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 in light-transmitting laminates such as safety glass or
polymeric laminates. SafeREHESISEANRNISMEBREBEHFLsparent laminate
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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{viny! butyral) sheet, and then trimming the
excess poly{vinyl butyral) to the edges of the glass layers.

The plestic interiayer can be produced by mixing poly(vinyl butyrsl) 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

23  irapsporiation.

In addition to vazious common uses for laminated glass struciuwes having &
conventional polymer sheet type interlayer, in some applications of laminated safety glass
it is particularly desirabie to have additional fire retardation features. Examples of
attempts to inchude some meastre of fire reterdation include the inclusion of additional

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



Patent 4,485,601). Additional protection, however, is often desirable.
Accordingly, there is a need in the art for polymer compositions that
provide the desired fire resistance while also allowing for the facile
manufacture of a polymer sheet 5 without adversely affecting other
desirable properties. SUMMARY OF THE INVENTION Now, according to
the present invention, it has surprisingly been discovered that various
thermoplastic polymers incorporating phosphate ester agents can improve
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polymer sheet comprises a thermoplasti ymer and a phosphate ester
plasticizer and wherein no additional plasticizer is present in said polymer
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and a phosphate ester plasticizer and whersin no additional plasticizer is present in said
polymer sheet; and, a fire resistant layer disposed in contact with said second layer of
glass opposite said polymer sheet,
The present invention includes 2 multiple layer glass panel, comprising a fire
25 resistant panel, wherein said fire resistant pane] 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: 2 polymer film disposed between a second polymer sheet and a third polymer




2 sheet, with 0 to 7 further layers of polymer film and polymer sheet; or, O
to 10 further layers of polymer sheet The present invention includes a
multiple layer glass panel interlayer, comprising a polymer sheet
comprising a thermoplastic polymer, a phosphate ester plasticizer, and an
5 acid stabilizer agent DETAILED DESCRIPTION According to the
present invention, it has surprisingly been discovered that incorporation of
phosphate ester plasticizers in polymer sheets that are used in multiple
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polyvinyl butyral). Further, as will be described in more detail below, many
phosphate ester plasticizers can be used to achieve the desired fire
retardant properties. In variou@EW§Bﬁ’fﬁ@Hresent invention, a
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laminate, wherein the polymer sheet comprises a thermoplastic polymer, such

20  =s poly(vmyi butyral} and a phosphate ester plasticizer, wherein ne additional plasticizer
is present in said polymer sheet. Unlike some prior art atiempts at providing a measure
of fire retardation, these embodiments of the present invention do not employ additionsal
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 o plasticize the polymer, for example, adhesion control
agents and infrared absorbing agents can be added. In various embodimenis, one or more
acid scavenger agents, which are described in detail below, can be added to the polymer
sheet to impart addifional stability,

In embodiments in which the only plasticizer is a phosphate ester, plasticizer

30  content of the polymer sheet, measured in parts per hvmdred resin, or phr, can be, for

example, 5-80 phr, 10-70 phr, 15-50 phr, or 20-50 phe. The amount of phosphate esier




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 pbr.
The amount of phosphate ester 3 included in the melt will, of course, 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 surprisingly been
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therebehweaitia ROVMSASHRE Further embodiments in which additional polymer sheets,
having or not baving a phosphate ester as the only plasticizer, are included between two
Iayers of glass are within the scope of the present invention, as well as embodiments in
which more than one polymer film is also used.

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 & phosphate ester as the only plasticizer, and one to ten
additionat 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

36 0to 7 layers of polymer sheets and/or polymer films, or 0 to 10 layers of polymer shests,




of the present invention, having a phosphate ester as the only plasticizer,
and one to ten additional layers laramated with the polymer sheet
between the layers of glass. The additional layers can be a polymer
sheet//polymer film//polymer sheet arrangement with 30 0 to 7 layers of
polymer sheets and/or polymer films, or O to 10 layers of polymer sheets,
4 where any of the polymer sheets can have the same or different
composition, and any of the polymer films can have the same or different
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20 alcohols, as disclosed in U.S. Pat. No. 5,013,779. and Cq to Cg adipate esters, such as
hexyl adipate. In some embodiments, the plasticizer is triethylens glycol di-2-
ethylhexanoate).
In these embodiments, in which 2 phosphate ester is one of two or mors
plasticizers used, the polymer sheet can be used in any of the permutations given above
25 for the embodiments in which only phosphate esters are nsed as a plasticizer.
As used herein, a “fire resistant panel” is any of the glass//polymer layer(s)/glass
" constructs of the present invention that have at least one polymer sheet having
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.




As used herein, a'T= 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.

5 In various embodiments of the present invention, an additional fire
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intumemmm for a mmitiple layer glass panel having 2 polymer sheet with & 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 iutumescent layers. Generally, a panel can be constructed with multiple intumescent
layers having the design: _
{glass panel comprising polymer sheet with phosphate ester)
H/(intumescent layer//glass layer),, where n is a whole number less than 10,
The intumescent layers of the present invention can be manufactored and
3¢ incorporated according to known techniques, and specifically by those described in 1.8,
Patenis 4,654,268; 4,485,601; and 5,434,006. The material used as the inturnescent




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) //(intrmmescent
layer/Iglass layer)" when n is a whole number less than 10. The
intumescent layers of the present invention can be manufactured and 30
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20  soft segment (i.e., hexafiuoropropylene and vinylidene fiuoride) and a fiuroplastic hard
segment (i.e., tetraftuoroethylene). The THV polymers are commercially available
polymers comprising chloroethylene tetrafluoroethyiene copolymer (ECTFE),
hexafluoropropylene (FHIFP), and vinylidene fiuoride (VDF) at a molar ratio of, for
example, about 42-60:20-18:38-22 of ECTFE:HFP:VDFE. Other biends of THV with
25  other fluoropolymers can be used including, but not limited to, THV blended with
finorinated ethylene-propylene copolymers (FEP), perfluoroalkoxy polymer (PFA),
perchlorotetrafinoroethylene (PCFE), ethylene-tetrafluoroethylene copolymer (ETFE),
polyvinylidine flucropolymer (PVDF), chloroethylene tetrafinoroethylene, and
dichloroethylene tetrafiuoroethylene (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




segment (i.e., tetrafluoroethylene). The THV polymers are commercially
available polymers comprising chloroethylene tetrafluoroethylene
copolymer (ECTFE), hexafluoropropylene (HFP), and vinylidene fluoride
(VDF) at a molar ratio of, for example, about 42-60:20-1838-22 of
ECTFE:HFP:VDF. Other blends of THV with 25 other fluoropolymers can
be used including, but not limited to, THV blended with fluorinated
ethylene-propylene copolymers (FEP), perfluoroalkoxy polymer (PFA),
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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 inchides windows and windshields incorporating any of the
multiple layer glass panels of the present invention.
The present invention further inchudes 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 conveniional method, such as by an avfoclave lamination

