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 }% energy, such as that caused by
a blow front an object, W|tmp&55ﬁlﬁmvm@m&mmabf@x@mmmmn@cmmﬁaﬁeﬂ@lass can be
funned by a progessgiinhich hya layets of glas eSHGH AR Rutyral),

are assembled into a pre-press, tacked into '1 Ialnte and finished into an oOptically clear
Imminate. The asse%ﬁ}zﬁﬁ%%nhﬂmg‘iﬁ 5@6%%%. e EYYraESverlaying 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) t@ the-egaasah the glass layers. The plastic interlayer
can be produced by mixi Iy( nyI butyral olymer W|h one,or. more plasticizers, and optionally
with one or more other mdg ARG eI By Rt B We e &n be collected
and rolled for §@ragbedﬁ@%4p&%§mﬁtm@t¢ﬂa?emﬂaM' erifiriplas:botemyor: s exftfor ddasinated
glass structures havjng, ional ek Re-inte pRlicationsafdJaminated
safety glass it is partlc ? sira ; ﬁggﬁp ve ﬁ&} |onal flre retard n fe res, Exa Ies of attempts
to include some mek lLJi ire atio &Sﬁ’i@ Bﬁgt?ﬁlmﬁn‘&”w [olg ﬁ? .5’% giﬁgsile%s]g% fintumescent
material that are sp%ﬁ&ﬂ@ﬂé%@%ﬂ@%éw aylisjectsd @dmﬂsﬂ‘i‘he@@?@reﬁ@m the

further spread of a figg-Hak0u g@a}ﬁe@@ﬁ&@ W@MM@ Q;ﬁ&é@&ihﬁ%ﬂ@%@{@tectlon
however, is offl%n de |ra.ble %Fold%“geere is a need in he art for polymer compositions that
provide the desired i I Tesistance while A1s0 URman=a for the facile m "anurahmt of a polymer ;
without adversely acting ct#fEy @&ss 564 0% ByNRERRY which two layers of glass and a plastic

interlayer, such as po}y(vmyi batyral}, are asserabled into & pre-press, tacked into & pre-
laminate, aud finished into an optically clear laminste. The assembly phase can involve
laying down & 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 '



Now, according to the present disclosure, it has surprisingly been discovered that various
thermoplastic polymers incorporating phosphate ester warn can improve the fire msistant character of
polymer sheets that are useful as interlaym-s in innitipia layar glass avails such as those used in
architectural and automotive applications, 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; Bffe=alisatirynees tspedey vewdedir Smdtwestoirershafrgidsssibsein said
polymer sheet camrigs:a, dzs/snoplagtiaipelypacand aphasphate=izplaskicizea and wherein no
additional plasticizer is pliant in.said polymer sheet. . In g second aspect, there is provided a
multiple layer glass panel %&’éorﬁ%?rgsiﬁﬁgn% ff?eaf%“ﬁs{%ft%“ aﬁn%ﬁ%ﬂ%%é“i@%%ﬁ?%%%ﬁmﬁmsists
essentiafty of a flrstﬁFﬁWF‘ 5 =.‘i;.'.,":l:=:i~'=:.f'.r,;'::.-‘.;f B .a ".'fr_vg.:,_\:v‘;s:;‘_x:_».s‘a;_:d Tae aﬁ@mﬁeﬂmeen said
nrst layer and said seiconthiyarefglases wherel.saidpolymer sheet comprism a thmmoplastic
rkolyrm,r and a phosphateester piasti-irer and wherein no additional plasticizer is present in said
polymer sheet; and, a fire resistant layer disposed in contact with said second lay= of glass opposite
said polymer In a third aspect, there is providet &#idiile layer glass panel, comprising a fire
resistant panel, wherein saidvfirecresistantpanehcansisis: assantialyiafitwerlayers.f glass; a first
polymer sheet disp Deiween sai 0 lavers of glass, wherein said polymer sheet comprises a
thermoplastic polyrr?jglrg %?%% a phosph: té%enshfer%‘fgg‘tﬂluze gk%g%%%{h“aaﬁ%n%dﬁﬁim%’%m& is
present in said polyfiEFEhEtdf PO RE BT fis At BRoRarals s immiastodwithiseid éivst galymer sheet
and disposed betweemrisaiditwaolay~afigiaashnberainsoichons:te tapiadditional layers can be any of
the following constructs: a | Ispocad between a second polymer sheet and a third polymer
2 sheet, with 0 to 7 flu1fierﬁe%%%%%%%%%%f%% 15%%‘;5“8 5%%3-)/3?%1%? %‘P,X g](i%ﬁ%sfﬁt%@rre lay= of polymer
sheet. In a fouRtH FEpREE HTErET8 Vit acHrinme rpsisylsssngaie bihter|@yers edmprising a
polymer sheet comgrsingd dipelmoptasticipolysicrapheskhaieissienplasiicizat-and.an acid
stabilizer agent, w j i ' ilizeragent | oxide. The present disclgsure includes a
multiple layer glasygﬁﬁ%ﬁdﬁlﬁ%mpﬂsing%%é%%%@% é}éﬂﬁ%%%%ﬁ%rgw ¢ polymer,
a phosphate ester: PIESTEAI 8 ERE LHesE et dbssiibiscsif PaBEFAYRD DESORPTION A-wording to
the present invention it hastimpkisinelrdebncdigtovdrednthiabinmppmadenafphesphatesester
plasticizers in polyregksheats:thal-aAe gg@@p@g@g&@y&rﬂ%@g% a%%%f ggtaol_%‘lgt lmg)mgrts improved
fire retardation rela%@s%o% thatﬂ éﬂlgquc an agent, Ma also allows ﬁ%e‘br ucti it 6F such
phosphate ester plasti¢ized she€ts usmg ma Bdgﬂgﬁﬁeﬁﬁ}ﬁ%ﬁééwg e CHSH /NS eder 390 Mei:ion
of polymer sheets FEkiFgpHsspIARiasstehpRisteid eniyis witcherdessebett immareiiataikhelow, a
"polymur sheer" m&mmﬁﬁﬁﬁam%&z&w@ﬁ%%%ﬁm%%%%ﬁutyral)_
icize

