are described in
U.S. Patents 3,2 ﬁ%mfig “%%@ %ﬁs 55 8157V REO 5 R @B’?@%@‘g e (1 [R\Y

polymers can be bloalklsteepiytnelshesinsistiviiof aniplrsiimienoR Costiisegmasit|

hexafluoropropylene@ﬁggg%y mj@@%@@@%b@gd segment (i.e., tetraftuoroethylene) The
THY polymers are commer. ar%) vall Ie ners.comprisin %ﬂgc t
p e 3%

nolymer Ien traftuoroethylene
copolymer (ECTFE), hexafli ?’mﬁff ene (Hl 2 a vm%’ﬁl%g@ VOEFarEth ?‘ggo of, for
example, about 42-6b¢28:4 138 lpdigrEETi) W@W@iﬁ 1®therbtesiibests R\ digitse
fluoropolymers ggn kneym ltipnotiitadde. S Llendedpaith Auctinaleds ons
(PCFE). sihyiane. fetﬂi%uoraﬁ%% FE§ é"fpe '2&:{5 %“ﬁéy‘rdﬁr’?éﬂ‘%of BRI
chloroethylene tetraﬂ‘ﬁ‘@?@é’ﬂﬁﬁl’é Qﬁﬁ‘%ﬁ Pﬁ%ﬁéﬁ&mﬁﬁmmﬁm}bm@%s
panes of the present;ﬂm@mite&eaash& afly thahiare:can van akaliybusacin: thear-ef aminaied glass
panels, and specifically; o thak ncorparaie fire Jﬁﬁ%tﬁc&%ommd between two polymer sheets,
20 producing a five layer plass panel in which one or both poiymer sheets have a phosphate
ester as the only plasticizer. Further embodiments in which additiona} gﬁeiymm’ sheets,
having or not having a phosphate ester as the only plasticizer, are included between two
Iayers of glass ave within the scope of the present invention, as well as embodiments in
which more than one polvmer il is also nsed,
25 In some of these embodiments, a fire resistant panel, as defined clsowhere herein,
consists essentially of two layers of glass having disposed therebetween a polymer sheet
of the present invention, having a phosphate ester as the only plasticizer, and one 1o ten
additional layers laminated with the polymer sheet between the layers of glass. The
additional layers can be a polymer sheet//polymer film//polymer shest arrangersent with
30 0to 7 layers of polymer sheets and/or polymer films, or 0 to 10 layers of polymer sheets,




properties or that are particularly suited for use with the intumescent layers described above, such as
those described in U.S. Patent 5,434,006. Particularly useful glass includes but is not tri to: lags,
borosilicate glass, vitro-ceramic materials, vitro-crystalline materials, aluminosilicate, and
alumino-boro-silicate glasses.ntles 5 of compositions of an alumino-silicate and three
alumino-boro- S|I|cateW@éﬁhﬁﬁﬁ@@ﬁ%@ﬂﬂ@@%b@@ﬁh@@%%@mﬁh@ﬁ
(parts by weight): Companent-Gampes Lopmnasition B: capsition.d Si02 62.8 69. 5 73.25 70
m2038440621082031187728

In yei other embodiments, any of the polysmer sheets of the present invention can
3 beuilized in a “bilayer™ construction. Such bilayer constructions typically comprise a
glazing sheet, snch as a pane of glass, a polymer sheet, and a polymer flm, in that ordes.
This construction, which lacks a second pane of glass, silows for a panel with lower
overall thickness and weight,
In various other embodiments of the present invention, one or more addiSonal
10 plasticizers are included in & polymer sheet., These plasticizers include esters of g
polybasic acid or 2 pelyhydric alcokol, araong others. Suitable plasticizers inclnde, for
sxample, triethylens glycol di-(2-ethylbutyrate), triethylene glycol di-(2-ethylhexanonts),
iriethylene glycol dibeptanoate, ietrasthylene glyool diheptanoats, dihexyl adipate,
dioctyl adipate, hexyl cyclohexyladipate, mivtures of beptyl and nonyl adipates,
15 diisononyl adipate, heptylnonyl adipate, dibutyl sebacate, polymeric plasticizers such 2s
the ofl-modified sebacic alkyds, and mixtures of phosphates and adipates such as
disclosed in U.8, Pat. No. 3,841,890 and adipates such as disclosed in U.S. Pat. No,
4,144.217, and miztures and combinations of the foregoing. Other plasticizers that can
be used are mixed adipates made from Cy to Co alkyl alochols and eyelo Cyte Chp
20 alcohols, as disclosed in U.S. Pat. No. 5,013,779. and Cs to Cy adipate esters, such as
hexyl adipate. In some embodiments, the plasticizer is riethylens glycol di-(2- s
ethylhexanoate).
In these embodiments, in which 2 phosphate ester is one of two or more
plasticizers used, the polymer sheet can be used in any of the permutations given above
25 for the embodiments in which only phosphate esters are nsed as a plasticizer.
As used herein, a “fire resistant panel” is any of the glass/polymer layen(s)//glass
" constructs of the present imvention that have at least one polymer sheet bkaving a
phosphate ester plasticizer. In various embodiments of the present invention, further
conventional non-fire resistant layers, and, as described elsewhers herein, fire resistant
30 layers, can be added to any fire resistant panels of the present invention.

s
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In various embodiments of the present invention, an additional fire resistant layer
can be disposed on the outsids suiface of a layer of glass in any of the two glass
constructs deseribed herein. For example, 8 glass//polymer sheet//plass construct with a
phosphate ester as the only plasticizer in the polymer sheet can include a further fire
resistant layer on efther exposed glass swrface to yield a multipls layer glass panel with
the following structure: glass//polymer sheet//glass/fire resistant layer. A further glass
layer can be included, and, optionally, further five resistant layer//glass layer iterations to
form various fire resistant multiple layer glass panels, according to the following:

fire resistant panel/{fire resistant layer//glass layer),, where 1 is 2 whole nurnber
less than 10, the fire resistant panel is any fire resistent paned of the present invention, aud
the {ire resistant Iayer in cach » itevation can be any fire resistant Inyer described herein,
wherein the firs resistant layers represented by n can be the same or differsnt. Tn various
cxnbodiments, the fire re
phosphate ester plasticizers, as disclosed herein, intomescent layers, and fluoropolymers
Iayers, as described hereln.

In further embodiments of the present invention in which a phosphate ester
plasticizer is used as the only plasticizer in a polymer sheet, one or more Iayers of
intumescent material can be added to form multiple layer glass panels having additional
fire retardant characteristics. These embodiments can be formed, for example, by adding
a layer of intumescent material and a layer of glass o any of the above described
embodizents for & multiple layer glass panel having a polymer sheet with a phosphate
ester as the only plasticizer. For example, one possible configuration is: glase//polymer
sheet//glass/intumescent layer//glass. Of course more than one layer of intumescent
material can be added, with additional vitreous layers incorporated as needed to separate
the intumescent layers. Generally, s panel can be constructed with multiple infumescent
layers having the design: _

(glass panel comprising polymer sheet with phosphate ester)

H(intuescent layer/glass layer),, where n is a whole number less than 10.