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



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 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 anI autoclam @wmﬁwmﬁu&m&mﬁd@ﬁw@ﬁmﬁmww
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PHOSPHATE ESTER PLASTICIZERS Phosphate esters that can be used
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to represent different radicals in the same phos%hate ester plasticizer

E xamp BB Sh b s entres, llief therm. b
triisobutylfrphdgpifatebin phetyhgphnysiiakid, wWitcthbsytovioshitadisn all of the radicals

tr|23 Eg&ggamq&y Eyﬂnﬂaﬁﬁé&l& AeyrRi HRDERM-RASR B sty

e hate, ethyl di-cresyl phos 20 phase tripentyl Lo
oopr R TRE 1 FGS RAEh St HERSP SR FeE) cals

phosphmmmmmmm -p-cresyl phosphate, tri-cyclohexyl
phosphate, Exampies of snitable phosphate esters include iri-n-butyl phosphate, triisobutyl
phosphate, tripheny] phosphate, tri-cresyl phosphate, ri-2,3-xylyl phosphete, frimesityl
phosphate, methyl diphenyi phosphats, dimethyl phenylphosphsie, ethyl di-cresyl phos-
20 phate, tripentyl phosphate, trihexy] phosphate, pentyl dihexyl phosphate, octyl diphenyl
phosphate, trioctyl phosphate, octyl di-p-cresyl phosphats, tri-cyciohexyl phosphate,
cyclohexyl diphenyl phosphate, dicyclohexyl phenyl phosphate, trinonyl phosphate,
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 pheny! cresyl
phosphate, butoxyethy! pheny! cresyl phosphate, 2-methylpentoxyethyl phenyl cresyl
phosphate, hexoxyethy! phenyl cresyiphosphate, octoxyethyl phenyl cresyl phosphate, 2-
ethylhexyloxyethyl phenyl cresyl phosphate, nonyloxyethy! phenyl cresyl phosphate,
decyloxyethyl phenyl cresyl phosphate, lauroxyeihyl phenyl cresylphosphate, hexyl
30 dicresyl phosphate, 2-ethylbutyl diphenyl phosphate, 2-methylpentyl dicresyl phosphate,
n-hexyl dipheny! phosphate, octyl dicresyl phosphate, 2-ethylhexyl- dicresyl phosphate,



cyclohexyl diphenyl phosphate, dicyclohexyl phenyl phosphate, trinonyl
phosphate, 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 cresyiPhosphate,

octoxygsiaptyd M&WMW@@@@WW@ m‘éw

phosp ate X!Of%ﬁ g%%y

cresylp ate, lauro ethyPKhenyI cresy hos hate exyl 30 di resyl
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nonyl @hns@sgdemamnm secipoyl dqambﬁm@my)mwmwl
phosphag oA VLEBESY I RRIPPRA phosphate, 2-

A SLRRM P RRRN

2- ethy?hex I methyl 5 phenyl

phosp RS A SRR THL S BT WWM%M@W%W%% -
ph@nyh@whmﬁmwm phroy|plhwisphate, tri-2-ethylhexyl
2hethy[§1g§sﬂ&‘=p Ykl %M@W%ﬂ%%@x@ ohthm
phosphate, 2-e ex cres osphat et enyl
phosphate, gﬁée[ ﬁé’% gﬁ}/ ﬁ(te"‘hs;)//?réjosph wﬁg’f’iﬁ"ﬁﬁé%%xw&b{) T 8o,
2buty|mmgyﬁpﬁ@mmhm@m@e W&Wpﬁ@hma@ée}rﬂ
ity oo h h e h a d f%—l-
tr- -e sphate, cresyl diphe ate, and mixtures of the
foregomg n%gt)ﬂﬂ%arise mﬁl}/fgérﬂé:gﬂ ﬁ%s %ﬁa’% esters are those that
contain from 12 to 30 carbon atoms. Examples of time are trioctyl
phosplrexiEspaGENY tri-2-ethylhexyl phosphate), 2- ethylhexyl diphenyl

phosphate, henyl 1]

iohe ST TRE S Wb =
EpoxidiBsije Ak @epms P predisptribed in

iny@ ntiﬁmﬁ@ﬂﬁﬂpd&ﬁ&a&ﬁﬂmﬁﬂp&ﬂ@mﬁmh@gla&mﬁﬂm@mf
the typ@ﬁg’%gl Eﬁgé&%two linked cyclohexane groups to each of which is fused am

epoxide group. Such diepoxide compounds correspond to the formula:
R@ RT
R
O 0
6 Rg
Ry Ra
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25



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: Rg R7 RO O Ra R5 Re 25 10 wherein R3 is
an organic group containing 1 to 10 carbon atoms, from 0 to 6 oxygen

atoms,

and from O to 6 niitogen atoms, and R4 through R9 are

independently selected from among hydrogen and aliphatic groups

containing | {h&4aK08 ﬁa&&l@@ipmn%im%s, from 0 1o 6

2{3,4-
Other
pogym
molec
relativ

3,4- -epoXxyc clohex cyclohexape, his
(3,4- epg%f%rme %g"he'f“ﬁ/é%éne |paf€T‘?a%4 ug?le independently

GogpBCireB ey irﬁpé.e@rhwfom
&i;;gm I for R 732. uc
E{W ngc es are u ausefa y’ﬁ?’ cgﬁy%ﬂx%b 59;‘

STrals

S 1ot

‘\“é"'." / EW'&’&H%avengers alone or in combination

with epoxideCaigenisfi spasadsngnis il Rillbao] dedpoeiidngalyBeh as

sheetﬁ 9{ e ggﬂg REIL

"polymer film” %r%ig‘r!]ﬂédgb r atlv%OEt%lr M% %pmer%yggw%% Tpolscular
functioWE et - fropidrs e FX)?&‘ Q’ﬁ’t’élaﬁﬁ]ﬁg"&iﬂé‘?‘frwm
palymer sh@mmmmmemwmmﬂmwmw@&mM

provid

properties to a multiple layer glazing structure

tenti
Sl deCmRA AESAORLENSIE AN dlassgerention

rather provide

performance improvements, such as infrared absorption character.
PolyetR{enkiEErEBlhalate) is most commonly used as a polymer film. 20

In vari

ous ergbQMRAIR, NGAANT R RlAY AR S MEKRRES 01 Dotk layer

to
mlry that fnctions as a performance enhancing layer. Polymer films differ from polymer

20

25

30

sheets, as used herein, in that polymer fiims do not themselves provide the necessary
penetration resistance and glass retention properties to & multiple layer glazing structure,
but rather provide performance improvements, such as infrared absorption character.
Poly(ethylens terephthalate) is most commonty used as a polymer film.

