WO 2008/134594PCT/US2008/061688 MULTIPLE LAYER POLYMER INTERLAYERS HAVING AN
EMBOSSED SURFACE FIELD OF THE INVENTION 5The present invention is in the field of polymer

. interlayers and multiple layer glass panels comprising polymer interlayers, and, more specifically, the
present invertionassirsthsifield of polymer interlayers comprising multiple the#fioaléastieiptymer layers.
BACKGROUND 10Poly(vinyl butyral) (PVB) is commonly used in the manufacture of polymer layers
that can be used as interlayers in light-transmitting laminates such as safety glass or polymeric
laminates. Safety glass often refers to a transparent laminate comprising a poly(vinyl butyral) layer
disposed between two sheBi 0iRjlassASAfRtglass BRIMN BNl Yo RFoMids Blfrafibparent barrier in
architectural and automotive openings. Its %g@fg@ﬁt@ﬂé%wsorb energy, such as that caused by
a blow from an object, without allowing penetration through the opening or the dispersion of shards of
glass, thus minimizing damage or injury to the objects or persons within an enclosed area. Safety
glass also can be used to provide other bengfisighefiactssuelhaste attenuate acoustic noise, reduce
UV and/or IR light transmission, and/or enhance the appearance and 20aesthetic appeal of window
openings. 5 The thethfopresht BERARL folindshiesiety giussdardaraistyt 2URyRMGEr of a
thermoplastic palymersgyeb:as Rty (vimyhbriytathefsmuliplelaypes:iMduitipladayersarevasadul, for
example, in acoustic applications. Conventional attempts at ?éuc cousti dampFningt;lhave included

using thermopl&ESficHoliets RUFIGW GTASE TaASRiSH D EHbE g\ta FECOBMEF BidMpts MaVe included

using two adjacent layers of thermoplastic polymer wherein the layers have dissimilar characteristics
(see, for example U.S. Patents 5,340,654 and %%&%@%@@%US Patent Application 2003/0139520
Al). A particular problem encountered with multiple [ayer inter-layers arises at the lamination stage
of processthg. While dingleiayierintetidyers haveworpéntohily thear Bdes e sSa Witk rollers to

impart a texture, that facilitates deairing, thyee layer interlavershaving, sarelatively. seft inaerlayer

between two relatively stiff layers can develop optical distortion i?embossing of the outer surfaces of

the interlayer iStratefasrédlaB AR Shn e/ o MRS EFEph HSRRS BB B84 5 %12 details

this problem, apgigautions asainal.erahessiac tep-deeplysaB.te utes. |ayees, of a thifee [Ryeednterlayer.
Further improved compositions and methods are needed to enhance the é)r.oduc ion and optical
characteristics SRS ERASPYRYHANEIE, LR Pt ANASISTRRE GREL BN &1s B8 prising multiple
layer interlayersuoiiv MARYbsorb chaer preseni disalosurel proviblesviraltiple dajeer, intditayers having a

vl o e B SRR S ra e L o sreceepabe
minimizing damage or injury fo the objects or persons within an enclosed area. Safety
glass also can be used to provide other beneficial effects, such as to attenuate acoustic
noise, reduce UV and/or IR light transmission, and/or enhance the appearance and

20 aesthetic appeal of window openings.

The thermoplastic polymer found in safety glass can consist of a single layer of a
thermoplastic polymer, such as poly(vinyl butyral), or multiple layers. Multiple layers
are useful, for example, in acoustic applications. Conventional attempts at such acoustic
dampening have included using thermoplastic polymers with low glass transition

25  temperatures. Other attempts have included using two adjacent layers of thermoplastic
polymer wherein the layers have dissimilar characteristics (see, for exampie U.S. Patents
5,340,654 and 5,190,826, and U.S. Patent Application 2003/0139520 AY).

A particular problem encountered with multiple layer interlayers arises at the

lamination stage of processing. While single layer interiayers have conventionally been
30  embossed with rollers to impart a texture that facilitates deairing, three layer interlayers

having a relatively soft inner layer between two relatively stiff layers can develop optical



Multiple layer interlayers of the present disclosure have surface topography that is formed by
embossing the exposed surface of the interlayer, or individual layers of the multiple layer interlayer,
after formation of the interlayer or layers. The embossing process is carried out under temperature
conditions that prevent the transfer of the embossing to inner layers of the interlayer. By precisely
controlling the,embossi f the interlayer, lamination of,the interlayer with a rigid substrate does not
lead to unaccglﬁ{gﬁfgnolgtlg(% O&fé%lgrﬁ%ﬁgggﬁtscé&%%a hé ?faﬂrll‘céfél}ei‘jﬂllﬁg SRS TEE08rasHY Hrough outer,
stiffer layers intdgoftper.ifferrgddayersiofitre HRteMayei4s Al datafirgt agpettptheré isyprovided a
polymer interlaygr comprising:8-fifsL AOIYMAL laver comerising,a plasticized; thermoplastic polymer; a
second polymeér layer comprising a plasticized thermoplastic pofymér; and, third polymer layer
comprising a plasticized temnsplasterpedyiiens whereif: saidsecondpolynieniayée is disposed
between said first palymak layerandsaid third, @@Mﬂg@aﬂ@ys,ré]%@@%@;&%Qan@%&%&ywﬁﬁlayer has a

tensile break stress that is at least 15 kilograms per square centimeter greater than the tensile break
stress of said GBLEHA poyHar ByE - wRBRSIA _RaRHiRe orfisrAyEr has a tensile break stress that is
at least 15 kilograms per square centimeter greater than the tensile break stress of said second
polymer layer; wherein the surface of §e\iﬁ fi_rség olymer layer opposite said second polymer layer has
an embossed Rz value of 50 to 90 m?c‘r”é e , Wherein said first polymer layer has a thickness 0.05

to 0.71 millimeters. The pre@sesondasppes, theraigievided abalwneninterayen aamprising: a first
polymer layer, sampsing & biasfisized fermoniastic, polymer A second nolner layer egmprising a
plasticized thermopgiastib po ymerf‘ahJ,'at ird p()'I"ymerCiayer coz}"hrﬁzrilg’lngyaf f) asticized jeéfmoplastic
polymer; whereirrSaith'seconagolymer layerisdisppsdavbenheen said firstippligmentayer and said third
Polymer layer, wherainsalc st Remer ayer PR & easle ek Sussibal st legstty loorams
per square centimeter greater than the tensile break stress o salcﬁ secon po?ym%r ayer; Wﬁereln said
third polymerRaj&cHascafrsing re akrarebsuhacis b emse s vilcyrasis petsavare cémtimeter
greater than theltpnsile break sivessolsaidhsacond pelynenlayer; wheteintbe spstage of said first
polymer layer opposijte said second polymer layer has a permanence value of less than 95%; and
wherein said 2UHaEe GFLHTE AR BORHTErIEILYTS SEBEHE Al e SEota YR Higr gk Rt 'has an Rz value of
50 to 90 micranb@no athicknesseof Of Obetm @i Tidyanillimeters. In a third aspect, there is provided a
polymer interlayer cgmprising: a .first polymer layer comprising a plasticized ther lastic polymer; a
second polymer Iay§ c%?ﬁﬁrlsvir?ﬁ‘g‘b)fg&%&%@ %‘?Srﬂlogp gg%’%ligﬁay}rgﬁfglr: grl\}anél‘fﬁfmr%%%/mer layer
comprising aiplagtizized therracplabticapodpeere el ¢inisaidsedondpolyendayer isdispbsed

between saidfisROMMER|aXer AN st I RebBEnIRYEGHICTEI, S3IR sk RolN et javer has a

residual hydroxyl content of less than 25 weight percent; wherein second polymer layer has a
residual hydrBxyT cehteht'étiegs than 23 weight percent; wherein the surface of said first polymer layer
opposite said second polymer layer has an embossed Rsm value of less than 700 microns; and
wherein said surface of said first polymer layer opposite said second polymer layer has an Rz value of
50 to 90 microns and a thickness of 0.05 to 0.71 millimeters. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 represents a schematic cross sectional view of a multiple:fold coextrusion device
of the present invention. DETAILED DESCRIPTION The present invention is directed to multiple
layer interlayers that are useful in laminated glass applications in which a softer inner polymer layer is
disposed between and in contact with more rigid outer layers, for example in applications in which
sound suppression is particularly desirable. WO 2008/134594PCT/US20087061688 One type of
multiple layer interlayer that utilizes softer inner layers is multiple layer acoustic interlayers. As
disclosed herein, acoustic interlayers of the present invention comprise multiple layers, with a
preferred embodiment having a relatively soft layer sandwiched between two relatively stiff layers. The
resulting three layer interlayer 5can generally be used in lamination processes directly in place of
conventional, single layer interlayers, with little or no modification to the lamination process. While
the invention will be described herein throughout as applicable to such acoustic interlayers, it will be
understood by those of skill in the art that the invention includes multiple layer interlayers - for example
three layer interlayers - having an inner 10polymer layer that is softer than the outer layers between
which it is disposed, which includes non-acoustic multiple layer interlayers. According to the
present invention, it has now been surprisingly discovered that deairina and lamination of multiple
layer interlayers can be facilitated by embossing the outer surfaces of a multiple layer interlayer
without thereby also creating optical 15distortion in the glazing panel in which the interlayer is used.
This result is accomplished by allowing the multiple layer interlayer to cool after initial extrusion, for
example after coextt-usion of a three polymer layer interlayer, and prior to embossing. The interlayer,
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in various embodiments, is cooled below 90C, 80C, 70C, or 60C. In a preferred embodiment, the
interlayer is cooled below 60C. 20After cooling, in various embodiments of the present invention,
continuously unwound polymer in rolled form, or directly from the die, is fed as a single layer to an
embossing station having an embossing roll pressing against a rubber-faced backup roll 10 to 60
centimeters (4" to 24)) imdiamster ai itabl for.example at 305 -915 centimeters per
minute (10-30@@&1 oer rrq!griuftgeg}?é il;@gcggf éﬁ%@%ﬁ(@%&ﬁlg{fﬁ aggisfﬁ)én%iflcn%ao%r@%@a%’a with any
desirable surface pattern. 11T one embodiment. 1of sXaMpid Fhé ShtrRPRIBAG Surtacerophias
embossing roff iREHEYEIG HRAMSHM RSO EBrfsurativid Acksmesdty configurationeissshiaped in
vertical cross SE&tORlHith thé sidesdtimmediately atjadentsantecthatninetydegraes toeach other,
The sawteeth fotmeontiauousshilicatdiggesenitherallsustace; whichcanhe grienied at 45 degrees
30with respectigitherlongitudingl 'i@!x'e@x@Jﬂ%iﬁ%%%‘?%8&@?&5‘9&%‘?{: ) bg 1o ¥V} ensile
2008/134594%811%;%9%/9%1@@080 example, 127 to'508 per centimeter, or 03 {6808 pé&rehhtimeter
(50 to 200 pe i.n(c}E or 80 to 200 per in Ié}"a_s MEaSurdd Ao tht iteclignesiare Hemx ©nsihe face
of the cooper% 'izﬁ BRERu "?bﬂsc%]%’étcb%/é‘r‘é‘tﬁw{tﬁ FHIGH Extepsibilityictepperathre-résistasitrubber
capable of striteHirawithbei fraetarihgoThecsirface dfthien embassing ol regulatpchie the-desired
temperature, fgmesiamptesd 24C ol 232042504 EAR) L38EC- 10,2165 £3806519,420). 91,149C to
204C (300F taA00R )y ineuprasenes,of an,agREARSiALe heating mediym, beneath the embossing

surface. A vacuum r]gll&dgggnggea%@&f t[E}e nip forme ny,t e embossin angrﬁackup rolls can be used
rfa

) Sasinatt %@%ﬂ@%\)}@ﬁr (HEF SAE8IHGOtHrdugh the nip,

to pull the embassed Jayer fromt e embossing rE(S}I‘T”sﬁ e, 1
can be remox}é‘gyks‘y?ih81"\‘?568&}%%8!}%@;;6%‘&5@%iH}@éﬁ@ﬁﬁéﬁfc@ﬁfvajagaswwaéhmi&ymwram(» 135
degrees) ovef @GHINGE &4y ot (selow hgitC (oMY and thehiwopwighiniola tolboMternatively,
embossing twisides:of trrintgilayier saiyberaconanglisherh byepassing thadnterlayer, throygh the same
embossing sejeup:anseeORektiRey Qs IMOUIhA §i§Hilﬁ&&ﬁ&RﬁQ@?Ns@;%h:?e!%”%;% ??11-3 ° i0 t%clzafyer’ as
described abaye, ¢an b RIDRSIECL L ealing (e, outside surlaces of he interiayel 104y SLitable
temperature %Q"d atany s ‘itgbleksjgeed that does not catse the tanafer bt e eMBlingpttern into
the soft layer/Stift [ayer InterfAce: TaRip&rattitsEanbheckimexdimiple, MEIC 6D 20 (R BOF Ie50E),
138C to 21 6¢EP8HE 1dASBEP B Hos 1 204G (BOOF! foldDRR)rane thoser tamparateresaan be
20attained, féhexdmisle; by processing fthedntedayenthresgh.embosser lerstheated.ta the desired
femperature o e ha;dasited embosNGLRAEN MR, BRING oK teory, | believed

that, by precisely.contrglling the; el t f.the interlayer to maintain a low inner temperature while
the outside syrfaces ar%heégedigjgﬁ% %F%(?g”%%{f f%g%yﬁloga ifig And Sé@n%?gi\;i??ﬁ(fﬁ‘é P¥Mshence of

