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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 interlayer can be produced by mixing poly(vinyl 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 rolied for storage and

25  transportation.

In addition to various common uses for laminated glass structures having a
conventional polymer sheet type interlayer, in some applications of laminated safety glass
it is particularly desirable to have additional fire retardation features. Examples of
attempts to include some measure of fire retardation include the inclusion of additional

30 layers of intumescent material that are specifically designed to char when subjected to
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The present invention includes a multiple layer glaés panel, comprising a fire
25  resistant panel, 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
wherein no additional plasticizer is present in said polymer sheet; and one to ten
additional layers laminated with said first polymer sheet and disposed between said two
30  layers of glass, wherein said one to ten additional layers can be any of the following

constructs: a polymer film disposed between a second polymer sheet and a third polymer
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of fire retardation, these embodiments of the present invention do not employ additional

plasticizers (see, for example, U.S. Patent 3,841,890) or additional layers (see, for
example, U.S. Patent 4,485,601). Further agents can be included, as detailed below, for
25  various purposes other than to plasticize the polymer, for example, adhesion control
agents and infrared absorbing agents can be added. In various embodiments, one or more
acid scavenger agents, which are described in detail below, can be added to the polymer
sheet to impart additional stability.
In embodiments in which the only plasticizer is a phosphate ester, plasticizer
30  content of the polymer sheet, measured in parts per hundred resin, or phr, can be, for
example, 5-80 phr, 10-70 phr, 15-60 phr, or 20-50 phr. The amount of phosphate ester
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25 In 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 film//polymer sheet arrangement with

30  Oto 7 layers of polymer sheets and/or polymer films, or 0 to 10 layers of polymer sheets,
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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//polymer layer(s)//glass
* constructs of the present invention that have at least one polymer sheet having a
phosphate ester plasticizer. In various embodiments of the present invention, further
conventional non-fire resistant layers, and, as described elsewhere herein, fire resistant

30  layers, can be added to any fire resistant panels of the present invention.
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a pembddinétefor a multiple layer glass panel having a polymer sheet with a phosphate

ester as the only plasticizer. For example, one possible configuration is: glass//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
25  the intumescent layers. Generally, a panel can be constructed with multiple intumescent
layers having the design:
(glass panel comprising polymer sheet with phosphate ester)
//(intumescent layer//glass layetr),, where n is a whole number less than 10.
The intumescent layers 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
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25  other fluoropolymers can be used including, but not limited to, THV blended with

fluorinated ethylene-propylene copolymers (FEP), perfluoroalkoxy polymer (PFA),
perchlorotetrafluoroethylene (PCFE), ethylene-tetrafluoroethylene copolymer (ETFE),
polyvinylidine fluoropolymer (PVDF), chloroethylene tetrafluoroethylene, and
dichloroethylene tetrafluoroethylene (ECCTFE).

30 Glass panes of the present invention can be any that are conventionally used in the

art of laminated glass panels, and specifically those that incorporate fire resistant
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exanpl e, one possibl e configuration is: glass/Zpolyner .

s he ®rqpetiicagithatiar pavdeidashysuited dor psegyiibe m%rme@eﬁw erggpssribed

t hanpAREs RSl & debdpdBoG 8NPa1BR 5Bk Bb6. Cai Riar BRI glass

with additional vitreous layers incorporated as needed )
to dughuentbut is net limitadtedemprred glgssy orostaaterghass.vitreroqramis materials,
Ca”.&?o-&ﬁ&ﬁﬁﬁéﬁﬁ&t@ﬁal%‘af&iﬁ&’éﬂwa{é' énd M%—E%%ﬁéa%yge{ées. Examples
having the design: (glass panel conprising polyrer

8 he ef cannasitiphoefshatvenioesilicgte And(three ahwdrebaro-silicate gasses that can be

| ) .. . ' .
{ hadbegtian; Sflciions WARYE o o And BBl Ty Seibiio

i nventi on can be manufactured and incor porated

acgording—to—kpown—technigues—and—spectf+eca-ty—by

t hos eCemaramenth e Compesigpn fogt €pmpositiondy | Aggnpasitioa§; b @:pmposition D
and 5,434, 006. | The eridl us as the

i nt urresglg)ﬁt nmat eri al ™ “can be any%géi tablle e al ) 70
i n¢l udigygy, but|not kiymted to, jyydrated net salts, g
nmettal—silicates alkali netal silicatés __an hydratpd
sodi umBjQsi catp. I nixarious ent®yi nents theg2 8
i nfurrescent—rateri-al——s—hyidrated—sodigim-si-+ecate+n
valli ouN&®bodi jrent sl1.7 he hydr at®3 sodiium si8tl cat e[ has 8
a \Elgzé(éatlo blCEéNZO of betwffn abput 37 L and @1

or |aboub®3.4: 1] and*%an hgve, for exapmple, from2p to ~
40|or fg 30 fo 35 water |as a i ght |perc . Fuyther
em;gdj_mggfﬂ]c iLnkor Innr“;n“m a Iaypr:’\@f ga Punr%?%;rhnn 3
cofposiMgon such as4.4 - 1.7 1
t etraftvoroethiytenethexattuoropropytenelvrny-den

fl giori dénQ@ THV)[ and ®Rends [of THY wit h|ot her-polyners -

as|an eﬁ ra fife re@grdant ayer. Thi§ fayer can pe
i n¢l uded,”f or exanpt8, as fan additional layer that is

di :;pos%gzéetmen a gayer gf glass andja mup{iple |ayer _
gl ing a polymer sheet with phosSphate

ester as the only plasticizer, as descri bed above. For
exanpl e, MaRBlNaR? tRbErHa8 b B HRER hvbtionEhR Béetdh'b¥ BREnted with
10 either side of the panel facing an internal space.
The present invention includes windows and windshields incorporating any of the
multiple layer glass panels of the present invention.
The present invention further includes methods of manufacturing a multiple layer
glass panel by laminating one or more layers of the present invention together with other
15 layers using any appropriate conventional method, such as by an autoclave lamination