Further, as, will begg%g,r;miggg‘i og%IQe;ai! below, man osphate ester plasticizers "an ba used to
achieve the dire.d firé retardahﬁrfh%)gr”opeﬁiléus, L?%&var %Sgﬁ%gﬁmms%tﬁw&@ﬁfi%ention, a

multiple layer glasglﬁsﬁr?@%‘ﬁs’f@?spﬁ:lgﬁ’ﬁﬁﬁ%f a. polymer sheet disposed between two layers of glass
to form, a. three layer laminatehinhepein e polymes shr-etisemprisha thetaeriasiic pelymer, such as
poly(vinyl butyral) apg-anBesphate.tplasticizer,. In.no additional.plasticizer js present in said
polymer sheet Unlike soﬁégﬁﬁc?rﬁ art ttemﬁigﬁ%@%&%ﬁ%ﬁﬁ%ﬁmg FTT AT f’fh:e
embodiments of t %ré%%%ﬁﬁ%?ﬁﬁé%‘%ﬁﬁ% iR dati Sl it ders weesivsedample, U.S.
Parma 3,841,890 relastiHioriablaytrs (stenfopiexdrmplext!. SRaiRnbisARa:6 Ghskutheragents can
be included, as dejailrshbeloutdon-y BHONS RISPASASPINELS %%,%ﬁ)ls%g%gm%gln% %0&/%16& for example,
ea T

adhesion control aag%%%&ndvéggglared %qur ing.agents can e various embodiments, one or

more acid scavenger agents, which are JRE TR SR e sl detPrrtseigofymer sheet
to impart addition#FStaBiiRss: whirrisrié dmuris iniditvon taeoniseplasticizemisraiphesphate, ester,
plasticiz-r contentcohthe-poliyniershart MmeasdeaRarisdes hupdedresin, o bk c&%e, for
example, 5-80 phr, 10-70 phr, 15-60 phr, Or 20-50 phi. The amount of phosphate ester included in the
melt will, of COUTSC, be determined by the application for which the polymer sheet is intended. The
phosphate ester plasticizers of the present invention can comprise a single type of phosphate ester, or
multiple phosphate esters. Use of a phosphate ester plasticizer as the sole plasticizer has
surprisinglyshown to result in 5 melt nt can be extruded in conventional, unmodified polymer sheet
edevices,

-
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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 tg,us | i Q en we t reater than
25%, ntrtTa 27!, or%?‘eaet?gr91 I—WS%%@ g‘?%%d%%%l S efmgteSc %?‘f%e *I’otrg%segln 4 three layer
embodiment, can atESBeP{REImFERIFBdiments in which two or more polymer sheets are disposed

between two 15 layers of gla§$e£r@ra%5é£9@k%ré%%mlé{£e% :ﬁbﬁﬁa@a&?&? QQSE S !&&%@CEMQ} ong
another and betweey esto rodu eafo r ayer mutl%ﬁma%%%ass ane in which one or

both of the polymer SPIO 5081 MBS RO 5}50??588%\‘%‘% SRR ELTEPLETHE DNy
plasticizer. In still otfef éﬁ‘f%’&ﬁﬁ%@ﬂ% "‘@?ﬂ@ﬂ/ﬁ%‘f it StbiEeaiiebei deserbedemore hilly below, can be
incorporated between two P}?%Qé's%ﬁ tsﬂ%ptsﬁngc uﬁodumlﬂg |ve Ié yer glalss panel in which one or both
polymer sheets have a phosphate ester as the only plas CIZ tRet el tﬁb&?ﬁﬂ&?ﬁ?@’fﬁ%hmh
additional polymer W@@@ﬁ%%ﬁmﬁawmﬂﬁ@whmmtmm JepRéesticizer, ark

between two layers gfigtassiare wihin the scope of the present invention, as well as embodlments in
which more than one polymer film is also used. 25In some of these embodiments, a fire resistant
panel, as defined elsewhere 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 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 0 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 in a "bilayet" construction. Such bilayer constructions typically
comprise a sheet, such as ai :eofglass,apolymersheet,niapolymgrfilmlththatorcler 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,
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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 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 embod‘fdfﬁgﬁt&‘#wgﬁmsphate esters are used as a
plasticizer. As used hereiniieg firéwesistant panel is anwobhthanglasstipplymertayes(s)/glass

constructs of the pigseplipvantionthathave.afisast.ong polvmersheet hissing.a phosphate ester

plasticizer. In varioyg el bodimg ¢ present invention, further conventional non-fire resistant
layers, and, as des¢tib a&‘éﬁ?%“wfaﬁeﬂi% R TRPHire PSS FB0 TR ereoe 5B AuBatr o3y Fie resistant
panels of the presehtimeausnts aiso alinwedthio poérmbodifient o dhieprese plinventiom-an additional
fire resistant layer eanche-glisposedionde-puiside-surface.0k2 layeratolass inanypethe two glass
constructs described.herein. For example,.a glassilpolymer. sheett/construct with a phosphate ester as
the only plasticizeri?ﬁ%ﬁ’é%hgﬁ?%&éwf S éé% ciahﬁ%%u%g%“%ﬁﬁ%?ﬁ%e%%@ﬁ?ﬁ@gﬁ% ither exposed

glass surface to yiERFERFUPHE refetoatprisepan stk the-folidestruciune:. glass#polymer sheet// /fire

resistant layer. A faethengiassayer canbeinsuded-end.optienallyfurher fire. resistant layer/glass
layer iterations to form various fire resistant myltiple layer.glass panels, according to thée following: fire
resistant panel//(fire regfstanf‘f‘ésy“éaﬁ/%yu_esﬂ,@v@%&%&rﬁn%dawwé%oﬁg“ﬁ%%é’??ﬁ%?%e fife resistant panel
is any fire resistant panelFof e H FEGSAIRTIE 96 &, arectirdnestsmrt fayeriniaac bimiteratibn can be any
fire resistant layer desstibec-tbibing wheareiar he-fibsrosistaatiayawbyn.can ha.the same or different.
In various embo ool e g igslsaRkiayshoAN FOIRLSE ANy ol e palymel sheste havi

v 5 e [ an

phosphate ester plasticizers, as disclosed herein, intmnescent layers, uo?o%%ﬁﬁ%rguf layers, as
described herein_%%fﬁ’@?’}emmﬂ?}&ﬁsﬂﬁ‘é%@%W&WN@WM@H

plasticizer is usedagitiveubm y2plasiicizesint iblfimenshesbone aEmMaselayRisef iNkinascent material
can be added to form-avuliiple:ay etalasshanets iavag,addiignalfie defardant sharacisristcs. These

embodiments can be farmed, for.example, 4 clin
p?mmzcrs ses, for cxan?pie:& BySr-'Patani 3%84},890} or adgditional lavers {s=e_ for

exammie, U.S. Patent 4,485 601}, Further agents can be inchuded, as detailed below, for
various porposes other thay to plasticize the polymer, for example, adbesion control
agenis and mfrared absorbing agents can be added. I various crnbodimets, Ons O moTS
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
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20 a layer of intumescent material and a layer of glass to any of the above described embodiments for
a multiple layer glass panel having a polymer sheet with a phosphate ester as the only plasticizer. For
example, one possible co;on is: &ascii/polymer sheetttglasstrmtumescent layer// s. Of course more
than one layer of intumescent material can be added, with additional vitreous layers incorporated as
needed to separate %WW%?@@%H@W%%W@%@%M multiple
intumescent layers h@ulmeﬁlm&eﬁigm:(@as .'.-.,.;.«,c e peisiplppiokyens phosphate ester)

