SOUND REDUCI NG WEDGE SHAPED PCLYMER | NTERLAYERS FI ELD OF THE | NVENTI ON The
present inventionis in the field of polyner interlayers and nultiple |ayer
gl ass pangboemepisosi ng pol ymer interlayers, and, nore epeaisbooeabdsgy t he
present invention is in the field of wedge shaped pol ynmer interlayers.
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20 Safety glass interlayers have also been used as an important component in
automobile head-up display (HUD) systems, which can provide, for example, an
instrument cluster image at the eye level of a driver of the automobile. Such a display
allows a driver to stay focused on the upcoming road while visually accessing dash board
information. One type of interlayer used in such head-up display systems is wedge

25  shaped in vertical cross section. The wedge shape of the interlayer is used to provide the
correct light dynamics through the windshield required for a head up display.
Unfortunately, as with standard windshields, head up display windshields can also lead to
an undesirablely high noise transmission level through the windshield.

Accordingly, further improved compositions and methods are needed to enhance

30 the sound dampening characteristics of multiple layer glass panels, and specifically
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shaped windshield interlayers incorporating an acoustic polymer sheet can

advantageously be used to limit sound transmission through a windshield and into a

20  vehicle. Wedge shaped interlayers of the present invention are particularly useful in
automobiles in which a “heads up” display is provided and for which non-parallel glass
layers are typically used in the windshield laminate.

As will be described in detail herein, windshield interlayers of the present

invention are wedge shaped. As used herein, an interlayer or polymer sheet is said to be

25  “wedge shaped” if the average thickness of the interlayer or polymer sheet as measured at
one edge is at least 0.13 millimeters greater than the average thickness of the interlayer or
polymer sheet as measured at the opposite edge. Wedge shaped interlayers of the present
invention, in cross section, can resemble, for example, an isosceles trapezoid or a right
trapezoid, among others, when they are first formed. The thickness transitions of the

30  cross-section of the polymer sheet can occur gradually, or can be immediate. The rate of

the thickness change from one edge of the polymer sheet to the opposite edge can be
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20  iftwo separate polymer sheets — an acoustic and a non acoustic — had been laminated

together. In yet other embodiments, a first acoustic polymer melt and a second, different
acoustic polymer melt can be coextruded to form a wedge shaped interlayer having two
different acoustic regions. Again, each region approximates a layer within the sheet.
For any of the coextrusion embodiments described in the previous paragraph, a

25  further coextrusion region can be formed from acoustic or non acoustic material, as
desired. For example, a wedge shaped polymer sheet can be formed by coextruding an
acoustic polymer melt between two non acoustic polymer melis to form a three region
wedge shaped polymer sheet that can be used as a noise suppressing interlayer. This
embodiment has the advantage of relatively low blocking. Further coextrusion regions

30  can be formed with tinted melts, for example, to form color gradient regions within the
polymer sheet.
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20 embodiments, one edge of the wedge shaped interlayer can have an edge with a thickness

(T2) that is at least 0.13 millimeters, at least 0.2 millimeters, at least 0.3 millimeters, at

least 0.4 millimeters, at least 0.5 millimeters, at least 0.7 millimeters, or at least 1.0

millimeters greater than the thickness of the opposite edge (T1), which difference forms a

wedge shape. Further, T1, as shown in Figure 1, can have a thickness of, for example, at
25  least 0.38 millimeters, at least 0.45 millimeters, at least 0.75 millimeters, at least 1.0 mm,
and/or from 0.38 to 2.5 millimeters, 0.4 to 2.0 millimeters, 0.5 to 1.75 millimeters, or 0.6
to 1.5 millimeters.
The schematic representation of one embodiment of a wedge shaped interlayer of
the present invention illustrated in Figure 1 shows a thickness transition of the cross-
30  section of the polymer sheet that occurs immediately and at a continuous and constant

rate of the thickness change.
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acoustic or non acoustic and wedge shaped or non wedge shaped can be incorporated.

Any suitable configuration of polymer sheets and sheet types can be used to form a
wedge shaped interlayer, and in various embodiments, the overall dimensions of these

20 multiple layered interlayers will be within the ranges given above for thicknesses for
single polymer sheet embodiments.

In various embodiments, a polymer film layer such as poly(ethylene
terephthalate), as described elsewhere herein, can be included in a multiple layer
construct of the present invention. For example, a polymer film can be included between

25  the wedge shaped polymer sheet 14 and the flat polymer sheet 12 in Figure 1 to produce a
three layer embodiment in which a polymer film is incorporated between two polymer
layers. In yet further embodiments, two or more polymer films can be incorporated into
multiple layer interlayer embodiments of the present invention.

In various embodiments of the present invention, interlayers of the present

30 invention, when laminated between two sheets of glass panes, reduce the transmission of
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20  interlayers of the present invention.

The present invention also includes methods of manufacturing a multiple layer
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

25  windshields and architectural windows, comprising a multiple layer interlayer of the
present invention. Also included are multiple layer glazing panels having plastics, such

as acrylics, or other suitable materials in place of the glass panels.

POLYMER FILM
30 As used herein, a “polymer film” means a relatively thin and rigid polymer layer
that functions as a performance enhancing layer. Polymer films differ from polymer
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such as pol ypﬁ@ﬁ%’éﬂe@f" ]g‘éﬁ%?l‘?sﬁgo mﬁ?‘@%\égﬂﬁ@e’é iﬁ]i%h%oéqpasgssa,tgwﬁa&g% ori de
]pol ymers gnd ﬁﬁ@x‘iﬁlb’ﬁ_ﬂfo{ﬁgﬂféﬂnﬁﬂ]&ﬁb iﬂé&:rials[&a%gﬁg mﬁmew| diem&mfyl_ollm,hehpo! ymer )

il mconprises materials such as restret t her mopl.ast i [ aving the
not ed proper t§ORSIeReE RoYHES Hﬁ¥°$Wn9@§P8$’QE%%SW AP Eﬂgpr i ‘f?gﬁ]tog‘? t he

pol ymer fil m LommRE hiESialtat&QPinSdhforidé plghytsahl vhlendreseinhé hiel. at e), and, in

vari ous enbodi ments, the p [yet hyl ene” t erepht hal ate has, been bi axially
stretched to i nprd%&adqus gmge Ple’éf%/r&}“eo?dﬂ%%rfﬁ%‘ﬁ“WBﬁ“ﬁ%Psls ‘";lb?frf'o provi de

| ow shri nkagesyetaéPmhb@idpisic SimAHARNS tHejnd el Pebpeties, | vihieH iacludeprinisuies (e. g.