The imfumescent layers of the present invention can be manufactured and
incorporated according o known techniques, and specifically by those described in U1.8,
Patents 4,654,268; 4,485,601; and 5,434,006, The material used as the intumescent

t Iayer can comprise any of the polymer sheets having
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TiO20.6 Asa030.4 0.15 Multiple layer glass panels of the present invention can generally
be oriented with 10 either side of the panel facing an internal space. The present invention
includes windows i windshields incorporating any of the multiple layer glass panels of the present
invention. The present invention further includes methods of manu1ac;uring a multiple laye glass
panel by laminating W@@WI%@%&%@@W@% HERET i S?P t%y *using any
appropriate conventigre!l siethed akult mamiljtiaseal tolls mudaummﬁmmeeksmpwduce any of the
muliple layer &ring naiels oL 110 DiESEOLINERYR s by IePISHRH NGR9H Alsuncludes a method

of preventing or reducmg the spread of flre byaf6tr|ng |n an openlng any of the m e layer glass
panels of the presentitRAEHHSG HATEESTERPLAS é %{ lge used

as a plasticizer i th@ﬂmmmmwm Iﬁtde,ﬁﬁlmh%bilﬁmﬁﬁr&@ fonomeric
phosphate esters (phgogsphate, es JDaving one phosphate group), n specifically monomeric

hoesters having the formula 0' 04 wherein R is selected fr consistin aryl, Amyl
\F/)vhereln the alkyglJ er embodiments incorporate a layer of a cax%mnc%mpassiﬁsm&&i yl, Amy

tetrafluoroethylene/hexafluoropropylene/vinylidene fiuoride (THV) and blends of THY
with other polymers as an extra five retardant layer. This layer can be included, for

10  example, as ap sdditional layer that is disposed between a layer of glass and & mudtiple
layer glass penel having & polymer sheet with phosphate ester as the only plesticizer, as
described above. For example, one possible configuration is: glass/fpolymer
sheet//glass//THV//glass.

Particulacly useful THY and THV blends that can be used in these emebodiments

15  inchude those disclosed in U.8. Patent 5,908.704. In various embodiments, the
Huorocarbon layer comprises af least 75, 80, or 85 weight % of THV polymer. Usefil
THV polymers and various methods for manufacturing them are described in ULE.
Patents 3,235,537, 3,132,123; 3,635,926; 3,528,954; 3,642,742; and 4,029,868,

The THYV polymers can be block or graft copolymers consisting of an elastomeric

20 soft sepment (i.e., bexaflucropropylene and vinylidene fluoride) and a fluroplastic bard
segment (i.e., tetrafluoroethylene). The THV polymers are commercially available A
polvmers comprising chloroethylene tetrafluorcethviens copolymer (ECTFE),
hexaflvoropropylene (HFP), and vinylidene fluoride (VDF) at a molar ratio of, for
example, aboui 42-60:20-18:38-22 of ECTFEHFP:VIDE. Gther blends of THY with

25  other flusropolymers can be used including, but not lirnited to, THV blended with
finorinated ethylene-propylens copolymers (FEP), perfluorcalkoxy polymer (PFA),
perchioroteteafluoroethyiene (PCFE), ethylene-tetralluoroethylene copolymer (ETFE),
polyvinylidine fluoropolymer (PVDF), chloroethylene tetrafiuoroethylene, and
dichioroethylene tetrafluoroethylene (ECCTFE).

30 Glass panes of the present invention can be any that are conventionally nsed in the
ari of laminated glass panels, and specifically those that Incorporate fire resistant

M!'ﬂ‘llili l‘




group contains from Ito 3, alkyl of from 1 to 12 carbon atoms, alko of from 1 to 9 carbon atoms i
cycloalkyl, with the proviso E when all of the radicals represented by R in a given compound are alkyl
radicals, it is preferredeach alkyl 15 radical has 4 or more carbon atoms. It is possible for R to
represent different radicals in the same phosphate ester plast|C|zer Exangggs of suitable

W@e‘tn -cresyl

phosphate esters inchaeietirs bt asherspre
phosphate, tri-2,3- xy%bwmm@gﬁlmﬁmhmﬁpmnmmwﬁp Remighph
phenylphosphate, eth Cr 1 p 8 %gi i?

phosphate, octyl dlph%%ly %“&ha%g trlocgﬁ" _
phosphate, cyclohexyFHpHER ' EEg 4

phenyl cresyl phgsphatemzrhaes Imwmwpwmm@mmgwmﬂwm@p

2-ethylhexyl phenyl B% h tgg 5} bl sphenyl.cresyl phospha m%% enyl cresyl

phosphate, n-decyl p eni% cres§$ % ate, lauryi phenyl ct‘%%%l phosphate, buéﬁﬁgethyl phenyl cresyl
phosphate, 2- methylpentoxyethyl phenyl cresyl phosphate hexoxyethyl phenyl mesylphosp ,
octoxyethyl phenyl sphate ,&&Q&H&x&lc yethyl SshRRMaxyethyl

e :;: Sifion {a st DL G LA
phenyl cresyl phos atﬂ decyloxypthyl-phenyt-cresy-p osphate, !a--royyethy!pt“ny'! eresylphesphate,

hexyl 30 dicresyl phosphdté:2- eth Ibutylﬁatﬁhenyl phosi§fdte, 2-methykgekityl digresyl pRdsphsite,

n-hexyl diphenyl phasph%p octyl hcresyé phosphate, 2-gihylhexyl- dlcrgﬁyl phogphate, 16 ISO- cctyl
dicresy| phosphate’ww nhnenhafo 2 nthy!!texy! d!n on\/l nhncnhnf e, iso nr\h;l rhnh ny|
plioSPhate, nonyl diphen$fhosphate, trlin%thylhexyl dThdtyl phd sphatéff'e%onyl dicresyl %hosphate,

n-decyl diphenyl ph psphate, decyl diciey,phpsphate, lau édlphe hyl phqgsphate, Jlodecylgollcresy

phosphate, 2-ethylhexyLme’tﬁyL5{henyl_mphaterz_e¢hy%exyus(- is@=butyl-p-ehlorophenyl phosphate,
n-octyl n-butyl phenyl phd¥s2-ethy|hexyl Bébutylphenyl plfosphate,2-ethylhexyl p-butyl phenyl
phosphate, 2-ethylhexyl s&c@butyl cresyl phosphate, 2-ethylhexylin.-butyl cresyl phosphate,

di(2-ethylhi=cyl) phényl phosphatej 2- pth\/lhm(\/l capyl-phenyl.phasphate, 2- erhylhexyl Zbutyloctyl
cresyl phosphate, n-butym tetratdecyl pl%nyl phosp 10-hexade cyl |so;bW0pyI ptjpenyl pHosphat¢,
dodecyldiphenyl ph psphate, fri-2-gfhymnexy] phosphate, c-resyl 35: p, and mixtuies of the Toregoing,

CD

among others. The jpreferred phasbhate esters.arg those that Caintaill in 12 to 3(Q.carmn atoms
Examples of these are trid#dyl phosphatef(@specidlly tri-2-ethylheixyl phosphate)| 2- ethydliexyl d]phenyl
phosphate, tricresyfpi. hate,. 4idiphenyl p pSphate, th-. T5 ThnOXYethyl (psphate and Cresyr di henyl
phosphate. EPDXIRE AG Epoxidé agentd can be incor; sent
invention, and include 3,4-epoxycyclohexane carboxylate compositions of the type described in U.S.
20 Patent 3,723,320. Also Usétiplcdnged gpo ptes si ds asdho sevdisoloseczindhly featdnitdd2@6067. that
contain two linkgd cmg@r,},@tgg%gpé 19-£3¢h phwdichsfused an epoxide group. Such diepoxide

compounds correspond to the formula
P P ’}‘h present liuven&on includes windows and windshields incorporating any of the

multiple layer giass panels of the present invention.
The present invention further includes methods of manufacturing a multiple layer
glass panel by laminaiing one or more layers of the present invention together with other
15 layers using any appropriate conventional method, such as by an swioclave lamination
process to produce any of the multiple layer glazing panels of the present invention.