AVEr A% an Rz valie OF ﬁ{&:ﬁnﬁsa@ﬁ&m'}@@%ﬁ{f‘f%ﬁ M.ﬁih@miﬁajg@rﬁthe

a ‘
25the embossed surface, the emboss _ _’
In a third aspect, there is provided a polymer interlayer comprising: a first

polymer layer comprising a plasticized thermoplastic polymer; a second polymer laver
comprising a plasticized thermoplastic polymer; and a third polymer layer comprising a
plasticized thermoplastic polymer; wherein said second polymer layer is disposed
between said first polymer layer and said third polymer layer; wherein said first polymer
layer has a residual hydroxyl content of less than 25 weight percent; wherein said second
polymer layer has a residual hydroxy! content of less than 23 wetgltt percent; wherein the
surface of said first polymer layer opposite said second polymer layer has an embossed
Rsm value of less than 700 microns; and wherein said surface of said first noivmer layer
opposite said second polymer layer has an Rz value of 50 to 90 microns and a thickness
of 0.05 to 0.71 millimeters.
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outer stiffer layers and into the interface between the outer layer and the inner layer at the time of
embossing and then later, at the time of lamination. It is the distortion of that interface through
embossing and/or laminating that is believed to cause optical distortion in laminates, as has been
reported in some prior art (see, for example, EP 0 710 545 Al). 30Indeed, where that prior art warns
against embossing too deeply, multiple layer WO 2008/134594PCT/US2008/061688 interlayers of
the present invention are not so restricted and, as will be described in detail below, can be embossed
well beyond the limits proposed i the phit-altprioFHPessINGiSsaymethod of providing a roughened
deairing surface to a polymer interlayer or layer (see, for example, U.S. Patents 5,425,977 and
6,077,374). ConventiSh&l teeRfitiies¥or BHBOSSIAG S FoIyREr Ay oY inBludesassmty the layer through
a nip betweenbweotating tolls; ope RLLRtHARiWhich are embossing rolls having indentations formed
in its surface which are complementarily-shaped negatives of the desired embossment pattern (see,
for example, U.S. Patents 4,671,913; 2,904,844, 2,909,810; 3,994,654, 4,575,540; 5,151,234 and
European Application No, 0185,863). 10EiTbassing patternsuabe regular or random, depending on
the application. "o Qe-Q{QQP}E‘V%HQG}?%S dg)]‘ ;fggdcggter olym_er Ia;(/lerﬁ qf 'ght inte.rla%/ejg qre produced
using embossing to produce a layer having the desired Foughress™ or Rz Hitch 6r Ram, and
permanencelaRzrisial rHeasere ohthe surfacetopographycofal polynierclayel and:s lanvndication of
divergence af ff urlace Uomia Rlang, R is2megsiisghing dodistange nepesn paaks In the
topography of the surface of a polymer layer. "Permanence” Is a é)asure of the tendency of the
surface of the"8Hipussed FiefayEltd78sisithe memory inherent in the layer, which results in a
tendency of the surface to return to the surface topography that existed prior to embossing. The three
measurements will be described in detail, below. 20In various embodiments of the present invention, a
multiple layer interlayer having a softer inner polymer layer is produced using the embossing
techniques taught herein in which one or both of the outer surfaces of the interlayer have an Rz value
of 50 to 90, 60 to 90, or 60 to 80. The two outer surfaces can have the same Rz value or a different
value. In other embodiments, only one of the two outer surfaces has the 25designated Rz value. In yet
other embodiments, either one or both of the outer layers of an interlayer have the designated Rz
value on the inner surface, which is disposed in contact with an inner, relatively soft layer, which is
found, for example, in noncoextrusion embodiments in which multiple individual layers are laminated
together to form a multiple layer interlayer. 30In various embodiments of the present invention, the
outer surfaces of an interlayer of the present invention have an Rs m value of less than 700, 650, or
600. In WO 2008/134594PCT/US2008/061688 further embodiments, only one outer surface has the
designated Rsm value. In yet other embodiments, one or both of the inner surfaces of the outer layers
of an interlayer have the designated Rsm value. The Rsm values given can be combined with the Rz
values given in any suitable combination to produce the desired surface characteristics. Multiple
layer interlayers of the present invention, in various embodiments, have a "permanence value", which
will be described in detail below, of less than 95%, less than 90%, less than 80%, less than 70%, or
less than 60%, and these permanence values, again, can be combined with any of the given Rsm
values and Rz values in any suitable combination to produce the desired surface characteristics, in
other embodiments,
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10permanence values of one or both outer surfaces are 40% to 95% or 50% to 90%. Examples of
preferred combinations of the three surface characteristics for one or both surfaces of the multiple

. layer interlayers of the present invention include, without limitation, the following combinations, which
are arrangedwi9 tHiessieisp-Rz///Rsm///permanence and are separated by seffiEdIeH#4sEndsthere Rz
and Rsm are given 15in microns and permanence is given as a percentage: 50 to 90/7/any/Mess than
95; 50 to 90///any///less than 90; 50 to 90///any///40 to 95; 50 to 90///less than 700///less than 95; 50 to
90///less than 700///less than 90; 50 to 90///less than 700///40 to 95; 60 to 80///any///less than 95; 60 to
80///anyl/l/less than 9060t SAIHaklid 40088 IBOMIGS St 700AYIEsS tharmg5ido to 80///less
than 700///less than.90;, andi 60,10, 80///1ess; 29HhaR EOOH/ 4095 nie 1aJhe deailtingsdnteriayer, with the

specified Rz and/or Rsm and/or permanence value can be readily laminated between two glazing
layers such as Hle&¥ioTHORETHAPRERSHIES §ivBT asdvachamiedreacnparies biFBHBEaEsmY and

which are pfeS@A%%@@aﬁB&%@ﬁ&@B@m@@ﬁ freterablyibethawersurfacesuii thenaeter Jayersrofya-multiple
layer interlayer, 25result in outer surfaces that can be readily deaired after th%y are Place in contact

with glass fayeF& At NN Afet oM RBMMBIE hehG A FatHaM bAPRSAIRNG BY6EEsE™ M4 used
herein, having a¢embdssed. X ialiels swherasXifisRroroRamamesis thatsurface qualities measured
by Rz and Rsm have heen produced through embossing after.the extrusion and.cooli nd it is the
embossed surface tha{?'t\ﬁl]s1 %ﬁlﬁﬁ\ﬁ%‘%ﬁ}&“&ﬁ%@%ﬁ%@%m 00 |?nﬁénn(?§°o¥) muftig §1 i%%??r?t%gr%%ers of the
present inventiemthat fumtstiorto itediice: swdnd tras Smissiorpthikol ghthegiaskap diveliveltide those

known in the VMQI@&%Q%ﬁé‘@g‘f‘%@%ﬂgﬁ?x98-@’9@&5@&1@1555@&%‘%%9ﬁt@&?&%'%ﬁ 19.ithese

disclosed in U.S. Patent 5,190,8 6i which teaches the use of acetals of differing carbon length,
Japanese! Patepft Kpplicaton31 psgientandh SitpdteptsAspriestivkiobd3roiisesss AMwhich teach the

use of differingjggilyé'gggg@glg&ggg;cg@m@ma%@%gggy@@tent 3,377,848 and U.S. Patent 55,340,654,
which teach the use of residual acetate levels of at least 5 mole % in one of twq adjac%ér]r:tﬁgers as a

compositional differentecordingrats SfEsraH I BFABBMERRS ATSe PR YR LSO prESSIsH cteristics
can be imparteg:tormgipledayerigiass pangls bydnoasphratingaa vauliiplieslayerintestayerirto the
panels, where the interlayer comprises two polymer layers ing. different plasticizer
10concentratioR& " Sur@%//e o??nau‘fg |jrt1I %cﬁﬁ mer a@a g é¥§ %1233}/61(3&%)%1%%%1’6%%8 It)réagr?%mission through
multiple ldyer glassrpanéisivag énepuce dbyhidr tbxanmpleyenorestian Ridewitels ivapafisbedncy or

frequency regiq) ghiNelest. HithL. RecaesEmParimanisaving IDIRe;BRAICKIAAL YT can be

formulated to be easily used as a direct 15replacement for conventional interlayers in
conventional prOEBEBsISiRfe AAYEEPOh RS JreseH TSR BRI P USABRS SH #nally &psliédfions without

requiring any modification.to.the.manufastring-metbodusgerintive applisationsa beraxample,
automotive windshield applications can involve the use of a conventional polymeric interlayer that can

be replaced with&dHtsHAayEF Srenaxstdssne i areshithout altering the lamination 20process used

to form thgpfinished Wmﬂ&hi@lﬁiing, in various embodiments of the present invention, continuously
unwound polymer in rolled form, or directly from the die, is fed as a single layer to an
embossing station having an embossing roll pressing against a rubber-faced backup
roll 10 to 60 centimeters (47 to 247) in diameter at any suitable speed, for example at 305
—~ 915 centimeters per minute (10-30 feet per minute). The shaping surface of the

25  embossing roll can be engraved with any desirable surface paitern. In one embodiment,

for example, the entire shaping surface of the embossing roll is engraved with a sawtooth
configuration. A sawtooth configuration is V-shaped in vertical cross section with the
sides of immediately adjacent sawteeth at ninety degrees to each other. The sawteeth
form continuous helical ridges on the roll surface, which can be oriented at 45 degrees

30 with respect to the longitudinal roll axis, The frequency of the ridges can be, for



As used herein, an "interlayer" is any thermoplastic construct that can be used in multiple layer glass
applications, such as safety glass in windshields and architectural windows, and a "multiple layer"

- interlayer is any interlayer that is formed by combining, usually through laminating processes or
coextrusion, w0 mosnotesindividual layers into a 25single interlayer. InRErivaziestbodinents of the
present invention, a multiple layer interlayer comprises two polymer layers disposed in contact with
each other, wherein each polymer layer comprises a thermoplastic polymer, as detailed elsewhere
herein. The thermoplastic polymer can be the same or different in each layer. 30In a preferred
embodiment, as:daeaﬂﬁbéﬁ?bel@ﬁ)ﬁ muhigitiplasticiz@CGontEl polymeiriayer 36 sahdhvichedbetween two
low plasticizer %%n[te ng r% gg)f%rg ee}lglprr%ea@g&rth A %gg@%{]ﬁ@gﬁfgﬂu82008/061688 interlayer.
The composition o olymer layers is such that net migration of pIastrcrzer from one polymer layer
to another is negllglblé" oy eror tHerebypaatineahaite el prastici zevelitferathialial ¢rdeds heliéin,

"plasticizer contgnb.can beJneasirashasRas-Rer headred (esin.pRRR.RASTRN 2 weloht ger weight
basis. For example, if 30 grams of plasticizer is added to 100 grams of polymer resin, then the

plasticizer SontembeF e reltisg praeditsZBaJssiiin &t Be 96 SRS L}géoch@r@}?tﬁroughout

when the plasticizercentsotef, amtvm@ezllexerzscgwemzmmleetwex eomtent of that particatar layer is

determined with reference tot hr of the plasticizer in.the melt was used to produce that

particular 10lay®F" ep‘ff*SP‘fS R ‘?Sgﬁ‘e’r b%ﬁt@?ﬁﬁi‘ﬁ’e ekt ?ﬁ%?léoﬁtgar‘ff*c&h be

determined waawehthem%l@ahmeﬂmdﬂmzvﬂmplfbameangmimlatezsmt&rﬁn@ba:mp(mm ofisblvents, is

used to extract the Qlastﬁ;l er oq;r of thr}aa %_\{%ro B¥hléno |n% the gh{taoft mé)le I%Qd the Welght of
a

d
the extracted Iayer the'plastiGizer conten Ar can b asé o épﬁiﬁftlﬁle

polymer lager .mecr@enheong, peiybﬁemhawddarﬁtfevehwemaw g@m@twmm@m@ before the
plasticizer contentin 6aghofhe polymes [ayers 50%‘?%%1‘1 9% cool MLVATIQUR BIMRogiments gf the

present invention, the plast|C|zer content of the two polymer layers differ by at least 8 phr, 10 phr 12
phr, 15 phr, 18 agrﬁirﬂee pRENGr2E BRPIROEALH TSR affRare I ek aifisIel 30 t81a0DphFa4beto 90 phr,

or 50 to 80 phrydaarasioisenbadinents afithe Rrasentdnvention: thestesiduad hydrxybsonteats of the
thermoplastic poI%/]Féer omponents of the olymer layers are different, which allows for the fabrication

of layers with stabie iz, adlffg?t%ﬂ‘éé & WS'0E8d A&rein, residual hydroxyl content (as vinyl
hydroxyl géntent or pdlyé\/ﬂmfhabmhmd)d@?&f@&di)ﬁﬁcerﬁant)araﬁﬁr&tedlﬁg amountief hdiyeidexyl groups
remaining as S|de grou&s on.t /mer chalp rocessm com For e n%%le Spoly(vmyl

h(’:iel‘ { tQ ANy sul a?r Ci’l&l}?@!’ﬁt e 3. B{?tﬁ C
butyral) can be manu acture b rol z?fng poly vrn acetate o poxky/(ﬁn 6108?1 en
reacting the poWaaWatbeh@bs\fmr@ﬁ)rmWraib@hy@PmtmmmDM\ﬂmllmmyraff h’yfehmprﬁwss of

hydrolyzing thepglyvinyl.acetaie) lyRically nokal ot ihe aeetate side gaups ale 30ganyered to
hydroxyl groups. Further, reaction with butyraldehyde typically will not result’in all hydroxyl groups

being converted# Jc@t&P@rBWSE I@3iséqadhtly(1RGRyo 400°F), and those temperatures can be

20 attained, for example, by processing the interlayer through embossed rollers heated to the
desired temperature and having the desired embossing pattern.

Without being bound to theory, it is believed that, by precisely controlling the
temperature of the interfayer to maintain a low inner temperature while the outside
surfaces are heated sufficiently to atlow for embossing and controlling the permanence of

25 the embossed surface, the embossed pattern is effectively kept from pushing through the
outer stiffer layers and into the interface between the outer layer and the inner layer at the
time of embossing and then later, at the time of lamination. It is the distortion of that
interface through embossing and/or laminating that is believed to cause optical distortion
in laminates, as has been reported in some prior art (see, for example, EP 0 710 545 Al).

30 Indeed, where that prior art warns against embossing too deeply, multiple layer



WO 2008/134594PCT/US2008/061688 finished poly(vinyl butyral), there will typically be residual
acetate groups (as vinyl acetate groups) and residual hydroxyl groups (as vinyl hydroxyl groups) as
side groups on the polymer chain. As used herein, residual hydroxyl content is measured on a weight
percent basigyierd8BMA396. 5In various embodiments of the present inve@iTidiszebgadsidual hydroxyl
content of the two adjacent polymer layers can differ by at least 1.8%, 2.0%, 2.2%, 2.5%, 3.0%, 4.0%,
5.0%, 7.5%, or by at least 10%. This difference is calculated by subtracting the residual hydroxyl
content of the layer with the lower residual hydroxyl content from the residual hydroxyl content of the
layer with the greatkryresidubd hydroxyhcontentréort0examylel ihd, isst pbbgrdesclalet makwitesidual
hydroxyl CO”te%‘ef&ﬁ%&’%{%g'3&%%%%8%85‘9@%%%%@%zﬂﬂﬁffg}%@y&[ﬁﬁé da-f&-%ﬁua' hydroxyl content of
17 weight percent, then the residual hydroxyl content of the two layers differs by 3 weight percent.
For a given type of pldstigizeinshe cowipadisiipyooidiat plasabized iscalpodvigesas ealigtargely
determined by {he fxdroxyl.centant. by picalivePolw(viai, RutyradJok5with  areades residual hydroxyl
content will result in a reduced plasticizer compatibility or capacity. Likewise, poly(vinyl butyral) with a

lower residUal fydrEAICEh eI SIIETRPAT IRE feRRiSE Hldari e wdmpatnait-df EgAtHE The se
properties can beipsed:le:selpctibehy esnxycontesiaifeariipaly dmdsbutyral)spelyimer and formulate
each of the pol%/

er layers_to allow for the proper plasticizer loading and to stably. maintain the
oditorence i IREHIZER BN DA T TR S TR e A B AR (e A residual
hydroxyl contertgani kenbontralie g dnecontrolfing reaction tin&siaeadiant onceatraidns, and other
variables in the, Ctug C In,Mari iments, the resi dr tent of the
Yiacigng process ,gﬁﬂ%@ﬁi%ﬁ%g gﬂaﬁ é@%&@%ﬁ% a%%