| ess than 2% shrinkage. in both directions after 3Q mputes at 150C). An
addi ti onal® t y{EoBT epndimgts, fb,emﬁyp}?aﬁ[ng SQPOpFESCR gitFte HPQQigetﬁ?a’]g’éee nt

i nventi on, m&fébhﬂaﬁa@?ﬁﬁdﬁ@%oh@e%oﬁimﬁﬁi etpobyeltlend @fephiaipy HaS 86ena
mul titude of nonmetallic layers that function to reflect jnfrar radi ation
wi t hout cr eat Mipgalbrisiched tepmprove sirengthnangdfor hias ooy heaf SWE‘E‘&‘F‘* tP(P“?":’i% ¥ In

various enbodinRiRieS chii@erRBtYWEn shbjeiFRIIdVaNe tenpeRingkd\@$S1e8S théh P43
shrinkage in both directions after 30 minutes at 150°C). 4
20 An additional type of polymer film that can be used with the present invention,
which is described in U.S. Patent 6,797,396, comprises a multitude of nonmetallic layers
that function to reflect infrared radiation without creating interference that can be cansed -

by metallic layers.
In various embodiments, the polymer film can have a thickness of 0.013

25  millimeters to 0.20 millimeters, 0.025 millimeters to 0.10 millimeters, or 0.04 to 0.06
millimeters. The polymer film can optionally be surface treated or coated with a
functional performance layer to improve one or more propetrties, such as adhesion or
infrared radiation reflection. These functional performance layers include, for example, a
multi-layer stack for reflecting infra-red solar radiation and transmitting visible light

30 when exposed to sunlight. This multi-layer stack is known in the art (see, for example,
WO 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one or more



mllimeters to 0.20 mllineters, 0.025 mlIlineters to 0.10 mllineters, or
0.04 to 0.06 mlIlineters. The polyner filmcan optionally be surface
treated owocoai®ieni t h a functional performance | ayer tecrngscaéaomse oOr
nore properties, such as adhesion or infrared radiation reflection. These

functional perfornmange.l ayers incl.ude xanm lir ck for
reflecting i n[;?gé&?’ﬂﬁiﬁ‘é%(l Iﬁ%/tglrl%?’c?fs FdgRe gﬁﬂoﬁer@ § "tq? g W?o) Q%L%Phﬂigﬁoﬁﬁéd\?men
exposed to s dlytcoopenitimgidldcirid layees. Ad iaako lmovm@mforwxam@edﬂ B. ltas@és for

xanpl 6. one %ﬁ@ﬁ%@?%@ RpER R e ol GRABID iy O

exanpl e two) I&eﬂuwtdbﬁbdtmg dﬁwsggi@dofaﬁjbhswahtbdlgl@ssdwﬁt\?angum(ammdl c

4736, 789, TRt Fpo T PR P LI P AR L

heated for defilR%hdt Bsh Rruseteivilg Gepgeserit m;mmadjsabged igpatdishddBpeorean Var i ous

coating and surface tre chni gues .f or pol Iene { hal at e)
filmand ot hegpfﬂ’(ﬂawo‘gﬁgﬁ@bt %@Wﬁ%ﬂ“’ﬁé’f&?@ﬁgﬂtﬁé cri’%lsalesn c?‘%\gteant ion are
di scl osed hi K&'&Hohtsdﬂ%rﬁwf@ﬂﬂfgﬂay%ﬁ%b&&hbﬁﬂiﬂ\kheaﬂlS?OBO Pol ymer filns of
the present invention can also include a hardcoat and/or and antifog | ayer,
as are known in the art. POLYMER SHEET As used herein, a "polyner sheet”
means anyid hepOopPMER SEEPDP! ynmer conposition formed by any suitable nethod
into a thin layer that_ js suita one, or in stacks.of . nore t

| ayer, for use as WP‘FI?%?‘P@%/&P&’W&&%&&W%%“ %“cﬁ’é)}?glfefﬁ?mgosghog

resi stance anfrgédsssanyehi@ibld Aethed BRAY thindiaydr chat ammwl@aom azin gclsa elose

Pl astici zed pol yvi nyl butyral) | S nmost, conmp used to, form pol nery
sheets. Pol yniban eirdayes ot use s anmieriayqr that proxt e?) eqpge B@Sﬁ%tlolnée%%ﬁ%? sheet s

Or non acoust gssREkMBRprépefiRE fo labmatéd ethzhgpandls. RasticRedpsly(vinypaltyraBis sheet "
Is a polyner sheet that has a gl ass trgnleon tenperature of |ess than 25C

and t hat = Bhus@estspmmeply vetto doriHeP YR s8%at si on | oss, as defined el sewhere

herein and whi ch caylyhg sh®aseffiRpraendasdtibh e a&ilﬁﬁﬂ\ﬂﬂylﬁeﬂbﬁé@scﬁrncﬁf at | east
2 deci bels. In various enbodi ments, acoustic sheet.s of the Qresent

oly
i nvent i on havecoystisPelyimes sheets; éﬁ“ﬁ%‘rﬁi%taﬂr%‘é’“gP 5’§§‘r ghrsh v polypgrcbssth oy

20C, | ess t haphainl Foniks frfSBioh Rakpeld@Eof 10kY thah TFRCREd Blhae@iusds ah kaprovédd>C.  Non

acoustic polyner sheets are pol yper sheets that hoth do pot have a gl ass
transition sound transmission loss, as defined elsewhere herein and which can be measured as

20  described elsewhere herein, of at least 2 decibels. In various embodiments, acoustic
polymer sheets of the present invention have glass transition temperatures of less than
25°C, less than 20°C, less than 15°C, or less than 10°C, while being greater than -15°C.
Non acoustic polymer sheets are polymer sheets that both do not have a glass transition
temperatures of less than 25°C and that cause an improvement in sound transmission loss

25  of less than 2 decibels when compared with an otherwise equivalent polymer sheet
having a glass transition temperature of between 30-33°C. Further, as used herein, an
“acoustic polymer melt” is any polymer melt that, when formed into a polymer sheet, has
the qualities just described for an acoustic polymer sheet, and a “non acoustic polymer
melt” is any polymer melt that, when formed into a polymer sheet, has the qualities just

30  described for a non acoustic polymer sheet.