25 10 wherein R3 is an organic group containing 1 to 10 carbon atoms, from 0 to 6 oxygen
atoms, and from OW 6 nitrogen atoms, and 124 it ough R.9 are in, errtly selected On among
hydrogen and aliphatic groups containing 1 to 5 carbon atoms. Exemplary diepoxides include
3,4-epoxycyclohexy 44 y1-3,4-epoxycyclohexane, It 5 (3methylcyc|ohexy|methyl) and
2-(3,4-epoxycyclo)-5,5- splrm y

di-epcoddesuch as palymets aFapighii0 BN RONHEIh8E R RNBDBRE2 dSysamalecular

weight di-eptoddes arg us ful because they typirslly have a relatively low volatility. 100ther acid
scavengers, alone or in T combination with epoxide agents, as are known in the art, can be used in
polymer sheets of the present |nvent|on POLYMER FILM As used herein, a "polymer film" means a
relatively thin andsrigigpoirrRriie YNOtERS as a performance enhancing layer. Polymer

films differ from polymer sh%%t : |tt§1€%tﬂgo§m%r films %9 C}ﬁae/%sg%sye%ﬁgowde the

necessary penetration re5|stan ss retentlon prop ries to a m er glazing structure,
but rather provide perfitias nsHe ohp! RO TbRY
tereplarthalate) is mostiegniawap BRckFIS

layer has a thicknessgf 9,013 mm t0 0. 20 mm, preferably 0.025 mm to O 1 m|n or 0.04 to 0.06 mm.
The polymer film layer can optionally be surface treated or coated to improve one or more properties,
such as adhesiotPor infrared radiation reflectlon These fuﬁEﬂ?Qﬂal cc layers include, for example, a
multi-layer stack for reflectlm@ma tierpang doass mmwlegﬁ@eMeWposed to
sunlight. This multi-laygf,stacl i Whin.the.a 7;}év
4,799,745) and can com rlse for example one or more An%stroms t metal

(for example two) sedt ;F’o% %@%Mﬁ%&r‘ﬂf &ﬁwﬂ@f*‘éy@%@ fsﬂﬁn

(see, for example, U.8pRatunés
electrically 30 regjstapge.haated forde
the same phosphate ester plasticizer.

Exaruples of suitable phosphate esters include tri-n-buty! phosphste, triisobutyl
phosphate, tripheny! phosphate, tri-cresy! phosphate, tri-2,3-xylyl phosphate, trimesityl
phosphate, methyl diphenyl phosphate, dimethyl phenylphosphate, ethyl di-cresyl phos-

20 phate, tripentyl phosphate, trihexy! phosphate, penty! dihexy! phosphate, octy! dipheay!
phosphate, trioctyl phosphate, octyl di-p-cresyl phosphate, tri-cyclohexyl phosphate,
cyclohexyl diphenyl phosphate, dicyclohexyl pheny! phosphate, trinonyl phosphate,
hexyl phenyl cresyl phosphate, 2-methylpenty] phenyl cresyl phosphate, octylphenyt
cresyl phosphate, 2-ethytbexyl phenyl cresyl phosphate, n-octyl pheny! cresyl phosphste,

25  nonyl phenyl cresyl phosphate, n-decyl phenyl cresy! phosphate, lauryl phenyl cresyl
phosphate, butoxyethyl phenyl cresyl phosphate, 2-methylpentoxyethyl phenyl cresy]
phosphate, hexoxyetiyl phenyl cresylphosphate, octoxysthyl phenyl cresyl phosphaie, 2-
sthythexyloxyethyl phenyl cresyl phosphate, nonyloxyethy! phenyl cresyl phosphate,
decyloxyethyl phenyl cresyl phosphate, lanroxyethyl phenyl cresylphosphate, hexyl

30 dicresyl phosphate, 2-ethylbutyl diphenyl phosphate, 2-methylpenty! dicresyl phosphate,
n-hexyl dipheny! phosphate, octyl dicresyl phosphate, 2-ethyfhexyl- dicresyl phosphate,




An additional type of polymer film that ran be used with the present invention, which is described in
U.S. Patent 6,797,396, comprises a multitude of nonmetallic layers  function to reflect infrared
radiation without creating interference that can be caused by metallic layers. 5The polymer Un layer, in
some embodiments, is optlcallyt [ arent @i e. objects adjacent one side of the layer can be comfortably

seen by the eye of a jsawtitylldicoisgaiie olirerphabee %ﬁe’w)dmh@%@ually has a, in
Sﬁme embodlmentsb%%g{ﬁgt W%ﬁ@h@g@w e m@ﬂw;:elnt polymer
sheet In various em _n_{ mer film mprise 0 aterial. Among
thermoplastic material§” Qﬁ%’ ita Igp%per sére f/l% po y&réf elm% %Q@ﬁcﬁ? E’)f[‘ carbonates,
polyolefins such as pBlyiresyitre] sithwod ehaeshate s oserribeetsploping &@MIWE@ and

copolymers and ghe iy paterrals such as

re-stretched thermopl g note inclu s fo
15poly(ethylene tere Ige %%( %@ngﬁeﬁsgﬁ " %ﬁ%%(%%eﬁ oﬁis%\% m:'teﬁ
terephthalate) is use@h%%\? Arsessthepaiae W&W&Mﬁf@’gas been
bLaXIa||2/ strtetcheg to preRpRMe, &(%ﬂiﬁhﬁl}@ Pﬁ@ﬁ%ﬂ@m Sxahiiﬂﬂﬁﬁyi%@ﬁwwh k.ij& gR{iRka0E
characteristics when gyl ratur e an,2% shrinkage, |
directions after e;;;g mm%%&;j%é%@ﬁ?g@%}?rﬂ&eﬁ#ﬁg an surf%?:rggtreyalpmeﬁr%i _
poly(ethylene teteéph ?@?ﬁﬁﬂ%‘rf Fekent 1SETaget
European ApplicatiopiNgiaibAe36 iR B 2bchiae Bﬂ@ﬂﬁg@%@mﬁi@&ﬂﬂ&es the various
materias, such as poly(ving byvia gl ean e e T LPOMEICSoPIS G NS RICSETL,

invention.  As used herein, a polymer sheet” means any thermoplastic po mer composition
formed by any swtab%”ﬁ’i‘@]ﬁ?dﬁ WW@"M@ %ﬂ%?@ya%ﬁeﬁ HEREGT than one
layer, for use as an infgilizest dhdepybpidetha sﬁﬁagiaﬁs- retention

properties to Iarmnat ) - lasticized. v b raI) IS most commonly used to form
polymer sheets. 12 As used hereln “resin” re ers 1o the polymerlc (for example poly(vinyl trutyral))
component that is removed from the Mixture that results from the acid catalysis and subsequent
neutralization of the PBNARBECASIBBUIsors. Resin will generally have other con nents in addition to the

polymer, such as acetate%g@ﬁ&g&@'&&!@&c%ﬁ;bﬁe@ RB9EE By R LGIRISIaRMRIE dmixture of

resin with a pIasUmzerQBégog 3—%@%‘%@ g}gr\zlse garbexylaie compositions of the type described in 1.8,

20 Patent 3,723,320. Also usefol are diepoxides such as those disclosed in U.S. Patent
4,206,067 that contain two linked cyclohexane groups to each of which is fused an
epoxide group. Such diepoxide compounds correspond to the formula:

25

i0



The polymer sheets of the present invention can comprise any suitable polymer, and, in a preferred
embodiment as exemplified above, the polymer sheet comprises poly(vinyl butyral). In any of the
embodiments of the present invention given herein that 10 comprise poly(vinyl b) as the polymeric
component of the polymer sheet, another embodiment is included in which the polymer component
consists of or consists essewiatin 8k poiyp(viesdibgtead) swmtam Hbdirther mﬁ:mht&w&natlons in
additives, including p&?@&%ﬁ@&ﬁ'%ﬁﬁbﬁ&% Qexteezg QlymetsRssRaMing a polymer
consisting of or consisting e sentlallgfolééwgé% ral) 15In one Idlment Iymer sheet co
rises a polymer based6h' pa EtaiZe . HRIRERP S BB et the polymer
sheet comprises a pdlerar q c m@@m@mﬁeﬁ@wmmne
polyvinyl chlorides pO@'éﬁ@M}@%ﬁ %s gzghﬁﬁg@pgg embodiment,-
the polymer sheet compr % vrn%%b)fgxpr@ﬁgﬁén other 2 embodlment e polymer sheet
comprises pIastrcrzegppo@%?%{? ra PeRibodiments the polymer sheet comprises
poly(vinyl butyral) and one B wHsyasersinctde pploliydrdivavindy agsuitablehglass transition
temperature can alswgmedfé@mﬁy%%@%ﬁm hj@@gﬁ@fem WMMS andfor
methods are given spe¢ &I ng%%or L poly %@gﬁ]&% rusg {hor exa and ﬁ out I|m|t|,or 25