In various embodiments, the polymer film layer has a thickness of 0.013 mm to
0.20 mm, preferably 0.025 mm to 0.1 mm, or 0.04 to 0.06 mm. The polymer film layer
can optionally be surface treated or coated to improve one or more properties, such as
adhesion or infrared radiation reflection. These fanctional performance layers include,
for example, a multi-layer stack for reflecting infra-red solar radiation and transmitting
visible light when exposed to sunlight. 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 diclectric layers. As is also known, (see, for exarople,
U.S, Patents 4,017,661 and 4,786,783), the metal layer(s) may opticnally be electrically
resistanice heated for defrosting or defogging of any associated glass layers.
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0.20 mm, preferably 0.025 mm to 0.1 mm, or 0.04 to 0.06 mm. The
polymer film layer can optionally be surface treated or coated to improve
one or more properties, such as adhesion or infrared radiation reflection.
These functional performance layers include, for example, a multi-layer
stack for reflecting infra-red solar radiation and transmitting 25 visible light
when exposed to sunlight. 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, forxe@xanpussl e odpohaner Al SEoeas i ion,
one or for Y d itiﬂf&ﬂéaw" Sopiatrenti
COOpeé‘Jﬂ?“ﬁ&%(@F&%eﬁrﬁﬁg?%aﬁg Z?s? %gqown see, %gg?fgemp E:"a"mlaym

Patent®#,
electriaglbsetﬁm:rmnce heated for defrostmg or defogglng of any ,

asgociated oiass JaverssA1ian-addional tyae-Qfeqper i hakeande

used with the présént invention, which is described in U.S.”Patent 6;

797, 3SR ATIACEE ORe SIgKi RS BP R RR SARERRIARPL sormLb it git o 4 particular
reflect mm«mwmmm@«maxmmmw in

by metallig laye): %@.ﬂi& s eAEpdSition then
optlcallxé% sparent (Le objec s adj acent one side of e Iayer can be

comfo
layfer fmmmﬁmns@@)smmaiallﬁmkm ﬁ:gmqfesummsm having smtable
embodjREats. qﬁ%iéﬁns such as

s'smiszyo GiEaiahLC AR BT ERAL

composition than t any adjacent polymer sheet. In_various
cmbocRERREV I SEIREs WML fof HOMCERor e et g and copolymer
maten&hﬂﬁ?ﬁiﬁ@tﬁ@WM@M@@M@hﬁMéﬂﬂdﬁ@ mopdvtiosatemiels such as
nylons ekl aRese RS £Ta]a PR s STl fmcﬁliﬁéhﬁépoiyemrs for

o ‘”%f _ %ﬁﬁ el R e BT o

the nomdﬂ%ﬁa&whﬁﬂmﬂm%mm fﬂfeici&@‘iﬂﬂﬁ%vemengﬁ:, and has
polyetl?;é&q]%att ﬁ%} th I]?Ot%}oandpol thylene. tere sl‘gal%}ggn co PETEZ
Po

In various em e terep IS'used, and, 1n various empodimen

the polfeRflaTTe wbﬁ&m@mavmméwm
stzength, en'dfbﬁ&meelmgead ammmm@ﬁw&lya@kagﬁm terephthalste)
Chara%m%w%@@&&&@%%m are disclosed in published European

Apphcation No, 0157030,

POLYMER SHEET
25 The foliowing 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 “poiy:t'ner 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{vmyl butyral) is
most commonly used to form polymer sheets.
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temperatures (e.g. less than 2% shrinkage in both directions after 30

minutes at 15(rC). 20 Various coating and surface treatment techniques

for polyethylene terephthalate) film that can be used with the present
invention are disclosed in published European Application No. 0157030.
POLYMER: SIEET 25 The following section describes the various

materials, such as polyvinyl butyral), that can be used to form polymer
sheets of the present invention. As used herern a Iymer sheet" means
any thermophsaepbiae e FoetibHD ﬁi i )
into a thipJeuet thatisitab baai@aﬁninm ﬂimimm fronréhet hadr maérm/end

for use as an |nterl r h t&q&yi ?r@;ﬁsg&ngggﬁ%r
30 glassgﬁrsgt‘eu?ton propertr to minated glazing panels Plastrgx‘ozljs:2
polyvinGBeRTE irajile REHR GBS ﬂﬁ%ﬁ%@%ﬁ gused

used haegia, “Wmf&i&tﬁatﬂdﬂm m&ymfa@hmﬂmmmmmmwwmﬁ

compopent t is removed frourthe mixture that results from the acid

catalysrs and_subsequent neutralization of the polymeric precursor polymer.

Resin will gerf@rARIRST Sher of o P e AP SR AR RS R BRR iz po _ ’

such assicitatgsiasitsmbodadethotzeiipliified distreiie polimmettthesfermpraes

melted @Wﬁ% %(:%%éﬁ] YHItR, %mmmmemm%mm
ymer sheefs of

The po the present invention can compr, suit
eSO RO T e ST AL R s emotr
polymemslx&wmmm@bdrmwmm torepopot tasisin biefineasiss of

tEe premfef rfﬁﬁ&%w ﬁ’ﬁ%&Qﬁﬁ%ﬁﬁﬁﬁtﬁ%ﬁmﬂB&g&&m&aﬁx
the polymeric compone the er.sheet, anpther . e iment is
include 8RRkt (ast c?ren'?’con& 8'3 or conr%%f’ F sheet

essentrmmwmpﬂwmmm@ﬁﬁmmwfﬂ)
vafigtions in ﬁﬁ&ﬂ%&ﬁo&iﬁhﬂglﬂs Rinsiisiess issiesnrpbiRintass be partally