tenperatures of less than 25C and that cause an inprovenent in sound
transm ssion | oss of |less than 2 deci bels when conpared with an ot herw se
equi val envopodsymegsosheet havi ng a gl ass transition tenpecatuse@codosbet ween
30-330C. Further, as used herein, an "acoustic polynmer nelt"” is any pol yner

melt that, when foyned into a er eet. has, t | L] |
described for an a&ﬂﬂ&?@%‘i’?ﬁg%gﬁﬁeﬁ%gﬁﬁlaawa%ggﬁagg%ﬁ(gﬁé&%ﬁtg%&e?e nelt"
i s any pol ymeforsi®d throubithe biaé of fwar ormtbre differeat paiymentrmatbniads.  Inlserme t he
qualities just described. for non acoust..c. po ., sheet. ) ol ymer
Tort thar | 5 SRR 6o PoREEAeRcan s PR A R Sh P el
tPﬂr)oggh the bA@B@n&lf: sﬁewoﬁﬁedrmfoﬁgldédcﬁeﬁzﬁlttﬂra]amhyatMathnalgiaesﬂrmsﬁionI n some
enbodi ments, a single pa t~Sheet. can exhibit nultiple gl.ass transition
t enper at ur s.teﬂp’fﬂq‘%?@ tc’faﬁt“ﬁ"é’ohefw&ij‘ﬁ;)@&@ﬁe %glﬁ%ﬁan‘%% “RRLUEC | east
one gl ass tr agSedsitiem 2sepperature | ess than 250C3 as used herein, is said to
have a glass transjtjon tenperature.of |e t han 25C. A singl e pal.yner
sheet that is forrﬁleamglﬁﬁ’%%r %lileﬁt(fg%t‘? &’%}ﬁfiﬁ%@égg@‘?fﬁs‘ﬁﬁnwﬁgﬁf?‘g@%}ﬁﬁic
pol ymer melt gddstR pdBfedERHShd £ n@DAcsiRtc piBider flcR atoNtirudddth fom & singlea

si ngl e wedge shaped poql ymer sheet having an acoustjc region and a non
acoustic regi\’)’ﬁ‘iJl & H‘?gp Y’E"\‘Rﬁi’ﬁ?ﬁﬁﬂ%a’b SHIGTPERR Py aoqpntagwggpgetgtﬂnecgni n whi ch
?t | east pmfe ﬁﬁeftﬁi@oﬂﬁﬁéfgldsi@ﬁ:_%iti‘oh@émﬁeﬁm@dfﬁtvkhigﬁatiléﬁsﬂﬁssf{hﬁghss;ggcand at
east one of the glass transjtion t ratures is eat er, t han :
Simlarly, a V@Hﬁg’lﬁ’i’éﬁ?&?‘mﬂf ?Q’?@gg}pﬁ?ﬁé’? %%ﬁ%PP%%@L%aa%?J@%‘ P pol yner
sheet and a ngmpaeafstié Seftél tHaEIs°ocheet, wherein at | east one of the pol yner
sheets i s wedge shaped, can have nultiple glass transitian tenperatures
wherei n at | east éf@ﬂslflmtam&@dg?%‘bégéw gﬂ%renb% cquuses Ay agPwstc pelypgtshestand H50c

and at | east Ph¢h RbudidPoFhRS shebt] FRsreinl 0Radt SAPES BE PolgmbSshadteRtvared haped?50C.
The pol yner sheet can conprise any suitable

[ oI,yrrE{, and, .in @ﬁpref.erred
enbodi ment?  t $8 H3¥¢ Pritipleginss fransging terarseatiyss Vg@ﬂe’ﬁﬁ B OP¢ %‘T'%’?g LRSI ¢t he
enbodi ment s OfentpBRiésas RES thhd R Otah@ Bt 18dsY 8k JTEHSI5bs thdditi haBmpdrseredo! y(vi nyl
butyral) as the pol yneric conponent of the polymer sheet, another
enmbodi nent | sSeEHel B Cn which the pol ymer conponent consists of or

consi sts essenti altné flyne kikeddaRbbmBHictnd slitableholydE Qnd, in a preferred
embodiment, the polymer sheet comprises poly(vinyl butyral). In any of the

20  embodiments of the present invention given herein that comprise poly(vinyl butyral) as
the polymeric component of the polymer sheet, another embodiment is included in which
the polymer component consists of or consists essentially of poly(vinyl butyral). In these
embodiments, any of the variations in additives disclosed herein can be used with the
polymer sheet having a polymer consisting of or consisting essentially of poly(vinyl

25  butyral).

In one embodiment, the polymer sheet comprises a polymer based on partially .
acetalized poly(vinyl alcohol)s. In another embodiment, the polymer sheet comprises a
polymer selected from the group consisting of poly(vinyl butyral), polyurethane,
polyvinyl chloride, poly(ethylene vinyl acetate), combinations thereof, and the like. In

30  other embodiments, the polymer sheet comprises plasticized poly(vinyl butyral). In
further embodiments the polymer sheet comprises poly(vinyl butyral) and one or more



enbodi nents, any of the variations in additives disclosed herein can be
used with the polynmer sheet having a polynmer consisting of or consisting
essent i alwg 2066/ppodoy ( vi nyl butyral). In one enbodi ment, troe/ysedognessssheet
conprises a pol yner based on partially . acetallzed pon(V|nyI al cohol ) s.

I'n anot her enmpggd %‘i@fh%ﬂfgﬁ} hSQenStiPPlepBhSeiafGlsgd from
the group cogg‘?st of poI y(Vviny utyral), poI yur et har?e pol yvi nyl
chl ori de, pol W'éﬂeﬁryl ene vinyl acetate), conbinations thereof, and the |iKke.