: T3y

plasticizers, co onent percenhtages, thicknesses, and ensﬁ@" Ee ves), those
ranges also apﬂ§ where a@@%%@?%ﬁ@p@%%%%ﬂ@@@%@%@%mn as
useful as components ihspealy 2618 phbhenbedipeniseampasihgpoly(vinyl butyral), the
poly(vinyl butyral) can be produced by known acetallzatlon processes that involve reacting poly(vinyl
alcohol) 30 (PVOH) with but raldeh de in the presence of an acid catalyst, followed by neutralization of
the catalyst, separat gﬁéﬁ , andg of the resin. 13 In various embodiments, the polymer sheet
can comprise less than 15mwmmm@slmgrﬁwsmwr&mﬁ@ymg@, MG mde W0 , 5 WL

% , or less than 3 thhgg ?...r.-.;_-;_,t.. lﬁmﬁ%@:h the balancean

metal preferably rvd e acetal but optlonall |ncot er acetéLFgroups In"a minor %%Fﬁr‘giouE nt, e.g., a
2-ethyl limamal trtup Wé@ﬁt §lpa gogiol fhepsehiprons ida dsaimsessesythe polymer

sheet comprises powmmmwmw@mmuwm@mmlm@&m 40000:thQ80, 55,000,
60,000, 65,000, 70,330:#20,000 dagé}gg L A RaRtRng; QQ%QE'&EF?&H‘ %gé AR 'tons) Small
a

guantities of a dlald ge or, trialde &én also be added during the azetalization step to 10 increase

molecular weight to &t aﬂxy]?g% & PPty (ysed 95 apoliear d8m464; 4,874,814:
4,814,529; andt¥,654,179p mmh@@mm&mmmd@emmmmmwm@mverage

molecular weight  0.MPHHeL SeERSHANCOHIRLAAE AR T e WIS IRROMDSLEREE QN he Present

invention, ineimiing &%dlug%mﬁetggteg %ota Si ! 06}_%%%&9 ma eﬂﬂ%%lg;nmgg%ropemss’ such as

adhesion or infrered radiation reflection. These fimctional performance isyers include,

for example, a mult-layer stack for reflecting infra-red solar radiation and transmitting
25 visible light when exposed to sunlight. This multi-layer stack is know in the art (see, for

example, WO 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one

or more Angstroms-thick metal layers and one or more (for example two) sequentially

deposited, optically cooperating dielectric layers. As is also knmown, (ses, for example,

U.8. Patents 4,017,661 and 4,786,783), the metal layer(s) may optionally be elecirically
30 resistance heated for defrosting or defogging of any associated glass layers.

11



15 Magnesium salts nr can be used with theseodbrtents of the present invention include, but are not
limited to, those disclosed in U.S. Patent 5,728,472, such as magnesium salleyiam, magnesium
nieminate, magnesium di-(2-aminobenzoate), magnesium di-(3-hydroxy-2-napthoate), and magnesium
bis(2-ethyl butyrate)(chemical abstracts number 79992-76-0). In various embodlments of the present
invention the 20 magnesiundsatidii it polpisé2 fiddn i viyrad @ped wibthesradditivesn:

incorporated into the pAIMMEESREELIS.eNENEEIE 1S 3%%%%% mﬁ&ggﬁ%é@ﬁl@ é%es

include, but are not limited to dyes pICISﬂem,S,S plllze o uItraonetstabl zers) antioxidants,
antiblock agents, IR 4B% 88 S FrLE S :" TR B R R S PR A own in
the art. 25 Any suitabie etk ‘='=f‘s“‘u'é- used to produce the polymer sheets of the present invention.
Details of suitablg process Jakingpelvivinylbusyral), m, ! > {gﬁthe art (see
for example, U.S. Patents 2,282 0!

any additives can be % o Aflss

to those of 30 ordlna@b@ﬁ{ﬂbﬁrﬂﬂtﬂ@m
comprises extruding gaeliemBotyid
Ie a |e hav

forcing the melt thro a 'eg}? -
dimension than in a%%%pefd wﬁu%w Gty %

PRV :;‘f:

2.282026). T

i f.‘f %ﬂ&%
ing that is substaptia yer in one
%ﬁer ST AN %ﬁ@y ia'ﬁ‘aﬂly(vmyl
butyral) sheet cébhpr# ifi ipirter i °@§thbsequently
removing the solidifiggkge &%@eﬁﬁ@ﬂ%ﬁﬂg’ﬂr B ATRERRGRISAMNANES thicknesses ot
for example, 0.1 to ters to2Mmi %é meters to |I ete and -3 to 1.5 mithmete
For each embodlmer?%%ﬂ% ed” aoél\xl% compnsmgéznaf ass i% aéhﬁo gﬁ”ﬁ? Wﬂﬁﬁable
wherein a glazing tyg& gk @Wﬁ% é@?@ﬁ & poyy ﬁ@

plastics having a highketsanshidiiamgs ‘
polycarbonateslgolya!@g!;& g& g@ag g fron o 3 Cﬁg@ﬁ sin the
%m ?Qﬁ' %al%r ro " 6 any oi%ﬁ’e p com7?
Treef e AR RO T o ’a‘--ﬂ .,\fl'..f1c'-:=:'-;‘ &N also

alkyl moiety. Also included in the present |nvent|on are
40n sheets of the pre@EAT SRl OSEEPHErETm2
includes windshieldsthe/rdidwiylamdatpedfinis ied wmpmmmmmﬁte@em&t%mlple
layer constructs of theprgse Wﬁ%wde low shrinkage characteristics when subjected to elevated
temperatures (e.g. less than 2% shrivkage in both directions afier 30 mimutes at 150°C),
20 Various coating and surface treatment techniques for poly(ethylene terephthalate)
film that can be used with the present invention are disclosed in published Ewropean
Application No. 0157030,

POLYMER SHEET
Z5 The following section describes the various materials, such as poly(vinyl butyral},
that can be used to form polymer sheets of the present invention.

Asg used herein, a “polymer sheet” means any thermoplastic polymer composition
formed by any suitable method into a thin layer that is suitable alone, or in stacks of more
than one layer, for use as an interlayer that provides adequate penetrafion resistance and

30 glass retention properties to laminated glazing panels. Plasticized poly(myl butyral) iz
most commonty used to form polymer shests.

12



Various polymer sheet and/or laminated glass characteristics and measuring techniques will now be
described for use with the present invention. 20The present invention includes methods of
manufacturing interlayers and gi.gs panels comprising forming an interlayer or glass panel of the
present invention using any of the techni ues described h e|n The cIa f ymer Eeet, and
particularly a poly(vinyl butﬁﬁﬁsghé% f %e RrEs oS ﬁé{ﬂ @%ﬁ n%%a% is a
quantification of fight custrtraasihittésasotrwbie W%Wwﬁw&é&ﬁ@%@a@ured
according to the fO||O\§ﬂW a[TaTAT=TWAY: QASHERE. tﬁgsgmg&mhva Hiegemeter,
Model D25, which is avallable from Hunterég |atess£s%esto , ;é f’ﬂ%% e S %dlsn ggcor@%ance with
ASTM D1003-61 (Re@gﬁi‘g?g% if‘ BHEC gﬁmﬁsmg inmina At an %%server angle of 2
degrees. In variolis ehibyidifrstisdtthis pregtadminiamis WWW@ AHERENTess than
3%, and less than 1%adfv=s, Pummel adhesion can be measured according to the following

technique, and where "pummel” | referred to.herein ta quantify adhesion of a p [ sheet to glass,
A e S R G e o b

the following tee.hue is use ermine pumm wo- y ea% Ja t'wies are pared

withautoclave laminatitsh Bdomstennd ambidiaes BiéirtrBon it PereeObyA AePHTaSs

putr;]tmeled wrthda mrwﬁ@ﬂm@k@@)gbﬁr%ﬂmﬁhmmﬁaﬁmﬁ) sheett
is then removed, nsi the amou ? e@gS ep% yEbu elis.vispally co se
) j |chva |ngdegre

of standards The stan%

glass remain adhered
?Td“%%ﬁ%s left adhered

i mm 00860
%&E&E&&f %&%@%ﬂ%@é‘% %Ji}t{)m%’}a%

at least 3, at least 5, at Ieast 8 at Ieast 9 or 10 Other embodlments have a pumelbeween 8 10,
inclusive. 15The "yel T SHestEdnbe WWW@}O the foIIowmg