two layers is as fo Iow_s:’flrst layerless t and secon | 23%; first r less than
23% and 125 séeohettiyepddssistan Do o fiasinper fessitimn Qngeatit sepbemiifayer less than 19%;

first layer less than 2Q%and,5ecanehlayer 8ss shand (e fisavsTdessdhan:l 8% gadsegond layer

less than 15%; first layer less than 15% and second layer less than 12%. In any of these
embodiments, SH)SFIREFEIGES B ima preiRidhraliap fopugargiferehcadn Ridioxyicontent
between the tw |ayeks cambrmsek 30Asesadearain shrouggd: g yelptiveterng  saftisofter” and
"stiff/stiffer" refer to the tensile break stress. qof the 1poI lﬂjer Ia(ﬁer. As used herein, te%s'le break stress,
or WO 2008/ L3459 ABEH USO8 S oGt *Cr & ol ids &P IL EGHIEH and
measured accaliding thtnesmepaakk de serivpd drdh$ M6 Lyifith of refalivaby Tsadt’” polymer layer
having a lower Jgrsiie break.siess, value nan. aJelatively. st polymerdayst. In variows, ebodiments
of the present invention, two pofymér ayers have a tensile break stress ac'cordeing {6 the rs%ollowing,

wherein the firsefiotymendayay initbiefolloting st ishik jsslymér tayedawith ahtitowdhptasticizer
content: first polypmer layetgieater Ban i3t kilograrms RRK Sguals. ceniimetenand secandhpalymer

layer less than 120 kilograms per square centimeter; first polymer layer greater than 150 kilograms per
square centimetél Bhaesedbithi paRilePRYEr less than 135 kilograms per square centimeter; first

polymer layer greaterjthaidedhidlogiamspalsapaie rrtimeter andisroand palymerlayer less than
150 kilograms per. ) ) . . .
aving a softer inner polymer layer is produced using the embossing techniques taught
herein in which one or both of the outer surfaces of the interlayer have an Ry value of 50
to G0, 60 to 90, or 60 to 80. The two outer surfaces can have the same Rz value or a
different value. In other embodiments, only one of the two outer surfaces has the
25  designated Ry value. In yet other embodiments, either cne or both of the outer layers of
an interlayer have the designated Ry value on the inner surface, which is disposed in
contact with an inner, relatively soft layer, which is found, for example, in non-
coextrusion embodiments in which mulfiple individual layers are laminated together to
form a multiple layer interlayer.

30 In various embodiments of the present mvention, the outer surfaces of an

interlayer of the present invention have an Rgyw value of less than 700, 650, or 660. In



square centimeter; Or first polymer layer greater than 180 kilograms per square centimeter and
second polymer layer less than 165 kilograms per square centimeter. A third polymer layer, disposed

- in contact with the second polymer layer opposite the first polymer layer so as to sandwich the second
polymer laye#ietnséridive first and third 15polymer layers, can be added t8Gx{BRepBaAEHve
embodiments, with the third layer having the same or different composition as the first polymer layer,
and preferably having the same composition as the first polymer layer. While the tensile break stress
values provided in the preceding paragraph represent values that could be used for acoustic type
multiple layer interttayersptiosentf, 208kithinctiterartrivilt feeohnidesthatiti & methiods Bndintérayers of

the present inventioniare usefil foramy,mulliple.layerintedlayerhaving asslatively saft innet layer and

one or more relatively stiff outer layers. Accordingly, in various embodiments of the present invention,

one or both outéilayeesedEatetsite bhedlostresstAtas e leastTBiRAD GraMISPRE Seftiste

centimeter, 20 %J@&{%p%%@@é&ﬁ%@%t%,pgéd’%é&mﬁamcpﬁﬁ%@@ﬁ@@é@ﬁ@ﬁé@eter greater than
the tensile break stress of a softer inner layer. As used herein, a conventional laminated glass is

formed thraugh lamindfAG R CEHGE IR H e IR TS Bitally HESH SRS B EE Mg cial
laminated glass, wbenehribe comvertiatiakiniedayetfiag atensicobreakostesstah 200:kilegrams per
square centimeter or higher. For purpose e present inyeption, conventional laminated 30glass
is referred to as&]aa"“léquor’e?ﬁ%ét%%%rg fé%sgn{gwgﬁgé elrzeeﬁ‘?:élﬁléégl.@” %C}?ese permanence Vaﬁies”
2008/134594P G310 S2008/064688d withmproiementdn koo usticinsyl&tionlassused tcwhdiacterize
glass 'am'nate_scsgﬁxﬂﬁugg g%fél%%{faée%@;}é@%?@é Eﬂffd%e&%?&é@{%%%?.“ 15 deiermined uhsreference to a
reference laminate panel as described in the previous paragraph. In typical Tamlnates with two outer
layers of dfass, iHereembiratcglasethitkisB SuisrthaTstsn B tHeRHIRAEsy 6P %te W& layers of glass;

in more complex lamingtes nath e Qrmeradavers OHalass the.cambingd olassithicknesswould be
the sum of the three or more layers of glass. For purposes of the present invention a "coincident

frequency” medREtRE REGRINES BEURIEHA PANEN BXFbR 4GB QY R AATSIRSEEN 1688 Hue to
"coincident effegt;itIden conaitont freeienevafiihevieferaacerpangl is dypicadly in the range of 2,000

10to 6,000 Herﬁ%aﬁd %neb%a%ml%irigg Iﬁrg%ge;rrr;itg?% frs%r]l]l 2 rri:é%rgolg i\% ﬁeh%?qt of %Iiss hlgevin .2
thickness equa é“co%%mealgfass thICKNESS 0 gfyass1 iy the teferefice pane rorthe §fgorithm
-15,000 f,1vhere fid¢isntherdatatglassdhickinassamnamdtimeters ahd"¢07/in testthabSBo6purposes of
this invention, 'Hb?f/%ﬁ/?ﬁ%é‘st th%‘aﬁ%?ﬁﬂ%&é?% r&{]&@ AT &% ﬁ%&?’?p@ﬁﬁ%&sﬁxéﬁ §I9;U§t9
transmission loss at the coincident requency (rererence frequency of the reference panel.
to 90///1ess than 700///less than 90; 530 to 90///less than 700///40 10 95; 60 t0
80///any///less than 95; 60 to 80///any///less than 9G; 60 to 80///any//740 to 95, 60 o
80///tess than 700///tess than 93; 60 to 80///iess than 700///1ess than 90; and 60 to 80///Tess
20 than 700///40 to 95.
The resulting interlayer, with the specified Ry and/or Rgy and/or permanence
value can be readily laminated between two glazing layers such as glass. The Ry and Rgy
vatues given above, which are imparted by embossing and which are present on at least
one, and preferably both outer surfaces of the outer layers of a multiple layer interlayer,
25 result in outer surfaces that can be readily deaired after they are placed in contact with
glass layers and laminated, for example using a vacuum bag deairing process.
As used herein, having an “embossed X value”, where “X” is Ry or Rgy, means
that surface qualities measured by Rz and Rgv have been produced through embossing
after the extrusion and cooeling, and it is the embossed surface that is being measured.

30 Some embodiments of multiple laver interlayers of the present invention that

function to reduce sound transmission through a glass panel include those known in the



"Sound transmission loss" is determined for a laminate of the present invention or conventional
reference panel of fixed dimensions with ASTM E90 (95) at a fixed 20temperature of 20 Tn
various embodiments of the present invention, multiple layer interlayers of the present invention, when
laminated betweerntws:isanes of glass sheet, reduce the transmission of s&GAA’#IAO%GF B laminated
glass panel by at least 2 decibels (dB) relative to a comparable reference panel having a single
conventional interlayer with a 25thickness comparable to that of the multiple layer interlayer of the
present invention. In various embodiments of the present invention, interlayers of the present
invention, when:arinatesBetweemtiionsheé atstbb glass]isedrove . thésound tarisinisdiont loss by at
ieast 2 dB, morg prelerabit A 8. mareAISfeAbA.0f Al OheL, ANd exen MprR Arglgrably 8 dB or

higher at the reference frequency relative to a comparabl SQre erence panel.
2008/134594PET1d2008/081 638 et Aridicatipateyis 1D prodlcelifte irigsrdesrmpiising adjacent

polymer layers fhat seducg seuodiuansmissian throug @ multiple;iayes glass papgthave relied on

various compositional permutations between those layers. Examples include U.S. Patent 5,190,826,

which teaches thétide bradistaieeh diferngiestbbrliaril SHevabaiest Paipappitation

3124441A and §hSafatentApplicationHN31aL39520-Atewhich teach the use of differing
polymerization degree. Two other apgli ations, Japanese Patent 3,377,%318 and %JS P%tent
5,340,654, teach the (38 BREHLEM SRS eV BIE 57 AP 1BLSH BRSO TR E WS 4tScent layers
as a compositionahdifferencet p: Vaytogssenhodinigrits ep thetipresentl inpde itien iandagistingtly different
from the 10approach used.in those applications, two adjacent pglymer. layers of.the nt invention
have the differiﬁhé’ Bﬁé‘g |C‘i§v(§re }“éa’onte(a\irrf{fl éaggl Heéis%or%%‘léf’ a %Vve? %%1 ggcﬁefﬁritlﬁ‘eyir% a?ﬁ E%%Pg%%e?éfl Ual acetate

content oft{ess ¢thaseHntoins%o, less than 4 mole %, less than 3 mole %, less than 2 mole %, or less

than 1 mole %. TheS%ﬁ?&ﬁHﬁiﬁ%ﬁF@B@ﬁQ&%ﬁféQQB&G%B%&R)@@&%@Wﬁﬂsmﬁsﬁslﬁi@%ﬁ@’dmxy'

contents given above, in any combination, to form 15two polymer iayers of the present invention

having the deséfBEBifETERcasIANBlasaRIDR FRBRESTRYaMY fEsiIaks FRIfoRyPcotteReWANE Raving little

to no r_esiqlue}l 3?&}@&%?%1*&@#1}%&5}1%@%EPQH&%EK{SI?Irfﬂéﬂ:[lipéea@é&!ﬁ%&_ﬂﬁ%ﬁ[§&fvm§ tmsefahent
invention include jnterlayers having more than two polymer layers, wherein one or more of the
additional polylﬂng”I’é\Vel@"ﬁé%ynge%qaL]i’ﬁl?883{’&?@6%6&?9%&%%3%?@%%@%5F 86,3648 %han 4 20mole %,

less than B moleftactessthancanmeoledmlondess/thaim tomaletVmal probasstheineribpdinoérts of the

present invention, which are the Brgferreﬂ embodimen}s itnclude ny, of the.fore%,o n?d%‘frin%odiments
b ymer

_ , ents, i
further compris?ﬁ%sglwfrv %%?f/}rﬁ%r Ia‘c’&/lé‘? gtl?sllail%gggédﬁnlgg%ﬁa%t(\}Nitﬁeﬁ%léms{lgftae |5% 5 1a(ljf/ler, for
example, the omethaviag:thethigherqshesticieé rrctestepnlizdditionfof thignhied gaehymertayer results in a

25three layer consicchihaplies s (alloning stetuicBlshnolymen pyerihal indlailval

stiff//Second polymer layer that is relatively soft//Third polymer layer. This third polynier layer can have
the same compa8itibHeRSERS Hirdt Holpidevayel hisHcaue dureprefe i BHingshts 2BV HEESR be
different, ¥yhilethe-piefered embadimantsphihesprgaent invention have a soft inner layer disposed
between an in contact vyith two stiffer fépout]er layers, it V}\lli" be lljnd,erstogd b }tlhose %f skilldir,l the art
that the methods of th%s used herein, an “interlayer” 18 any thermoplastic construct that can be used in

multiple layer glass applications, such as safety glass in windshields and architectural

windows, and a “multiple layer” interlayer is any interiayer that is formed by combining,

usually through laminating processes or coextrusion, two or more individual layers intc a

25  single interiayer.
In various embodiments of the present invention, a multiple layer interlayer

comprises two polymer layers disposed in confact with each other, wherein each polymer

layer comprises a thermoplastic polymer, as detailed elsewhere herein. The

thermoplastic polymer can be the same or different in each layer.

30 In a preferred embodiment, as described below, a high plasticizer content polymer

layer is sandwiched between two low plasticizer content layers to form a three layer



present invention can also be applied to two layer interlayers and interlayers having more WO
2008/134594PCT/US20081061688 than three layers. For example, a variation within the scope of the
present invention would be a five layer interlayer having two stiffer outer layers and three inner softer
layers. In variwgs:@mbadiments, the third polymer layer has the same compggiticnoas/ ibedBfirst
polymer layer, which provides a three layer interlayer that has a relatively difficult to handle polymer
layer disposed between two relatively easy to handle layers, resulting in a multiple layer interlayer that
is relatively easy to handle and which can be incorporated directly into existing processes that
previously usedracsingie folymenjayenhavitg théveampesitionsef theao ute ntiwo hotyrhellbyers of the
interlayer of the present InVeNlon,. ord QR GTRIRINRA AL SIS, iiarRIRGRSRA0 characteristics
(for example, blocking t nc?ency . In other embodiments’utilizing three polymér layers in a single
interlayer, the thirdipolyribiitagastdhas a different composition than the first polymer layer, and the

differences in composiiop. hehween e, third polymerayet,and- e second-RQVMEHAYEFLrran be

any of the differences given above for the differences between the first polymer layer and the second
polymer layer. FIFEREHpIE, O SR RBHHiRBHPRBWIE e ERpSIghdrEsér WitRd5esidual
hydroxyl content a2 Q%/HseseRapRlyraeh |ayar ith] asesidualiydrexylcortemnt 0ph6%i/dhird polymer
layer with a residual hydroxyl content of 18%. It will be noted that, in this example, the thir? polymer
layer differs froﬂ?]tﬂaeédys%%ﬁ& PORHer Y efgé{’sfg’r?‘fﬁg?‘i’tt’h‘ﬁ 5 FSRIGH TSP EbRtént that is
2% greater thapdhenhytirgxyk content obtheiseeonchpolyeragyetic@kcoyrses dayafithe otiner

difierences notegherein freughontcan snal.or i compinarion distinguish e third polumer laver
from the second’ polymer IayePr. Other conventional layers, as are known in the art, can be incorporated
into the 23Ihterlayeirs of the present invention. For example, polymer films (described in detail

elsewhere herein) 5U%PEP&'X%F%&M%P&'M&?}Q%%J{?Eﬁ%@i@&ﬁ@f?@y%\ﬂ@& afpetallized layer, an

infrared reflecting stack, or other performance layer deposited thereon, can be included between any
two polymer lay6i bR Presaft W@ﬁfﬁ%ﬁ?%ﬁ APPSR BT 8RB RELR TR (R (et

embodiment, agvinteilayercandeipbrigatetwith the 30ollewing layout Relyimes laygrwithyelatively
high plasticizer conﬁ%nt// lyester film having a performanc Iayer//polymer,lager with relatively low

plasticizer cont&HED 5 M35GB ETRTSBBEI0RT BEE I5LATe TS AR SRE L&Y s of
thermoplastics csichnasg . polyienytdotyral) paty pstenfitmse piimdn jayerse anlhardoeatctayers can be

added to the myltple, et intedayers gl he present jivention according (o.the desited [eault and the
particular appllga ion. The preterred method of pro ucmB interlayers of the present in ention is through
layers is measured.
In various embodiments of the present invention, the plasticizer content of the two
polymer layers differ by at least 8 phr, 10 phr, 12 phr, 15 phr, 18 phr, 20 phr, or 25 phr.
20 Each layer can have, for example 30 to 100 phr, 40 to 90 phr, or 50 to 80 phr.
In various embodiments of the present invention, the residual hydroxyl contents
of the thermoplastic polymer components of the polymer layers are different, which
allows for the fabrication of layers with stable plasticizer differences. As used herein,
residual hydroxyl content (as vinyl hydroxyl content or poly{vinyl alcohol) (PVOH)
25  content) refers to the amount of hydroxyl groups remaining as side groups on the polymer
chains after processing is complete. For example, poly(vinyl butyral) can be
manufactured by hydrolyzing poly(vinyl acetate) to poly{vinyl alcohol), and then reacting
the poly(vinyl alcohol) with butyraldehyde to form poly(vinyl butyral). In the process of
hydrolyzing the poly(vinyl acetate), typically not all of the acetate side groups are
30 converted to hydroxyl groups. Further, reaction with butyraldehyde typically will not

result in all hydroxyl groups being converted to acetal groups. Consequently, in any