//(intumdscent_layer/t er g% eé !Eig . 1An. 10, &%%Qt%eéggnt layers of the
present invention can be manutracture and 3 mcorporate corln to known technlques and

specifically by those #B&HIBEGSFolstigarssibaselrl ..

used as the intunjescesit Gatnaids akcaicda anyveati mtitipiedste, hydrated
metal salts, metal siligat falis) hS¢ qdiments the
mtumescent materlal Is hydrated sodlum S|I|cate In various €mbents, the %yamnsodl um silicate has a

£ IR PiSh o &@W .-"“v""?"E rperds wieE i4rom 25 to

fluorocarbon compo&é%@@%t%ﬁ&fm%m@@@/M%Ofmr@%%nsmmﬁm@ JHigEATHY) n
blends of THV !éh otgih olymers as a extr regardant fayer. This layer can pe mclude for 10

example, as an addlt? RGET TS ﬁdgﬁ?@?%‘ﬁ% @lﬁ%ﬂ?ﬁl@ Iﬁver glass
panel having a polymﬁmﬂwmﬁa " -:=@f‘:- dralyihednlycbtdsticizet, svwéguribbgrateve.
example, one possibig-goRfiguratignts i’%& IgjassIITHW/gInss Partlcularly useful
THV a TIN blends that can ed |n8£1hes§ emn céggenits 15 |,,ncILt2lé ose di close in U.S. Patent
5,908,704. In various embot n?cr?%ef uoro car f’aygr co Bag i-s’o‘?a§ eight %
of TIN polymer. Usef@ﬁ TR eehe

U.S. Patents 3,285, 30 6303 2R3 Gd AR h%&é.@%u"'v
polymers can be block ers col tln of a Ia tom O soft ent
hexafluoropropylene an %év#% re?'nvgeﬁuorlghs rop%?f%gﬁmr% s,egn?renimt"a"mq?rTi %g?ﬁm 1ene) The
THY polymers are ccﬂ‘ﬁ’(ﬁb‘i’%‘?&ﬂ” %@ﬁf&@@@ﬁ%@%dﬁﬁ@%ﬁ?@’mm ﬂéﬂ’%ﬁmthylene
copolymer (ECTFE) phesthitespprapiienty (isRyizan dnsay idesedibaidedty PRiaha metassadio of, for
example, about 42- 6%%9&%&@%@ @f&\é&%&}%&é&@% gf THt\‘/w\)(vitq 25 o&Qer

len wit

fluoropolymers can be used including, but not limited to, TH
23 prodecing a five layer giasspamelmwhmh one or both pciymexsheetshaveaphmphaie

ester as the only plasticizer. Further embodiments in which additional polyrser sheets,
having or not having a phosphate ester as the only plasticizer, are included between two
layexs of glass are 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,




fluorinated ethylene-propylene copolymers (FEP), perfluoroalkoxy polymer (PFA),
perchlorotetraftuoroethylene (PCFE), ethylene-tetrafluoroethylene copolymer (EIFE), polyvinylidine
ftuoropolymer (P'VDF), chloroethylene tetrafluoroethylene, and clichloroethylene tetrafluoroethylene
(ECCTFE). 30Glass panes of the present |nvent|on can be any that are conventiorualiy used in the art
of laminated glass pafiesss: sdEibe citfonity thrstecthde fncbeperserfiifiresismpitipopentiey of that are
particularly suited for s gotyith-AIpg 8 lemaseer gﬂg@; geseibed.abevensuch 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, alumlnosmcate and alumlno boro silicate
glasses.ntles 5 of composM%@%ﬁ?ﬁﬁW@ﬁ@ﬁ@ thadefmee boreeiics

be used include the agni:ssiil %hﬂ%?eﬁ’f thestelawingdab S

Ni.‘.‘

Composition A Comp _-_' |t|on D S| 62.8 69.5 73
FFEang eh B pane 0 a5, 4 polymer ,
This constre ;-:@- 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 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 shove
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.
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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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1.7 ZnO 82 Ti020.6 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 manufactun%? a m%J Iltiple layer

glass panel by lamin&¥FgBfEde ﬁ%’é’r‘é’ﬁ?@r?ﬁtﬁ% ’EFB@Q% W@fﬁ tayers
using any approprlatm@ﬂmﬂeﬁt@mkﬂieﬂaw siSiie s aresidenin dbiorprecess to produce
any of the multiple layey &Hng Lanals. ol ep F&&%'ﬁ&?@&% sodinm silicate. In various
embodiments, the hydrated sodium silicate has a weight ratio SiG; M0 of between sbout
5 3:1and 4:1 or sbowt 3.4:1, and can have, for example, fom 25 to 40 or om 30 to 35
waler a8 8 weight percent.

Purther embodiments incorporate 8 lnyer of a fluorocarbon composition swch as
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

LT TP




The present invention also includes a method of preventing or reducing the spread of fire by af6tring in
an opening any of the multiple layer glass panels of the present invention. 5 PHOSPHATE ESTER
PLASTICIZERS Phoesters that can be used as a plasticizer in the polymer sheets of the present

invention include, without limitation, monomeric phosphate esters (phosphate esters havm
phosphate group), nmaﬂﬁlﬁ%mﬁéﬁ&%ﬁ%@ﬁﬁlmﬁ@% BROEHHERE
selected from the gr%ﬁ@ﬂ%ﬂ@%&ﬁéﬂ&%ﬁ%%ﬂ&i&xﬁ@%ﬂs@@r@uﬁﬁﬂﬁ@m&
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10

15

Mudtiple layer glass paneis of the present invendion can generally be oriented with
either side of the panel facing an internal space.
The present invertion inchudes 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
layers using any appropriate conventional method, such as by an awloclave lamination

process to produce any of the multiple layer glazing panels of the present invention.



phosphate, 2-ethylhexyl sec-butyl cresyl phosphate, 2-ethylhexyl n.-butyl cresyl phosphate,
di(2-ethylhi=cyl) phenyl phosphate, 2-ethylhexyl capyl phenyl phosphate, 2- erhylhexyl 2butyloctyl
cresyl phosphate, n-butyl sec-tetradecyl phenyl phosp 10 hexadecyl isopropyl phenyl phosphate,
dodecyldiphenyl phosphate, tri-2-ethylhexyl phosphate, c-resyl diyl p, and mixtures of the foregoing,
among others. The preferredist et ety glsy &xchoise amatlod afaittmatian or3eiueing thatemesd