Transparent mokded dickq &f e pmbedsivestntmptilj
essentially plane and paralel ?@g rmed.ahhe MM@M D 1925,

"Standard Test Method for Ye owness Index of Plastlg"froms ctrop 0 ometrlc ght transmittance

in the visible spectrufP BB F/AMTEELTER AR &L080 TRRTENe ff erlveday) cimen
thickness. EXAMPL BE8!FxeyhgiEdde) pelysiniad mmﬁmmwm@mmm & poly(vinyl
alcohol), 46 25 puts QftriwfykRhasphaten :8%-0a W j )eg’ﬁ)gtwgg&ltyrate (ag.),and 2.4

0
P of 250 PO Sl R T T T TR RHor sheers
at 170C. 30le 2 embodiments the poiymer sheet comprises poly(myl 'Emtyral) and one or more other _
' polvmers. Other polymers having a suitable glass transition temperahme can aiso be
used. In any of the sections herein in which preferred ranges, values, and/or methods are
given specifically for poly(vinyl butyrsl) (for example, dand without Hmitmtion, for
25  plesticizers, component percentages, thicknesses, and characieristic-enbancing edditives),

those ranges also apply, where applicable, to the other polymers and polymer blends
disclosed herein as usefud as components in polymer sheets,
For embodiments comprising poly(vinyl butyral), the poly{vinyl butyral) can be
produced by known acetalization processes that involve reacting poly{vinyl alechol)
30 (PVOH) with butyraldehyde in the presence of an acid catalyst, followed by
pewralization of the catalyst, separation, stabilizetion, and drving of the resin,

13



16 One handled parts of poly(vinyl butyral) of 18.7 % weight of poly(vinyl alcohol), 38 parts of
tri-isobutyl phosphate, and 0.19 part of 40% magnesium 2-ethyl butyrate (sq.) are jtflcinallyto
abhijiiervessel anti then vigorously homogenized using a me= cal mixer. The content is then extruded
into 30 gauge interlayer sheets at 170C. 5 Example 3 One hni pt of poly(vinyl butyraII of 18.7 %
weight of poly(vinyl alcohol}» Berigay@nbeis ROpRRECH (S ParE St Behat A1 Yl 2-ethyl
butyrate (ag.) are addmwg@uﬁgqmﬂmmﬁﬂ%\ygmmy mmo@mzetj Uﬁ’ip%s déhmechanical 10
mixer. The content is g még

150-170C. All e 4 On(/ath F?Q%alt?dﬂ ts oly bt &Mﬁﬁ@%%@&

parts oftri-isobuy1phd&fFiod P& W% RSSO ﬁﬁWé&ﬁWaﬁthyl
butyrate (aq.) aréadmm@@mmmmmmwmmmmmgm@mw}a mechanical
mixer. The content is then gxtruded inta 30 %Q&% B5i5al2 (EMRELARIS LANER %
150-170C. 20 Example 5 One hundred part r b Qééqsg of of olgéﬁnyl alcohol),

40 parts of tri-isobuty? PRESPREIEE4S e IO E G %6@% & 1.25 parts of
DER 732 are added de¢0@&hitallye0, abiceae B¥&0868 kand mm@uggmolh ormibdjensreSmading a
mechanical mixer. T ﬁé@@ﬂ%ﬁ Seidadipio 00506, 2dnlede SbalabkidAG-Fxample 6
One hundred par I butyr f18.7 % wt o (E/myl alcohol), 33 arts of tri-isobutyl
phosphate, 0.19 art‘ﬁ‘f"ﬁ% *%ﬁ%%%ﬁé?aﬁ}éi‘? ) &n ?tgj e?Ihexyl

(3,4- epoxycyclohexyﬁﬁﬁm&%%é@a@@éﬁ%Mﬁﬁﬁﬂ ﬁ(’i”% B dsteideivdbs o fdoe
homogenized using g, 20 RRkisit

at 170C.

ALF

1‘

Sl

Varions adhesion control agents can be used in polymer sheets of the present
invention, including sodium acetats, potassien scetate, and magnesiom salfs,

15  Magnesiom salts that can be used with these embodiments of the present invention
include, but ave pot Emited to, those disclosed in U8, Patens 5,728,472, such as
magnesium salicylate, magnesivm nicotinats, magnesivm di-{2-amincbenzoate),
magnesium di-(3-hydroxy-2-napthoate}, and magnesinm bis(2-ethy! butyrate)(chemical
abstracts mumber 79992-76-0). In various embodiments of the present invention the

20  magnesinm salt is mapnesiom bis(2-ethyl butyrate). '

Other sdditives may be incorporated into the polymer sheet to enhance its
verformeance in a fnal product. Such additives include, but are not limited to dyes,
pigments, stabilizers {e.g., ultraviolet stabilizers), antioxidants, antiblock agents, IR
absorbers, combinations of the foregoing additives, and the like, as ave known in the art.

25 Any svitable method can be used w produce the polymer sheets of the present
invention. Details of suitable processes for making poly(vinyl butyral) are known to
those skilled in the art (see, for example, U.S. Patents 2,282 057 and 2,282,026).

"The poly(vinyl butyral) polymer, plasticizer, snd any additives can be thermally

processed and configured into sheet form according to methods known io those of
30 oxdinary skill in the art. One exemplary method of forming a poly(vinyl butyral} sheet
comprises extrading molien poly(vinyl butyral) comprising resin, plasticizer, and

14



vertical burn test (as described by Underwriters Laboratories Inc. oo o poly(vinyi butyral) iuterlayer
having conventional triethylene glycol bis-(2- )hexanoate plasticizer is also subjected to the test.

Results are shown in the following le. 10

additives by forcing the melt through a die (for example, a die having an opening that is
substmotially greater in one dimeision than in a perpendicular dimension). Another
exemplary method of forming 2 poly(vinyl batyral) sheet comprises casting a melt from a
die onto a roller, solidifying the resin, and subsequently removing the solidified resinas a

5  sheel Inverioes embediments, the polymer shests can have thicknesses of, for exap
0.1 10 2.5 milibmeters, 0.2 to 2.0 millimeters, 6.25 o 1.75 millimeters, and 0.3 to 1.5

For each embodiment described above comprising 2 glass layer, another
embodiment exists, where suitable, wherein g glazing type material is used in place of the

10 glass. Examples of such glazing layers inchude rigid plastics having a ligh plass
transition temperature, for example sbove 60°C or 70°C, for example polycarbonates and
polyalkyl methacrylates, and specifically those having from 1 to 3 carbon storns in the
alkyl molety,

Also included in the present invention are stacks or rolls of any of the polymer

15 composition sheets of the present invention disclosed herein in any combination,

The present invention also includes windshields, windows, and other finished
glazing products comprising any of the multiple layer constructs of the present invention.

Various polymer sheet and/or laminated glass characteristics and measuring
techniques will now be described for use with the present invention,

20 The present invention includes methods of manufacturing interlayers and glass
panels comprising forming an interlayer or glass panel of the present invention using any
of the technigues described berein. :

The clatity of a polymer shest, and particolarly a poly(viny! buiyral) sheet, can be
determined by measuring the haze value, which is a quantification of light not transmitted

25 through the sheet. The percent haze can be measured according o the following
techmigue. An apparatus for measuring the amomnt of haze, a Hazemeter, Model D25,
which is available from Hunter Associates (Reston, VA), can be used in accordance with
ASTM D1003-61 (Re-approved 1977)-Procedure A, using Hiuminant C, ot an observer
angle o1 2 degrees. In various embodiments of the present invention, percent haze is less

30 than 5%, less than 3%, and less than 1%.

15



Interlayer Crst.ifion Poly(vinyl) with triethylene glycol b ethyl Example 2 Example 3 Example 4
Example 5 Dripping? Self h'cation)?