In other enmbodi meng,s, hﬁﬁa F%ﬁ@er%ﬁ%?&ﬁ%@fcﬁé@&n@é@%ﬁ&' a?n%r BRIy ny!

butyral). In further e t sheet “conprises poly &qlnl
T

butyral ) and @nen@nsmrﬂ@glﬂmﬁvpm(mb (ﬁepxmlgmﬁwhwﬂlngwams t abl e
| t t
gl ass trangi ié]ﬁéhpr P& H&ﬁ H&%Eh o5, Qm@&eys%sgf ﬁhré’c@%ogi—eﬁﬂaﬁcﬁfﬁd!iﬂ%%

herein in whi err anges, val ues S are diven

speci fical 'y these jpages alsp ngply,wtesﬂrwbblcabko‘m thxethe nolyreensiandipolyoner blepds t at i on,
for plasticizgggese 8?1933&%%5&1% #&Eﬁ% %ﬁ#ﬁéﬁ%ﬁé&@s and
It1Ves 0S

characteristic- en anci ng ad anges al so apply, where

applicable, to theF(meméﬂdlpmmymmmqbdwmuﬁbﬂéﬁhkspdﬂsmvmﬂhemqw as

useful as co RL SRR

pol y(vi nyl %Ykﬁe po%'yw @Pgﬁ}c%s?{t%hcan %%&g?%ﬁﬂgmlg‘}éiﬂr@m

acetal i zal@ onb‘pmbz kysdsdn thearesenve of areacidkentalyshdolbmred(byinaytalizbtiomivdithe wi t h

but yral dehyde_j.5 I ,

neutralizati ond o¥§t{gﬁgﬁ&ﬁ)§l§§&&fﬁl parg{yﬁg O%tﬂgetrg ’Ilezhgkl% g%&gwgémﬁﬂiﬁtﬁn

the resin, w onuhembmthﬁsfé,zmdiunUlydml dontepbwillhesconimdited; avelascsibed esi dual

hydroxyl cont got e{%e controll ed, as described el sewhere herein. In
e

vari ous errbodl ments, pol yrer resi n can conprise less than 25 wt. %
resi dual ester grdup’gmt@@mbpdin%lts,ltﬁepmlym%rpsiﬂeaxwtompiziﬁeIéswmani%wt% . % or

| ess t han I b o} Y oAS loy Vi et at e,
witht he il ‘é‘fﬁ(s:uehﬁl %ﬁﬂeg&%an ‘E’gé’ lgjg\;lﬂ ’%yg‘?ﬁ } a%tvjvgl/ﬁgsgﬁ éée{gﬁss%éf erably
but yr al dehydewaé/etmidpall@sibr gpupsaazhlbied ampdlyﬁnyigtcmth,emtlaﬂnebaihncg;cahmshann a.

e
but yr aI ) havi ingluding other acetal groups in a minor amount, e.g., a 2-ethyl hexanal group (see, for
example, U.S. Patent 5,137,954).
20 In various embodiments it is advantageous to use poly(vinyl butyral) having a
residual poly(viny! alcohol) content, by weight, of 9% to 50%, 10% to 50%, 11% to 40%,
15% to 30%, or 20% to 30%, although other ranges can be used as well. It is also
advantageous in some applications to use poly(vinyl butyral) having a residual poly(vinyl
alcohol) content, by weight, of greater than 25%, greater than 27%, or greater than 30%.
25 In various embodiments, the polymer sheet 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 mole (g/mole or Daltons). Small quantities of a
dialdehyde or trialdehyde can also be added during the acetalization step to increase
molecular weight to greater than 350 Daltons (see, for example, U.S. Patents 4,874,814;
30 4,814,529; and 4,654,179). As used herein, the term “molecular weight” means the

weight average molecular weight.
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resi dual pol y(vinyl alcohol) content, by weight, of 9%to 50% 10%to 50%
11%to 40% 15%to 30% or 20%to 30% although other ranges can be used as
well. 1t we aboimdvant ageous in sonme applications to useTmskeoswosrgd
butyral) having a residual poly(vinyl alcohol) content, by weight, of

greater than 25% ]};@ﬂ o r A Vari .
enbodi nents, the pgga?r%ﬁgesn&ueet %n(z)srr%‘lp?fsyg%%ge%é()\am% Pesglgg%vreg%n’ a%/%%ﬁsug
mol ecul ar wei pilymeprsbegtesantcheprig0l 00090, 1400 88,30 16600500 66200080, 26 o BBeEnd

65, 000, 70,00 , » ;

Dal t ons) . Sma?? tocj:]@gjr?? ??‘Fsetgc E%? 19 eg%g? (g%%%%gég%gl) %?I?Srg‘? %ghrfgg{hgﬁéﬂg@c%%%{gr added
during the achsused asisiappropriaspfor theipadicelasapplicdtioou The polg(vigiyt butyaly sksgt er t han
350 Dalt . , ; ; d
4,654, 170)° QR oAy sbl il BkSely S D s Blicierfekond Y
aver age nol ecbhirdredertgbiiresih. Inesoeembedibedisfbaplstizepldsyhydrosivbat ssgmenit he

present invenj il E% oust | shee n n%Ei’s 9@, 15 to
85, 20 to 60, ngélt 0 ,’%gsotﬂg%i%begg%nn?% ofge,ss a%:a?(ggarﬁ% ﬁ:#gl%ﬁ%ts%qi ci zer
per hundred r plastivizt @inbé adjpsted ®. affeft thoglesdraotitien teopperaturd ofdke mdy(vingl used as

IS appropri atg t{/rrgf shdle part i cular application. The poly(vinyl butyral)
sheet preferalf onprises 20 to 80, and nore preferably 25 to 60, parts

pl asticizéd per onEGodvantibmelngeacosstiofpolyédnyl bulyral siatedaysniypitiatiy hdss, glishe

pl asticizer has a. hydrocarbon.segnen J€ss. than . l.es n | ess
Phan 12 “or | Datop St RERal ol BT Rl Par® Wit o ip BB ol
adj ust ed t o afrbmabn bdvastid iatslayet dneirioowayseinpladiag uiodifhtidre (HEpahylé vatioyolf
butyral) sheet,. nvent i on acousti.c. pol y(vinyl butyral).interlayer
Pyor cal |y has iy it o R0 aRBtRinet B et i R & 350
Acoust i c r ol yfoeetaligdtiohpthy teagth of aldelgidé gmups, andionhe amcwatt sf plasticizeerHoayer i n
vari ous s,.including nodification tq . the.,male ratio of the.average
mrount - of Tht hipras B St pleaR b BeRet P et QuplEigye

acet akKzat i on, plaftieizecagids with aatdirtiydin the dpskyl eontkn® of thé polgvinylrbutyddl resin,
plasticizer. Fag .instance, the acouystic interlayer cap be obtaiped by

i ncreasi ng th@%‘ﬂﬂ&iﬁ"a‘é "’l%‘?@ﬁ?ﬁtﬁf‘%’%ﬂtﬁ‘i’?gﬁ %Pb%tg%n%amta Q}E&gi(g?i‘ in the
hydroxyl cont pier. Oh geh@alPhibietiamblmtD bE plishbizEsé Mded W ddcfeh®the Slassh@diifienh t he
glass transit t enperatuyre from about, 300C t Qo about 180C or |ower. In

on ) :
general , hi gh&FP t18 Varoys ebrtiEieni of e @reatrl & ePdo T AR ReOBEHE RoRE T Fhest
transiti10p0 comprises, for example, 30-100 phr of plasticizer, 40-90 phr of plasticizer, 50-85 phr of

plasticizer, or 60-80 phr of plasticizer.