5the simultaneous coextrusion of multiple, for example three, polymer layers. For the purposes of the
present invention, coextrusion of multiple melts results in multiple polymer layers being formed
together as one interlayer. Multiple layer interlayers of the present invention are preferably
coextruded usitg@snaltiple manifold coextrusion device such as the one sh6WHIRFREared. As shown
in 10schematic cross sectional view generally at 10, an extrusion device has a first die manifold 12 a
second die manifold 14, and a third die manifold 16. The device shown in Figure 1 operates by
simultaneously extruding polymer melts from each manifold (12, 14, 16) toward the extrusion opening
20, where the ninltiptel legletimtdriayenis éxtruded asisatigrhposidief thraecipdiviguat polyiner layers,

Layer thickness, can, be, 9%5%@%&%@?&%%@?@& &8 pﬁ%ﬁ?&@gl%ﬂﬁé at the-gxtiyzion

opening 20. As used herein, a "polymier layer” includes layers that are produced individually and
layers that are eoekerpelecrehaRamplescamiraraged i idiproticeedbyscaesiriring thre&ielts will
have three indiyjdual/palmer fayers's j4gt as will an interlayer that is produced by laminating three
individually produced polymer layers into 20a_single interlayer, In addition to the interlayers provided

herein, the present inVBRiiT 8158 prOUAL riclifodis SR Eurah e s ot dodry i SugHE opening,
comprising the siepxof dispesipglirnhe paning a@fsuifipie layen gass. panel Trnmpsis g @Eny of the

interlayers of the present invention, 25The nt.jnvention also includes methods of manufacturing a
mulinle layer gt LombHeing NG Sy Of NS ATy v PR BHEakp IscdarEbetween
two rigid, transpasieéntipanietsyhsarekndwe Invthevalt, tbuthwas gRds:0h abyplid layees! The present
invention also ingl multiple laye s, sUsh as windshielc d architectural windows,
comprising a m%ﬁ% §$§§éﬁn gﬁ%te{l%ﬁﬁ%%%%?e%ﬂs%ntﬁ%\%%n%o%% WO(%%ﬁﬂ )%I e

2008/134594Pcais2008/061 8B mer Injebligfciugaid wid damiple tayatt glaZingpetrialerti@ling plastics,
such as acrylicg, @t, Qthgh spiiabie MAg RIS INRIaca RIdNG HRSRPANRSY weighhERESEHNYRNtION

also includes a method of making a po@l}{mer interlayer having an internal layer with a relatively low

tensile break stiedeiebEREH (MR bR ESIad SdpRTE N Riing A FiRdE PBT§AREr melt, a second polymer
melt, and a third polyreer mellangoptignaty afousb-er e olymer melisianth c9exiruging said

first polymer r_nalt saﬂd@%org Qol mer eIt,tha d aigi h(!rd olymer.to Eorm ilnt rlayer, nd,
optionally, said SV 7 18R p(ﬁ%ﬁ%? Fﬁéﬁ%, (%81%8 e?ﬂf%?fa%f%% %ﬂ?&% lf)e}’gf@e, as
described 8lsewtidre freseinyehetihtyyd susfaceehthe intedayenteduseitablaitémperatpueability
or capacity. Likewise, poly(vinyl butyral) with a lower residual hydroxyl content wiil
result in an increased plasticizer compatibility or capacity. These properties can be used
to select the hydroxyl content of each poly{vinyl butyral) polymer and formulate each of
the polymer layers to allow for the proper plasticizer loading and to stably maintain the
20 difference in plasticizer content between the polymer layers,
Asis known in the art, residual hydroxyl content can be controlled by controlling
reaction times, reactant concentrations, and other variables in the manufacturing process.
I various embodiments, the residual hydroxyl content of the two layers is as follows:
first layer less than 25% and second layer less than 23%; first layer less than 23% and
25 second layer less than 21%; first layer less than 21% and second layer less than 19%: first
tayer less than 20% and second layer less than 17%; first layer less than 18% and second
layer less than | 53%; first Jayer less than 15% and second layer less than 12%. In any of
these embodiments, any of the values given in a previous paragraph for the difference in
hydroxyl content between the two layers can be used.
30 As used herein throughout, the relative terms “soft/softer’” and “stiff/stiffer” refer

to the tensile break stress of the polymer layer. As used herein, tensile break stress, or



10as described elsewhere herein, and, embossing said surface of said interlayer to an Rz of 20 to 90,
or 20-70. For these embodiments, Rsm and the permanence value can be any as given
. elsewhere herein. Examples of preferred combinations of the three surface characteristics for one or
both surfaceswos thesrmusliigle layer interlayers of the present invention includ€TIBveidsdist nitation, the
following combinations, which are arranged in the order Rz///Rsm/upermanence and are separated by
semicolons, and where Rz and Rsm are given in microns and permanence is given as a percentage:
20 to 9011/any/Mess than 95; 20 to 90///anyl/l//less than 90; 20 to 90///any//140 to 95; 20 to 90///less
than 700///less thail©5¢-aQ: tio, 904 [hessitbranyA0 O Ml s:tharni 96::20r¢0 806 AEeg thain: 70856/ 0 to 95;
20-7011/any/M Othan 95%;.20-70/// y%//l s than 90;.20-70/fianyll/40 to 95; 20-70///less than
7001 less e S8 IS thLn OB oL G0 b 20T e (R YOt 5 o6,
POLYMER FILVE tiseid hedrsinhaa gpolpimehfilmitmeansaraiztively thirvandrigidipotymertiayer
25that fUnCt'0n%&%&tﬁﬁﬁ&ﬁ%f‘ﬁ%‘?ﬁﬁ%&@leéé’%&y%’9'%@??ﬁ.[ef'ﬂ:ﬁ’&ﬁ]?éfi’-@{sfﬁ%‘&@ﬂ%r{}?{h@yerS’ as used
em

herein, in that polymer films do not themselves provide the necessary penetration resistance and glass
retention pPopeFﬁggwga mbripie 1 BFsg reirBestciiet sdcHanErpitvid@paefsmaakicsr with
improvements, gidaba& ntrarad-abspiplion charagies: IRl @hylena terephthalata) js:meskcommonly
used as a polymer film. 30In varioys embodiments, the poé mer film layer has a thickness of 0.013 mm
10.0.20 mm, prataFAB 0. BBL FRTEPD TN 7 (O EEDIGB MIRE-THE RGAHEF T e W
2008/134594P G HS2 00840621688 than igtiohaltyrbesudacedreatedear oadted dod mEreve aryeror more

properties, such as adnesion ar iffared sadiation reflection, These functional, performpnce layers

include, for example, a multi- ayer%stggksf%l'}a?gf ecting infra-red sO1aF radiaton an 1tra}msmitting visible
light whenl éxpdsedasupdighbaThisaholtidayed stackdodnownlinythe sirthied; fdiilsgeanmele, WO

88/01230 and .5 Ble €2/ A7) 300 £R SN BILSR 0L AMPIR LBV MOIE s ADS: hick

metal layers and one or more (for example twog()sequentlally deposited, optically cooperating dielectric
layers. As is alS8kFARRA RREERERAMPIEI. SO Paenta s 017 6B arRP ITes 783 e metal layer(s)

may optionally pe glegtricatlysgsistanse heatedifarslelresting ax defaggingyph any @sseeiated glass
layers. 10An addiltionalrll%y e of polymer film that can be used with the present invention, which is

described in U B BRIEATE 788055 R4S SSRURROUATST Horrmstairen Ve e thidtiHtdion to reflect
infrared radiatignwitoliyvereating intedterenae, thathean be eansathiy metaliclayers 1ae polymer film

layer, in some embodjments, is optically transparent (i.e. 150bjects adjacent ane side of the.layer can
be comfortably%'saégrlﬁgt{Jy{'ﬂgfgﬁeby(t)ai %%gelbeépr(tlcgﬁ? prbl‘ ]"grelra%/getrg 0%6 Sﬁw’éof %%g#ﬁﬁé%y@f%%%%ﬁ%a&ﬁer side),
and usually hasha gpreatermiposiive srilsddimesitarsighifisantly greater, tensile modulus regardless of

composition than  whjle the tensile brealk stress values provided in the preceding paragraph

represent values that could be used for acoustic type multiple layer interlayers, those of
20 skill in the art will recognize that the methods and interlayers of the present invention are
useful for any multiple layer interlayer having a relatively soft inner layer and one or
more relatively stiff outer layers. Accordingly, in various embodiments of the present
invention, one or both outer layers have a tensile break stress that is an least 15 kilograms
per square centimeter, 20 kilograms per square centimeter, or 25 kilograms per square
25 centimeter greater than the tensile break stress of a softer inner layer.

As used herein, a conventional laminated glass is formed through laminating a
conventional interlayer, which is typically used today for commercial laminated glass,
wherein the conventional interlayer has a tensile break stress of 200 kilograms per square
centimeter or higher. For the purpose of the present invention, conventional laminated

30 glass is referred to as a “reference laminate panel™ or “reference panel.”
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that of any adjacent polymer layer. In various embodiments, the polymer film layer comprises a
thermoplastic inatetial. Among thermoplastic materials having suitable 20properties are nylons,

- polyurethanes, acrylics, polycarbonates, potyolefins such as polypropylene, cellulose acetates and
triacetates, vyl zlekgridespolymers and copolymers and the like. In variousksifiisdinsgstsséhe polymer
film layer comprises materials such as re-stretched thermoplastic films having the noted properties,
which include polyesters, for example poly(ethylene terephthalate) and poly(ethylene terephthalate)
glycol (PETG). In 25 various embodiments, poly(ethylene terephthalate) is used, and, in various
embodiments, the polyfetthdenerterephthalaie)hasbeenbidsiathastretched 4¢: improasesstrength, and
has been heat stapilized 0 RIQVids lowshrinkage.characianstcs when, sybiegtad o elevated
temperatures (e.g. less'than 2% shrinkage in both directions after 30 minutes at 150C). Various
coating and suftdeetrsdamartednnlqaas foriselj{ehkhylenéoear ppligarie) 3ofikn thateaasbetised with
the present inveptionare.disclosediin publisheshEHPRs AR MR 2008/ 3¢5URE THHR008/061688

Application No. 0157030. Polymer films of the present invention can also include a hardcoat and/or
and antifog’ lay&# A8l KGR HTHE BRI POTYIMERLAVER BAL ISR RS¥SiFIa piigier (Ager
means any thesgaplasiigipalymameompasitionfermeadobynany rsuisableraateeddinig a thin layer that is
suitable alone, or in stacks of more g?n one layer, for use as an interlayer that %ovides adequate
penetration resistance Anc IALE BB SrO PRI Tt arRiRE S Iﬁﬂi%/ [ BarBrEPid8ticized
poly(vinyl butyrabgisemgst: carnmnephrusedchioforip polymed layersisiofhespolymerdayetdcan comprise
any sultable polyer, 31t dpia RIGIERER. SMPORIFISDE. (18 PRMTEL lo¥en omRHons, ROWMRY, butyra)
In any of the embodiments of the present invention given eféin that omprise polly inyl butyral) as
the polymétic derhpbhdhirst tie polimenipyesn! arstanentbbdimentasoiicisddecinohdiicts the polymer
component congisis,of @ aARsists eremMially.ff R, Rutrall o lheserlopmbodiments, any of
the variations in additives disclosed herein can be used with the polymer layer having a polymer
consisting of of C8h &g ESRNtially of poly( vinyl butyral). In one embodiment, the polymer layer
comprises a polymer based on partially acetalized poly(vinybadcohol)s. In another embodiment, the
polymer layer comprises a 20polymer selected from t’fae‘"g’m‘p‘consisting of poly(vinyl butyral),
polyurethane, polyvinyl chloride, poly(ethylene vinyl acetate?, combinations thereof, and the like. In
other embodiments, th&§38lyinet 1B§/&rtelortishiduskpristieizad puhprvird bldyiam Heftather

embodiments the polymes ayaELonpHsas-ROMMRYLOYIA) ANRAREO5More Sihespalymers. Other
polymers having a proper plasticizing capacity can also he used. 25In any of the sections herein in

which preferred FANYES Wall & ERt THEMASHS Sre R S RSP FeE POliFRRRF B S EDr

example, and iitthestdimitttiene fer:plasiigigers, component percentages, thicknesses, and

characteristic-enhancciggg‘ ‘a}}%d[itives tho ra.nggs also aﬁ"%l}é here aep&li&?ble, to the other polymers
i r'1a

and polymer blends disc osed" }grel;sﬁlgg sefd aesteéﬂ(i)nrﬁ}beonen?s ik ngfyme %er%.nt mvention or
conventional reference panel of fixed dimensions with ASTM E90 (95) at a fixed
20 temperature of 20 °C
In various embodiments of the present invention, multiple layer interlayers of the
present invention, when laminated between two panes of glass sheet, reduce the
transmission of sound through the laminated glass panel by at least 2 decibels (dB)
relative to a comparable reference panel having a single conventional interlayer with a
25 thickness comparable to that of the multiple layer interfayer of the present invention,
In various embodiments of the present inventicn, interlayers of the present
invention, when laminated between two sheets of glass, improve the sound transmission
loss by at least 2 dB, more preferably 4 dB, more preferably 6 dB or higher, and even

more preferably 8 dB or higher at the reference frequency relative to a comparable