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



sheet// gl ass// THV// gl ass. Particularly useful THV and
THV bl ends that can be used in these enbodi nents

w0 p@bse16¢ hose di sclosed in U S. Patent 5,908, FOHUS1005/039170
vari ous enbodi nents, the fluorocarbon Iayer conpri ses

at least_75, 80,. or .85 wej % of T er. ef ul

THV pol y i gre%@nW% ol i brierrried NeRevelRe froring the spread

t he gt Ble®ydeSGhd BeM o o‘?ﬂie&ﬁ\ilﬁpla 123/8bg1hs3 panels of the present

3,132, 123 3, 635 92 8 954; 3,642,742; and

4, OZ?“@H@ The THV polyners can be block or graft

copolyners consisting of an elastoneric soft segnent
hexaf | uor opr opyl ene and V|nyI|dene fluoride) and

T pHOSEAsE B B4 Rine

tetraf | uskRelyignethat c-gﬂ Be L@é}i’ a@@bhégfﬁﬁz%r i e polymer sheets of the
commerci al Iy avai |l abl e pol yners conpri sing

chl Bresat Fyertina m@v%mw Sevtatjene monemeré ghesphatemstesitphosphate
hexafily RiRE &f@ﬂhsgr}ﬁa& IR, aﬁ@gpe};ﬁemﬁy rﬂ@xfb‘?ne‘;ilc ?ﬁ&pﬂﬁe esters having

(VDF) at tio of; for exanple, abou

42- mfwd% 38-22 of ECTFE: HFP: VDF. O her bl ends of
HV with other fl uoropol yners CaR. ;% used i ncl udi ng,
ut not limted to, THV blended wth fluorinated

et hyl enewhereip\R isseledeshizon thersoupremistinge fityl afkonl kedssgin the alkyl
pol é{{)ﬁ g@r?@@} g 9146 B' ?{?81{1 %&@%g& F?ﬁ&ﬁxltgq'% gxﬁ)&f g&ms alkoxyalkyl

et hyl e uor oe ene
pol gi/frermy|litel P eerboh atome p@d c;mh:alkyl?wmﬁ)the prhvl@cr et whdneHof the radicals

: :: % H 4 r&%ﬁ ﬁﬁ# £ %i@en( %ﬁg&% %ﬁcgs SE%%I%Q&S prefirred that each alkyl

1pr esadivel has\ﬂemmommca@bum dbensa Itis phssiblafor Rdo mepeeseitalifidrént radicals in
useﬂl fsgmé‘pﬁ sS{mh sttertp%g%&%red gl ass panels, and

specifica ncorporate fire
resista nEmmb@raf s@gbprphbdphste asters pavhtde driHndokyf phosphaztei triisobutyl

f L th | d b
G R Ena SR chioHE iy bt i, PR3 R, wimesisy
Par Phﬂsplhaﬂﬂ Imyethys diphénydplasghata) dimeted Phéwiphb@hauel ethyil di-tresy] phos-

26 0. Dot g]i; %en?rgpre%gr ?ﬂogf;’%;? %ﬁnﬂq Iplrl}lg § ﬁﬁt&}%flg'? gi’he . Il tpfxospﬁeﬁ E:ny diphenyl

aI uphmplsaté mﬁx&tﬁph@mtalomﬁ diep-tresyd phdsbhate) é-codl el glsphosphate,

iy BRSO e Phe e id e Loty o nal FoSnT phosphae

hexyl phenyl cresyl phosphate, 2-methylpentyl phenyl cresyl phosphate, octylphenyl

cresyl phosphate, 2-ethylhexyl phenyl cresyl phosphate, n-octyl phenyl cresyl phosphate,

25  nonyl phenyl cresyl phosphate, n-decyl phenyl cresyl phosphate, lauryl phenyl cresyl
phosphate, butoxyethyl phenyl cresyl phosphate, 2-methylpentoxyethyl phenyl cresyl
phosphate, hexoxyethyl phenyl cresylphosphate, octoxyethyl phenyl cresyl phosphate, 2-
ethylhexyloxyethyl phenyl cresyl phosphate, nonyloxyethyl phenyl cresyl phosphate,
decyloxyethyl phenyl cresyl phosphate, lauroxyethyl phenyl cresylphosphate, hexyl

30  dicresyl phosphate, 2-ethylbutyl diphenyl phosphate, 2-methylpentyl dicresyl phosphate,
n-hexyl diphenyl phosphate, octyl dicresyl phosphate, 2-ethythexyl- dicresyl phosphate,



used include the conpositions listed in the foll ow ng
table (parts by weight): Miltiple |layer glass panels

W@R0obl0802p6 esent i nvention can general ly be oriReT/@82005/039170
with either side of the panel faci ng an internal

space. The present invention |ncI

o niESieRE BT PSR ALY HRgheB PSR 1 PBY Bopagishens!

gl af;sﬁosﬁﬁeﬂ@ liso- ﬁyltdmeﬂﬁ %@ﬁhaté m%ﬁﬂtdalﬂﬁnylﬁh 5@ Stﬁﬁfethylhexyl
i nvention further "i ncl udes neth H%‘{Yig'g acturln

nul dippenyl pagsahate; nga dﬁﬁ‘?ﬁ@l p h@@n’i‘ gqyép]eﬂsp]i%q, gecyl dicresyl

| ay 8hsspRite tlﬂﬁylﬁﬁ[ﬁm%ﬁﬂtphbib’ﬁ@c@tdoﬁéby! QiGﬁEﬁ%oé@hEtQ Zléihﬁhexyl methyl
|ayerS usin rop ri ate conventi onal net such

5o phenshphesohses sedsRiERTl e St yeaeisap phorae ogit - uiy
| nvgnt | l(;%ﬂofsr%elteeﬂem{exﬁl LR HHEAN ?h&spﬁa{te tﬂ“&hﬁﬁé@?ﬂbuty dphe:nyl

present I nvention "al so" i ncl udes

of phesplaie.i2refhidhexybipadiivycresyb phosplael 2otthilhaxl Ikrputyl Cresyl
af fi ﬁésﬁg? ét (Q%ﬂ?@%g%l? hY Hagphta{%eZ %h&&?%&tﬁ@bﬁﬁfmﬁbﬁ@ﬁhﬂe 2-

pan |nve tion.