10

13

20

25

30

Pummel adhesion can be measured according to the following technique, and
where “purame]” is referred to herein to quantify adhesion of 2 polymer sheet to glass,
the following techoique is used to d;@%eﬁnine pummel. Two-ply glass laminate
are prepared with standard sutoclave lamisation conditions. The laminates are cooled 1o
about -17°C (0°F} and msrually pummeled with a hamnmer to break the glass. Al
troken glass thet is not adhered to the poly(viny} butyral) sheet is then removed, and the
axgovnt of glass left adhered to the poly(vinyl butyral) sheet is visually compare
set of standards. The standards correspond to a scale in which varying degrees of plass
remain adhered to the poly(vinyl butyral) sheet. In particular, af a puomel standard of
zero, no glass is lefi adhered io the poly(vinyl butyral) sheet. At a punel standard of
10, 100% of the glass remsins adhered to the poly(viny! butyral) sheet. For laminated
glass panels of the present invention, various embodiments have 4 pummel of at least 3,
at least 5, at least §, uf least 9, or 10. Other embodiments have a pumme! between & and
10, inclusive, '

The “yellowness index” of & polymer sheet can be measured according to the
following: Treanspavent molded disks of polymer sheet 1 cm thick, having smooth
polymeric surfaces which are essentially plane and parallel, are formed. The index is
measured according to ASTM method D 1925, "Standard Test Method for Yellowness
Index of Plastics” from spectrophotomeiric light transmittance in the visible spectrom,
Values are corrected {o 1 e thickness using measured specimen thickuess.

EXAMPLES

Boxrample 1
One hundred parts of poly(vinyl butyral) of 30% weight of poly(vinyl alcohol), 46

parts of tribuiyl phosphate, 0.096 part of 40% magnesium 2-ethyl butyrate (ag.), and 2.4
parts of 25% potassium acetate (8q.) are added sequentially o a blender vessel and then
vigorously homogenized using a mechanical mixer. The comntent is then extruded into 30
gauge interlayer sheets at 170°C,

Expmple 2

15



yes no N/A N/A

10

15

20

30

no Yes no no Yes DO 110

One hundred parts of poly(vinyl butyral} of 18.7 % weight of poly(vinyl alcohol),
38 parts of tri-isobuty] phosphate, and 0.19 part of 40% magnesivm 2-ethyl butyrats (ag.)
ave added sequentially to 2 blender vessel and then vigoronsty homogenized using a
mechanical mixer. The content is then extruded Juto 30 gauge interlayer sheets at 170°C,

undred parts of poly(viayi butyral} of 18.7 % weight of poly(viny! aloohof),
30 parts of triphenyl phosphate and 0.19 part of 40% magnesium 2-ethyl butyrate {ag.)
are added sequentially to a blender and vigorousty homogenized using a mechanical
mixer. The content is then extruded into 30 gange interlayer sheets at a lemperature
range of 150-170°C.,

Example 4

One mndred parts of poly(vinyl butyral) of 30 % weight of poly(viny! alcohol),
29 parts of ti-isobuiyl phosphate, 17 paris of tiphenyl phosphate and 0.19 part of 40%
magnesiom 2-ethyl butyrate (aq.) ave added sequentially to a blender and vigorously
homogenized using a mechanical mixer. The content is then extruded into 30 gauge
interlayer shests at a temperature range of 150-170°C.

Example 5

One hundred parts of poly(vinyl butyral) of 18.7 % wt of poly(vinyl alcohol), 40
parts of tri-isobutyl phosphate, 0.19 part of 40% magnesium 2-¢thyl butyrate (aq.), and
1.25 parts of DER 732 are added sequentiaily to & blender vessel and vigorously
homogenized using & mechanical mixer. The content is then extruded into 30 gauge
interlayer sheets at 170°C,

Example 6

One lnmdred paris of poly(vinyl butyral) of 18.7 % wt of poly(vinyl alcohol), 33
parts of tri-isobutyl phosphate, 0.19 part of 40% magnesiuen 2-ethyl butyrate (aq.), and 2
parts of 2-ethythexyl (3. 4-epoxyoyclohexylearboxylate are added sequentislly to a

17



yes Yes 210no DO Yes DO no

blender vessel and vigorously homogenized vsing a mechanical mixer. The content is
then extrnded info 30 gange interlayer sheets at 170°C.

5
p@ly(vmyi Emtyml) interiayer having conventional friethylene glycol bis-(2-
ethylhexanoate plasticizer is also subjected to the iest. Results are shown in the
following table.
14

buteriayer Composition | Dripping?

Poly(vinyl butyral) with

Msﬁ;yiﬁne glyml 'b;sw@- yes no N/A NIA
Bxampie i ao yes yes no
Example 2 no yes B no
Exsmple 3 yes yes no o
Example 4 0o yes no oo
Example 5 no yes no "o
Example 6 no yes no 0o

Example §
Twro sirips of various interlayer compositions are subjected 1o a flammability test.
Minss i prams, before and after the fammability test are provided, as well as
15 observations. Results are shown in the following teble, and formulations are provided in
the subsequent table.

18



DO yes no no

Nno yes
Sample ID | Wt before] Wi Afler Remerks
137 102 | Begins deipping 3 sec after first flame application. Bxtinguished
EB4] Control 137 624 with air at 30 seconds.
1.34 892 Begig duppm 2(; m afier flame applcestion.
3-1873 p
L7G 127 ; X
3.1850 174 8,74 after 15 sec after flaone wpplication.
) L71 0.7 efl with sk at 30 seconds.
1.59 0.82 e e
2-1838 (150) 175 .87 with zir 2t 30 secomds.
23038 W e Mo dripping. Extinguished with 2ir at 30 seconds.
23046 iy dll By No dripping. Extinguished with air at 30 seconds,
14-303206 e 2 Extinguished with afr 2t 30 seconds,
1.69 078
2A4-EHIT0S 1.64 077
1.60 0.74
23-182414 176 079
1.68 0.68
21838075 1.57 o2
V4305808 1.9% iz Wo deippheg - materizl chamed. Conplotely burned in Jess them
* L7 8.82 39 seconds.
14-183206 1.56 8.39 No - meterial cherred.. Completely barasd i less than
1.61 6.30 30 scoonds (sample 1) or extingpished with a¥ ot 30 seconds.
23900017 1.75 6.52 Ne deipping -material chared, Extinguished with air at 30
1.64 1.60 seconds,
No deipping - muaterisl charred. Sample 1 solf extinguished In 3
141 638 seconds. Upon second spplicetion of flams, extinguidhed with
14304609 1'47 0.62 it 8t 30 seconds. Second sample selfextingwivhied after bmungg
’ ’ 13 secomds. Upon second spplication, exiinguished with air at 30
seconds
13046 /A wya | o dripping - material charred. Self extinguished i 13 seconds.
Upon second application, extingnished with air a2 30 seconds.
1.85 1.57 Wo dripping, material chaved. Sample | exiingrished with air at
23-303220 1'97 1'1'7 3¢ seconds. Saxgple 2 self extinguished i 13 seconds, Upon
’ ) second application, exingnished with air &5 30 seconds.

Forpmlations, shown as parts per hundred resin, with the exception of poly(vinyl
alcohol), which is shown as a percentage of poly(viny! butyral):
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DO no Example 8 Two strips of various interlayer compositions are subjected to a
flammability test. Mass in grams, before n i after the flammability test are provided, as well as 15
observations. Results are shown in the following tabIe and formulatlons are prowded in the

subsequent table. 18_______E NOW D!
i ic FLﬂI‘ hem;he.

layer glass panels hé e .
present invention aré 'ﬁgs@]u RITIENT 5 i /

obviating the need tg al2s i PreJeHe en

described in various ) ) o

0 75 0

o 50 0

Qaégg 127 100 9 6 38 o ¢

23638 30 100 o i) a8 o o

2--3046 30 106 o ] 46 0 o

114--183206] 187 100 o 317 8 8 63

241838057 187 100 0 0 38 g 5

23-182414] 18.7 160 & o 23.6 14.4 0

%&%ﬁg 18.7 100 0 o 38 0 8

14-303808] 30 160 D 383 [ o 7.7

14-303206] 30 100 0 317 o o 6.3

23-302917F 33 106 i ] 28.5 17.5 0

14304609, 30 106 0 45.8 ¢ 9 9.2

1-3046 30 160 0 46 0 0 0

23-303220] 33 100 6 0 32.2 15.8 o

By virtue of the present invention, # is now possibie to provide multiple layer
glass panels having improved fire resistance characteristics. Further, the polymer sheets
of the present invention are readily manufactured using existiog equipment and

5 technigues, thereby obviating the need to modify equipment.