30 reference panel.
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30For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can be produced by known
acetalization processes that involve reacting poly(vinyl alcohol) with WO
2008/134594PCT/US2008/061688 butyraldehyde in the presence of an acid catalyst, followed by
neutralizatiorwod thesdatabsst, separation, stabilization, and drying of the resi;ifitid#tocresderstanding
that in various embodiments, residual hydroxyl content will be controlled, as described elsewhere
herein. 5In various embodiments, the polymer layer comprises poly(vinyl butyral) having a molecular
weight greater than 30,000, 40,000, 50,000, 55,000, 60,000, 65,000, 70,000, 120,000, 250,000, or
350,000 grams per mdtecfgpretenp Baltprs)@nnadtiguantitesof a gdimidehyde bnteidldehydaican also

be added duringthe acetalization sten ta,nerpass.mplesiar welght i greaten han, 350,000 Daltons
(see, for example, U.S. Patents 104,874,814; 4,814,529; and 4,654,179). As used herein, the term

"molecular weigltprednsthecweighicayerdyecmolesuricieighemplesatiditibnal Fésiientional

polymer layers are,ysed, inadditionte any.of the.embodiments desarihad.ahovaanpadng plasticizer
content differences, those additignal, conventional polymer layers can comprise 20 to 60, 25 to 60, 20

to 80, or 16 to 70 BATAPRSISRISTc et et dRB HundfeteBanBRi 4R (Bl B colird 8tRP quantities
can be used astis@pprapeatediof-the patticias Application. Insostremiadinents: the:plastiaizer has
a hydrocarbon nt of fewer than [ than 15, fewer.than 12, or fewer than 10 carbon
atoms. Any suit%%%?gfgés |%ﬁsze[ér§‘cﬁ§ﬁegte%%3d£§¥$ ?o agh pt(gﬁ/Lr%sgroFfésefﬁsug‘f 'f’et‘r“‘pt)“ar:e%“e‘c’:ritb3 58%3%%% in order
to form the polymés fayersidRiasticizers-usddyirrthe polymesilayeisigtdleqeresent invention can include

esters of a polybasic %giga%%%%%%%&@%?@, ﬁgn&{lgnqr ers, Ségg %%?H%%ﬁti %liﬂdt%i for

| X g
example, triethylene glyco 2- et utyrate), triethylene glycol di-(2-ethylliexanoate), triethylene

glycol dihéptaneiziteoatresthiyldhes ¢ Rridicdiestane A adibiexgiyaeip S 8lischd pdisatan aian
25cyclohexyladipater mixtiuras. o feRty and Rany adipales .dilsenqnyl adinate..neptyinenyl adipate,

dibutyl sebacate, polymeric plasticizers such as the oil-modified sebacic alkyds, and mixtures of

phosphates anéFddiFarssalctPRERYisEIsse i B2ipdt. K, DA B dnirsidipies®lé s disclosed
in U.S. Pat. Noi4sk#4a 2140800 nixiewesand cembinatiers efihe forrgaing-Qiherplastigizers that can

be used are mixgld aqli ates n acgerlfr%ar? Cﬂ{'}é} C}9 30alkyl alcohols and cyclo C4 toi010 alcohols, as
disclosed in U.oBEPHS, BOAS 77604 1 R S0 AAPE 10 S20D6 08 TR &b (6 €& acipate
esters, such asthexyliadipdtecin @refe recenipadinoe rts; ithetiptakticiieniditiiethytane glycol
dh(2-ethylnexapagielse: .ot RPN SANNGL A0SR UAEAS) AR Aloe Do Rdludeddndle olymer layers
of the present invention to Impart the desired adhesiveness. These agents can be incorporated
content. Further embodiments of multiple layer interlayers of the present invention
include interlayers having more than two polymer layers, wherein one or more of the
additional potymer layers has a residual acetate content of less than 5 mole %, less than 4
20 mole %, less than 3 mole %, less than 2 mole %, or less than 1 mole %.
Further embodiments of the present invention, which are the preferred
embodiments, include any of the foregoing embodiments further comprising a third
polymer layer that is disposed in contact with the softer polymer layer, for example, the
one having the higher plasticizer content. Addition of this third polymer layer results in a
25  three layer construct that has the following structure: First polymer layer that is relatively
stiff//Second polymer layer that is relatively soft//Third polymer layer. This third
polymer layer can have the same composition as the first polymer layer, as it does in
preferred embodiments, or it can be different. While the preferred embodiments of the
present invention have a soft inner layer disposed between an in contact with two stiffer
30 outer layers, it will be understood by those of skill in the art that the metheds of the

present invention can also be applied to two layer interlayers and interlayers having more
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5into the outer layers in a three polymer layer embodiment, for example. Any of the ACAs disclosed in
U.S. Patent 5,728,472 can be used. Additionally, residual sodium acetate and/or potassium acetate
can be adjusted by varying the amount of the associated hydroxide used in acid neutralization. In
\rations embadintesits 3ggelymer layers of the present invention comprise, incadditioftgsedium acetate,
magnesium bis(2-ethyl 10butyrate)(chemical abstracts number 79992-76-0). The magnesium salt can
be included in an amount effective to control adhesion of the polymer layer to glass. Additives may be
incorporated into the polymer layer to enhance its performance in a final product. Such additives
include, but arehaot finitéd/tos. pfasticizerds dyes; gigmeritdn shabitizer s{ éhg prultranviotet Stabilizers),

antioxidants, f ﬁlﬁeéé‘"ad%@é%k%@%{téﬁa 2APRAFBSS, ?tﬁ?é?'&%xﬁQP?&E?an%ﬁ}Q@&ﬂQWoﬁHhe foregoing

additives, and the like, as are known in the art. Agents that selectively absorb light in the visible or
near infrared sp&&ium can be added to any of the appropriate polymer layers. Agents that can be

used include dyes an(ﬂn%ﬁl%@%%&ﬁrﬁéﬁ@,%@h@ﬁi 9619&1@9%98%% . Q&Q@m%ﬁ%@f@@xw{@he
hexaboride (LaB6). 20Any suitable method can be used to produce pc;(l%'/(vmyl butyral). Details of

suitable proces<Es B8PAKIRGH ORGP Biitfrat) & KnGWi i thGsdakilfsd i e dit Eés for
example, U.S. Raiewtscdy2i2 Q5 ang 282:026h th Onreambpdinenththelisolvent reatheg described
in Vinyl Acetal Polymers, in Encyclopedia of Polymer Science & Technology, 3rd.edition. Volume 8,
pages 361300 ) B VTR ORI EAR BEACER 535 JHOe O iy e HBIEb s method
describled th(l-:-reime@am bmmﬂir@qjy(vm;dsbhuym’@w&mﬂmmmdaikggm/?bﬂgbierimyﬁarimumg]ms fr(?]m, for
example, Solutja Inc.,.St. s, Missouri tvarTM resin..As used herein, "resin"” refers tq the
polyment (or SeaRala AR A e e Bt R R R S
from the aéid caralygigsgfith 308ubsEUsNBUtEliZatoIE shies olyine tioprevursorsloriasin will
generally have mponents in addition to the polymer, for example poly(vinyl butyral), such as
iherSa!

acetates, WO 2008/134594PCT/US2008/061688 salts, and alcohols. As used herein,"melt" refers to a
mixture of resin with dpPRHEFEROSHRCHSEHAIRE B raldmnivésrame exBwiplary PAEthdlCof forming a

poly(vinyl butyral}dayaycempyises exuuaing noeHeopaly (vaylhubuab somurisieg reaitdplasticizer,
and addiives aplfen Sforeng (e el Iough A NP el e (oL, 2eamPle: 2 dis haying 2y, opening
that is
15  can be any of the differences given above for the differences between the first polymer
layer and the second polymer layer. For example, one exemplary embodiment would be:
first polymer layer with a residual hydroxyl content of 20%//second polymer layer with a
residual hydroxyl content of 16%// third polymer layer with a residual hydroxyl content
of 18%. Tt will be noted that, in this example, the third polymer layer differs from the
20 second polymer layer at least in that it has a residual hydroxyl content that is 2% greater
than the hydroxyl content of the second polymer layer, Of course, any of the other
differences noted herein throughout can singly or in combination distinguish the third
polymer layer from the second polymer layer,
Other conventional layers, as are known in the art, can be incorporated into the
25  interlayers of the present invention. For example, polymer films (described in detail
elsewhere herein) such as polyesters like poly(ethylene terephthalate) having a metallized
layer, an infrared reflecting stack, or other performance layer deposited thereon, can be
included between any two polymer layers of the present invention, where appropriate.,
For example, in a two layer embodiment, an interlayer can be fabricated with the
30 following layout: peolymer layer with relatively high plasticizer content//polyester film

having a performance layer//polymer layer with relatively low plasticizer content. In
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substantially greater in one dimension than in a perpendicular dimension). Another exemplary method
of forming a poly(vinyl butyral) layer comprises casting a melt from a die onto a roller, solidifying the
resin, and subsequently removing the solidified resin as a sheet. 10In various embodiments, a
"prelamitiateiterg/erigdormed by assembling the individual layers into aPstEGIwh#dpe68% and then
subjecting the layers to sufficient heat and pressure to tack the layers together, thereby forming the
prelarninate. The prelaminate can then be rolled or otherwise stored as desired until it is used in a
laminated glazing, at which point the prelaminate is placed between two layers of glass 15and
laminated to forgarthre!finddinmultiple tayef glazimglastics|nuearioyseinboditnents). tha intendyers of the
present invention,can have taialhigknes %0&9-&&9(1_%&5_E@%@&ﬂ%ﬁ&%%g& #R-millimeters, 0,25 to
1.75 millimeters, and 0.3 to 1.5 millimeters (mm). The individual polymer fayers of a multiple layer
interlayer can heigesorexangglecpproximarefir sqdartierns sse sy lwienlxdtien together, result

20in the total th.icknesqﬁ%gg%g;g%%gv&. IR %t@}%ﬁr&%%m@ﬁﬁwgﬂ%ﬂi&%ﬂﬁi%ﬁ of the
layers can be different, and can still add to the total thicknesses given above. For example, the outer

layers can be 0B %58/ 8650MiRTEIEES ARAtHEHRkY 18Yerar D 5% 2 1 B A M illmEsEC with a total
thickness of 0.5k:tp0:89 Muiltimeters itnevadaus-embodimenis Bhibepresentinventionyiany of the
layers, and 25particularl theboutgr layers can have a thickqess of 0.05 to 0.71 millimeters (2 to 28
mils), 0.05 to 0. 54 Miffirmietérs t2'to ?&%‘?ﬁ%‘i%}:“d%%@éﬂé@i fiffimeters (2 to 20 mils). These thickness
ranges can be combirtgd ivitla Bryrof théayaluesthivenseisewhkerehereindtr RyRsmirateipeimanence.
In a preferred e iment, one or both of the outer layers of a multiple layer interl as a thickness
o1 0,05 t0.0.71 I D B D e A 0
90, 60 to QQ, orsétfﬁt@age.CWQSQGMM%@@P@W&SEO@B@%@@@OH deTive parariestets for the polymer
layer described, abong APy AL WEN L ARYIAYSn In A multale:layer sonstaichrl He prereRhinyention

that is a poly(vinyl butyral) type layer. The following paragraphs describe various techniques that
can be used to ifSpFoVeBHREOP hidRErsapRs braetitstick BetRecHo AR £ s aranifold gl Getermine
Rz and Rsm, a{lf pentimatembylscentispeteiiost sample ofplasticized pabimeslayarisptaced on a
vacuum plate re ulatedﬁb%ytflui at roo%J tgmﬁger turegirculat'n%thro_u h it. A vacuum of 3.44 kPa (5
psi) is imposedto diAPIHE A AGAHSEINE THARE" dirFhte M FRONEF RS BoBL M SIS vith a PRK
drive unit Bhd anljilOREHARHREO dedeitvee stylius davigilabledrom-MahrogadeeCo., New York) is used to
directly measure layer,surface roughness of each side of the test le. Profile,selectipn,is set to

on the instrument. Thék%rg%ﬁﬁg% %tef/]ﬁs? 83%%%3%8’%&%‘2) gi/eéc? &St gng s%?r% eé) SUr a{lédegvﬁfﬁlgi gngth of
each trace (LT pisl1gverniliinietaocyimpoded of ck saplsemialisdaystahengthodiecod BY5 mm. The
measuring lengif (difs 1 HIDEIANATE d5 comRORRL hiG 2L bseausnlial sample lengths (Lo

obtained by eliminating the first and the last sections of each trace. The average value of individual
roughness depthi€ it ¥pedatfierseytichtial daimpie sehgmsdi it abrarrivsasdmdyRE e derage of
ten such determinatiens:ivgdaken in the machine direction of extrusion (MD) and Eve in the cross
machine direction (CMD). The distance between two consecutive traces in each direction is 3 mm.

Rsm, 20 the average Pedk Hi8BINdae |8 L REA S e SR R (RS RREAT A5 PdF B9 IR ean
distance of all prefiledpedksdndthintthdceach measutingdengthpdni) dsdetpiiinegdancsthe reported Rsm
for each machiga directiont IS the average Pf {ivle such determinations.on :
18posing m the opening a mialfiple layef glass panel comprising any of the interlayers of
the present invention.
25 The present invention also includes methods of manufacturing a multiple laver
glazing, comprising laminating any of the interlayers of the present invention between
two rigid, transparent panels, as are known in the art, such as glass or acrylic layers.
The present invention also includes multiple layer glass panels, such as

windshields and architectural windows, comprising a multiple layer interlayer of the

30 present inveation,
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that direction. Set-up switch positions on the Perthometer during Rz and Rsm are as follows: Filter:
GS, Profile: R, LC: N 2.5 min. LT: 17.5 mm, VB: 625 micrometers. Rz 25and Rsm values herein

- throughout are given in micrometers. Polymer layers of the present invention are also
characterized sy it 3geemanence,” which is determined according to the H6HGWRIGtEBIFique: For
polymer layers that are embossed, a polymer layer is measured for Rz (Rz Base) prior to embossing.
After embossing, a second Rz measurement is taken (Rz Final). For 30polymer layers that are not
embossed a roughness measurement, Rz, is taken and designated Rz Final, and Rz Base is given the
value zero. For both eAibossdddandinom!tinio]l 200811345 M PGTHIVSRD0BAE1.688 ambustetl layers, a
12.7 centimeter square. sample isthan i%%lgr&rgftgg gll%rggﬁégyer. Poly(ethylene terephthalate) film is

placed on the edges of one half of a wood frame resting on a horizontal surface, wherein the frame
periphery is slightly sm&Hearten e panmer lagsrisamprehThel panime i agbisd e 4%hen placed
on the wood frane;$0.»ithatthepelyiailylengiterephihalate) flmuis betwesntheiwoed fase.and the

edges of the polymer layer, in which position it prevents the polymer film from adhering to the wood
frame, which wBU TRKE BIEEEERbRP IFRTLTE A SSEEHHE SO BthyIeHe R aphiaRAtET il i then
place over the palysperiayera andihe sesend haltohihe weoden:frania ds thefi-placBanenrtep,of the

poly(ethylene terephthal te% film. The two frame halves are then 10clamped together with binder clips,
ey samcith e THRCHE PG 125 or B P B P G o B Aty HAGN G the tar

frame halves. Thelffamé andpelymenasseitbhoigithyaheplaeddsier dopretieatedavendford aninutes at
100C. Th VARA d. mined for th
e asS%@E%@Rg@légg%%qy@%%@%élggggu@a%l%k hooiel 82 wels indien dslemined for the

polyiner layer samp . 15A permanénce value can t etermined according to the
following férmutéa:dPrmhanelice ke (RKODE)NC.(RebBESRY SAO0WREFNARd (RrBagelp an RTRE following
procedure is usgfl tymeasuregnottle: A shadow graph light (a xenon light powered by a kni-tron
rectifier (model number R-2120-2 ) from Kneisley 20Electric company, Toledo, Ohio) is positioned in a

dark room at 1 meter FBP&SHATE KFSRE: Rsseifhbse HatBRtERHGaIRife SaF &8 and the light

source next to aisRaduRsiandaidryell stapdand-lambinatiethat represenisthe lowest-acaeptable
optical quality. The image projected on the whit rface is.visually examined. If the sample image is
s e e (R

worse than the MaXimum stahdard jevel Stndard %lhi?ﬁeélg %Sp?e%ser%f%%% Hs lﬁﬁ%}d\l}lna 6o much

distortion .1 i thexsampl&sis atiteadica® oot asdindimaximunhstandandaleyel stamdardtythen the sample
is compared to progressiely, gpieally supeug siandardis, il aiade. s daiemingd for (g, semple.
The sample is e\?gfg{ast%d)%{n] %&% Cross mac ?rn%ag%rec%gﬁ ané])tjhe r’nagﬁ?\ee p ireyté%n, gﬁgf the worst
grade of the twii iglewig HateRP e g SoFviTeas arppiecTiagrade to PO/ ipdtesstiun s offtical
distortion is vistig;hgrade #0900 s, oh2Jndizales semeoningrdisiarian4s.0bseyRblents 9rade of 3 to 4
indicates that WO 2008/134594PCT1U520081061688
to 90///less than 700///less than 90; 20 to 90///iess than 700///40 to 95; 20-70///any///1ess
20 than 95; 20-70//fany///less than 90; 20-70///any///40 to 95, 20-70///1ess than 700///less

than 95; 20-70//1ess than 700///less than 90; and 20-70///1ess than 700///40 to 95.