Ziiﬁnvt”.gﬁgr']eﬁ“h R Py £ R S s She Sl o
comprigetys Mﬁp&m bR, SRiBHEHEnT
anothe@embh% s iRipeimar sheehenma))toebifations thereof, and the like. In
one erabodiment, the polymer sheet comprises poly(vinyl butyral). In other
20  embodiments, the polymer sheet comprises plasticized poly(vinyl butyral). In further
embodiments the polymer sheet comprises poly(vinyl butyral) and one or more other
polymers. Other polymers having a suitable glass transition temperature can also be
used. In any of the sections herein in which preferred ranges, 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(viny! butyral), the poly(vinyl butyral) can be
produced by known acetalization processes that involve reacting poly(vinyl alcohol)
30 (PVOR) with butyraldehyde in the presence of an acid catalyst, followed by
neutralization of the catalyst, separation, stabilization, and drying of the resin.
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polymer selected from the group consisting of poly(vinyl butyral),
polyurethane, polyvinyl chloride, polyethylene vinyl acetate),
combinations thereof and the like. In one embodiment, the polymer sheet
comprises poly(vinyl butyral). In other 20 embodiments, the polymer sheet
“comprises plasticized polyvinyl butyral). In further embodiments the
polymer sheet comprises polyvinyl butyral) and one or more other
polymers. Other polymers having a suitable glass transition temperature

can also be lsedoincaippdifatng.dbetiolysitreheit tamotranips bisriheg aivged?
values . 2RUOLMSHD ﬁ%n%qri siagificaiyetorpaky bdiny WUy al) ey than 3 wi.

example, and without limitatio r 25 plasticizers, cq ent
perceﬁ(&ﬁ’@g”‘fh ﬁ‘é}’ﬁ# g’?'g’l:ff hcﬂrr%%a%&% es?mfﬁose
rangemupwmmammmmmmmmmem
blesgdzmgb%ﬁ%pégg t@&ﬁtﬁm ) &ﬂdﬂl@'?&@ﬁ shsﬁ,m&or
embodiments comprisi ra in

produced bylsﬁ Es r@lzﬁé%sh sses tln%}li’%y %ﬁmﬂg
alcohoemmmmmimt%mm% W@@réé@ﬁ@eﬁ&pﬁ% é’bm’g 70, 00“0
catalysi>é@uovrad,du6, Beu lahzaQnEEhes 9&%&1@%&%@ Small

stabilizatio an d 0 the re 3 In varipu odim ztgﬁ l
polyme“gll}n{}ei can‘%%grf%alserl%a@%gn W A)chélg%’gg?m ter groups, gnstepto
wi0o, lipprasysndismlasreieii/ionst ised B fhe/moledecehon mlﬁwr@s?a%ts
ester Gupopaeslepialerh asmelssrukgansieoniiniahalasapia
acetal“% terawxsl%ﬁlet)éral)g hyerg ace ,E nally |nclud|ng other

or

acetal gro ps INa min amount

yl hexanal group (see, for
example, U.S/apexeplhssiogrenton] aﬂﬁlﬁsﬁ%tﬁ%@ﬁ%ﬁm W
sheet W@&mwwmmmaﬁm@ﬁ%lmt

120 ooc‘)’%g%%’o or g%east 350 O%%%ﬁ%%%g%%moie or Dalton)
Small At BetiNieh i hose diatinse, Bd S Parsh HEEA G b AR
the aczielizafion sieplse ithinesbaseiriier taagnsightdio(2hisiashdz0ate),
g/mole {5610k 8XaMpleu . SoBAIGRLS ARNRAA LB MG R mica

and, 4,654, 179) As used herein the term "molecular |ght means,the

Welghtm% Gt Hetnt o P s SRRy 8
uséd inpetysien siide tsaghdiumpbideathy! outyrate).
Other additives may be incorporated into the polymer sheet to enhance its
performance in a final product. Such additives inchnde, but are not limited to dyes,
~ pigments, stabilizers {e.g., ultraviolet stabifizers), antioxidants, antiblock agents, IR
absorbers, combinations of the forepoing additives, and the like, as are known in the art.
25 Any suitable method cen be used to produce the polymer sheets of the present
invention. Details of suitable processes for making poly(vinyl butyral) are known to
those skilied 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) shest
comprises extruding molten poly(viny! butyral) comprising resin, plasticizer, and
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invention, including sodium acetate, potassium acetate, and magnesium
salts. 15 Ifagnesimin salts that can be used with these embodiments of
the present invention include, but are not limited to, those disclosed in
U.S. Patent 5,728,472, such as magnesium salicylate, magnesmm
nicotinate, magnesium di-(2-aminobenzoate), magnesium
di-(3-hydro)y-2-napthoate), and magnesium bis(2-ethyl butyratexchemicat
abstracts number 79992-76-0). In various embodiments of the present

ig;/ﬁnti@sagib&esyrﬂ@@ﬁ@w' iR alkdsea o @?ﬁiﬂéﬁa’ﬁiﬁﬂ' ﬁiﬁ)ﬂalmﬂyt aaf@smngttham
er a !E'%E%ﬁ cor e PO 0 enna S
performance in g ina progmc %Ssh |vesE ngiug%&é}ﬁt are not lm%%e

to dye<S* gt msthofef fombes pol wmmﬁ%@@mmmm@ﬂtma
antiblodie ageni sollér, aﬁhﬁfﬁﬁ@h@:ﬁﬁbmﬂtmﬁ&@fﬁh@ ;

ang thee. 45,25k RRNAJIE 30,2540 ag,%m Be,

to produce the polymer sheets of%e present |nvent|o % tal pswta le
proces8ederRmgEse v iR A mrisre RAdtor 6 milkiasies ey ﬁ'?’tﬂel 3

art (seepitbmeteasmple, U.S. Patents 2,282,057 and 2,28'1,026). The

polyviny! bUtW@M'%&Q&%H&M@@%&&%&%%%@%S@:‘%&M'V
processed and configured into sheet form according to methods known to

those o?‘%‘ﬁﬁﬂ%‘%{’ﬁ%ﬁ%‘%e@'ﬁﬁ“’é&é S e theerist gy place of the
pd9(vi@$ummwmmm@mmmmmmww&mm

i (e Yo
one difh& ‘Hé%wm@ﬁemg%%ﬁfﬁ%mﬁ o iies Bﬁi%?ﬂﬁ?ﬁﬂﬁ in the

methodéy¥awieiyg a polyvinyl butyral) sheet comprises casting a melt from
a die onto a piefmAidibine &e&e%&aﬂ&&mw&&%@