Examples of these ar@ﬂﬁ%ylmm& pecialstin eimskaxdphasphate hi2naibadligxyl diphenyl
phosphate, tricresyl pi. &%e 4ldiphenyl phosphate tn-. 15 Innoxyethyl phosphate and cresyl diphenyl
phosphate. EPDXIDEA Rﬁ‘ Epoxide agents can be incorporated into the layers of the present
invention, and include 3,4- epoxycyclohexane carboxylate compositions of the type described in U.S.
20 Patent 3,723,320. Agoet whsas those disclosed in U.S. Patent 4,206,067 that

contain two linked cyelohex to which is f % .an.e OXId ro u%h%hglepomde
compounds correspond to the f%gﬁ‘% Féﬁ’ﬁfgﬁ ob@ eran i< an orgmrﬂ%:%gr%%g%con aining 1 to 10
carbon atoms, from OW%%WH‘% hen et PBH O A it paioe @Wﬁﬂm 9 are in,
errtly selected On ameangstiysiapei phaakipha i D et cAEba :

diepoxides include 3 %g&mclohexy 44 y1 -3,4- epoxycyclohexane It5 (3methylcyclohexylmethyl)
and 2-(3,4-epoxycyclo)-5,5- spiro(3,xy)cyclohexane-m-dioxane, useful epoxide elude polyglyeol

di- epcoddesuch¥§s polymers of ep|chlorohydr|n polyglycoIW@xample DER 732 Suchmolecular
weight di-eptoddes are usefehdreiodatbadhend

scavengers, alone or é&ﬁﬁ@m%ﬁvﬂ%ﬁ ROXide 1
polymer sheets of the Presentﬁl}ngvgagtt’;?ﬂnmm end oycloalkyl, with fhe hat whez alt of th mdl s
proviso that when all of the radic
represented by R in & given compound are alikyl radicals, it is preferred that each alkcyl
15 radical has 4 or more carbon atoms. F is possible for R to represent different radicals in
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,




POLYMER FILM As used herein, a "polymer film" means a relatively thin and rigid polymer layer 15
that functions as a performance enhancing layer. Polymer films differ from polymer sheets, as used
herein, in that polymer films do not themselves provide the necessary penetration resistance and glass
retention properties to a multlple Iayer glazmg structure, but rather prowde perfomawace
improvements, such &s-tefrhiéaeaiigisibiic fiwrplaite Yetbpheetadinkonid most commonly
used as a polymer filgp,Z@in.VaHOIS, el ihnass of 0.013 mm
to 0.20 mm, preferably |

..E-".-‘-_._;—_i B Eﬂ Sleugd ‘ NEY R
( 0 ) t 0 1 04t 0 06 ti Il
fr;%l%?f%e%’ne SPRR ﬁ?‘aé’&%;ﬁ i i s gptonly

be surface treated or ¢ ropér ies,”su &EIOR OF hirared radiation

reflection. These fu n@h@W@e M@WM@WW@M@M@WHa red
solar radiation angd tr : M%Wp@%@@ypﬁ%&ﬁ@w delyesybtack is
01230 an S. P tent 745 omprise, for
%1 ?a@e%s%%m 3or oré( rexa% oc%e uentially
deposited, optically ..f"‘:.u:j_-r- ey el PR invigbenforedEhaglu.S. Patents
4,017,661 and 4 786@8@%&9%@%@1@@&

defrosting or defoggin y additi g g% ¥mer film that
ran be used with the @?g'% t |n n?f:%;%emgﬁsgos scrﬂb Pl Sﬁ% . atgngt)%%%% comprises a
multitude of nonthetaiEafieyesorragrtre: TN PN OPORAREE Shdhrterence that

can be caused by mets _M:dlt_-,. hacnd e *~ ig opkeally tiarent
@MQ%&%&%%&%@%% %%%@QJ@%&%&%CA&L%E@SGWGV

(i.e. objects adjacent one fhe |9)¥

looiag inr the layer from the other side), n1’ usuallyhas a, In some ents sitly greater, tensile
modulusess of comp%’?ﬁ%’ilF ﬁ’g %ﬁ@f*’é?ﬁyéﬁﬁlﬁ W@%@ﬁﬁ%ﬁ%@b@?ﬁ n?ents the
polymer film layer 10:tgihpryt dplaetirbrbuogtias abspimontpdbeidicieiad itonsdteasdd-having
suitable propertigs am%l WQ%@M%&; &?Q% &%m&nates polyolefins such as
polypropylene, cellulose acetates and triacetates, vin loride polymers and copolymers and the
Wm. In various embodnents the polymer fllm layer comprises materials such as re-stretched
thermoplastic films heRiRgERAGESE properties WhICh include polyesters for 15po|y(ethylene

known in the art (see for
example, one or mor

terephthalate)kfnocljy(etIegggea?glmtgth Pgl%@}n 4 : b ? ; d t )35§dused and
in various embodimen 0 ne tere a s been re Q. improve
strength, and has been? e e sfgé ‘% Brovi Q?égiﬂé‘?]@%"g*&‘&ﬁ‘ ?é%?eﬁ’%ggsﬁfﬁjgﬁ HHjgcted to
elevated temp&ﬁtur@%é@%aﬁ%ﬂmlﬁ%@@ﬁw&m firesctiovesiisfiior:g0miliiuRateat 150C).

20Various coating aagespiEree-d eaiee piiesies E;MQW&&E%@HMH%MIM that can be
used with the present mv{een grgupag%cﬁlél Iose in g}lﬁg& ec%nE%urog(g%qhé@égllc‘ﬂ&on No, 0157030.
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POLYMER SHEET 25The following section describes the various materials, such as poly(vinyl
butyral), that can be used to form polymer sheets of the present invention. As 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 penetraﬁ@nrﬁfes&t ineecegvdiB @rgtassuieieintidriplo petiestadafiimattbglazing

panels. Plasticized pelynwtprdyiaddspat Somtpanihised saforRNMEL shestsiddiAs used
herein, "resin" refers tQ!the meric gor exa %@ a@y%%’é:lnyl trut ral)) componentthatlsremoved from

the Mixture that resuﬁ%%m 5%}’ q%'g
precursors. Resin wil# W@W@Wﬁ@bﬁ

salts, and alcohofs. &t@stcf@ﬁﬁ §r@ aif &l ” %91?5»5-

plasticizeroptionally othe gdl Tpg ol mer sheets of the present invention can comprise any
suitable polymer, angpln empo |me aﬁr%ngXempllfled above the polymer sheet comprlses

poly(vinyl butyral). In any o@éﬁ@'
poly(vinyl b) as the pelymercEes
virt
iy v%x%tettégﬁ
einsiitingiGsgeniiblheoitpohfuiriyidyatyral).