ESTERPbasT llblllti]ERSl Obsys phaspleate g tbutyd sacHatradsay] pbenyl phasphate, n-

1|6n \F/) eé?aﬁéc%’l i?sﬁérlot?g é)htk\le ?ﬁ&é@{ Idﬁﬁb%g]{dﬁ)ggﬁyl ho&gﬂﬁti? Stxei—rit-e’thy'lhexyl

pho shisahate, essgrdipiepyiabpirhtte, ad nextrds aﬁthn goroging, among others.

Bt ars. oty et oAbl PRI cE Houcl FRTBRAR e EARER) Bl on toms.

fro Rxamldesgufdblq;se eErtsocyliphgspbéte faspdciallyltii Qrothylidxgl ghiosphtaben, 2-

| k b .
1S BEBSE BhSRl d FR MRFFMen Ebfoyl o-
16 ar butoxyttytph@spbhbte el @esykdibhenyd ghosghate. pr ovi so t hat
when all of the radicals represented by Rin a given

conmpound are al kyl radicals, it is preferred that each
al KEPOXHMIE AFENTRS 4 or nore carbon atons. It is

possible_for. R tq represent ?‘I rent radj i
sane ph o%%%qeeaggxﬁf G {1RcorRoLe 1{1&) the fayers of ﬁne present mventmn, and

include 3,4-epoxycyclohexane carboxylate compositions of the type described in U.S.
20  Patent 3,723,320. Also useful 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

10



Exanpl es of suitable phosphate esters include
tri-n-butyl phosphate, triisobutyl phosphate,
W0 pooplosrzyé phosphate, tri-cresyl phosphate, PCT/US2005/039170
tri-2,3-xylyl phosphate, trinesityl phosphate, met hyl
d| phenyl hosphat e, di met hyl phenyl hat e, et hyl
-cres ng HEEEOTZENE BROHP FPnERBE Eh‘af (gca?‘l?qq s %mm Oto6

p h osgtg@ﬁ Btom3 SRl Wonfld Resitro SRQSRRA bkl ROEEMbh R) RlR§AIbendently
phosphate, trioctyl phosphate octyl di - p-cresyl

phosgieriaddron ampong fiideteen ond gipbatinareps cefainingd iy b catbon atoms.
di pheay ;Iha@mgtaaes%mlﬂaecy@Jeﬁ&axydtoueiaﬁﬁwthyph @seah;arcwohexane bis

trinon hat e eny cresz)é( p osp

EYRLVALIN @ e st et AW e %@pyycgﬁ@hwl) -5,5-
| phenyl i
ng% 335‘9 Wyh&gﬁ%%{i@%syf enéq@ﬁ;tezy nonyl

phenyl CQ@QWSGM M@taéentﬁmgbléypolml di @ogglﬂagents such as

e

cr ewighph@ypmétsare e bmuwheymmnaﬁy heves ;dlthglstt}hwwelatlhty

g f L 3 Ixh :; lox 5 élf#X{reng%rg SaX+ne§>P gg % F}ﬁ)ﬁ;ﬁgg@ﬂm? epoxide agents, as are known

nonyd thx yte,tclaly be pied nypolmw}abetmfdh@praseat md@mpho xyet hyl
phenyl cresyl phosphate, | auroxyethyl phenyl

cresyl phosphat e, hexyl dicresyl phosphate,
2-ePﬁbeﬂﬂyFHdﬂphenyl phosphat e, 2-net hyl pentyl

dicresyl , %3 Bf}% e «gpht}ﬁ%#ﬁ]ﬁg @Fﬁs%elaﬁ@e?@ﬁuﬁén%ﬂg% fx}fﬂymer layer

dlcresyl osp I'Cres
1 ﬁ) ho ﬂqahﬁme;ans as opdrioirmakice realw\bmg eysip Palyeger fidros dtﬂer from polymer

hat e, .2: eth t e
' H AR A< RERORAGY o e o SRRy cP BOSAR Hhcicassary
ph ogqsﬂaaatem redistanet hyd giwsyéteﬁtoplpmpﬂ-uep ttms]pb}apke layep glaking structure,
dic phos ‘g at - de c

d |
G PR e AR R Gimtied FodoymBlBith pPaAaRI S SR haracter
dic Pﬁisgekhylﬂile E@é:t&tfﬂtlate'a ieinbyt cbamphly iiddugla polyeivy film.

hosphat so but chl or oph
2 hosphat aﬂo%ﬁ%o %}llﬂ'&q &ﬂ%& ?cngss 0f0.013 mm to
2- ebhy th)pyéferaBlp ey h'diii]&ﬂy l mﬂh@s Dh&tcﬁo 0@ med, hmehﬁmer film layer

n- but yl hat | he sec- but
cr oSiongsTi e e BTHes Bethg brsge1 WimgRspion gt plopertis, such a
phoadHasibeor idfr§rad Hdihyibﬂ ﬁ%ﬂébﬁoﬂi) I'I&BSH fuidfiofdl patfermance layers include,

2ehy|h I hos hat e, -ethlhey
2buf% PR Rj a&@@%@pﬁ%@aﬁw tawedgfé Tpdigtionped pansmitting
2P hevigibleipntwhat kpoRB examMBEht! This multi-layer stack is known 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 known, (see, for example,
U.S. Patents 4,017,661 and 4,786,783), the metal layer(s) may optionally be electrically
30 resistance heated for defrosting or defogging of any associated glass layers.