Soiediioles dechenl Bl arbidnelie e pob e St ™
millimeters, o%wmmmmmmsmmm
eacbh 3@;@@3&%@@%&%@%@1 Q@eﬂ!ﬁﬁﬁﬁﬂe&fﬁi@ﬂmﬁh fvention.
52,"ed°.rlr;‘§2§§f"%epi%ﬁeas§' e R e oo s
rigid pliesheigveamiy memewﬁhﬂmw&s&ﬂm&nﬂm
20 The present invention inchides methods of manufacturing interlayers and glass
panels comprising forming an interlayer or giass panel of the present invention using any
of the techniques described herein.
The clazity of a polymer sheet, and particularly a poly(vinyl butyral) shest, can be
deiermined by measuring the haze value, which is 2 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, s Hazemeter, Model D23,
which is available from Hunter Associates (Reston, VA), can be used in accordance with
ASTM D1003-61 (Re-approved 1977)-Procedure A, using luminant C, at an observer
angle of 2 degrees. In various embodiments of the present invention, percent haze is less
3G than 5%, less than 3%, and less than 1%.
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transition temperature, for example above 60C or 70C, for example
polycarbonates and polyalkyl methacrylates, and specifically those having
from 1 to 3 carbon atoms in the alkyl moiety. 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. Vanongidhatier ehéetreadied momidatet He Sdlcipetbristes and

and meashring IecIOLAS IR DR ARREHD Gih IO SE U HAE REGS Piass,
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panel @fdlmé@nﬁmmm:bmlm mingioth ecteltiimic bs ldmbesised: cooled to
hegein JJdie-e'Rethah SRPIRGES DRGEARIRA U EHEHY APy bRy ralk

sheet, cap be determlned y measuring the haze value, WhICh isa
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available from ciates.(Reston, VA), anb used in
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embodigents.aftine REESLRAkLINVARLRD SRS sttt gAY hated

less th 3% stha ] %. 15 Pummel S|on an be me
accordgnﬂss tga%h %I%e\/\ﬁﬁeﬁq%gﬁ’ﬁ?#u% Mritimly qé’?’@fﬁ%égﬁgm:*
herein %H%%ﬁalea%simmmy%mm@@s@v@ewm 8 and

techniqoeisiuges to deternime pummel. Two-ply glass laminate samples

arg prepared,wit ro C ammation canditions.

Ia%mates a%ﬁ%&%{of S%E m;#uﬁﬁ%ﬁeﬁ{ %%%
a hamS8ree; daotpecgaaadds @%@?‘MM&%@F@@M& soahid
polyvimdiimsyicadp e wisidn e semonschlanchiioaam K fRRalSTIRMndex is

adhereglio.the nolvevinyl BB 50681 &%S%%P BN 3L OF oo

standards. The standards correspond to a scale in'winch varying degree
of g|as@dex of Plastics” from spectrop ght transmittemee in the visible specirum.

20 Values are corrected to 1 cm thickness using measured specimen thickness,

EXAMPLES
Example 1
One nmdred parts of poly(vinyl butyral) of 30% weight of poly(vinyl alcohol), 46
25 parts of ributyl phosphate, 0.096 part of 40% magnesium 2-ethyl butyrate (ag.), and 2.4
parts of 25% potassivm acetate (ag.) are added sequentially to a blender vessel and then
vigorously homogenized using a mechanical mixer. The content is then extraded into 30
gange interlayer shests at 170°C.

3¢ TFExample2
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remain adhered to the poly(vinyl butyral) sheet In particular, at a pummel
standard of 10 zero, no glass is left adhered to the polyvinyl butyral)
sheet. At a pummel standard of 10, 100% of the glass remains adhered
to the polyvinyl butyral) sheet For laminated glass panels of the present
invention, various embodiments have a pummel of at least 3, at least 5, at
least 8, at least 9, or 10. Other embodiments have a pummel between 8
and 10, inclusive. 15 The "yellowness index" of a polymer sheet can be

measured acggédjmmmikﬁs Bilm(@mﬁm}%em mld;e@gilakﬁagf(m)d alcohol),
polymeg ethem il t? %lgflhavm sm olyragric surfaces wh .e%yl%uetymtz (ag)

essentla ane an e are OI‘ © mdex I easu

accordiffg SWPW@@HG@I@I%V% & genized
YellOWWﬁM&Pﬁﬁ&%ﬁ&Bﬁf&%&m@MW s e 170°C.

spectrum. 20 Values are corrected to 1 cm thickness using measured
specimen thickness. EXAMPLES Example | One hundred parts

ofpoly(HsmmMeadral) of 30% weight.of poly(vinyl alcohol), 46 25 parts of

tribdutzylélphOSpb@Iau&hQa/ @&@r&@o@%ﬂaﬂgm’ums??gfd%d ; ££@ﬁy@ﬂ@1 alcohol),

an ar % S e added. se toa
gm@s?‘%mﬁnﬁ Em Sf:a@ 33y %%qb}%% remesitR, @% 2 (ag)

blenderv sse LY orou yho genize

mixer. Tadish asnnaatiallytasbicristant viguondn bempgeniastrsingomerdemical

170C. &Q:szam@lﬁrﬁeﬂﬁm bitndegehRasteallRoledaythubual 9

weight of (I);f\{g&k%g@hol) 38 parts of tri-isobutyl phosphate, and 0.19
part of o magnesium 2-ethyl butyrate (aq.) are added sequentially to a
blender vessel and then vigorously homogenized using a mechanical
mixer. Eagmpggdent is then extruded into 30 gauge interlayer sheets at

e o e SR

%@ mPf tnpheny}. phosghate and 6-19 part of 40%
magnesmm z-eﬁxyi butyrate (aq.) are added sequentially to a blender and vigorously
homogenized using a mechanical mixer. The content is then extroded into 30 gauge
interlayer sheets at a temperature range of 150-170°C.

20 Example 5
One lnmdred 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-ethyl butyrate (aq.}, and
1.25 parts of DER. 732 are added sequentiaily to a blender vessel and vigorously
homogenized using a mechanical mixer. The content is then extraded into 30 gauge
25  interiayer sheets at 170°C.

Exampie 6
One hundred parts of poly(vinyl butyral) of 18.7 % wt of poly(vinyl aloohol), 33
parts of tri~isobutyl phosphate, .19 part of 40% magnesium 2-ethy] butyraie (ag.), and 2
30 parts of 2-ethylhexyl (3,4-epoxycyciobexyl)carboxylate are added sequentially to a

17



are added sequentially to a blender and vigorously homogenized using a
mechanical 10 mixer. The content is then extruded into 30 gauge
interlayer sheets at a temperature range of 150-170C. Example 4 One
hundred parts of polyvinyl butyral) of 30 % weight of polyvinyl alcohol), 15
29 parts of tri-isobutyl phosphate, 17 parts of tdphenyl phosphate and
0.19 part of 40% magnesium 2-ethyl butyrate (aq.) are added sequentially

to a blender and vigorously homogenized using a mechanical mjxer. The. .
contehisadgs srsekandiderTars e BapogEazsH WMM%%%%C =
range @k §8nkitd ato2fd paaplerbyanddatind ted°Garts of polyvinyl butyral)
of 18.7 % wt ofpoly(vinyl alcohol), 40 parts oftd-isobutyl phosphate, 0.19
part of 40% magnesium 2-ethyl butyrate (ag.), and 1.25 parts of DER 732
are adBeaislsquentially to a blender vessel and vigorously homogenized