POLYMER FILM
As used herein, 2 “polymer film” means a relatively thin and rigid polymer layer
25 that functions as a performance enhancing layer. Pelymer films differ from polymer
layers, as used herein, in that polymer films do not themselves provide the necessary
penetration resistance and glass retention properties to a multiple layer glazing structure,
but rather provide performance improvements, such as infrared absorption character.
Poly(ethylene terephthalate) is most comumonly used as a polymer film,
30 In various embodiments, the polymer film laver 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
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more than minor distortion is apparent. A grade of 5 or higher indicates that significant distortion is
observable and the laminate would likely be unusable in applications that require visual clarity, such as
in automobile windshields. The clarity of a polymer layer, and particularly a poly(vinyl butyral) layer,
can be 5dete¥iiingebdyiniéasuring the haze value, which is a quantificationP6fHRE?4PRGEHEST light
scattered away from the direction of the incident beam in passing through the layer. The percent haze
can be measured according to the following technique. An apparatus for measuring the amount of
haze, a Hazerneter, Model D25, which is available from Hunter Associates (Reston, VA), can be used
in accordance with R8T P 1008+6LH Reagrosedcd @ I9FVP rocadumerA Pusiag Hiubkiiaast C, at an
observer angle ofi2 degrees: IR-yaHaus Smbpdiments Rt e RIesENLINEALAR. REIGENAazE is less

than 5%, less than 3%, and less than 1%.  The visible transmittance can be gquantified using a
UV-Vis-N1R sp&etigpretemetet slis ad e taiiea 900 itadd o) patin emier ¢apyby Hethods
15described in interRationalstaedasekHSO:8066:L 998 I varinys-embodiments ithedranseutiance

, FSE S ) 0
through a polymer Ia)igr of theééresent invention is %t%%%st 60%, at least 70%, or at least 80%.

Pummel adhesfr R bE thedSired ALording 1 He tollowin g e EHh TR Ko WS Biribiel” is
referred to herein o guangify-adhdsitnefia pomaid ayenionglas&othe 20f0d owongeteehridiye is used to

determine pumglwcﬁldsﬁ\év 'g;;}/i gﬁi%fﬁ{’gﬁ%e u@fj@ﬁ%@% pre areglé/y)l h standard utoclavc? lamination

L. 1 S 18 NOWIL, (S, FOI CRamplic,
conditions. The Taminatés*are ¢ toa and manually purni sfed With a hammer to

break the glassUAll Broken‘glassstiatid hiot adheretaote W@Pnybbwtahﬁlayé'r ﬁeme’ﬂﬂfbfmoved,
and the amount of glass left aphered e &%Xﬁ%!gé%f%%}ﬁ%&%@fﬂ%&’ istialy compared with a 25set

of standards. The standards correspond to a scalé€ in which varying degrrees of glass remain adhered
to the polyfuinyl butyraly |a§éfapp pirfcti e 2ia piifniel stardates Hr 28T nergiasdisqefeadhered to
the poly(vinyl butyral}daxesibleipunymelstaadard k18,4 00%: of ihe@lassremains.adnerer to the

poly(vinyl butyral) layer. Poly(vinyl ‘but‘yr&%a ers of the present invention can have, for example, a
pummel value SFHOBRTIRER #HAd Fiia HESA BARGUPERHIE ORISR A PEFaE Break
stress can be determingdifgea.polymer layer according to the procedure described in JIS K6771.
EXAMPLES 5Exampl%h1 %three-la er interlayer. sarggsles are s %rg]trgl!érgg{e 1F{[_}uded ina

TwQ g
length that can be later &Rolirﬁ%l?hreglé@géTaqé?m%ﬁhyggé. 'achlfn%grllay r comprises'a 01524

millimeterl® mitplagtendaaduviche d detivbetanoo @830 millirmbtes:¢d B mily layers fonaitotat thickness
i e R e
plasticizer (trietifiErfaGREGIALL F1etHIRRkA AER6)Y) Antla 91508 ksdrfal BEWiRgIEBIeHHER than
that of any adjacent polymer layer. In various emboediments, the polymer film layer
comprises a thermoplastic material. Among thermoplastic materials having suitable
20 properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as
polypropylene, celiulose acetates and friacetates, vinyl chloride polymers and copolymers
and the like. In various embediments, the polymer film layer comprises materials such as
re-stretched thermoplastic films having the noted properties, which include polyesters, for
example poly{ethylene terephthalate) and poly(ethylene terephthalate} giveol (PETG). In
25  various embodiments, poly(ethylene terephthalate) is used, and, in various embodiments,
the poly(ethylene terephthalate) has been biaxially stretched to improve strength, and has
been heat stabilized to provide low shrinkage characteristics when subjected to elevated
temperatures (e.g. less than 2% shrinkage in both directions after 30 minutes at 150°C).

Various coating and surface treatment techniques for poly(ethylene terephthalate)

30 film that can be used with the present invention are disclosed in published Furopean
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Surface characteristics of the two interlayer samples are controlled during coextrusion with melt
fracture to provide differing levels of R. The first interlayer - 15sample A - has an Rz of about 20. The
- second interlayer - sample B - has an Rz of about 40. The exact Rz values are given in Table 1, where
"CMD" is crossomeaetinegirection and "MD" is machine direction and wher@¢néasapgitsts from both
sides of each interlayer are shown: 20 Table 1 Sample CMD MD Rz RSM Rsm A (Side 1) 21.4
256.5 21.7 407.2

Application No. 0157030. Polymer films of the present invention can also include a

hardcoat and/or and antifog layer, as are known in the art.

POLYMER LAYER

5 As used herein, a “polymer layer” 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
glass retention properties to laminated glazing panels. Plasticized poly(vinyl butyral) is
most cornmonly used to form polymer layers.

10 The polymer layer can comprise any suitable polymer, and, in a preferred
embodiment, the polymer layer comprises poly{vinyl butyral). In any of the
embodiments of the present invention given herein that comprise poly(vinyl butyral} as
the polymeric component of the polymer layer, another embodiment is included in which
the polymer component consists of or consists essentially of poly(vinyl butyral). In these

15  embodiments, any of the variations in additives disclosed herein can be used with the
polymer layer having a polymer consisting of or consisting essentially of poly(vinyl
butyral).

In one embodiment, the polymer layer comprises a polymer based on partially
acetalized poly(vinyl alcohol)s. In another embodiment, the polymer layer comprises a

20 polymer selected from the group consisting of poly(vinyl butyral), polyurethane,
polyvinyl chloride, poly(ethylene vinyl acetate), combinations thereof, and the like. In
other embodiments, the polymer layer comprises plasticized poly{vinyl butyral). In
further embodiments the polymer layer comprises poly{vinyl butyral} and one or more
other polymers. Other polymers having a proper plasticizing capacity can also be used.

25  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 [imitation, for plasticizers,
component percentages, thicknesses, and characteristic-enhancing additives), those
ranges alsc apply, where applicable, to the other polymers and polymer blends disclesed
herein as useful as components in polymer layers,

30 For embodiments comprising poly{vinyl butyral), the poly{vinyl butyral) can be

produced by known acetalization processes that involve reacting poly(vinyl alcohol) with
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A (Side 2) 22.6 277.5 21.4 368.4 B (Side 1) 42.5 405.9 40.2 619.2 B (Side 2) 40.6 396.3 41.8 635.0
Sample A is then cut into four separate interlayers and sample B is also divided into four separate
interlayers. WO 2008/134594PCT/US2008/061688 Three of the separate interlayers for each sample
is then embossede®Emiaessing is performed as described elsewhere hereinpgithiar&mibiossing pattern
of 49.2 lines per centimeter (125 lines per inch). One interlayer of each sample is left unembossed.

butyraldehyde in the presence of an acid catalyst, followed by neutralization of the
catalyst, separation, stabilization, and drying of the resin, with the understanding that in
various embodiments, residual hydroxyl content will be controlled, as described
elsewhere herein.

5 In various embodiments, the polymer layer comprises poly(vinyl butyral) having
a molecular weight greater than 30,000, 40,000, 50,000, 55,000, 60,600, 65,000, 70,000,
120,000, 250,000, or 350,000 grams per mole (g/mole or Daltons). Small quantities of a
dialdehvde or trialdehyde can also be added during the acetalization step to Increase
molecular weight to greater than 350,000 Dalions (see, for example, U.S. Patents

10 4,874,814; 4,814,529; and 4,654,179). As used herein, the term “molecular weight”
means the weight average molecular weight.

If additional, conventional polymer layers are used in addition to any of the
embodiments described above as having plasticizer content differences, those additional,
conventional polymer layers can comprise 20 to 60, 25 to 60, 20 to 80, or 10 to 70 parts

15  plasticizer per one hundred parts of resin (phr). Of course other quantities can be used as
is appropriate for the particular application. In some embodiments, the plasticizer has a
hydrocarbon segment of fewer than 20, fewer than 15, fewer than 12, or fewer than 10
carbon atoms.

Any suitable plasticizers can be added to the polymer resins of the present

20 invention in order to form the polymer layers. Plasticizers used in the polymer layers of
the present invention can include esters of a polybasic acid or a polyhydric alcohol,
among others. Suitabie plasticizers include, for example, triethylene glyeol di~(2-
ethylbutyrate), triethylene giycol di-(2-ethylhexanoate), triethylene glycol diheptanocate,
tetracthylene glycol diheptanoate, dihexyl adipate, dioctyl adipate, hexyl

25  cyclohexvladipate, mixtures of heptyl and nony! adipates, diisononyl adipate, heptylnonyl
adipate, dibuty! sebacate, polymeric plasticizers such as the cil-modified sebacic alkyds,
and mixtures of phosphates and adipates such as disclosed m U.S. Pat. No. 3,841,890 and
adipates such as disclosed in U.S, Pat, No. 4,144,217, and mixtures and combinations of
the foregoing, Other plasticizers that can be used are mixed adipates made from Cqto Gy

30 alkyl alcohols and cyclo Cy to Cyp alcohols, as disclosed in U.S, Pat. No. 5,013,779, and



The Tables below provide the embossing conditions and the resulting Rsm and R. 5Table 2 shows the
results for interlayers formed from sample A and from sample B that are embossed at 174C (345F) at
a rate of 7.6 meters (25 feet) per minute, Table 2 CMD MD Sample Rz RSM Rz RST4 A (Side 1)
31.3 287.0 3%/8 288/ 13#/4%4Bide 2) 33.9 PCT/US2008/061688

Cs to Cg adipate esters, such as hexyl adipate. In preferred embodiments, the plasticizer
is triethylene glycol di-(2-ethylhexanoate).

Adhesion control agents (ACAs) can also be included in the polymer layers of the
present invention to impart the desired adhesiveness. These agents can be incorporated

5 into the outer layers in a three polymer layer embodiment, for example. Any of the
ACAs disclosed in U.S. Patent 5,728,472 can be used. Additionally, residual sodium
acetate and/or potassium acetate can be adjusted by varying the amount of the associated
hydroxide used in acid neutralization. In various embodiments, polymer layers of the
present invention comprise, in addition to sodium acetate, magnesium bis(Z-ethyl

16 butyrate)(chemical abstracts number 79992-76-0). The magnesium salt can be included
in an amount effective to control adhesion of the polymer layer to glass.

Additives may be incorporated into the polymer layer to enhance its performance
in a final product, Such additives include, but are not limited to, plasticizers, dyes,
pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, flame retardants, other IR

15  absorbers, anti-block agents, combinations of the foregoing additives, and the like, as are
known in the art.

Agents that selectively absorb light in the visible or near infrared spectrum can be
added to any of the appropriate polymer layers. Agents that can be used include dyes and
pigments such as indium tin oxide, antimony tin oxide, or lanthanum hexaboride (L.aBe).

20 Any suitable method can be used to produce poly(vinyl butyral). Details of
suitable processes for making poly(vinyl butyral) are known to those skilled in the art
(see, for example, U.S, Patents 2,262,057 and 2,282,026). In one embodiment, the
solvent method described in Vinyl Acetal Polymers, in Encyclopedia of Polymer Science
& Technology, 3 edition, Volume 8, pages 381-399, by B.E. Wade (2003) can be used.

25 In another embodiment, the aqueous method described therein can be used. Poly(vinyl
butyral) is commercially avaitable in various forms from, for example, Solutia Inc., St.
Louis, Missouri as Butvar™ resin.

As used herein, “resin” refers to the polymeric (for example poly(vinyl butyral))
component that is removed from the mixture that results from the acid catalysis and

30 subsequent neutralization of the polymeric precursors. Resin will generally have other

components in addition to the polymer, for example poly(vinyl butyral), such as acetates,
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281.7 35.6 298.1 B (Side 1) 51.2 300.0 53.0 335.2 B (Side 2) 54.2 319.8 54-5 375.7 10Table 3 shows
the results for interlayers formed from sample A and from sample B that are embossed at 193C (380F)

at a rate of 7.6 meters (25 feet) per minute. Table 3 Sample CMD Rz
WO 2008/134594 PCT/US2008/061688

salts, and alcohols. As used herein, “melt” refers to a mixture of resin with a plasticizer
and, optionally, other additives.
One exemplary method of forming a poly(vinyl butyral) layer comprises
extruding molten poly(vinyl butyral} comprising resin, plasticizer, and additives and then
5 forcing the melt through a sheet die (for example, a die having an opening that is
substantially greater in one dimension than in a perpendicular dimension). Another
exemplary method of forming a poly(viny! butyral) layer comprises casting a melt from a
die onto a roller, solidifying the resin, and subsequently removing the solidified resin as a
sheet.