Acoustic polymer sheets can also be obtained by using an unmodified poly(vinyl
butyral) that is typically used in conventional interlayer, a compatiblizer agent, and a
plasticizer. The role of the compatiblizer agent is to make the poly(vinyl butyral) resin

25  and the plasticizer more compatible to reduce the glass transition temperature of the

interlayer. The compatiblizer can be added at 2 to 50 phr. Examples of compatiblizer
agents include, but are not limited to, tri-ethylene glycol, tetra-ethylene glycol or
oligomers of ethylene glycols; propylene glycol and its oligomers; tri-ethylene glycol
mono-(2-ethylthexanoate), and other alkyl, aryl hydrocarbons containing ethylene glycol

30  or propylene glycol moieties, and their chemical derivatives.
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tenperature. In various enbodi nents of the present invention, an acoustic
pol ymer sheet conprises, for exanple, 30-100 phr of plasticizer, 40-90 phr
of pl astiwozess/ 105085 phr of plasticizer, or 60-80 phr etCrtpisasisiociszer .
Acoustic polynmer sheets can al so be obtained by using an unnodified

pol y(vinyl butyr alggytshidbld Sladiividhis 3hd de HdETtolthe gt Fkhd pabsghd ayer, a
conpati blizer agent, and a plasticizer. The role of the conpatiblizer agent

is to make tHavepgps/pianjar iyfprtha nolyrearishectn Plastieizess ussd i the gplymet deetdabat i bl e
to reduce theyghass M@dﬁ%gkaxpﬂcﬁﬁér&g%@%% If‘olﬁE{'zl%iE Q{Fid bPh @51 RMBE alcding,

conpati blizer can be added at 2 to S nmpl es of conpatiblizer agents
i ncl ude, but =arcagethers Suitableiplegicizeysiineltdeyfor ereamylls, gisithylenetghigoldifid ene gl ycol
or ol igomeys ol &Y Mléfﬁ{g e i} s,
tri-et hylng{le egliyﬁ%)f})ﬁj% ﬁgeﬂ%é%% PLCEX(%EO t e%ngg_%hggg ner eagl1 }E?%h%%?&

hydr ocar bons tetettalent alyceltdibeptaneate; idihewyl adipatss dpstyleadivats Yool noi eties, and
their chem calyRabiRigaéeRitiis StHbBPAR Bhftlfblct AiSokaN dpafdifiGihdyt he
pol ynmer resing o e Tprasent 1 NVENti on i n or der to_?ormt e polyner
sheets. Pl astédiaieedibutybsbiadate, polpmeris glasticizely sechas de albmodifiekwehaci¢ #kedst i on

el ud - ; . ! |
ther s, Sui t aby cugys oFpRShARRSA et it & ARG S, AT 601 SORR

di - (2- et Wyl adippteatush, as tlistlesddyih &% Pgt. Yoot 14,2 72ansk thixitesiend cembipations of
triethyl ene i.h : - (i I hexyl
ad: pat )é, di o%%?o%fgg%éﬁgl? eq%gd%([gzeé%/@{i%ﬁgkg?ﬁaeg{a%arg%;g&?ﬁil&%%s?g@teﬁmﬂgg?ﬁ | an)c(ly
nonyl adi pat esdkyl dicolmdymdyclycladi paCe, aldobels.yah diselpsedadn Ugh Pet. Ndi HO3T79%satdacat e,

| . | a6t i ci L g i :
P xtures of prtoh e SGS, 8 Lo iR 1l fERBTLAGhmBl il
3, 841, 890 ands &itithykene glysolcli-(Zsthpflhexdnoateld in U.S. Pat. No. 4, 144,217, and

m Xt ures d conbi l; QL NG, | C] n be

used are %nx ed adi@%éel@%’é@él %ﬁ}(%é?% Cfgglg? %/iﬁgﬁﬁfigdoﬁ?ﬁés& gﬁh%g r%l;égfkg&féea to

G o al cohol s,pressnidnentios®dmpart the Sesiredtadhdsyendss. OlIR:sd #@pisaadbddntarp@steddi pat e

esters, such ; e di pat Ln.prefer | h I cizer is

triethyl ene gl?@)ct%? r_sﬁeze'}s: ﬁ@{“ ﬁ%&%ﬁ%‘gﬁsefé.t%%gﬁggggth@g% rp(%%' ‘gngfg‘!r)]f'?@é (ACAs)

can al so be iACAsdisdosed it UsS. Patbntrigh28 g2 earsbeafsed. hiddditie@sby tresidwabsodiuvon t o

i mpart the desiJed hesi veness. . These t.s can be incor Jnto the

outer sheets acﬁt%% af“l??rene(%ﬁgo yrrag?tats?ﬁ%‘é?e ae(?rir%oe(%i ibljﬁaV n ,mgftg? a"é‘§%&§f{é’gg’§§§}“§ t he
20  hydroxide used in acid neutralization. In various embodiments, polymer sheets of the

present invention comprise, in addition to sodium acetate, magnesium bis(2-ethyl
butyrate)(chemical abstracts number 79992-76-0). The magnesium salt can be included
in an amount effective to control adhesion of the polymer sheet to glass.
Additives may be incorporated into the polymer sheet to enhance its performance
25 inafinal product. Such additives include, but are not limited to, plasticizers, dyes,
pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, flame retardants, other IR
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
30 added to any of the appropriate polymer sheets. Agents that can be used include dyes and
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ACAs disclosed in U S Patent 5,728,472 can be used. Additionally, residual
sodi um acet ate and/ or potassium acetate can be adjusted by varying the

anmount ofwoheocamswoi at ed hydroxi de used in aci d neut ral ipzatisess/obsasyari ous
enbodi ments, polynmer sheets of the present invention conprise, in addition

to sodium aca@%sg@g&qmmws&{dm Yiih Gh 65ETnd AhrubitaCt S

nunber 79992 e magnesi um sal t ¢ar’be i1 ncluded 1 n an arount
effective to axdet rol adhesion of the polyner sheet to glass. Additives may

be incorporated i s%s%&&l?e&ﬂl“ A1 ?‘Qﬁ%m%g)t@%ﬁg '}{aﬁl%gq;ogqm%%,rgﬂ» a

final product. Suc {7Ves I ne are
pl astici zers codgpemantmag:mm@edﬁbmbmmﬂ(aemgults fcqmthaw@csplmsa@ﬂ lizers),

conbi nat | Gne SroeRiey BRLAEAREA SPbiilnh CHRERID of Sin P der BB ORRE 0y |
art. tAgent s tdgamom?nhddmdwtoalnsmﬂmm Tph example MY(vmsl Wab,rsuflb@racﬁtnﬁe%ar teﬂ :
spectru A