which the polymer c%ﬁ%’g nent cor&sstsof %on5|st
SE
embodiments, any of thé varidtions in agée ves, |n

with the polymetheet havitieassiiyrreesisiions

Si"¢En be used

15In one "llildiment, mmmmmmmmm@@-m@tm@w acetalized poly(viny!
alcohops. hi another embodiment, the polymer sheet comprises a polymer selected from the group

ral) olyurethane, polyvinyl chloride, poly(ethylene vinyl acetate),

consisting of poly(vi Q/I buty
combinations thereo attd tHe one embodiment, the polymer sheet comprises poly(vinyl butyral).

In other 20 embodiments, _--sa-:i.v.g;, MIWM&QW

embodiments the polynershssbcayprsEsRo i, bulyakand.o regther polymers. Other

polymers having a s%ﬁltable glass tranS|t|on temperature can als used n any otpﬁt Sections herein

in which preferred r H%B@EP%&WWSWW@I) (for
example, and wﬂhoMMummﬁeta@Egiégtasm mpaties e eelipldsydhickaasses:and

characteritic-enhangipgiaddibies p@mm%sme'wm@e@ isghs dedhe.oiter polymers
in po ymer S

and polymer blendsklgjqbﬁ@%?d herein as useful as components ets. For embodiments
comprising poly(viny il

T |‘%W£?‘E’§ﬂ etk e HykiiRn acetalization
processes that4fvolve rea@tﬁ@% svingAnadeishibh) polymer ﬁlm layer has a thickness of 0.013 mm to
0.20 mm, preferably 0.025 mm to 0.1 mm, or .04 to 0.06 mm. The polymer film layer
can optionally be surface treated or coated to improve one or more properties, such as
adhesion or infrered radiation reflection. These fimctional performance layers 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



30 (PVOH) with butyraldehyde in the presence of an acid catalyst, followed by neutralization of the
catalyst, separation, stabilization, andg of the resin. 13 In various embodiments, the polymer sheet
can comprise less than 15 wt. % residual ester groups, 13 wt. %, 11. Wt. %, 9 wt % , 7 wt. % , 5 wt.
% , or less than 3 wt. % residual ester groups calculated as polyvinyl acetate, with the balancean
metal, preferably rvdehyde Asetiditoutioptorigblymeciieriztetal igromd with shengneed ametind, .g., a
2-ethyl limamal trtup Géesh [Or&xARR'R YsSpRAIRN B, 35 dafrislh %%E&i&d@%%ﬂiﬁ@&ﬁ gaPolymer
sheet comprises poly(vin) Ibutyral) havm a, oIecuIar Welght at Ieast 30000 40 000 5 000, 55,000,
60,000, 65,000, 70,008 12t S e R S S B R e T Oy ﬁ?ﬁ?ﬁ@) Small
guantities of a dlaldeﬁ?ydwbﬁimmmde can also be added durlng the azetallzatlon step to 10 increase
molecular weightso at Ieastﬁg%%&lm for.exan b S 4RO 044 84,814,
4,814,529; and, 4,654 17 s used herel term " Iar elght" means the weight average
molecular weight rlo %g?&‘?g %%?2 % |ﬁeﬁ% nﬁtﬁ'@gﬁ@' @8’?’% fd%resent
invention, ineimiing sekiemisdeekite ipo %@m@m@@@ﬂmm itly 165 Maghesiom salts nr

can be used with thesgagbsiariseh &'M@E'M@%@M@H QR MEH& 494 08%

disclosed in U.S. Patgni 5,728,47 sium salleyia agnes te magnesium
di-(2-aminobenzoate}, mgf Tal s%wéﬁ% Wnﬁtr%(%- ngﬁéx}g%%%’% 3%%? %{% ¥Si
butyrate)(chemit@l a5ewmaes 1o i mwtwbﬂmﬂveﬁpmmemventlon
the 20 magnesium Saik : Hihekadditivesmay.bedpcorporated
into the polymer she nce | erfor na rod Such dd|t|ves include, but are
not limited to dyes, p%%%?@ﬁg? %ﬁﬁuéprs elanawo% sta iize y‘\‘%l 5‘%’? d‘gﬁi?sa%n‘f‘ﬁg ents, IR
absorbers, combinatfidsiike foregimrraeivedsdhonpiame s layer kpovwisnmttbats 28 sy
suitable method can bessestdatprodunehns W%MM@WW}MSM

suitable processges o,,, o killed ?i’% gﬁff,exe(%)é
, ( sticizér, and any
5 ",-r::"--f -;’ o g Tan d

example, U.S. Patents 2,282,051 poly )
additives can be theﬁ‘ﬁ%ﬁ’f}f‘ SreRsisss LA Sedigshown to
those of 30 ordinary %ummmmmmwmmfmmmmwwg@met

comprises eXtrUdmgﬁ&Qﬂ%ﬁt@Mﬂ&ﬂo@MﬁQl QRS :f__' éﬁzﬁl&b&!&?&%%ﬁ sﬁﬂgc}e& 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



additives by forcing the melt through a die (for example, a die having an opening that is substantiallyer
in one dimension than in a perpendicular dimension). Another exemplary method of forming a
poly(vinyl butyral) sheet comprises casting a melt from a die onto a roller, solidifying the resin and
subsequently removing the solidified sesjn asa 5 sheet In arlous Is, the ?fu have
thicknesses ot for example‘% %ﬂ?’ﬁrm ‘Fg %‘F/ﬁ’*ﬁ |m% ot 8&5@% fy\‘%ﬁm limeters,”and 0-3
to 1.5 mithmete For eampmb Sehnerrue ajerigyti@dent exists,
where suitable, whergjg, a s serExampiaskef such
layers include rigid plast|cs hav ,J h tr n5|t on tem ratur ample, at%} C o 70C, for
example polycarbonat&sp W%“ a?ﬁglnﬁlgf specfG %%osé avmg rom carbon
atoms in the alkyﬁmolmyﬁﬂA“fwﬁﬁeﬁ@‘ewmm@é%ﬁP Ve BT A rsiske o1 PR G
polymer 15 com7 4on,sheais of the present invention disclosed herein in any comblnatlon The