Although embodiments of the present invention have besn described in varions
embodiments, it will be clear to those of ordinary skill in the art that many ofher
permutations are possible and are within the scope and spirit of the present invention.

While the invention has been described with refarence to exemplary

10 embodiments, it will be nuderstood by those skilled in the art that various changes may

20



embodiments, it will be clear to those of ordinary skill in the art that many other permutations are
possible and are within the scope and spirit of the present invention. While the invention has been
described with reference to exemplary 10 embodiments, it will be understood by those skilled in the art
that various changes may 20 be made and equwalents may be substituted for elements thereof
without departing frof thedeeop equivientnvep thembsiibid th

particular situation or&g&%mﬁé@mgjlgpmﬁgﬁgmmm 9@@%@@3 edrefore itis
intew -4 that the mvenm&mpot e 5 the ndcuj re nents disclosed as"r%? best mo

contemplated for carRying out this INventon e|e c %ﬁ%% " "
falling within the scoé@ﬁmﬂwmf H@MWMWW@MWW@W
characteristics ,.,.;;:,.,@,‘g‘-,:w.‘. SR HHSREHIRIE Eﬁ@@ggeable

with any 10 ranges, valu S, Opc! erlstlcs IV n oft e.othe of the inyention,
where compatible, to%orriﬁaﬁgje |men aa\%ngeﬁ] k‘ilgedxfl/]aﬁmes %%@f Sgﬁ%gfas given

hereinut. For m. tie, &panpimeed ﬁ@é‘%an be formed comprising phosphate esters in any of the ranges
given in i sition to any of the VR iRk LEOnIE ﬂiat@ri h QRs-Ahatis ui \Within the

scope of the 15 presgrlgtanr}v% Anyog?ure redu renc%nUénbs a ract or any

claims ETC for illustrative pu oses yan SHould rot Be Conatried to it gwf%um ifVention to
any one particufdr erfiB8HiniEHES B ATER ?ﬁﬁ?@nlﬁ?@ﬁ?ﬁgfﬂé %ﬁd@m@@@ﬁl@mﬁ%&herwse

noted. 20Fach iefeaetiee; taelpeing, jpukaal A telikskin Aeficati 0ns:PRE RE0KSHe
compenents, as given herein the ik, For example, a polymer sheet cau be for

comprising phosphate esters in any of the ranges given in addition to any of the ranges
given for PVOH content, to form many permutations that are within the scope of the
15  presert invention,

Any figure reference numbers given within the absiract or any claims ave for
illustrative purposes only and should not be construed to limit the claimed invention to
any one particular embodiment shown in any figure. Figures are not drawn to scale
unless otherwise noted.

20 Each reference, including journal articles, patents, applications, and books,
referred to herein is hereby incorporated by reference in ite entirety,

21



referred to herein is hereby incorporated by reference in its entirety. 21 We claim: 1. A multiple layer
glass panel, comprising a fire resistant panel, wherein said fire resistant panel consists essentially of:
two layers of glass; and, a polymer sheet disposed between said two layers of glass, wherein
said polymer sheet comprises a thermoplastic polymer and a phosphate ester plasticizer and wherein
no additionahglagtigizer is present in said polymer sheet. 2. The panel of claim 1, where_in said
thermoplastic pohytives ieypodidsanpnblityratkisaginerpanetaf paie nwberein saidaeiyiyiny! butyral)
has a residﬁ”ﬁﬁggiﬁg%ﬁggﬁ?ly eb%ent of 10% to 50%. 4. The panel of claim 2, wherein said
polymer sheet comBfiseS'8- 8¢ Bart& er hundred resin of said plasticizer. 5. The panel of claim 2,
heron oot et e AR Al T pne
of claim 2, vdbexrinspidiplasticiaeESAMRERASGHRPBAUBENIC phosphate ester. 7. TRE Paftel of claim 2,
wherein said polymer sheet further comprises an acid stabilizer. 8. The panel of claim 2, wherein said
polymer sheet fifrifer b Aipiisb s asrapexitit erabiliesi: polyTaeipaneiofytlaina, wherein said polymer
sheet furth ises.a polyglycol di-epoxide agent, 2-ethylhexyl (3,4-epoxycyclohexyl) carboxylate,
or both. 1(%3’?5{%’3%%&%%% %‘% '%?3%0%(53\’6’ i)%tgiagﬁ@@ﬁf[ﬁ%wgﬁj&ﬂlﬁﬁf@é@lﬁw%{bent selected
from the group consisting of dyes, pigments, stabilizers, antioxidants, antiblock agents, infrared _
absorbers, &nthecasirdtion vithedoregoingyridr shaatutipleisayerglasapanel. GORNESING: a fire
resistant pa‘i’f@?‘@\/Pﬂé?éW%’aid fire resistant panel consists essentially of: a first layer of glass; a second
layer of glass; lymer.sheet disposed between said first layer and said second layer of glass,
wherein sai%% g@%ﬁ%ﬁggﬁ c%’rﬁvgﬁrs@énssa' er ng)eﬁlgli R UGS dndP & BRESh A eterfimsticizer and
wherein no additional plasticizer is present in said polymer sheet; and, a fire resistant layer
disposed infcohtawnwith daiid Sevondraper wigiass opppsite saidnolpmes-shesitlaidhe panel of _
claim 11, w in sai rmaoplastic polymer is poly(vinyl butyral). 13. The panel of claim 12, wherein
said pon(viE’ﬁt %eu?ﬁpaeg %h{;g'@ FedURIET 5519 RRAVE SBFRS I EBRrEP BT ity REIDTABIIZet0 50% percent.
14. The paeiat laiench Bahe iR sdRoIE et fAMTIaeS, B0Rarts per fpdred resin of said
plasticizer. 15. The panel of claim 12, wherein said polymer sheet comprises 58 parts per hundred

resin of Sai@.pﬂ@@ﬂ@p@épf claim 2, wherein said polymer sheet further comprises a polyglycol di-epoxide
agent, 2-ethylhexyl (3,4-epoxycyclohexyl} carboxylate, or both.

10. The panel of claim 2, wherein said polymer sheet further comprises an ageni selected
from the group consisting of dyes, pigments, stabilizers, antioxidants, antiblock agents,
infrared absorbers, and combinations of the foregoing.

11. A multiple layer glass panel, comprising:

a fire resistant panel, wherein said fire resistant panel consists essentially of: a first
layer of glass; a second layer of glass; and, a polymer sheet disposed between said first layer
and said second tayer of glass, wherein said polymer sheet comprises a thermoplastic

polymer and a phosphate ester plasticizer and wherein no additional plasticizer is present in
said polymer shest; and,

a fire resistant layer disposed in contact with said second iayer of glass opposite said
polymer sheet.
12. The panel of claim 11, wherein said thermoplastic polymer is poly(viny! butyral},

13. The panel of claim 12, wherein said poly(vinyl butyral) has a residuat poiy(viny! alcohol)
content, by weight, of 10% to 50% percent.

14. The panel of claim 12, wherein said polymer sheet comprises 5-80 parts per hundred
resin of said plasticizer.

15. The panel of claim 12, wherein said polymer sheet comprises 15-60 parts per hundred
resin of said plasticizer.

16. The panel of claim 12, wherein said plasticizer comprises a monomeric phosphate ester.
17. The panel of claim 12, wherein said polymer sheet further comprises an acid stabilizer.