P m can ﬁ@f aﬁ&l gla(g,hggs 9 v 1§ PR e%r%?cf o @F{e S5 asplﬁ*ﬁgl?ﬂlas a

can be used i p| gment’s suc anum exa ori
indiumtin omﬂmpﬁamllyadhmmldmves n oxide. As used herein, "resin" ref ers to

the polyneric (for, exa Vi 0 utyr ;Q%;,] ved
fromthe m xture twg%geu]iﬂ?tgoél‘(‘ %{Jﬁeé)tgéﬁ[ oéﬁ (L:ga‘%1 ﬁ&g}& glnsgl%és su seeinﬁg{ o
neutral i zHt i dﬁyﬁ@ﬁntérf@exﬁ@fmrdsmtmﬁmrms d)mlsmslltablmptdcega@r adaklpg have ot her

conponents in djt on t 0 Vi QD 1),
such as acet %6V 9%@‘%&3%&““&%%%%@%&% Bf,(ﬂjs p%%r;tg to a
m xtu [) F of rﬁisgsz,omtakgd a,zm, 63d)i InmremMenpthe(snbzbﬂnynethIdhbscrﬁ;dﬁmeyls Any
sui t abl e net n, be us rod e t he e e multiple
| ayer interl “eeita(si?)8]fymteﬁem§$”€§cg ﬂ][ym?ﬁsgl ‘%érag{rec o‘% %553 gg tlrggpr ocesses
;or maki ng poVngna%J Itydgudsﬁla%) WBglémg(zzoo%)dmﬁeuﬁdl I awbtlien embaliment, gsefh
or exanp at e an od| : e
sol vent T holte Hnehi BEM0Y fesrtiny Moo oy e el Viny el s,
Pol ymer Sci eml&lé‘@@hﬂ&lsd@yns foona], feckixhingle, Sololialne., S Lodgddisd8ii-a899, by B. E.

Wade (2003) e}g be used. In another enbodi ment, the aqueous nethod
descri bed t hePVH d8Hhe used. Pol yvi nyl butyral ) is coomercially avail able

in various forns fofBxehplaryanahtd & .foRfhg!s pelyvitl butilal) ldsetiédmprivbssouri  as
extruding molten poly(vinyl butyral) comprising tesin, plasticizer, and additives and then

20 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). A sheet die
can be used to produce the wedge shaped polymer sheet in such a way that the die
opening is controlled and/or altered across the width of the die to produce the desired
wedge thickness profile while melt is being forced through the die. Wedge shaped layers

25  can be formed by using an appropriately wedge shaped sheet die.

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. In either embodiment, the surface texture at either or both
sides of the layer may be controlled by adjusting the surfaces of the die opening or by

30  providing texture at the roller surface. Other techniques for controlling the layer texture

include varying parameters of the materials (for example, the water content of the resin
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Butvar(tm resin. One exenplary nmethod of formng a poly(vinyl butyral)

| ayer conprises extruding nolten poly(vinyl butyral) conprising resin,

pl asti ci 2w0,20@emd1wddi ti ves and then forcing the nelt throwgls2@enbees die
(for exanple, a die having an opening that is substantially greater in one
di mensi on t hap 4 . ' ' i ; 'P-Eﬁlra]&ﬂge used to
produce the \;\a%g)é)gﬂ%ﬁga%éﬁg%g*gﬂnlgg%gﬂigég?&?’r{ggéc%ﬁﬁ%ﬁ? Ig'tmt e di e opening

i s control | ecbody{dihglbudireldros dombing®des vfibe furegoingyfaranieters)i Furtherppgathe dayehe
desired wedge, .t hi ' ' igg‘g ' ' gugh the die.
Wedge shaped ?ag?gr%s anedgéﬁ{cyﬁgé%g%dyﬁom n‘%ﬂsgh%tg%rgggénﬁgotqe ;S/&JP\AZ/{ecdge shaped
sheet die. Aniotgdarite efapilitatetherde-hividg of the tayei duging lgsaihgtionipragessbiatier alhjch| ayer
conpri ses L£as , , | E in,
and subseduortt oy Bk bR uly e GRRbEeR it oot Gl thdJiofolfonk €
enbodi nent, tihelt st thataged tieteby eesaltingint dwmnootly fitisit. h si des of the | ayer may be
control |l ed by adj i f .0f 1.he.di ' r L.di ng
texture at the ro:iﬁ)brﬁegﬁre?gscogwe@? «%sg:?t Lﬁ‘ggﬁ% t(]qlgéecs m%%r@%gﬁst@g? ‘?%{%“3"{%8 %geﬂgl ayer
texture i ncl udgionsaranibagrqlacedtytaay sethod khewminttbe arb| B a(tfpical exethod] o arhe wat er
content of th o{e%éu%‘%”ﬂﬁimg;&? RSN %iba% dizer. ta)ﬁﬁ an:}%etsir% VAl Uh%e MO ecul ar
wei ght di stri‘bution &7 e ’(f?wny” utyrdl), or conbl nations of the

f or egoi nglariadeieadesily fdrmed ket coextended toefolm g smglegolyiner sieaf hayingeegions | ncl ude