present invention also |nclu§1% Fﬁﬁ eeg \@/{Qed?e%ys\se ahc()jner f|n|shed

any of the multiple layer cons r?c epresen nt arlous p ymers eeta d/or ahinated

glass characteristics &t Feprsiinreg tatiodion prE Rt EESIESent
invention. ZfOThe prew%/mu@mﬂmcmdﬁ@ el mm@wmmm&m@r@e}mhmﬁanels
comprising forming an interla § %g iques
described herelr@ ﬁ&hg ja%’%f ?%h FQ %r%c?%% aru%‘fl aS:Ep])%% %E%Sﬁycg%st‘%ﬁeet can be

determined by meas gt
the sheet. The percenidazs adnapparatus for

measuring the amou%&&@&zgm %ﬁg@&w&g&&&ﬁ @igl% %ml%&g q 3#égt&@étssociates

(Reston, VAX can be used |n accor nce W|th ASTM D1003-61 (Re-ap roved *P’fh‘c)% Procedure A,
using Ifinminant C, atBRSFRMWES FRpGRS RERRHITEREDY present
invention, percebf haze is Ié.se SQttadibes -' ari3lsshaoiate lagmlgﬁa@r&&aé on Partinihe| adhesion
can be measured accoiding AW ed.10herein to

quantify adhesion of a Iymer W to ass theQIwm te ' hue is tsed to dgrmle pummel.
Two-ply ea% Jamin'iff® %@%@Bﬁé Wﬁ@%ﬁﬂmes are cooled
to polyvinyl chioride, poly({eihylene vmyi acetate), combma:hons thereof, and the like. In
one embodiment, the polymer sheet comprises poly(vinyl butyral). In other
20  embodiments, the polymer sheet comprises plasticized poly(vinyl buiyral). In further
embodiments the polymer sheet comprises poly(vinyl butyral) snd 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



5 about -17C (OF) and manually pummeled with a miner to break the glass. All brokenthat is not J.ered
to the poly(vinyl butyral) sheet is then removed, nsi the amount of glass left adhered to the poly(vhayl
butyral) sheet is visually co set of standards. The standards correspond to a scale in which varying
degrees of glass remain adhered to the poly(vmyl butyral) sheet In partlcular at a pummel standard of
10 zero, no alas is left adhdrediguEanse H BEBA BT ILURRHTS Ie et I%T@“ {°OO% of the It
remains adhered to ta@x@m@@grmrmmhﬁemﬁm %,@aﬁ@% of ﬁm%rmmtmv

emb*snents have a p‘ym@‘%a?f t) %;5
have a pummel between mcl%% 15 We

measured according e’ Collvis] R SER
smooth polymerié sutiaces, whichlasse dsenti byopla ,..-.r 3ThH
measured according to ASM&&QQ&M&& éé %&@{M& A :., 0

Plastics" from spectrophqtometric “%ﬂé transmlttancelthe visible
nieriay A3 000

to 1 cm thickness usihged Tl A ﬁ%ﬁé@%ﬁ%@ 0@%2

_ eecan
& rﬁgﬁmﬁ?avmg
éﬁ!ihdex is

' re corrected
fred parts of

poly(vinyl butyral) of 3B86GiclGh0e0, po by (east/B Sl D@ ﬁgﬁmlbutﬁbmpmo 096 part of
40% magnesium 2-effyl i 5%?&{8 Qr%@éﬁﬁs%@% B lRSSH I RERIRE (A0 A

sequentially to g blender vess and the vrgor enlze% sing a mechanrcal mixer. The

content is then éRtrudSEFRTIS EWER} iff% 5?3%% B i5fed parts of

poly(vinyl butyral) of 1807 WW%@WM
part of 40% magnesiympRrethidbuly e uss 15 ighhjiiervessel anti then V|gorously

homogenized using a me= aLmlx hec nt 5 thene ed into 3 ug %%gterla sheets at
170C. 5 Example 3 Oneaﬁnl pto p%tfy viny %%%ra’ﬁ%ﬁ?al %81?{’ )} ﬁr%g ol), 50

parts of triphenyl phospmia.igedng-Aed %@Wﬁ%ﬁ@@ﬁ%lﬂ%&&(@&%ﬁ@&dded sequentially
to a blender and xigox u of the present nverdion

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  magnesivm sait is moagnesivm 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



10 mixer. The content is then extruded into 30 gauge interlayer sheets at a temperature range of
150-170C. All e 4 One hundred parts of poly(vntyl butyral) of 30 % weight of poly(vinyl alcohol), 15 29
parts oftri-isobuylphosjnm, 17 parts oflriphenylphosp..c and 0.19 part of 40% magnesium 2-ethyl
butyrate (ag.) are added sequentlally to a blender and vigorously homogenized using a mechanical

mixer. The content is ﬂdé?ﬁl‘@ﬁt'bm ferdiigtdy
150 170C. 20 Examplgs becpattsinhaeli vk YbabeiiB GrbanhahPalybvry! alcohol),

0 parts of tri-isobutyl ho '- art pf 400 ium. 2-e h | butyrate (sq.), and 1.25 parts of
DER 732 are added seé%m?%rgﬁn &0 a%%%e@%g@’?gg % éé‘fm W%go; ﬁ%?rllg&gm
mechanical mixer. Théi¢esientiboheidiingibe a%gﬁkmi@iﬁl&ﬂmgmmple 6

Or?e hEndreg pgr& of@;@é;y( ARV e (éﬁ%t@ 0hhi33 Eféﬁéféﬁ ﬁfﬁtf%gﬁﬁf%ty'
phosphate, 0.19 part g 5T ._‘ ﬁ% te , parts o Y,
ph [ate ?gém%é’rgbdi éxté%quen %“% ?ﬁgéerv Sg?‘d t\? orously

(3,4- epoxycyclohexyl)cam oxy
Eldifeal mixer. The content is then extruded into 30 gauge interlayer sheets

homogenized using afe€kEn
at 170C.  vertical burn tesképsatiesabbiithdy dRFREIEIEIS LaROIaHR1IG8C00Rather
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



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

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 spectrophotometric light transmittance i the visible specirom.
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



Interlayer Crst.ifion Poly(vinyl) with triethylene glycol b ethyl Example 2 Example 3 Example 4
Example 5 Dripping? Self h'cation)? yes no N/A N/A