USiNg a mechpnisakiibess ERegaate mMrisgh enrextiideabiéntal 80addute 25

T

phospreleyioyl bupyarb srateyer B4t 2 30

parts Qiistahae/blastidin txyley sibfedjc sitbexy | Reireantiiovn in the
seque%@%ﬁg&y blender vessel and vigorously homogenized using a
mechanical niixer. The content is then extruded into 30 gauge interiayer

shBets at 170C. Example 7 5 The interlayers of Examples 1 through 6 are

each subjected to a UL 94 il any , verticaliburn testj(as deggcribeld by geape
Underwrfrs ies Inc.(r)). A poly(vinyl butyral) interiaygs Rasing | extinguishing
conventidndFEHBYPRACHE HHASS ;(QW% MC ERlgeisizer Gl fame
subjected to the test Results arg shown in the foll@wipgdatoe? I Qpplication)?
Poty(viny! butyral) with
triethyiene glycol bis-(2- yes no N/A N/A
ethyDhexanoaie
Exampie 1 no yes yes Do
Example 2 no yes Do no
Exampie 3 yes yes ne no
Example 4 no yes no no
Example 5 o yes 0o no
Exampie 6 no yes no Bo
Example §

Two strips of various interlayer compositions are subjected to a flammability test.

Mass in grems, before and after the flammability test are provided, as well as

15  observations. Results are shown in the following table, and formulstions are provided in

the subsequent table.
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Self Self latedayer Composition Dripping? Chaired? extinguishing C Ifin
ialt g (first flame (2nd flame application)? application)? Poly(viayl
butyral) with e glycol bis-(2- yes no N/A N/A etbyDhexanoate Example 1
no yes yes no Example 2 no yes no no Exotonple 3 yes yes no no
Example 4 no yes no no Example 5 no yes no no Example 6 no yes no
no Example 9 Two strips of various mterlayer composmons are subjected

to a flammability test  Mass.in.gra
B2t
AN M CS
Troation
dripp §
fimredppheation—t—+0-1-2+HemgpidW-with-sk=at o >Secongs—3- J.8'5L\
1.74 §.743Bsgan jrid%g aftng;LS sec 3 & Dhlie: Qb ool
Extinduished \,A.'it..air§930_ ecoads]2-1838-(150)159-62-Ne d.w.. e
Eading 8it%@mlth aifat 3D sgeonck 1.?@@?@5 Exinguished with air at 30 seconds.
2.3038 i a8 No dripping, Extingnished with air at 30 seconds.
2.3046 e i'gz Mo dripping. Extinguished with gir 2t 36 seconds.
14303206 | o9 = No dripping. Extinguished with ir at 30 seconds.
2amges | 18 1 08 Mo dripping. Extioguished with air ot 30 seconds.
Bawan | o bt No dripping. Extinguished with air gt 30 seconds.
1.68 0.63 Mo dripping - material chaged. Extingniched with air at 36
BT | ;| e seconds,
14-303308 158 L1z Wo dripping ~ material charred. Completely burned in less than
1.3 0.82 30 seconds.
14183206 1.56 0.3% Ne dripping - material charred.. Completely buomned in lessthan |
161 0.8¢ 30 seconds (sample 1) or extingnished with afr at 30 seconds.
23302017 L75 .52 Mo dripping -meterial charrad. Extinguished with air ot 3¢
1.64 1.60 seconds,
No dripping - meterisl charred. Smuple 1 selfe:x;ﬁngnisimdi?:%
141 038 seconds. Upon second application of fizme, mgnshedwﬁh
14304609 147 g6z |8 &30 seconds. Second sample self-extinguished affer buming
il 13 seconds. Upon second epphicetion, extimguished with air st 308
seconds
13046 WA WA No dripping - material charred. Self extingnished in I3 seconds.
Upon second application, extinguished with air at 3¢ seconds,
L85 157 |Yo dripping, material charred. Sampic | extinguished with air at
23303220 1'97 117 30 seconde. Sample 2 self extingyished i 13 seconds, Upos
- ) secomd application, extinguished with air a2 30 seconds.

Formuiations, shown as parts per hundred resin, with the exception of poly(vinyl
alcohol}, which is shown es 2 percentage of poly(vinyl butyral):
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2-3038 1.97 134 No dripping. RWaguisbed seconds. with air at 30 1.29
2-3046 1:69 1.03 No dripping. with airat 30 seconds, 14-303206 193 1.23
No F s with air at 30 seconds. 1.73 1.15 24-183M5 11.69 0.79 .64 0.77
No dripping Exdoguidnod with air at 30 seconds. 23-182414 1.60 0.74 No
dripping. with air at 30 seconds. 1.70 0.79 Exdmgd*td.2-1838(170) 1.68
0.68 No dripping - material Clawed. Exlin~ with air at 30 1-57 0.72
seconds. 14-303808 1.98 1.12 No dripping - mail charred, Completely

bonecmlesstn 4,7910.82 30 se ii {Tripheay!
802917

drippi - ét(
1750 9%@@1dr ppigg materigécha 1ecL §,§tlngushgdW| h ak;atS() 1.4 0

secongls (samples# dinguished¥
1 00 cocande.  NMA deioand aato ‘ml uhaf)raé Aamnla.t . caolf o i cliclbh o

CUITUO. I U uII'JPI IH TTTAALCT MIII'JIL: QCII CAT IIH\JIQII\.’\.

in 3 skcondi® Upoh-éecond@pplichtion 8f fame, cAingiiish8d with #7411 6

0-38 143046£29 [1.4% 9.6R aipgt 30|secongs. Sdacongd sgmplg 50 o
self-cttagtistigd-sawb Illillg 13-seconds: Upun secotith app:i\. attort
wdkgd isﬁ‘@) ith amgat 30 seamoxs [1-3046 N/A|N/ApNo dripgings magerial o

clffire guished in 13 sedonds. Upaon!second fapplicatipn,

extingpigh@®ivith ad@at 30 séisonds. Nokharrad. Sample 3&xtihguished, ©

with afr gt J,90 1.54,23.30322(0 1197 171730 §eConds} SajuplejZ seif
exd% ahed -3 3§r~nr rlc%lglé:nn ~ar‘npil?‘j'_a,pp|_ca_8§\]n1 wdft\Wshed \I\%fh alr ¢
at30 -or’rﬁﬁlaqlonsw@hom n as Parts per Hdhdied fesinj with thg 6.2

excep ﬂlﬁ‘}ﬂﬁ y(vgyl qlcohg)), which ig;showh aga pErcggtage of, 5

poly(v \yl} bl If\]lr" D

23-102414]  18.7 100 0 0 BE | 144 0
25%3;3 187 100 b 0 38 0 0
14-303308] 30 100 0 383 0 0 7.7
14-303206] 30 100 0 317 0 0 63
23302917 33 100 0 o 25 | 175 0
14304609} 30 160 0 458 0 6 | 92
1-3046 | 30 100 o 4 0 0 0
23303220 33 100 ¢ 0 322 | 198 0

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

5  ‘technigues, thereby obviating the need o modify equipment.