spaced projections that define a t orary surfa I IE [t
facilitate t h%’rrgg’-og‘ﬁlf‘g iogea %Iqeﬁélsﬁda?g © Sy Sarﬁglﬁg\‘?{’ ge&g %Ar%%nees)ég&sdﬁaf ter
whi ch t he el eeatlidd atshewp with bugtasstranitiop teagstates 0H20°Chandl sastondtmalighqy dcess
cause the projections to nelt. into t | ayer .hereb esultio in_a snooth
Frntoh. Pl yrihe WRBESiouB Rikin bR o oG ol OF Pl 0 0 C e < Tanc
non acousti c doeginaeied tccfoim Agolynre sheeithabing afirstvedidroahdlarsovand regid¢dieachrt . 1 n a
typi cal hod, two or nore ts €0 1,Si Ng., pol esi n | gsticizer,
and any desi raé’gmgga?tlnig\}léess’hé%er%%]ﬁ&l “ﬁ%@%@?ﬁf&ﬂ?’@eﬁgﬁﬁfég%ﬁn@%ﬁ& al?sﬁded to
form a singl ergpsitipieinmivaat oN20PCrgd thegend rapionlas pelass tapsition eagleratet bf used.
For exanpl e a:f(io{:rst melt that, if used alone, would result in a sheet with
a glass trans on tenperature of 200C, and a second nelt that, if used
al one, woul d resulitetliyess cffieeiresshit itventign fasconprissinbietthar cnepelyaictisteenf 3C0C,
can be fgg?g{]&éﬁ 0 pfodubed B ailS coldHhriny 5 phe-Atnaidn Srootss Th a'tfiltal TaeDd, &

20  acoustic polymer sheet and a non acoustic polymer sheet, wherein at least one of the

sheets is wedge shaped, are combined under pressure and heat to form an interlayer. The
acoustic polymer sheet, if wedge shaped, is formed through a single polymer melt or
through a coextrusion process as described in various embodiments in the previous
paragraphs.

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

The clarity of a polymer sheet, and particularly a poly(vinyl butyral) layer, can be
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

30  percent haze can be measured according to the following technique. An apparatus for

measuring the amount of haze, a Hazemeter, Model D25, which is available from Hunter
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approxi mati ng the shape of an individual sheet, wherein the first region
has a glass transition tenperature of 200C and the second region has a

gl ass tr aweizvecpmnideenper at ure of 300C. Interlayers of thecprss@stossyenti on
that conprise nore than one pol yner sheet can be produced through a

cal endaring or_pr.e-| aral nation,_pro  ack - 18h ek VRIS TR 064 : i C
pol ymer sheetAﬁﬁﬁggs 5ﬁkg§gﬁgf9§£%%§§ﬁchgﬁ%5?¥&%ﬁg#e|nlgggpégg?ﬁ%ﬁgééf t he
sheets i s wedt@y7sRepedire Aresimpditbinibact Cratien olewesangte ciBdlegrees It Giriboy m an
interlayer. Th Qust | ol yner sheet - if .wed S |.Sif t hr ough
2 gl pol yRERSHEHE ofd el G et A e S BRR %, Gk i

vari ous enbodiepsthsrs1%n t he previ ous paragraphs. The foll ow ng paragraphs
describe various tgchni.ques that can.be used.ta i Ve apfd/ or measure the
char act erigt ics ofﬁ%eﬁéw%‘aﬁwgrl & &qn. befygantd egr“fs’fl%ag#' Z//llspo yner sheet, and
particul arly spepedphbtoieiek sduhitay il Danlbdy 860 maderbylRerkie EmnariCogobrdtyonribyasur i ng

t he haze val ue ich I.s.a quant.ificatio € nt .of li.ght s tered
away fromt hemé@%cf%%weﬁP ﬁ‘?énalglﬂ%all at@ﬂ({a“g@?n? 455%8 Si rYaﬂ?‘P?rCBTPgﬁ“‘FH%’ 8yer.
The percent haasmétencdibroughspoBthensteerdfithecprésentiheention isavleayy 60%citidagiue. An
apparatus for @yasgt%%% Qge anount of haze, a Hazeneter, Mddel D25, which

I s avail abl e 7 & PA%soci at es (Reston, VA), can be used in accordance
w th ASTMI®1003- 6 IPuniteel afiisiovean BEMEdsuled acedifietoAhe followingldcfighgahd C, at an
observer angle, of .2 degrees, In various e di.ment s .of .the present

Cvent ton. penbehibwDE” Foefened ) i iR S SR S5 opo et gl Bhstn 106
The vi si bl e t thafisilowidgiciiigia s ed eldsfininfnetimusl. MDweply\&lds SantihdRe samples

spect r ophot onet er sugh. s, the Lan@daIQOO made hy. Peggi El ner Cbr@gration
by methods de¥€PrBEGY HRSHRS aPERn PminarRRoa-iers JBSHTIES 219 ROPLLS ous
enbodi nent s, #Heat 1 BIN@PI) 6 ubily fisgihclad With ¥ FBHmSHe dleal thd digss pragsent

I nvention,is at.|east 60% at _least 70% or at |east 80% Pume esi on
can be mokdur BEkeRGEle diah i nebadREd o foe GOl A BewFRDJaer o AFR mEr e s
referred to hah@inbof gasyleidhbied asHhe poI[visil bty RO Ly s vidueR¥ cdntbagddasith a t he

follow ng technigue s used to determ ne punmel ., Two-ply, gl.ass | anjnate
sanpl es g set oﬂstandards. i%e standards correspond to ascalemwmh Bargmg degrees o%g]ass

-

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
20 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
between 3 and 10.
The “yellowness index™ of a polymer sheet can be measured according to the
following: Transparent molded disks of polymer sheet 1 cm thick, having smooth
25  polymeric surfaces which are essentially plane and parallel, are formed. The index is
measured according to ASTM method D 1925, "Standard Test Method for Yellowness
Index of Plastics" from spectrophotometric light transmittance in the visible spectrum.
Values are corrected to 1 cm thickness using measured specimen thickness. In various
embodiments of the present invention, a polymer sheet can have a yellowness index of 12