11



i sopropyl phenyl phosphate, dodecyl di phenyl phosphate,
tri-2-ethyl hexyl phosphate, cresyl diphenyl phosphate,
wae@eisoeiar es of the foregoing, anong ot hers. HtBUS2005/039170
preferred phosphate esters are those that contain from
12 to 30 carbon atons Fx lggs of these are trioct
ROrHMSp

phosphat An additirng] pg cg,f ﬂw mWS%%WQ&)&sent}éwentmn
et h%hféﬁ l%esé}mehl anyls. PhasBIBY 896, lbinBfi&s ¥ muditaséatotmetallic layers

dodec I phenyl phosphat e, trlbutoxyethy hosph
an dthé'%/@ggﬂond? ﬁyqlﬁfgﬁb@gﬁg? Ag%%qf d%t §an be caused

agepy seafid 18fRrd NCOrporated | nto the Iayers of the
gresent i nvention, and include 3, 4-epoxycycl ohexane

ar boxyl Hteeoobmﬁ &l dayem in somermbogipisatsdis pHGalE anspatgnidie.
Pat @rg&ct adz tgbglg sld@‘bme &f dah b8 E@mﬁﬁ'ﬁﬂg Xbl@ (RIS oR 8 particular

dis u. atent 4,206, 067 that contain
V\oofbﬂeﬂfﬁebolslyg ﬂmméhmlaxﬁr digpsthe otherside).ond wpally hass greater, in

fusgd a0, i n?s %E \N%e @nﬁﬁ%bﬁ?us‘}@égpcﬁéﬁg 4P composition than

correspon t rein I'S an organic
gr othet efany aciiJmmgpdym@ sh@:t charmnusmndwdunefntsome @olyoesfilm layer

t
e
hyd pmgeﬁesamd nﬂbilSp helyirethgmes, aseylics polycarborgiest E!Dlﬁ)lﬁzfms lsaoh as

gf o5 qu 9%1%1%? %gc%?aﬁé ?ﬁ%@g@&l\t&d Gin l nde ogmegs and copolymers

cyc epoxyc
( sh amb‘he(yke mamuscybbmm,%@pdyheraﬂnﬂmwpomMS materials such as
re-s%rgl%ﬁoa(%&%% l ?ﬂﬁ}e hgwgg the ted éoem& I'%hrmh incl def polyesters, for

Xane- m USG

1 @ p owtadg:lqa;gﬂy(b&ylemie@mhﬁaﬂeygid)mm(gtﬂylemplﬂhalﬁg)%w@l (PETG). In
:;‘(‘ g\?r%}%és %Ehf}ﬁ;‘%?%s §ﬁlé’ﬁ£f|}¥?%lﬁ% 9 mélgag%teg;xg Q\Asl!g%f,gl 0'191 lvan(])cu% rembod1ments

- the @x]ydﬂsylﬁteeerqﬂﬁialﬁte) hechata blaxifaﬁy sﬂr@tﬁiedm Inyprivaestremgth, and has
reI e ol at i. Qt.her .aci d .scavenger.s
ar o S R o o TP R o Ui to clovated
Kk nowsmperaturésde.g! ess thmr2 9 shritkagh ih bothalingetidins s S0 nindted 4t 50°C).
op" €5€ nt {Iar}yo%g tc<|>a e do' urtlgclzzeﬁrea{inent techniques for poly(ethylene terephthalate)
film that can be used with the present invention are disclosed in published European

Application No. 0157030.

POLYMER SHEET
25 The 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 “polyﬁler 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 penetration resistance and

30 glass retention properties to laminated glazing panels. Plasticized poly(vinyl butyral) is

most commonly used to form polymer sheets.

12



As used herein, a "polynmer filnf neans a relatively

thin and rigid polynmer |ayer that functions as a
w@esbosiremice enhancing |ayer. Polymer fil s di PEPUSINNDMII170

pol ynmer sheets, as used herein, in that polyner filns

do not thenselves praovjde the necessar) penetration

resi st an‘é%u?ﬂ&eﬁfnaggs?e’feg‘?ﬁ odhe %qﬁ%%rﬁ&ogsex%p polylViny1 butyral))

mul ]gdnﬁlbcﬁlehﬁuaris Rz éd fors Ufetmﬁ(ﬁmhaha;fum &bgﬁhe aidwitalgsis and

perfaormance inprovenents, such as infrared ghsor n

C PSR noR T ey SHEB SR SR o i) ieraly Hhve other

COMgRAHOHcHS Bladiftion 16 BleYpdBinet, sh¢h aslabetids, saltsSand alcohols. As used

embodi nents, the polymer filmlayer .Elas a thi ckgess I%L th

9. 0herem Mt geist thAspLmErtus ofrepin U qpiagtisizer apd qRilongyy other

0. 044digved- 06 mm The polyner filmlayer can optionally

be surface treated or coated to inprove one or rmrreb

proper t i ke Palyieer sheetsefitharatenigRvenHOR SHPMPEAT 4y YHable polymer,

r ef Fﬁ%gﬂ ngfeya@ ShRibbdiReht ANRbmPIBIIAbER) 8R FJ"?%?* Sheet comprises

i nc . tor exanple, a nulti-layer stack f o .
r ef pely¢vinyg bptrala In ary efdhegmbodiments of thepresent inyrtipr giveyherein that

1yl lshah ide iggmww%ﬁty% SEpdincHtoliPBhent Jihe %aolymer sheet, another

mul t1-Tayer "stack I's known i'n the art (see, fof )

ex ampbedipentgg ingdgbingriich shepolpaeraempanend oorpists)of anepnsists
co ' n . t i Gles .
ot Sl pEPOAE i, Bbse PR SGRAR] &0 TE Ll Vaffions in

s eqaddiives) ingluding plosticiagrs, diptlosed herpincen pensed iwidh the polymer sheet

exa ik 4 fpraHofsa ofSr SR WMot oty b byl
Ifet al | alpemesinbadipenipthe pakyiieyshget cobpuisgsiagmlynyer b?sed on partially
o ARGt ik HoDE Iy RS VRt ] s B ¥omprises a
\f/\/in | polyhat selegted fom the gronp ténsisting pff oberinyl bwiseal),ipolyurethane,
| - .
n nEny Ry aRE Wttt R0, SultlaidRE mof R 868, 1
r ef becdmbodiment.gble payinertshem canprisespoly(viat buigral). In other
i nt g t by. [,] .
o BRSO A R SRS RATES Bl fnd FYSD: 1 e
opt erbdédiments theppbnenshett comprisdsjpe(dng duged)dndane osinde other

of the |ay can_be confortap een by.the e of a

par oy Ol ByPesr0uf Rt BhiF STGR CemtiondgmreHtrS e o be

ot heseds i@y, of direcsectioma hérginhimwhizh grefatedrranges) values, and/or methods are
given specifically for poly(vinyl butyral) (for example, and without limitation, for