10

15

20

30

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 {agq.)
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



noYes no no Yes DO 110

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



yes Yes 210 no

DO Yes DOno DO yes
Sample ID | Wt before] Wi Afler Remerks
137 102 | Begins deipping 3 sec after first flame application. Bxtinguished
RB41 Control 137 6.84 with air at 30 seconds.
1.34 892 Begig duppm 2(; m afier flame applcestion.
3-187% :
L7G 127 3 =
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 b4l . Ko dripping. Extinguished with sir at 30 seconds.
23046 iy dll By ¥ dripping. Extinguished with air st 30 scconds,
14303206 L gg i‘%g ‘.;:..-.:‘.g-;;;a shed with af at 30 seconds,
1.69 078
24183805 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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no no

no yes DO no

10

Semplo 1D Pols':/i'inyl Poly(vinyl ;f;?ggﬁ;ﬂ -

aloohol bretyral) iy Dbeoxan Oaw}?hosphm Phosphats Phosphate Phosphine
RBA1 | 187 100 38 o b 0 0
31875 | 187 100 0 6 o 75 0
31850 | 187 100 P o 0 50 0
Qaégg 18.7 100 8 6 38 6 o
23038 | 30 100 o 0 38 5 0
23046 | 30 160 D 0 46 0 o
N14-1z3206] 187 100 8 31.7 o o 63
24-183205] 187 100 8 5 38 9 5
23-182414] 187 100 g o 236 | 144 0
%&%ﬁg 187 100 o o 38 o 6
14-303808) 30 100 b 383 0 o 7.7
14-303206] 30 100 0 317 P 0 63
73-302017) 33 100 o o 285 | 175 0
14-304608] 30 100 0 458 0 0 52
1-3046 | 30 160 o 46 0 6 0
23-3m220] 33 100 6 0 22 | 108 0

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

20




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 table, and formulations are provided in the subsequent table. 18 By virtue
of the present invention, it is now possible to provide multiple layer glass panels havmg improved fire
resistance characterlﬁlwdﬁmmmmmméﬁmm@bm bigroed vt

manufactured using exdsting SEHPMeRLSNdiP JeehRices, therelyie Qa%m%@a@%?%{godlfy

embodiments,  wil 5& Y“P G e e beeh SRR SRR JEPUERUBTE are
possible and are witHhs tseeiid secpmthapift Sharréoprdbisinimded i the invention not be limiled
5 the particular embodiments disclosed as the best mode conterplaied for carryin
mvention, but that the invention will inclnde ali embodiments falling within the scops of
the appended claims.
Tt will further be understood that any of the ranges, values, or characteristics given
for any single component of the present fnvention can be used interchangesble with any
10 ranges, vahues, or characteristics given for any of the other components of the invention,
whers compatible, to form an embodiment having defined valves for ench of the

wul. For example, & polymer sheet can be fou

components, as given herein tey

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,
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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 equwallgnts may be
substituted for elements thereof without departing from the scope of the invention. In addition, many
modifications may be made toa particular situation or mato theof the invention Withc_)ut ;ssl the_
essential scopecthereof Therefore, it is intew -4 that the invention not be 5 the no!cwar emb_odlmgnts _
disclosed as therhiéiptenfrydegtenteamy) atechfairead fring itk i snaventien Lid theiedgthe invention will
include all ePABBIEPRBIFIERafiRtizighin the scope of It will further be understood that any of the
ranges, values, or gﬁqﬁfﬁﬂ%ﬁ'@%ﬁgﬁ?@n for any sin%le component of the present invention can be used

e B L R e oo
of the inventiomisnbrnestorpatibiecte forsy e orkment having detined va uestor each of the
components, as given hereinut. For m. tie, a polymer sheet can be formed comprising phosphate
esters in any S EREPEYESIVewiarEisito toeemgpsttitagiven f@pW\(Diﬂ/Al\boﬂ?em, to ;orm many e
ermutatio t within the scope of the 15 present invention. ny figure reference numbe
given Withih?ﬁﬂ%%%ﬁ%&i%ﬁ%%% aeﬁrr%g ﬁléé) % ﬁilﬁ}(‘sﬁ‘%ﬁﬁ?@ Bﬁﬁé@@g%ﬁﬁp'ﬁ%‘gm@ﬂot be construed
to limit the claimed invention to any one particular embodiment shown in any flgure. Figures are not
drawn to scaldheess othiemvizevhetsd s&0 aymiefeaeneaninekstirng Mf@gégam_@(lﬁ_&; Rafents,
applications‘?féﬁﬁ PiB¥icesreferred to herein is hereby incorporated by reference in its entirety.

5. The panel of claim 2, wherein said polymer sheet comprises 15-60 parts per hundred resin
of said plasticizer.

8. The panel of claim 2, wherein said plasticizer comprises a monomeric phosphate ester.
7. The panel of claim 2, wherein said polymer sheet further comprises an acid stabilizer.
8. The panel of claim 2, wherein said polymer sheet further comprises an epoxide stabilizer.

9. The panel of 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 layer of giass 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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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 dl.sposed
between said two layers of glass, wherein said polymer sheet comprises a thgrmoplastlc polymer and
a phosphate ester plasticizer and wherein no additional plasticizer_is present in salipolymﬁr sfhele_t. 2é
The panel of slai daruhaisisaicihednanlasis RAbmEs i» ol iyl butyral) 3, The panel of claim 2
wherein saicpmissozhbutytellbas @ resjahBShAVLAleaal CoBLERT of T i 50%. 4. The panel
of claim 2, wherein said polymer sheet comprises 5-80 parts per hundred resin ogf&f ple_\stlcflzer.;:I 5.

\ &R eIV 8515-60rpasts penbemdesdesin of sai
-[I)_Igest?g;eerl.o %ﬁi@%? g?g%ﬁi%g g)fr%?é’éfgr%%ff@%igﬁér FORRSES @ﬁ%@ﬁbﬁ@i@phosphate ester.
7. The panel éf claim 2, wﬁéremcggnldmpaoﬁ]rshgr SReetfiriRer compr_ises an _a_lcid stabilizer. 8. The panel
of claim 2, viteTeinsaid polymensheetivehencompsisesA0 eomdde stabilizers 2T he panel of claim
2, wherein da#ieglymer sheet further comprises a polyglycol di-epoxide agent, 2-ethylhexyl