18. The panel of claim 12, wherein said polymer sheet further comprises an epoxide
stabilizer.
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16. The panel of claim 12, wherein said plasticizer comprises a monomeric phosphate ester. 17. The
panel of claim 12, wherein said polymer sheet further comprises an acid stabilizer. 18. The panel of
claim 12, wherein said polymer sheet further comprises an epoxide stabilizer. 19. The panel of claim
12, wherein said polymer sheet further comprises a polyglycol di-epoxide agent, 2-ethylhexyl

(3 -epoxyosclohendhaahonniaie L bt d0.TIE RS A AZ b gald pomer she

a
further compsesamagertasiasiod J0apiRe GIOHEHORHISIRER! pRigme J8tdbilizers,
antioxidants, antiblock agents, infrared absorbers, and combinations of the foregoing. 21. The panel of
claim 12, w&é@&%ﬁ@?ﬁé#@&sﬁ%n@aw woirsiies anefitutiescemprisatesiohoda. sBhetpanel of claim
21, wherein; @g%g&%gnﬁgiwgé%{%ﬁa%ﬁm&?@%%ﬁ[ﬁwﬁﬁﬁﬂi‘éi@]*%fﬁﬁlfﬁéobaﬁ@h?@f claim 12,
wherein said fire resistant [ayer comprises a poﬁ/n%r&g%'gﬁ‘/merized from tetrafluoroethylene,

hexafluoropfopytenenans vinylidenedheride: #4 [Jdhe-panetofciaim.l2, whgreinsgid fire resistant
layer compriggsgiphosphate ester, 25. A multiple layer glass panel, comprising a fire resistant panel,
wherein saigtgi%gesgst?n} ganel consists essentially of: two layers of glass; ~ a first polymer sheet
disposed betieen 2aid fwoiayéls BITAsEH REERs SRR & shettedmstivesitcarrmoplastic
polymer anc3 phw 18 @ster pPlagicizes ' itiopal plasticizer is present in said
polymer shéety mmmhmad@mmmﬁ%ﬁ%ﬁéﬂé@ﬁgﬁ%ﬁgjﬁﬁ %”g‘f?r%%‘?"ﬁs‘ﬁé%riz% d disposed
between said two layers of glass, wherein said one to ten additional layers can be any of the following
constructs: % "5 BOISHREF R ‘Giceriain pritlfeeiesistut imerpolyaieesheboamndta disd polymer sheet,
with O to 7 fult fi polymer sheet: or, 0 to 10 further layers of polymer sheet.
26. The pa%h%%%gﬁéﬁgg}%ﬁ:}? Pr%g g}éii?cr%%??/a%te%@eb&i??WW%ﬂfWa(ﬁ?'ﬁﬁ?f"ﬁ'he panel of
claim 26, wherein saidepaly (figigtdutyral) has a residual poly(vinyl alcohol) content of 10% to 50%. 28.
The panel of claimrPZ&stwplgrsinsbedd dissoseol priershest cenpyisesiaiga partsdresdundred resin of said
plasticizer. a%;;ﬁeﬁ?a PopPe S5 TpRAREA RANFSNE Glphashtte esieo miprisesr E5B0 parts per
hundred resin of s @ilg&%@s ﬁ?j;ﬁg@gﬁgﬁ‘&&’f@gém %’%;g@?gf%@?gaid {Jlasticizer comprises a
monomeric haspheie 65elyedlor BEPAREIAT Chaiithe WA A LIS IR Stlept further
comprises &g stabihzs:

a polymer film disposed between a second polymer sheet and a third polymer sheet,

with 0 to 7 further layers of polymer film and polymer sheet; or,
0 to 10 further layers of polymer sheet.

26. The panel of claim 25, wherein said thermoplastic polymer is poly{vinyl butyral).

27. The panel of claim 26, wherein said poly(vinyl butyrai) has a residuatl poly(vinyl al
content of 10% to 50%. ) Pelvivinytaloohol

28.'The panel of claim 26, wherein said first polymer sheet comprises 5-80 paris per hundred
resin of said plasticizer.

29. The panel of claim 26, wherein said first polymer sheet comprises 15-60 parts per
hundred resin of said plasticizer.

30. The panel of claim 26, wherein said plasticizer comprises a monomeric phosphate ester.

31, lee pane! of claim 26, wherein said first polymer sheet further comprises an acid
stabilizer.

Ss.b”ihe panel of claim 28, wherein said first polymer sheet further comprises an epoxide
stabiizer.

33. T_he panel of claim 26, wherein said first polymer sheet further comprises a polyglycol di-
epoxide agent, 2-ethylhexyl (3.4-epoxycyclohexyl) carboxyiate, or both.

34. The pane! of claim 26, wherein said first polymer sheet further comprises an agent
selected' from the group consisting of dyes, pigments, stabilizers, antioxidants, antiblock
agents, infrared absorbers, and combinations of the foregoing.

35. The panel of claim 28, wherein said polymer film comprise poly(ethylene terephthalate).
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32. The panel of claim 26, wherein said first polymer sheet further comprises an epoxide stabilizer.

33. The panel of claim 26, wherein said first polymer sheet further comprises a polyglycol di-epoxide
agent, 2-ethylhexyl (3,4-epoxycyclohexyl) carboxylate, or both. 34. The panel of claim 26, wherein said
first polymer sheet further comprises an agent selected from the group consisting of dyes, pigments,
stabilizers, aptimdqants opatiRlosk assisBitared AhsaibeL AN RAmRbIaLioos of the foregoing. 35.
The panel afatfaien 2&etvhetsidsaithaqlymes: fitrtompriseohieimdena teraphthalate). 36. The
panel of claim 26, wherein one or more of said second polymer sheet, said third polymer sheet, and

said further?gf&@ﬁg@éﬁ%’ % O] ?gg' a@gﬁg%?hgl%@tﬁﬁéﬁ %8@”&12@?@%?9%%@#&)[@ layer glass panel
interlayer, copapp g&g?gé@?ﬁ% COpprising & trier 85L8HE pERNA g phdSsiRe ester
plasticizer, and an acid stabilizer agenE wherein said acid stabilizer agent is an epoxide. 38. The
interlayer of3gldine Brayerginsaid thetranopkasticpolymertispalyadnyl dutalbu$@ The interlayer of
claim 38, wherein said poly(fvinyl butyral) has a residual poly(vinyl alcohol) content of 10% to 50%. 40.
The interla)éegqcroﬁia fgéﬁ??}’?gfwgﬁg %ﬁﬁ%%ﬁ@r%@éw&%ﬂﬁgﬁ%@g@sﬁ&ﬁ@%Mﬂl{hdred resin of said
plasticizer. 41. The m?erlayer of claim 38, wherein said polymer sheet comprises 15-60 parts per
hundred resin ofsaigRipstigizam 42 .wHeeintaiayayofclaia 3G whsteiRsaifPlasticirgr.gomprises a
monomericrptiospbaitepesteized 3. The interlayer of claim 38, wherein said polymer sheet further
comprises % ‘POl glycol di-epoxide agent, 2-ethylhexyl (3,4-epoxycyclohexyl) carboxylate, or both. 44.

The interla¥g£i§ O?%%ﬁ E%S;gvi;@&@iﬁaséi‘iaeﬁ’dﬂ‘ﬁﬁ% PENEE fIIRRET TS ECAP bty Suiedrst from the
or ay

group consisting S, plgments, stabilizers, antioxidants, antiblock agents, infrared absorbers, and
combinations. ahtheéaesepingiiline ResisiaskiP ohuner-s beels dbsirasiHhsiprasentdrvention is in the
field of polyesier.sheets for use in multiple layer glass panels, and more specifically, the present

invention is in the field of rpolymer sheets comprising agents that improve fire resistance in the polymer
sheets. N 0?9@&% miteriayer of Tlaim 38, wherein said polymer sheet further comprises a polygiycol di-
) H ‘agent, 2-ethylhexyl (3,4-epoxycyclohexyl) carboxylate, or both.

44. The interlayer of claim 38, wherein said polymer sheet further comprises an agent

selected from the group consisting of dyes, pigments, stabilizers, antioxidants, antiblock
agents, infrared absorbers, and combinations of the foregoing.
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