25  plasticizers, component percentages, thicknesses, and characteristic-enhancing additives),
those ranges also apply, where applicable, to the other polymers and polymer blends
disclosed herein as useful 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 alcohol)

30 (PVOH) with butyraldehyde in the presence of an acid catalyst, followed by
neuiralization of the catalyst, separation, stabilization, and drying of the resin.
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sonme enbodi nents significantly greater, tensile

nmodul us regardl ess of conposition than that of any
wa@adjoaosnte pol ymer sheet. I n various enbodi nent BCT/UR®05/039170

polymer filmlayer conprises a thernoplastic material.

Among thernopl astic material s having suitabl

proper t i Bevagipgs “r’i‘}l?oéﬁ%en %&em}yé’teﬁﬁ?‘?%tscanﬁﬁmwsiej?s than 15 wt. %

pol YGafboRRE 8% p@kwl%fm& S ONWwia% ok I FOWA. @41E or less than 3 wt.
cel l ul ose acet a%es and triacetates, vinyl chlorid

pol )/ﬂ@plguzg ﬁﬁe@gﬁ@sy:ﬁl@plgteg geirelpanyl af(e-éate,wﬂ £ p%la%ce%emg an acetal,

enb f@fém ButylalRhi! 8B, bt dphidhaAY &l lliaﬁﬁgﬁtheiﬁ&tal oups in a minor
mat grl al s sﬁtg{} asﬁge stret 0‘ft1)ed a?%ercm)g astic gr P
}

favamguatiee-rol-edybhespeal grous (sepuiprarampict Uee Pﬁtsmt_\,ﬁels?ﬁe".ﬁ 4.
for exanpl & Bl oMl ?ﬂén?sn ﬂletp%fyﬁﬁp EHE@d }n‘é}xsé%%ly(vmyl butyral) having

pol y(et hyl ene terephthal ate &@1% % vari ous
errg@dﬁl Wexgbta,té@swl WRAGA0e QQQE 20, 69 -80Q;$6 400, 70,000,
and,

Cor A2 P30 QU LR IR0 s BePLY (PO FTRions), Stpal

str amgltlhes d aid@yd@@mhlédwds pmlsq t@@ddwdzﬂlrpms\thecb@etamtwn step to
ﬁhr lu%e% m81@8{1§%e‘%§h|t% étQ?aﬁ%%éﬁ&E{(s%gtf&deJa& %\%‘tf’gtgnts

ures I nkage
d| ré;902,6645 4876 81 4;308 14,5201 aad, 654N BID s usddhcmunsthcwm “imaplecular

and n pol y( et hyl ene

ter ep%ﬁaﬁ&{é ;h% m %Yé\%g%can&%g?né% t'vvi th the present

i nvent i oMaous ad{lmmh esetbl iagenpadah be h@d hEmlmne]aaheets of the present
Appl v%@&oélgﬁclll\zlg%x (2(2)[ 70%9etate o%s'\@ lf_;ll' San ma esia:um 0%s.

secC SCri varrous na erl a
1pol Nagncs;um el yhaaba)n, betusad wﬂhﬂlekﬁ&mhodnhldnts cffd:erprpxawnmnuon

heet N
" poring® tuh e bl FRARL oL AR caRea Tl Falgl PV A2, fi as
Coyeroy t“ﬁ‘é‘f“sa“"””ﬁtf’?ii?“éw e o ek ol e
a
t hafogieam s B haBl et S i iR Bis S TR hemicat
ade qhm*taas pm?mr :‘79992@6{0)3 dh sérous emagtﬁxglgttasﬁhg gieleegt iznggnuon the
ertl es anm nat e
2@ %@%ﬁ‘eﬁ s&ﬁtl %CSIP?%Q‘F@E[F%W%; used to form
poI ynmer othecidditAss maete hespomated ite Herpolyieh slicdt fo@nhdiRe its

pol }ge ornin%nc Y ﬁn%i nmuct %oulzxgéc{;a/wles 1ncIu¥ie %U}Z g:e not limited to dyes,

pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, antiblock agents, IR

k'

absorbers, combinations of the foregoing additives, and the like, as are known in the art.
25 Any suitable method can be used to 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, and any additives can be thermally
processed and configured into sheet form according to methods known to those of
30  ordinary skill in the art. One exemplary method of forming a poly(vinyl butyral) sheet

comprises extruding molten poly(vinyl butyral) comprising resin, plasticizer, and
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g ne trenditiohi tamp&ratlufehﬁ)r pxdrgpiea;bo&h 6@‘1C m\ﬂ@‘f}tﬁ Ifeescamﬁ]:?ioywmbonates and
O TR R R TG

pol yiket msietyect ed fromthe gr oup conS| stl ng of

polyviny but ureth ne | ori
pol y( et h§} ‘{}‘aﬁ% thggré% 17{ ?ﬂ]"é’ Sf & polymer
1and cbrhposﬁﬁoh&heeksfbf@]i@réﬂ&bﬂdvmﬁﬁ dlsélb:&d hereitiia by Eweination.
conpri se ol y(vin odi nent.s, . .
Che pot v TR EirbinvRbt e bkl R S Gy oy et finshed
but glaging prddﬁct§ bﬂrﬁﬁiﬁtnbg&ﬂtb oflthe &ﬁﬂtg)lé laﬁerﬁ:ﬁh%ﬁ]ielﬁ oSﬂﬁ@tesent invention.
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pol yrer s %Piyﬁéf %‘d’ﬁﬁ t“éiogg plersician measuring
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of the techniques described herein.