Although embodiments of the present invention have been described in various
embodiments, it will be clear to those of erdinary skill in the azt that many other
permutaiions are possible and are within the scope and spirit of the present invention.

While the invention has been described with reference to exemplary

10 embodimmis,itwillbemderstoodbythoaesb’ﬂedinthemﬂhatvaﬁouschang&emay
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S1904Poly(vgeyl.TriethyleuetoTn- Triphenyl Triplmayl
Sample ID POIY(Vinyl n bugTal) glycol bis-(2- isobutyl Phosplra~

Phosphine RB-41 18.7 10038000 3-187518.7 10000 750 3-1850
18.7100000500 2-183818.7100003800 (150) 2-3038 3010000
3800 2-3046301000046 00 14-183206 18.7 1000 31.700 63
24--183805 18.7 1000038 05 23-182414 18.7 1000 0 23.6 14.40 28
(170) 18.7100003800 (170) 114-303808 30100038300 7.7
14-303206RexOOrGBeasoaydy spistizd i dempt Gt whey dparting fom

L0 e o
10 proTESIETSTey o ikt lia s Br AP e AR SRR s
Furthelhetprscptit) asepesherees. Shareopsdtis ntmdesthohthadnyentinnot be limited to
MNufaetpieidulli DR HRMIEIRG Sist144I QR tHRNsDHoaR BiaREpI4RE BRMrying out this
oroserHIInER A DR e A e e B M pcooe ot
FoRE¢GraIRary skill in the art that many other
It will further be understood that any of the ranges, values, or characteristics given
for any single component of the present invention can be used interchangeable with any
10 ranges, values, or characteristics given for any of the other components of the invention,
where compatible, to form an embodiment having defined values for each of the
components, as given herein thronghowt. For example, a polymer sheet can be formed
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  present invention.

Any figure reference numbers given within the absiract or any clatms are 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, incleding journal articles, patents, applications, and books,
referred to herein is hersby incorporated by reference in its entirety,
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permutations are possible and are within the scope and spirit of the
present invention. While the invention has been described with reference
to exemplary 10 embodiments, it will be understood by those skilled in the
art that various changes may 20 be made and equivalents may. be
substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without
departfgd@m the essential scope thereof. Therefore, it is intended that

the invedigagk h@dtryiﬁsqmaﬁ ¢heppisiiionfhe esibedipaad stsdiosetifes
the best mo e can %@Wﬁymg out this invention, but that the
invention wi embodiments fa|I|ng within the scope of the
Wended clalms ItWﬂ Blasfdrstood that any of the ranges,
vakles, or charact@piﬁﬁ&@lmdapmymn@mmdmmﬁmm

invention can g&é@ Wﬁg@be WMWE b
characterlstlc?o ﬁke anyo t eotwer comporents of the inve tloriw
where compRUSHias i adiensl RaseEE éﬁf@‘@

of the components, as given hereln throughout For example a polymer
sheet ca "1§§PL9 ﬂ@%@%%@%@@ﬁﬁ@gﬁ%% ShiReHANGSTal).
given in addition to any of the ranges given for FVOH content, to form
mé{f‘ly permutations that are W|th|n the scope of the 15 present invention.
Any figir Seferehciehim® evisyines v bigsteBdiae p sasifeshnole(winyl
for illugfLadive RHERPSEFONY g 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

referenteTiaphrding §iim i vdricio saip atrmer shnstieempriess &rid bubiasr undred

referreeit, BeLRINHISRSERRY incorporated by reference in its entirety. 21
We claim: 1. A multiple layer glass panel, comprising a fire resistant panel,

wherein said fire resistant panel consists essentially oi;

5. The panel of claim 2, whmmnsmdpolymersheetcompnses 15-60 parts per lnmdred

resin of said plasticizer.

20 6. 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 sajd polymer sheet further comprises an epoxide

9, The panel of claim 2, wherein said polymer sheet further comprises a polygtycol di-

epoxide agent, 2-ethylbexyl (3,4-epoxyoyclohexyl) carboxylate, or both.
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two layers of glass; and, 5 a polymer sheet disposed between. said two
layers of glass, said polymer sheet comprises a thermoplastic polymer
and a phosphate ester plasticizer and wherein no additional plasticizer is
present in said polymer sheet 2. The panel of claim 1, wherein said
thermoplastic polymer is polyvinyl batyral). 10 3. The panel of claim 2,
wherein said polyvinyl butyral) has a residual polyvinyl alcohol) content of

10% to 50%. 4. The anel of cla,lm erein mer sheet
compieS 18esloE ms‘t@agﬁ%ﬁmﬁ%r 5 et clected
shabibilizm m@nt%ﬂe@aaaﬂects@eeﬂw’

hundrﬁmm%%m&ﬁgmﬂ@ of claim 2, wherein said

plasticizer comprises a monomeric phosphate ester. 7. The panel of claim

2, wherein said polymer sheet further comprlses an acid stabilizer. S. The

panel 1, alaintiipjeidyeradiass artqdolgmpziss geet further comprises an epoxide

25 stabilizer, 8 Mg@{n QR iEiSaie mﬁm@e@eﬁuﬂt.ﬂf 2

comprlses a po choI I- e X|de en m%;tg%ét&%l

(3,4-efitk I¥%¥?@1 yae epan a|m2

whereﬁassmmmtym@rmmmmmgw mmgbm@éteetee%ﬁﬁ the

groupﬁ&&%@ﬂ%%ﬂﬁaﬂww iRt exdoARiS AR daltitknal

n?Bents infrared abso bem. comstgllge% s of the foregoing. 5 11. A
mpPé“F&;}&Ff oRpriSing: a-fire resistant panel, wherein said

fire renstantqﬁnmmmémwmmwéwwfﬁ%@éﬁﬁpm

layer of@lpsismenshedtpolymer sheet disposed betweten said first layer

and said second layer of glass, wherein said polymer sheet comprises a

thermoplastic polymer and a phosphate ester plasticizer and wherein no

additioalThe preclweisleins! b wbermin sl ey ite eRbEerihpeig(vin! butyzeD.

rggistant layer disposed in contact with said second layer of glass
OPPOSHE e penel of olaim 12, wherein said poly(viny] butyral) has & residusl poly(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
20 resin of ssid plasticizer. '

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

25  16. The panel of claim 12, wherein said plasticizer comprises & monomeric phosphate
ester.