10 n various embodiments, a “prelaminate” interlayer is formed by assembling the
individual layers into a stack of layers, and then subjecting the layers to sufficient heat
and pressure to tack the layers together, thereby forming the prelaminate. The
prelaminate can then be rolled or otherwise stored as desired until it is used in a
laminated glazing, at which point the prelaminate is placed between two layers of glass

15 and laminated to form the final multiple layer glazing.

In various embodiments, the interlayers of the present invention can have total
thicknesses of 0.1 to 2.5 millimeters, 0.2 to 2.0 millimeters, 0.25 to 1.75 millimeters, and
0.3 to 1.5 millimeters (mm). The individual polymer layers of a multiple layer interlayer
can have, for example, approximately equal thicknesses that, when added together, result

20 in the total thickness ranges given above, Of course, in other embodiments, the
thicknesses of the layers can be different, and can still add to the total thicknesses given
above, For example, the outer layers can be (.18 to 0.36 millimeters, and the inner layer
can be 0.12 to 0.16 millimeters, with a total thickness of 0.51 to 0.89 millimeters.

In various embodiments of the present invention, any of the layers, and

25 particularly the outer layers can have a thickness of 0.05 to G.71 millimeters (2 to 28
mils), 0.05 to 0.64 millimeters {2 to 25 mils}, or 0.05 to 0.51 millimeters (2 to 20 mils}.
These thickness ranges can be combined with any of the values given elsewhere herein
for Rz, Rsm. and permanence. In a preferred embodiment, one or both of the outer layers
of a multiple layer interlayer has a thickness of 0.05 to 0.71 millimeters, 0.05 to 0.64

30 millimeters, or 0.05 to 0.51 millimeters and an Rz of 50 to 90, 60 to 80, or 60 to 8C.

20



R SM Rz Rsm A (Side 1) 39.3 286.7 41.3 292.1 A (Side 2) 43.1 280.4 42,9 285.5 B (Side 1) 55.5
310.0 57.5 348.3 B (Side 2) 56.5 312.7 55.1 312.9
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The parameters for the polymer layer described above apply as well to any layer
in a multiple layer construct of the present invention that is a poly(vinyl butyral) type
faver.

The following paragraphs describe various techniques that can be used to improve
and/or measure the characteristics of the polymer layer.

To determine Ry and Rgy, & 15 centimeter by 15 centimeter test sample of
plasticized polymer layer is placed on a vacuum plate regulated by fluid at room
temperature circulating through it. A vacuum of 3.44 kPa (5 psi) is imposed to draw the
sample against the plate surface. A model S8P Perthometer with a PRK drive unit and an
REFHTB-250 tracing stylus {available from Mahr Gage Co., New York} is used to directly
measure layer surface roughness of each side of the test sample. Profile selection is set to
"R" on the instrument. The tracing stylus moves automatically across the sample surface.
The length of each trace (L) is 17.5 millimeter composed of 7 sequential sample lengths
L¢ of 2.5 mm. The measuring length (L) is 12.5 millimeter and is composed of the 5
sequential sample lengths (Le) obrained by eliminating the first and the last sections of
each trace. The average value of individual roughness depths in these five sequential
sample lengths Lc is determined and Ry is the average of ten such determinations, five
taken in the machine direction of extrusion (MD) and five in the cross machine direction
(CMD). The distance between two consecutive traces in each direction is 3 mm. Ragw,
the average peak distance, is determined from the same measurement as for Rz, Mean
distance of all profile peaks within the each measuring length (L) is determined and the
reported Rgys for each machine direction is the average of five such determinations on
that direction. Set-up switch positions on the Perthometer during Ry and Rey are as
follows: Filter: GS, Profile: R, LC: N 2.5 mm, L'T: 17.5 mm, VB: 625 micrometers. Ry
and Rgy values herein throughout are given in micrometers.

Polymer layers of the present invention are also characterized by their
“permanence,” which is determined according to the following technique: For polymer
layers that are embossed, a polymer layer is measured for Rz (Rz Base) prior to
embossing. After embossing, a second Rz measurement is taken (R Final). For
polymer layers that are not embossed a roughness measurement, Ry, is taken and

designated Rz Final, and Rz Base is given the value zere. For both embossed and non-
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25 WO 2008/134594PCT/US2008/061688 Table 4 shows the results for interlayers formed from
sample A and from sample B that are embossed at 204C (400F) at a rate of 4.6 meters (15 feet) per

- minute. Table 4 The six embossed samples shown in Tables 2. 3, and 4 are then placed in a
frame and polyosrnassembly, according to the method for testing permanerc® a32d8geriensd in detail,
above, and the frame and polymer assembly are then placed in a preheated oven for 5 minutes at
100C. After cooling the six embossed samples are tested again for Rsm 10and Rz, and the results are
show in Tables 5, 6, and 7. Table 5 shows the results for interlayers formed from sample A and
from sample B that@recmkasseld at EA4GdB45)aat aungie of 16 metersy(2E feefnpedaminute. 15

Table 5 Samplgo?yl\(legagwe%e z@é&%’ﬁa@% ﬁ?nr_nts placed on the edges of one half of a wood frame
resting on a horizontal surface, wherein the frame periphery is slightly smaller than the
polymer layer sample. The polymer layer sample is then placed on the wood frame so

5 that the poly(ethylene terephthalate) film is between the wood frame and the edges of the
polymer layer, in which position it prevents the polymer film from adhering to the wood
frame, which would make disassembly difficult. A second poly(ethylene terephthalate)
film is then place over the polymer layer, and the second halif of the wooden frame is then
placed on top of the poly(ethylene terephthalate) film. The two frame halves are then

10 clamped together with binder clips, thereby sandwiching the polymer layer between the
two poly(ethylene terephthalate) films and the two frame halves. The frame and polymer
assemnbly is then placed in a preheated oven for 5 minutes at 100°C. The assembly is
then removed and allowed to cool. Anocther Rz value is then determined for the polymer
layer sample (Rg 100°C).

15 A permanence value can then be determined according to the following formula:

" (Rz100°C)-(Rz Base}‘l
Permanence = x100
| "Rz Final) - (Rz Base) |

The following procedure is used to measure mottle: A shadow graph light (a

xenon light powered by a kni-tron rectifier {model number R-2120-2 ) from Kneisley

20 Electric company, Toledo, Ohio) is positioned in a dark room at I meter from a white
surface. A sample is held between the white surface and the light source nextto a
“maximum standard level” standard laminate that represents the lowest acceptable optical
quality. The image projected on the white surface is visually examined. If the sample
image is worse than the rmaximum standard level standard, then the sample is rejected as

25  having too much distortion. If the sample is at least as good as the maximum standard
tevel standard, then the sample is compared to progressively optically superior standards
until a grade is determined for the sample. The sample is evaluated in the cross machine
direction and the machine direction, and the worst grade of the two is designated the
grade for the sample. A grade of 0 indicates that no optical distortion is visible. A grade

30 of 1 or 2 indicates some minor distortion is observable. A grade of 3 to 4 indicates that
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A (Side 1) 25.6 293.7 26.8 323.4 A (Side 2) 25.7 276.0 24.9 332.7 B (Side 1) 49.1 387.7 51.2 571.8
B (Side 2) 55.1 478.1 52.8

WO 2008/13459% PCT/USZ008/061688

more than minor distortion is apparent. A grade of 5 or higher indicates that significant
distortion is observable and the laminate would likely be unusable in applications that
require visual clarity, such as in antomobile windshields.
The clarity of a polymer layer, and particularly a poly(vinyl butyral) layer, can be
5  determined by measuring the haze value, which is a quantification of the amount of light
scattered away from the direction of the incident beam in passing through the layer. The
percent haze can be measared 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), cap be used in accordance with ASTM D1003-61 (Re-approved
10 1977)-Procedure A, using Hluminant C, at an observer angle of 2 degrees. In various
embodiments of the present invention, percent haze is less than 5%, less than 3%, and
less than 1%.
The visible transmittance can be quantified using a UV-Vis-NIR
spectrophotometer such as the Lambda 900 made by Perkin Elmer Corp. by methods
15  described in international standard ISO 9050:1990. In various embodiments, the
transmittance through a polymer layer of the present invention is at least 60%, at least
T0%, or at least 80%.
Pummel adhesion can be measured according to the following technique, and
where “pummel” is referred to herein to quantify adhesion of a polymer layer to glass, the
20 following technigue is used to determine pummel. Two-ply glass laminate samples are
prepared with standard autoclave lamination conditions. The laminates are cooled to
about -18°C (0°F) and manually pummeled with a hammer to break the glass. All
broken glass that is not adhered to the poly(vinyl butyral) layer is then removed, and the
amount of glass left adhered to the poly{vinyl butyral) layer is visually compared with a
25  setof standards. The standards correspond to a scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) layer. In particular, at a pummel standard of
zero, no glass is left adhered to the poly(vinyl butyral) layer. At a pummel standard of
10, 100% of the glass remains adhered to the poly(vinyl butyral) layer. Poly{vinyl
butyral) layers of the present invention can have, for example, a pummel value of

30  between 3 and 10.
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620.6 26 WO 2008/134594PCT/US2008/061688 Table 6 shows the results for interlaycrs formed
from sample A and from sample B that are embossed at 193C (380F) at a rate of 7.6 meters (25 feet)
per minute. Table 6 Rz RSM Rz Rsm A (Side 1) 28.7 281.8 30.2 300.5 A (Side 2) 30.2 2733 31.3
293.6 WO 2008/134594 PCT/US2008/061688

Tensile break stress can be determined for a polymer layer according to the

procedure described in JIS K6771.

EXAMPLES
5  Example 1
Two, three-layer interlayer samples are separately coextruded in a length that can
be later cut into three separate interlayers. Each interlayer comprises a 0.1524 millimeter
(6 mil) fayer sandwiched between two 0.3302 millimeters (13 mil) layers for a total
thickness of 0.8128 millimeters (32 mils). The inner layer comprises 75 phr plasticizer
10 (triethylene glycol di-(2-ethylhexanoate)) and 11.0% residual polyvinyl alcohol, while
the outside layers comprise 38 phr plasticizer (triethylene glycol di-(2-ethylhexanoate))
and 18.5% residual polyvinyl alcohol.
Surface characteristics of the two interlayer samples are controlled during
coextrusion with melt fracture to provide differing levels of Ry, The first interlayer —
15 sample A —has an Rz of about 20. The second interlayer — sample B — has an Rz of about
40. The exact Rz values are given in Table 1, where “CMD?” is cross machine direction
and “MD™ is machine direction and where measurements from both sides of each

interiayer are shown:

20 Table 1
Sample CMD MD
Ry Rem Rz R
A (Side 1) 214 256.5 21.7 407.2
A (Side 2) 22.6 277.5 214 368.4
B (Side 1) 425 405.9 402 619.2
B (Side 2) 40.6 396.3 418 635.0

Sample A is then cut into four separate interlayers and sample B is also divided

into four separate interlayers.
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B (Side 1) 50.8 374.3 55.1 450.3 B (Side 2) 51.0 370.3 52.6 429.4 Table 7 shows the results for
interlayers formed from sample A and from sample B that are embossed at 204C (400F) at a rate of
4.6 meters (15 feet) per minute. Table 7 From the data in Tables 1 through 7, permanence values
for each of thergixceanbemsged inter-layers are determined, according to the pasthidadpsovides] elsewhere
herein. Results are provided in Table 8. Table 8 1174C at 7.6 meters perl93C at 7.6 meters per204C
at 4.6 meters per | WO 2008/134594PCT/US2008/061688 minute minute minute Sample

Three of the separate interlayers for each sample is then embossed. Embossing is
performed as described elsewhere herein with an embossing pattern of 49.2 lines per
centimeter (125 lines per inch), One interlayer of each sample is left unembossed,

The Tables below provide the embossing conditions and the resulting Rgy and Rz,

5 Table 2 shows the results for interfayers formed from sample A and from sample

B that are embossed at 174°C (345°F) at a rate of 7.6 meters (25 feet) per minute,

Table 2
Sample CMI MD

Ry Rsm Ry Rom
A {Side 1) 313 287.0 343 266.1
A (Side 2) 33.9 2817 35.6 298.1
B (Side 1) 51.2 300.0 53.0 335.2
B (Side 2} 54.2 319.8 52.5 375.7

10 Table 3 shows the results for interlayers formed from sample A and from sampie

B that are embossed at 193°C (380°F) at a rate of 7.6 meters (25 feet) per minute,

Table 3
Sample CMD MD
Rz Rom Rz Rem
A (Side 1) 39.3 286.7 413 292.1
A (Side 2) - 431 280.4 42.9 285.5
B (Side 1} 55.5 310.0 57.5 348.3
B (Side 2) 56.5 312.7 55.1 312.9




A (Side 1) Permanence Sample Permanence Sample Permanence 52.0 A (Side I) 67.1 A (Side 1)
89.0 A (Side 2) 41.8 A (Side 2) 67.4 A (Side 2) 90.2 B (Side 1) 44.9 13 (Side 1) 70.2 B (Side 1)

WO 2068/134594 PCT/US2008/061688

Table 4 shows the results for interlayers formed from sample A and from sample

B that are embossed at 204°C (400°F) at arate of 4.6 meters (15 feet) per minute.

Table 4
Sample CMD MD
Ry Rem Rz R
A (Side 1) 59.0 280.3 59.8 282.8
A (Side 2) 61.0 297.6 61.8 266.0
B (Side 1) 69.4 266.0 717 280.7
B (Side 2) 67.6 311.5 67.8 279.3

The six embossed samples shown in Tables 2, 3, and 4 are then placed in a frame
and polymer assembly, according to the method for testing permanence as described in
detail, above, and the frame and polymer assembly are then placed in a preheated oven
for 5 minutes at 100°C. After cooling the six embossed samples are tested again for Rey

10 and Rz, and the results are show in Tables 5, 6, and 7.
Table 5 shows the results for interlayers formed from sample A and from sample

B that are embossed at 174°C (345°F) at a rate of 7.6 meters (25 feet) per minute.