-1

The clarity of a polymer sheet, and particularly a poly(vinyl butyral) 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 to the following

technique. An apparatus for measuring the amount 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 Illuminant C, at an observer

angle of 2 degrees. In various embodiments of the present invention, percent haze is less
30 than 5%, less than 3%, and less than 1%.
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not l[imted to those di sclosed in U S. Patent
%?,ﬁﬁ% uch as nagne3|un1sallcylate magnesi um
n| cotinat éE magnesi um di - ( 2- am nobenzoat e) ,
Example 1
One hundred parts of poly(vinyl butyral) of 30% weight of poly(vinyl alcohol), 46
25  parts of tributyl phosphate, 0.096 part of 40% magnesium 2-ethyl butyrate (aq.), and 2.4
parts of 25% potassium acetate (aq.) are added sequentially to a blender vessel and then
vigorously homogenized using a mechanical mixer. The content is then extruded into 30

gauge interlayer sheets at 170°C.

30 Example 2
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but asti ci zer,

be tamad seguqmtldbeweéﬂerdmnd dmbr@alwéaomogmzadhemg aﬁzmchamcal
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pol yangeyf 130lP@l ) sheet conprises extruding nolten

pol y(vinyl butyral) conprising resin, plasticizer,
andadditives by forcing the nelt through a die (for
exaifphmpled di e having an opening that is substantial ly

reater jn nens on th en cul.ar
gi nensi oh g‘ﬂ%ﬁ%{’ a&r}) W%élﬁgﬁgolg(vmyl alcohol),
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In h&hbgmf‘ze@ﬂiiﬁgja fReHagicalliiRer) qthy H&[telﬁ he@bSetmdedAME30 gauge
thlcknFssei A for exanple, 0. 2.5 mllineters,
GO ¢

0. 21 aﬁ@?@?@“”GNQSOfbﬂhlﬁgcntIIlneters and
0.3 to 1.5 nillimet rs For each enbodi ment described
above caonprising a glass |ayer, another enbodi nent
2Rxi Bxamplgper e suitable wherein a gl azing type

mat eri al 1Hﬁﬁ@
such gl a(z)i,’ezh er <5 n C| u‘c’j e;d rtflﬁg%l%figiz | Ezﬁﬁg ﬁwr%fl alcohol), 40
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1.25 parts of DER 732 are added sequentially to a blender vessel and vigorously
homogenized using a mechanical mixer. The content is then extruded into 30 gauge

25 interlayer sheets at 170°C.

Example 6
One hundred parts of poly(vinyl butyral) of 18.7 % wt of poly(vinyl alcohol), 33
parts of tri-isobutyl phosphate, 0.19 part of 40% magnesium 2-ethyl butyrate (aq.), and 2
30  parts of 2-ethylbexyl (3,4-epoxycyclohexyl)carboxylate are added sequentially to a
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Example 8

Two strips of various interlayer compositions are subjected to a flammability test.
Mass in grams, before and after the flammability test are provided, as well as
observations. Results are shown in the following table, and formulations are provided in

the subsequent table.
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hu d@é&BSﬁa&)t 5 Qlsy pal ygwi nyl Butl eﬂ? %&?ﬁ I'ght of
po| :Ohej.\ 46 pa ts—of frl hllf\ll ot nclu”at e
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t hdp—extrudef—nto130—gaupe IIIlCllayer sheets—at
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1.64 1.00 seconds.
No dripping - material charred. Sample 1 self extinguished in 3
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1.41 0.38
14304609 1' 47 0-62 air at 30 seconds. Second sample self-extinguished after burning
) . 13 secords. Upon second application, extinguished with air at 30
seconds
_ No dripping - material charred. Self extinguished in 13 seconds.
1-3046 N/A N/A Upon second application, extinguished with air at 30 seconds.
1.85 1.57 No dripping, material charred. Sample 1 extinguished with air at
23-303220 1'97 1'17 30 seconds. Sample 2 self extinguished in 13 seconds. Upon
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Formulations, shown as parts per hundred resin, with the exception of poly(vinyl

alcohol), which is shown as a percentage of poly(vinyl butyral):
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23--302917 33 100 0 0 28.5 17.5 0
14--304609 30 100 0 458 0 0 9.2

1--3046 30 100 0 46 0 0 0

23--303220 33 100 0 0 322 19.8 0

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

5 techniques, thereby obviating the need to modify equipment.

Although embodiments of the present invention have been described in various
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
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enbodi nents, it will be understood by those skilled in
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Fnclude all canodxnershees dispased briwesnesaidriwe fayersaf glass, wherein said
the app ?‘l'a[e{t

t hat an %r%hel@é} an gglllstes% ue (?:1 ?ra%ﬁ?gd?ﬁé%p? gg ester

gi ven f oplmWesandgM@r%n@@ﬂ@makﬁlasﬂh@efm prseant in said polymer sheet.
invention can be used interchangeable with any ranges,

val ues, or characteristics given for any of the other
conmgo Fhepanebdf dldine. 1, whemini seid thexmeplesticpalyater il noly(vioylftwtymal).

n enbodi ment havi ng defined val ues for each of the
conmponents, as given herein throughout For exanple, a

pol $nihe pineksf clram Zwhéreinmseid polyyinyldiutyeal phws spériduel poly(vinyl
est ?Lgholpco%@ﬂt&flow{%fﬁr henges given in addition to any
of

e ranges given PVOH content, to form many
per nut at| ons that are within the scope of the present

i v Sy O B S B By BRI AR e b il hundired

t he abs?? tor any e

lﬁurmmeﬁsmdb;asimnzbrshoul d not be construed to linmt the
claimed invention to any one particul ar enbodi nent

shown in any figure. Figures are not drawn to scale

unl és S“he)pal:mehvﬁ mmw&&einliaidlpofyﬁfee slepio@mpirise| 15ei0ngrts per hundred
j our nal patents, applications, and books,

r ef &P JSTI p tn’é%eﬁ i s hereby incorporated by reference
inits entirety.We claim 1. Anultiple layer glass

an I 0 | re resistant panel, wherein
PTG TeSrebLafelag 2o mhertfisrid pustdes bty o ftomete dhosphate cser
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
25  stabilizer.