17. The panel of claim 12, wherein said polymer sheet further comprises an acid

30
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said polymer sheet. 12. The panel of claim 11, wherein said thermoplastic

polymer is poly(vinyl butyral). 15 13. The panel of claim 12, wherein said

poly(vinyl butyral) has a residual polyvinyl alcohol) content, by weight, of

10% to 5001, percent 14. The panel 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,

wherel#- %m&m@m Bl R pHBEH SARErs PRl

panel gfigladn 12, wherein said polymer sheet further comprises an add

stabilizer. 30 23 18. The panel of claim 12, wherein said polymer sheet

further comprises an epoxide stabilizes: 19. The panel of claim 12,

whereh-s & PoRiPAERcE: RheTaR HoRRohee b RgRresPEeTss 5&2?5’51}!301 di-
' eReKAealexydohariiprmdateige botil20. The

panel of claim 12, Whereln sald polymer sheet further comprises an agent

selected from the group consisting of dyes, pigments, stabilizers,

antioxRarkee BFREEE S acTrR SPolEer S S COma BTt

the foregeinbirda B pidee @anstiod ofdiyes, jRgmdnty aisbiaidsfisetiedisten amtiblock

layer COmRIises A8 ANLRES GRR LonRichaks 22 mb Ridaahg! of claim 21,

wherein said intumescent material is a hydrated sodium 15 silicate. 23.
panel of claim 12, wherein said fire resistant layer comprises
tetrafl ikirOEtb phasiedhdxiadi iR rebeopyteiddiv msdisten dafiranohprises an intumescent

material,

22. The panel of claim 21, wherein said intumescent material is & hydrated sodium
15  silicate.

23. The pane} of cisim 12, wherein said fire registant layer comprises
tetraffuoroethylene/hexafiuoropropylenc/vinylidene fiuorids.

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, whersin said
polymer sheet comprises a thermopiastic polymer and a phosphate ester plasticizer and
wherein no additional piasticizer is present in said polymer sheet; and

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

30 the following constructs:
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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 glassy 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 sald polymer sheet; and gne to ten additiq 5(gl
R SR BB b SRR RO LR

layers lamin&
two Iaxma,aﬁﬁla&m\ﬁhm&[ﬁ;&mdm@mﬁnadﬂmdme@em @an be any of

30 the foIIo WW g{eg_m disposed between a second
polymer sheet and a third"polymer” sheet, with O to 7 further layers of
polymer film and polymer sheet; or, O to 10 further layers of polymer
shget. 5 26. The panel of claim 25, wherein said thermoplastic polymer is
polyvi Panelaf 'WW@@ b
butyra h%%%lﬁ%%?yvmyl aIc%r%JI) content of 10% to 50%}5@%{%1 thyml)
The panel of claim 26, wherein said first polymer sheet comprises 5-80
parts pEs WM@M@W@WWMM@@M“%
whereig 3aish irstROTRE fhapk comprises 15-60 parts per 15 hundred
resin of said plasticizer. 30. The panel of claim 26, wherein said plasticizer
prises a monomeric phosphate ester. 20 31. The panel of claim 26,
whereipgs Flkfestidiyiaie 26 vbtrkintnd Sohpolizes shectoithprizesifi-ASpas per
The papghRhGiRin.2Giyaiein-said first polymer sheet further comprises
an epoxide stabilizes.

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

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

20  31. The panel of claim 26, wherein said first polymer sheet further comprises an acid

32. The panel of claim 26, wherein said first polymer sheet further cormprises an epoxide
stabilizer,

s
33. The panel of claim 26, wherein said first polymer sheet forther comprises a
polyglycol di-epoxide agent, Z-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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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. 25 35. The panel of claim 26, wherein said polymer film

herel o SR B At CEEEP S B RGP ot e

sheet, ieasphimigtfarther polymer sheets comprise a phosphate ester
plasticizer. 37. A multiple layer glass panel interlayer, comprising a

polymer. sheet comprising,a thermoplastic polymer, a phqsphate ester 10, ..
pla%stic:?Zéérl?gas anogf%%%%i |2é°ﬁ§g%ﬁ%&?ﬁg | eﬁ%”gﬂg&?aefm ,Smdtbmi
wherepplyzer seset. sridsiiddrmdpe poigem Seuxichends: Mivespirie sspernifsticizer.

claim 38, wherein said thermoplastic polymer is polyvinyl 15 butyral). 40.
The intgrlayer of claim 39, wherein said polyvinyl butyral) has a residual
polyvir%?f aé‘b“rggife%egg‘%%f‘ft??ﬁg%éﬁ/a. . the interlayer of claim

39, wherein said psEtfmenthset commpsines Besooiags pelyhemephosphsie ester
oi@aid plastigizficizz, ahd) eni Ry iBE-RE sdahin 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 a

monorﬁ%riré¥1 3 in; prridr i igen 9520 i sh epekidsaid
polymer sheet further comprises a 30 polyglycol di-epoxide agent,

2-ethy el d Gl 8 VR ARG IR A8er is poly(vinyt
15 butyral).

40. The interlayer of claim 39, wherein said poly(viny! butyral) hes a residual poly(vinyl
alcobol) content of 10% to 50%.

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

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

43. The interlayer of claim 39, wherein said plasticizer comprises a monomeric
phosphste ester.

44, The interlayer of claim 39, wherein said polymer sheet forther compm a
30 polyglycol di~epoxide agent, 2-ethylhexy! (3,4-epoxycycichexyl) carboxylate, or botk.
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45. The interlayer of claim 39, wherein said polymer sheet further
comprises an agent selected from the group consisting of dyes, pigments,
stabilizers, antioxidants, antiblock agents, infrared absorbers, and
COMDbiuBtiOnS of the foregoing. 27

45, The intedayer of claim 39, wherein said polymer sheet firther comprises an agent
selected from the group copsisting of dyes, pigments, stabilizers, anfioxidants, antiblock
agents, infrared absorbers, and combinations of the foregoing.

27