[ herein said polymer sheet
(3,4-epoxycyglahexyl) carboxylate, or both. 10. The panel of claim 2, w . _poly
further comgﬁz‘l'sqief% 2&38‘5&*%‘ &t FraihHe ‘amﬁgﬁﬁﬁ@i@fﬁf@'df BYsSARG RIS, Siattizers, |
oo olafaiL Aoy B A AT IR L S S ey L
layer glass framektednopsisingne, hexafli@d@sisionts, RABSInYREHE LS Tire Tesistant panel consists
essentially of: a first layer of glass; a second layer of glass; and, apolymer sheet_dlsposed between
said first layer aRtRAR Sy’ %Vé?efﬁ'@F&&f‘%l@é@ﬂéﬁkﬁb@m@eshwpmmm.a thgrmop(ljastlc

olymer an mmﬁg ici nd wherein ng additional plasticizer is present in sai
golzmer sh%&iﬁ&ssém @§%§§%?§ﬁ§ %ﬁ%&%g(&%&e ?ﬁscgcagn%@? i\‘/v‘ﬁﬁeé%i'ibs@@égﬁf_le%‘i}@'ﬁtof glass
opposite said polywerskeets di2sslThe panel of claim 11, wherein said_thermoplastlc poly_mer IS o
poly(vinyl butyral).2 . rph& prashekbfiefaisndliRtweserein saidayety (Mippsbutyabihasa residual poly(vinyi
alcohol) coﬁﬁgﬁg. ﬁr\ffgicgtﬂf‘p Wﬂhﬁf@@%;érﬁféﬁﬂ?r 3ad Firboseinast obearasidzevhedein said polymer
| ] [~
|

haqlf;?' sticizer | N j :sheat ard i herein
sheet comrct S DB TR e e B g o com 12
said pO|ym%S'v’&ﬁb@@iﬁ%'%@ér&&@%&?@ﬁé?@ﬁ%é‘iﬂq{ J?&%E%?%H | é%e%i &1 ve any of the
foltowing constructs:
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(vinyt butyral) has a residuat poly(vinyl alcohol)
content of 10% to 50%.

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. The panel of claim 28, wherein said first polymer sheet further comprises an acid
stabilizer.

32. The panel of claim 28, wherein said first polymer sheet further comprises an epoxide
stabitizer.

33. The panel of claim 26, wherein said first polymer sheet further comprises a polygalycol di-
epoxide agent, 2-ethylhexyl (3.4-epoxycyclohexyl) carboxyiate, 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, 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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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
(3,4-epoxycysloheyherar Bamy e, Rirbath29 nTde Ranel QlclaimblsnhriginsaidRolymer sheet
further comprigesraheagaentseledtedddrpoyite graup consisiagaisgyes, Rigmeriisiabilizers,
antioxidants, antiblock agents, infrared absorbers, and combinations of the foregoing. 21. The panel of
claim 12, Wﬁ‘%rréig"#%ﬁ;%ﬁ%e&@éﬁébﬁﬂﬁﬁr@ﬁﬁﬁ@%ﬂémrﬁ@ﬁﬁ!é"@%_reﬁleﬁi&féﬁ*ﬁi‘?iw aThe panel of claim
21, whereingAd JNTILISSCED éﬁéﬁeﬁf&&%ﬁﬁfﬁaﬁt&c%gﬁﬁﬁﬁ Wi P pang 6fllaim 12,
wherein said fire resistant layer comprises a polymer polymerized from tetrafluoroethylene,
hexafluoropidpyiemecayervitylidese finerdes=24iEhenpasrl phiglaims LAiwhgreimsaid fire resistant
layer comprises a phosphate ester, 25. A multiple layer glass panel, comprising a fire resistant panel,
wherein saii}fﬁi@i é@@@fﬁgﬁ@g@é@@% A SBIRtRAN Y tRIEGHRPSIRS S g Rk poly(vinfirst polymer sheet

. h t . . . . .
disposed bétween Said two yers of glass, wherein said polymer sheet comprises a thermoplastic

polymer andca phasphaje-estasiplastivizesiansovigrain araddiipnakpiasticizenis presrat in said
polymer shestp ahdegh@agidearadditional layers laminated with said first polymer sheet and disposed
between sa{ig tTV\{]o layers of glass, wherein said one to ten additional layers can be any of the following
constructs: . %%B 7 1 s} YBEr PR BRI M SE 5RaL SOTgrHERSSHER Bi#fts #INeNPSImer sheet,

. i i : .
with O to 7 further gi/ersasnggiymer film and polymer sheet; or, 0 to 10 further layers of polymer sheet.

26. The panel oic|aign=98; whereissaifiprapniastioRebuneris LPoEvNLRUL RN ZZ. The panel of

claim 26, werdeein said poly(vinyl butyral) has a residual poly(vinyl alcohol) content of 10% to 50%. 28.

The panel of c%aimﬂ26§ Whrerein_said first polymer sheet comprises 5-80 parts per hundred resin of said
- i w [ '

plastcizer. 23, 1ASA0T f Al 2o Umel e SoRTS o8 e Sgeprsmmdishsi®trparts per

hundred resin of said plasticizer. 30. e p5r¥e of SIdir 8,3(/vanere|n sdid plasticizer comprises a

monomeric4ahDisp made=ester.ciaim 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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31. The panel of claim 26, wherein said first polymer sheet further comprises an acid stabilizer. 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-epoxycy_clohexé<ﬂ_ g§&?§%@{% r&qethsééégghe pane_l c_)f claim 26, W_herein said
first polymer sheet further comprises an agent se ected from the group consisting of dyes, pigments,
stabilizers, antioxidants, antiblock agents, infrared absorbers, and combinations of the foregoing. 35.
The panel of claim 26, wherein said polymer film com &iﬁsﬁg poly(ethylene terephthalate). 36. The
panel of claim 26, wherein one or more of said se‘conﬁ-polymer sheet, said third polymer sheet, and
said further polymer sheets comprise a phosphate ester plasticizer. 37. A multiple layer glass panel
interlayeg, comprising a.polymer. sheet rising a thermoplastic.polymer, a phasphate ester
plasticizeér, an 3? raeg? St ?gieornalgselrrf‘t?@vn}gﬁelnoggo ggefs%ebei ?z%&aggﬁPiygﬁl Cz)ecﬁsﬁﬁg 5The
interlayer of abairl 3 Andheceinspaidfihelimaplastiespalymenisopoly (wirjbiidaly. p3Qidesintaslayer of
claim 38, WheCE)ein sgég%olgﬁ .ér'{}/lla.%)%lrt]){rlq_l Q?’isrearégzsi a%acle }%)%%/inaﬁl alcohpl) content of 10% to 50%. 40.
The interlayer of claim a6g Wherein sai polymer 'shee comprléjesyglzlgﬁs ﬁig'per hundred resin of said
plasticizer. 41. The interlayer of claim 38, wherein said polymer sheet comprises 15-60 parts per
hundred resirﬁgfﬁaideolasticizer. 42. The interlayer of claim 38, wherein said plasticizer comprises a
monomeric p ospﬁléife' ester. 43. The interlayer of claim 38, wherein said polymer sheet further
comprigés a polyglycol di-epoxide 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. Fire Resistant Polymer Sheets Abstract The present invention is in the
field of polymer sheets for use in multiple layer 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. No Figure. '
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