9. The panel of claim 2, wherein said polymer sheet firther comprises a polyglycol di-
epoxide agent, 2-ethylhexyl (3,4-epoxycyclohexyl) carboxylate, or both.
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two | ayers of glass; and, a polyner sheet disposed
bet ween said two | ayers of glass, wherein said pol yner

W@ b@esoepri ses a thernopl astic pol ymer and aPCT/US2005/039170
phosphat e ester plasticizer and wherein no additional

lastici . o _ I
S ERCHED T RN
:Nﬁ ei?@%ﬁh‘dsg‘i?hg) ‘t)aglﬁiymifglndf ldy&;l,J fiﬁ?ﬁnwﬁfglzgtﬁ} egig?m% antiblock agents,
pol eﬁ)?gsoél?% ﬂ‘@l‘ion@g‘?ﬂq@ﬂ%/"%*‘g PEEOPE 5006 4. The

panel of claim2, wherein said polynmer sheet conprises
5-80 parts per hundred resin of said plasticizer. 5.

Thelbdrpltige lgyengiasspanghhedriiingsi d pol yner sheet
conpri s easﬁr@%s@s@an;?_ﬁiﬂeﬁ iR fein WA Flesis@mit panef consikid essentially of: a
e p

pl asti ci zer. 6. anel of claim 2, wherein sai

pl afitst leyerar elosvipsecord layerpfipbats apd apobisysy shest gpd bepveen said

The GRENGL: 8 sfill cBhdlay W2 oRES) whleth saidl polRder SiREéomprises a
further” conprises an acid stabilizer. 8. The panel

: of
c| athempoplagtiepelymensar @ nhome esietrlesticirerapd afhercBiag 4ddiional
1%6%%&&2@&_@,3&%&'&&1& mpﬂ%er@@etp&a,el of claim 2,

I'n said polymer sheet_ further conprises a )
pol ygl ycofiredesisia layer dignoged ingoptag Wtﬁé%9|second layer of glass opposite

3, 4 hexyl carboxyl ate, or both.10. The
b STERAREEAT ) 1

alm 2, wherein said polymer sheet further
conpri ses an agent selected fromthe group consisting

of ﬁ’%.eishe b8 Blafin 18Rk &84 ﬁen%iés@é(ﬁcqﬁﬁéﬁﬁgoly(vinyl butyral).

anti bl ock agents, infrared absorbérs, and conbi hati ons
15f the foregoing. 11.A nmultiple |ayer glass panel,

co IS4 NG f.q | St A [ [ ;
ooy Tl ke 53R 0 AR ey B £ ofhoglpofy v
of gkal®d) contesebymdightpEi0%to H%apercenind, a pol yner
sheet di sposed between said first |ayer and said
second | ayer of glass, wherein said polynmer sheet
conp4.i Slespagel of claim 12, wherein said polymer sheet comprises 5-80 parts per hundred

20  resin of said plasticizer.

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

hundred resin of said plasticizer.

25  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.
30
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t her nopl astic polymer and a phosphate ester

pl astici zer and wherein no additional plasticizer is
w@e@soni21é n sai d pol ymer sheet; and, a fire reBCBHUSI5/039170

| ayer disposed in contact with said second | ayer of

gl ass opposite said pol ynmer sheet. The pane| of
cl ail$n The pappleaf glapn § 2i heraip faidpehyaer sheg S‘Fﬁ%g omprises an epoxide

pol yyinyd, butyral). 13. The panel of claim 12, wherein

said roly(vinyl butyral) has a residual polyvinyl

al cohol) content, by weight, of 10%to 50% percent 14.

The 1papgl Spa%fel @t lcﬁhﬁnl 3 2wheY’é?1? EBd Eol?xﬁéﬁh@éi Hﬁ)i'ﬂﬁf c&r&ﬁﬁ&s a polyglycol di-

conpri se parts per hundred resin of
Pl aspaxidesgent, Z_cahylhrcrefl rﬁa‘hewoxwyc&,qhaxsdi cppboxilates @4 botls aj d
pol ymer sheet conprises 15-60 parts per hundred resin
of said plasticizer. 16. The panel of claim 12,
wheR@i Fhespined qiickin 1Z>| whereig mwlmsr sheatfirtheredneprises an agent
phog I [
sai dﬁﬂ ?ﬁtd)%rrf)e%? {hg ToL & ns %Eﬁg prax nﬂﬁéxgélst? gﬁhil%ers ‘Q(ﬂﬁ&ﬁ&a[ﬁts antiblock
st abgdntszmﬁafca_abST)ltiErqg amktongfinationd ofitheforeghimgei n sai d
1qolymer sheet further conprises an epoxide stabilizer.

9. The panel of claim 12, wherein said polyner sheet
f ur 2heThamnglrdf skagn 32, pdleyagh saddliredeaqsant layer cgemisss an intumescent
2- eth Eglexyl (3, 4- epoxycycl ohexyl ) carboxyl ate, or

bot F¥°28 The panel of claim 12, wherein said polyner
sheet further conprises an agent selected fromthe

gro t| nts ta
e £5 P g Bl o1 e B ER M oo rlghnh€ S htsted sodium
1andmhanh|nat|ons of the foregoing. 21. The panel of
claim 12, wherein said fire resistant |ayer conprises
an i ntunescent material.

23. The panel of claim 12, wherein said fire resistant layer comprises

tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride.

20  24. The panel of claim 12, wherein said fire resistant layer comprises a phosphate ester.