Table 5
Sample CMD MD
Rz Rsm Rz Rsm
A (Side 1) 25.6 293.7 26.8 323.4
A {Side 2) 25.7 276.0 24.9 3327
B (Side 1) 49.1 387.7 512 571.8
B (Side 2) 55.1 478.1 52.8 620.6

15
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91.6 B (Side 2) 38.9 B (Side 2) 69.4 B (Side 2) 92.3 The six embossed samples, as well as the
two samples that are unembossed, are placed between two panes of glass and laminated. Lamination
is a multistep process in which the poly( vinyl butyral) sheets and glass are converted to a combined
final form of Ssafetysglasshaving desirable performance and optical clarity sbarecienigicsss

Vacuum bag deairing is a technique that is used to evacuate air from a rigid substrate/interlayer/rigid
substrate construction prior to the final step of autoclaving. It frequently can be employed to improve
autoclave yields in commercial operations. Samples are placed in a resilient rubber bag, which is then
evacuated by a vacuumbieseshOmated-teutherboigitdn0ne ambedimentathe dag:is Braughipp:to and
held at a tempeare, of about 29 for,60 Fiputas, and tne (9 120G, {0120 mingics whle under
vacuum. The bag'is then Eboiedahd the résu tin pane‘iels removed a dSpTa éd'in an autoclave for
final finishing. Light transmission measurements, as a percentage, are taken after vacuum bag
15deairing and before autoclaving. A higher numberi&q'cgtes low cloudiness, which means that little
or no air remains i igi bstrate/interlayer/rigid substrate construct. Mottle measurements are

ey S R S i R St

_Light ttansmission istested with an adhesion photom
%:P SRR i)
minate i

cla

taken after au (Tokyo Denslgoku
#5- 20904356). Eac is_tested eight times at dispersed locations throughout the lamingte,
and the eight fesults are averaPed to give lightjtransngigsion, ag showrgin Table|9, where LT is Iﬁght
transmission. Fable-9.28 '
A (Side 1) 28.7 281.8 30.2 300.5
A (Side 2) 30.2 273.3 313 293.6
B (Side 1) 50.8 3743 351 450.3
B (Side 2) 51.0 370.3 52.6 429.4
5
‘Table 7 shows the results for interlayers formed from sample A and from sample
B that are embossed at 204°C (400°F) at a rate of 4.6 meters (15 feet) per minute.
Table 7
Sample CMD MD
.Rz RSM Rz RSM
A (Side 1) 47.4 2778 49.0 292.1
A (Side 2) 50.4 294.9 50.7 269.5
B (Side 1) 60.9 284.3 65.8 305.9
B (Side 2) 60.9 330.8 64.6 2951
10

From the data in Tables 1 through 7, permanence values for each of the six

embossed interfayers are determined, according to the method provided elsewhere herein.
Results are provided in Table &.
Table 8

174°C at 7.6 meters per | 193°C at 7.6 meters per | 204°C at 4.6 meters per
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Mottle is determined as described elsewhere herein, with results from 5 observers averaged to provide
a final mottle grade. Results are shown in Table 10, where "Smp" is sample, "MD" is machine

- direction, "CMD" is cross machine direction, and "Final" is 5the mottle grade, which is the greater of
the machine directies:amd.cross machine direction results. Table 10 UnembossedoodiddGsat 7.6
meteper minute 193C at 7.6 meters per minute 204C at 4,6 meters per minute Smp Mottle (MD/
CMD/Final) Smp Mottle (MD/ CMD/Final) Snip Mottle

minute minute minute

Sample | Permanence | Sample | Permanence | Sample | Permanence

A (Side 1) 52.0 A (Side 1) 67.1 A (Side 1) 89.0

A (Side 2) 418 A (Side 2) 67.4 A (Side 2) 90.2

B (Side 1) 449 B (Side 1) 70.2 B (Side 1) 91.6

B (Side 2) 38.9 B (5ide 2) 69.4 B (Side 2) 92.3

The six embossed samples, as well as the two samples that are unembossed, are
placed between two panes of glass and laminated. Lamination is a multistep process in
which the poly(vinyl butyral) sheets and glass are converted to a combined final form of

5  safety glass having desirable performance and optical clarity characteristics,

Vacuum bag deairing is a technique that is used to evacuate air from a rigid
substrate/interlayer/rigid substrate construction prior to the final step of autoclaving, It
frequently can be employed to improve autoclave yields in commercial operations.
Samples are placed in a resilient rubber bag, which is then evacuated by a vacuum hose

10 mated to the bag. In one embodiment, the bag is brought up to and held at a temperature
of about 50°C for 60 minutes and then to 120°C for 20 minutes while under vacuum,
The bag 1s then cooled and the resulting panel is removed and placed in an autoclave for
final finishing.

Light transmission measurements, as a percentage, are taken after vacuum bag

15 deairing and before autoclaving. A higher number indicates low cloudiness, which
means that little or no air remains in the rigid substrate/interlaver/rigid substrate
construct,

Mottle measurements are taken after autoclaving.

Light transmission is tested with an adhesion photometer (Tokyo Denshoku #5-

20 904356). Each laminate is tested eight times at dispersed locations throughout the
laminate, and the eight results are averaged to give light transmission, as shown in Table

9, where LT is light transmission,

Table 9
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(MD/ CMD/Ave) Smp Mottle (MD/ CMD/Final) 1/1/1 A 1/1/1 A 1/1/1 A 1/1/1 3.0/3.8/3.8 3.4/3.4/3.4

2.8/2.8/2.8 2.8/2.8/2.8

i0

WO 2008/134594 POT/US2008/061688
174°C at 7.6 193°Cat 7.6 204°C at 4.6
Unembossed meters per meters per meters per
minute minute minute
Sample | LT | Sample | LT | Sample LT Sample | LT
A 63.4 A 89.4 A 99.6 A 99.4
B 67.8 B 99.0 B 99.5 B 99.4

Mottle 1s determined as described elsewhere herein, with results from 5 observers
averaged to provide a final mottle grade. Results are shown in Table 10, where “Smp” is
sample, “MD” is machine direction, “CMD” is cross machine direction, and “Final” is
the mottle grade, which is the greater of the machine direction and cross machine

direction results.

Table 10
174°C at 7.6 193°Cat7.6 204°C at 4.6
Unembossed ) . .
meters per minute | meters per minute | meters per minute
Mottle Moitle Mottle Mottle
Smp (MDY Smp (MD/ Smp (MDy/ Smp (MD/
CMD/Final) CMD/Final) CMD/ Ave) CMD/Finah
A 1/1/1 A /171 A 1/1/1 A 1/1/1
B 3.0/3.8/3.8 B 3.4/34/3.4 B | 2.8/2.8/28 B 2.8/2.8/2.8

By virtue of the present invention, it is now possible to provide muitiple layer

windshields and architectural windows,
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interlayers that reduce sound transmission and that are easily handled and readily

incorporated into multiple layer constructs, such as laminated glass panels for




10By virtue of the present invention, it is now possible to provide multiple layer interlayers that reduce
sound transmission and that are easily handled and readily incorporated into multiple layer constructs,
- such as laminated glass panels for windshields and architectural windows. WO

2008/134594RC g8 2E68/061688 While the invention has been descritigadisitieseiesence to
exemplary embodiments, it will be understood by those skilled in the art that various changes may 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 5 particular situation or material to
the teachings of the inventiothwitheut ceparteag flesrthel essentfatseope thergdisiTherefore, it is
intended that the Jnyeationnqt b imifed (o e paiculey smpodiments diselosied s e st mode
contemplated for carrying out this Invention, but that the invention will include all embodiments falling
within the scopéofithi appendedictaimsy 16Iswhillifuttddrbe amer stoorbthatiany dfthieiramges, values,

or characteristics 0iven.foF ApY.S0gleCOMRINEDL ofthe RIssRRLiYetiancan. e wsed interchangeably

with any ranges, values, or characteristics given for any of the other components of the invention,
where compatiblai g armtaHiempioaitient Rabme wfirsPEInds foliencr Brihdesripantnts, as given

herein throughayt &Q¢2xamB|R @Ry Melaysk:canshedarmet L3sompeising resituahasgtate content
in any of the ranges given in addition to any of the ranges given for plasticizer, as well as having any of

the Rz, Ram, affef peHiTAHe e 921 mes e oHHére Mo gRate 8 fomml Hedry ermitatsh & that are
within the scopeetiinepragenkinventiontloutdiiaiwitde die-athmbersamaltm§stithin thduryfigeie
reference numb[g(l;s ?ivege\git in_the abstract or any claims are for 20illustrative purposes only and

should not be constiiéd 1o Iinfit the claimed invention to any one particular embodiment shown in any

figure. Figlites are notltivallfutthschtevnritesswitierwisedhticatedes. vaBastvreferenicasivslgding journal

efeue ABIRn s hersbwinromerated by rfernce in it

articles, pate”ﬁué‘ﬁ’%%@@ée@%&%ﬂ%ﬁh
entirety. 25 We claim: 1."A polymer interlayer comprising: a first polymer layer comprising a

plasticized therfibptastit polyrnehaBstsaesrEpelyheraydted mpriag RO prastiel 288 thertidplastic
polymer; and, here compatible, to form an embodiment having defined values for each of the
compenents, ag given herein throughout. For example, a polymer layer can be formed
15  comprising residual acetate content in any of the ranges given in addition to any of the
ranges given for plasticizer, as well as having any of the Rz, Rem, and permanence values
given, where appropriate, to form many permutations that are within the scope of the
present invention but that would be cumbersome to list.
Any figure reference numbers given within the abstract or any claims are for
20 illustrative purposes only and should not be construed to limit the claimed invention to
any one particilar embodiment shown in any figure,
Figures are not drawn to scale unless otherwise indicated.
Each reference, including journal articles, patents, applications, and books,
referred to herein is hereby incorporated by reference in its entirety.
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a third polymer layer comprising a plasticized thermoplastic polymer, wherein said second polymer
layer is disposed between said first polymer layer and said third polymer layer; wherein said first
polymer layer has a tensile break stress that is at least 15 10kilograms per square centimeter greater
than the tensile break stress of said second polymer layer; wherein said third polymer layer has a
tensile break stress that is at least 15 kilograms per square centimeter greater than the tensile break
stress of said second polymer layer; 15wherein the surface of said first polymer layer opposite said
second polymer layer has an embossed Rz value of 50 to 90 microns; and, wherein said first polymer
layer has a thicki¥eesi®:05 to 0.71 millimeters. 2. The interlayer of claim 1, wherein said surface
of said first polyqng\r Ia@r (:FPOSite 20said second polymer layer has an embossed Rsm value of less
than 700 microns.” P S HEHEAESAPREEEREIm 1, wherein the surface of said third polymer layer
opposite said second qup%%{ylnqgﬁ% has an embossed Rz value of 50 to 90 microns, an embossed

25Rsm value of less than 700’ Microns, And & permanance of TES8YARRIT 88¥4 950 4. The
interlayer of claim 1, whaleiRsalf s\ eRaIet avgT 5t aeeond RANIEL layer, and said third

polymer layer each comprise poly(vinyl butyral). he interlayer cla; , Wﬁearrgm the surface of
said first polymer layer eppositereaidyeecanspaly MesdareshasARauRossaA.Rz value of 50 to 70
microns. 35 6. A polymer interlayer comprising: a first polymer layer comprising a plasticized
thermoplastic polymeryveesstoad polymevhayer epmiprisipgsadplasticizesdieimepstigeelymer; and, a
third polymer layer comprisidhdprasticss Edahermoplastic polymer; 40wherein said second polymer

layer is disposed between said first polymer layer and said third polymer layer;
wherein said first polymer fayer has a tensile break stress that is at least 15

10 kilograms per square centimeter greater than the tensile break stress of said
second pofymer layer;

whereiﬂ said third polymer layer has a tensile break stress that is at least 15
kilograms per square centimeter greater than the tensile break stress of said
second polymer layer;

15 wherein the surface of said first polymer layer opposite said second polymer layer
has an embossed Rz vaiue of 50 to 80 microns; and,

wherein said first polymer layer has a thickness 0.05 to 0.74 millimeters.

2. The interlayer of claim 1, wherein said surface of said first polymer layer opposite
20 said second polymer layer has an embossed Rsm vaiue of less than 700 microns.

_13. The interiayer of claim 1, wherein the surface of said third polymer layer opposite
said second polymer layer has an embossed Rz vaiue of 50 to 90 microns, an embossed
25 Rsm value of less than 700 microns, and a permanence of less than 95%.

4, Tbe En}:eriayer of claim 1, wherein said first polymer layer, said second polymer layer,
and said third polymer layer each comprise poly{vinyl butyral)

30

5. The interlayer of ciaim 1, wherein the surface of said first polymer layer opposite said
second polymer layer has an embossed Rz value of 50 to 70 microns.

35
6. A polymer interlayer comprising:

a first polymer layer comprising a plasticized thermoplastic polymer;
a second polymer layer comprising a plasticized thermoplastic polymer; and,
& third polymer layer comprising a plasticized thermoplastic polymer,

40 wherein said second polymer layer is disposed between said first polymer layer
and said third polymer layer;
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wherein said first polymer layer has a tensile break stress that is at least 15 kilograms per square
centimeter greater than the tensile break stress of said second polymer layer; wherein said third
polymer layer has a tensile break stress that is at least 15 5kilograms per square centimeter greater
than the tensile break stress of said second polymer layer; wherein the surface of said first polymer
layer opposite said second polymer layer has a permanence value of less than 95%; and wherein
said surface of said first polymer layer opposite said second polymer 10layer has an Rz value of 50 to
90 microns and a thickness of 0.05 to 0.71 millimeters. 7. A polymer interlayer comprising: a first
polymer layer comprisifigraipredstitiveriteanirypldstic polgiadreabstsesthnd ipolyener layer comprising a
plasticized thermoplaé‘t‘i'ﬁﬂéfér 3?;%%%%#@%%??@@@7& BeiTpRSREeapERtZ éd'¢hermoplastic
polymer; wherein said*second’ iﬁ(’ﬂy?maé?3 'iayer is disposed between said first polymer layer and said third
polymer layer; wittRETeIn.SAK fiRl-Relmenlaverhas %@%ﬁfgﬁw%h&%@@t of less than 25
20weight gercent; whereisaidsecnd palmariayardas.a resi SHPXYLEORERE of less than 23
weight percent; whereincthe sulsfacelgksaid first polymer layer opposite said second polymer layer has
an embossed Rsm value of less than 700 microns; and 25wherein said surface of said first polymer

layer opposite said setbeidipdlgrisierdEshiddinhrRywel lryofoboopiOeriticrans andieethégkness of 0.05
to 0.71 millimeters. has a permarnence value of less than 85%; and

wherein said surface of said first polymer layer opposite said second polymer
10 tayer has an Rz value of 50 to 90 microns and a thickness of 0.08t0 0.71
millimeters.

7. A polymer interlayer comprising:
a first polymer tayer compriging a plasticized thermoplastic polymer;
15 a second polymer layer comprising a plasticized thermoplastic polymer: and
a third polymer {ayer comprising a plasticized thermoplastic poiymer;

wherein said second polymer layer is disposed between said first polymer fayer
and said third polymer layer;

wherein said first polymer layer has a residual hydroxyl content of less than 25
20 weight percent;

wherein said second polymer layer has a residual hydroxyl content of less than
23 weight percent;

wherein the surface of said first polymer layer opposite said second polymer layer
has an embossed Rsm value of less than 700 microns; and

25 wherein said surface of said first polymer layer opposite said second polymer
fayer has an Rz value of 50 to 90 microns and a thickness of 0.05 to §.71
millimeters.
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