25. A multiple layer glass panel, comprising a fire resistant panel, wherein said fire
resistant panel consists essentially of:
two layers of glass;

25 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
wherein no additional plasticizer is present in said polymer sheet; and

one to ten additional layers laminated with said first polymer sheet and disposed
between said two layers of glass, wherein said one to ten additional layers can be any of

30  the following constructs:
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22. The panel of claim 21, wherein said intunmescent
material is a hydrated sodiumsilicate. 23. The pane
wotooslosizme 12, wherein said fire resistant | ayePCT/US2005/039170

conpri ses
tetrafluoroethylene/hexafluoro ropyl ene/ vi P
f1 uori ded Paiymerfim dispasad bgFveeh &paFP az/P‘SWH%fr E‘F% J”“'PP Lymer
r esglétﬂaaﬁtp bqwrﬁn%mw@ 88py TERRAY PolgSikethect?sr, A

ayer ass’ panel conpr|5|ng afire
resi st athOp%)rféﬂger\}ﬂYéWS@ifﬁ‘)lﬁ%‘PTos ftlre resistant panel
consists essentially of: two [ayers of glass; a first
pol ymer sheet di sposed between said two | ayers of
Pl ass, wherein said polynmer sheet conprises a
t heg I S3RD oly(vinyl butyral).
ol 28 DR GRIn T5 iR 1 ONARRRRKE: SRYEL: i poly(vinyl butyre)
present in said polyner sheet; and one to ten
add fmg!
S heb? an "8{312"\5 géﬁ%bgeﬁﬂ\%ggéﬁ&ld\?&pgﬁi ?‘giy"lé’lp ?Eso?&gmg%? oly(vinyl
wh ealedhwDs@minttnioefd 0Vot58%h. addi ti onal | ayers can be any
@f the followi ng constructs:a polynmer filmdisposed

etween a second pol yner sheet and a third pol yner

shegs., Thd fiahel®f chain? 26,wktekedn safidifst molyrhenpbéey nemprises MmBE marts per
pol heet 10 further layers of polyner
sheé?"%ef%es%ﬁfsm({a%ﬂaﬁ%m? claim 25, wherein said
t her mopl asti c polyner is polyvinyl butyral). 27. The

e BBl SR S R B Bt s

1509&uﬂﬁhdf&h&obﬁmhﬁbmﬂnmﬂ ai m 26, mhereln said first

pol ymer sheet conprises 5-80 parts per hundred resin

of said plasticizer. 29. The panel of claim 26,

wheB@i Thesginel dfictairh 2@.0vhensid saidpledticonamigies alibefifngaphasphate
pereggpdred resin of said plasticizer.

20  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,

25
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

30  selected from the group consisting of dyes, pigments, stabilizers, antioxidants, antiblock

agents, infrared absorbers, and combinations of the foregoing.
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30. The panel of claim 26, wherein said plasticizer

conpri ses a nononeric phosphate ester. 31. The pane
wo@tooslosizme 26, wherein said first pol ymer sheetP€T/UE1965/039170

conprises an acid stabilizer. 32. The panel of claim

26, wherein said first polyner sheet further conprises

an epoxi de stabilizer. 33. The panel of claim 26,

whengi mh§§unel dficl=Srh 2p.0WheEH s pelymbtiilithemptisaylythyleae

polﬁgl epoxi de agent, 2-ethyl hexyl
%%@?V@?clohexyl) carboxyl ate, or both. 34. The

panel of claim 26, wherein said first polyner sheet

further conprises an agent selected_fromthe
gondfs {l"llfh@ar;gk of {aira 26 ngqq%ﬁ pre orgnarg of §a¥g§e§ond po get Sheet, said third

ant e hidAsHest, arfiValdF s pBIgRIRE Sheets BOMBHRA pRBSMAR @§tSr plasticizer.

and conblnatlons of the foregO|ng 35. The panel of

clai m 26, wherein said polyner filmconprise

p0| yel MﬁﬁﬁeQ%ﬁﬁ%B%@Eﬁéﬂay@%orﬂﬁﬁl nel of claim
6, wherein oné of nore of said secon pol¥ner sheet,

sal d third potyatEnershess eomprisingsethermoplestrao yapitosphate ester

1gheets c GRE afid RIRPRRiR-EadE Pl asticizer. 37 A

mul tipl e layer gl ass panel interlayer, conprising a

pol ymer sheet conprising a thernoplastic polyner, a

phogph

geny. Mg R oPLRBH AT whElcin PRl RN BBt gy

acid stabilizer agent is an epoxide. 39. The

i nt gpl

pol g e iy oF LS, WHORL I BhiSplod IRARAS! bl sip

18| abnty8d). whereln sald pol y(vinyl butyral) has a

resi dual poly(vinyl alcohol) content of 10%to 50%

41. The interlayer of claim 39, wherein said polymer

shedf. Thaipterlgyss 06cl8itn Ffhmthsrepesaid poly(vinyl butyral) has a residual poly(vinyl

alcohol) content of 10% to 50%.

20  41. The interlayer of claim 39, wherein said polymer sheet comprises 5-80 parts per

hundred resin of said plasticizer.

42. The interlayer of claim 39, wherein said polymer sheet comprises 15-60 parts per
hundred resin of said plasticizer.

25
43. The interlayer of claim 39, wherein said plasticizer comprises 2 monomeric

phosphate ester.

44. The interlayer of claim 39, wherein said polymer sheet further comprises a

30 polyglycol di-epoxide agent, 2-ethylhexyl (3,4-ecpoxycyclohexyl) carboxylate, or both.
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hundred resin of said plasticizer. 42. The interlayer

of claim 39, wherein said polynmer sheet conprises
wa200605Qa6ts per hundred resin of said plasti cP@PUS2043039170

The interlayer of claim39, wherein said plasticizer

conpri ses a nononeric phosphate ester. 44, The

i nt 471 Byedntenddyer palaim39, whereinspid pelymer ghoet firgher sppptises an agent
fur : . = il s, s

2" e TR 310 JoRRH E’ﬁ%‘%%hpgéxgﬁ@s?‘é%?{%%ﬁ?ﬁ%?d i Putiblock
bot #gen®, infitwed Absohetsaguskcopfingtiensaf ¥w forgeeingi n sai d

pol ynmer sheet further conprises an agent selected from

the group consisting of dyes, pignents, stabilizers,
anti oxi dants, antiblock agents, infrared absorbers,

and conbi nati ons of the foregoing.
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