30 orless, 10 orless, or 8 or less.
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are prepared wth standard autocl ave | am nation conditions. The | am nates
are cooled to about -18C (QOF) and nmanually pummel ed with a hamer to break
t he gl asswoAbds/forgsken gl ass that is not adhered to the porySzeoawbossaut yral)
| ayer is then renoved, and the ampbunt of glass left adhered to the

pol y(vinyl butyral) |ayer is.visuall red,.w ds. The
st andar ds correspo%% Eﬂ' ?@éﬁsﬁaﬁlﬁlt GOfBOIﬁgﬂ?sggﬁgé 13? Lteftgjgs ?’émal n
adhe Ei ed OIt of t hgeprabiyié uﬁlmjm malytlﬁa(]!e) anhi3¥i€ ising the ;ﬁﬂidsmngjﬂ;rachuat Mthptmqpblsglc
standard of zero, ass i eft adhere e .ro}v(vi t

layer. At a pPoRReFT Sg?egllﬁﬂ?lﬂe ‘I“t‘i@samfg‘dg" o‘%zttiﬁghl&f%egiﬁg |d}{na§11 aeghgpgd to the
pol y(vi nyl bupstymbde daﬂmwdlscegbwedrbﬁtwdau two 23 l)JIﬂ diyxﬁeﬁsr pmfallehpiaip rtest Bxitires

|nvent|on can ve, for u e n The
Vel T ouness | pEkRoBediss SRR pefsBiee I HE S0 SR dr s e

fol lowing: Tr Pﬁm@nﬂeméﬂmﬁﬁ ﬁh&ﬂf(ﬁyrﬁér shed: ydiiii;fle Glbul.?ﬁttesﬂeddjgsﬁehr mticllealham ng

snooth polymeric surfaces I ch are essentia ane an e e

formed. The i Awdlatipsfpqueacyofd Hertzgs th eﬁan%a%@%ﬂ%éﬁwa Hngieased oy A%, g

Test Method T pr7o¥elyl PUREFSEARGYNe Cfhe Bo@BSH Sithe ﬁl&;@ﬂhﬁ‘p@ﬁkf&%@eﬁﬂm ric light

transmttance in the visible spectrum Values are corrected to 1. cm

thi ckness usi (igmping}plotiel asplepéndent onrirapemsers is yrd (redeisuine it BRISEIONS of t he
pr esent |r11(\_[en{ 'mg)@ran@e pol ymer sheet can have a yel |l owness index of 12 or

| ess, 10 or 8 or |ess.As used herein glass transition tenperature
of pol ymer sheet s Asustdhercin curresionsHawiveted elastly fumed tonghlamiga@ngal ysi s

the fol| R t
2 anpl o di scoebofl AR Eonflibe o SRR BBINE phOEBiecrtanRy o ?"“?ﬁhp S disc
i s pl aced bet wesninterdaye? 5itire giesens inwentisarhgtvesh tyx éleefsp@@gldfg asy pAnes Kor the

Rheoret ri cs %?@e%{ﬁi\%ﬁﬁés@% ‘ﬁﬁo e(c%)fﬂég\xgﬁb}l ﬁ&%‘?s“i%?ch‘e&%as

I ncor por at ed, erse ymer s eet sanple disc is
tested i nléheéilrefmmdelaann@mpmlil | at ion frequency of 1 Hertz as the

tenperature of the %r @%mﬁl Ate of
2C/ m nute. The posm?pqon ofl{]}aﬁé&&n{églﬂ%@?hm& S%edgt ﬁ% ta (danping) plotted
as dependent oensistnpefth¢ intezlayers abibe present aventivniedeigradned iwidyreferanesito a

tenperatur e. Ag.u5ed, NSKE ol GOMERk AFbvibATRRkG. B it iihaEs T ¢ hr ough

| am nating a '
two outer layers of glass, the “combined glass thickness” is the sum of the thickness of

20  the two layers of glass; in more complex laminates with three or more layers of glass, the
combined glass thickness would be the sum of the three or more layers of glass.

For purposes of the present invention a “coincident frequency” means the
frequency at which a panel exhibit a dip in sound transmission loss due to “coincident
effect” (see Lu, J, Windshields with New PVB Interlayer for Vehicle Interior Noise

25  Reduction and Sound Quality Improvement - SAE Paper # 2003-01-1587). The
coincident frequency of the reference panel is typically in the range of 2,000 to 6,000
Hertz, and can be empirically determined from a monolithic sheet of glass having a
thickness equal to the combined glass thickness of glass in the reference panel from the
algorithm

30 £ = 15,000

d
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conventional interlayer consisting of a non-acoustic polyner sheet having
the sanme shape as an interlayer of the present invention between tw sheets
of rigidwbase/pawes. For the purpose of the present i nPemuseons/ 009389
conventional | am nated gI ass is referred to as "reference |aninate panel”

| mproverment in acoustic insylation as us charact erize gl ass | am nat es
consi sting of VRge ¢t Bet asssg?c?‘Fﬁ-?“bP]el ierﬁaﬂg fﬁ i H¥%yet er mi ned with

reference to a refm;gip6sch 8ffihiadhRnBoH) hprdSerbte:s & dcb@sic parfgrinaudeas bpar agraph
lh typical lamnates  wth two outer layers of glass, the conbi ngger ass

t hi ckness" i steasared byap ncrease in spund feasmission loss 4t {5 coipgidet fipaugncy ®nor e

conplex | am NR&f gnég,?gmgfyf&gm@?,aﬁgpre | ayers of gl ass, the conbined gl ass
t hi ckness woul d be t he sum of

he three qr m)re | ayers. of gl ass. For
purposes Of the preeutirgnsRission Has s delgmingddern aF'r“éﬁﬁféf reseRbinEentipn or
frequency at yb&itioflal REBRhcePaRIRE Fixél dinendidhs $RHAB TV BIO PH St Hfixddoss due to
‘coincident effect” {see Lu, J; Wndshields with New PVB Interl ayer for
Vehi cl e | nt ertemperiiese Beduct i on and Sound Quality |nprovenent - SAE Paper

#2003- 01- 1587) . T@a@qm@ Oglheﬁgfe&camé prbdeft in@érfios BafhaRORked 1y
typically in the range of and _can be en‘glrlcally

det er mi ned f rlEWwva MeRsIES Iﬁ?rcf’xgﬁ@é@s @ﬁclgqeégs{lﬁa%tﬁg%o%ﬁ%i{ﬁgg 2e¥ual to the

conbi ned g asg 145\7@'(9%%511‘5 9&@@% ahd 51556,65 £ 1IRLRAGEIRRNCheal §RALABRA, float
al gori t hmaheré "d" s al glass thickness inmllinmeters and "f c" is

in Hertz. Forglp?&lﬁpé@@g b@ﬂn&eﬁ p!'scqat?démh%al apdvet Bolehesde layeraioaeiact gecific
per f or mance &Eo@‘ﬁﬁ%&% S heBO s iR 35 et eomearﬁeﬁmgmmamﬁ@

t he coi nci den requenCés reference frequency he reference panel

"Sound t r ansn¥rg siade with gless that igpetapare fiee 3 £erm Plamqﬁmléymﬁéowé@ém
| nvention or &:g%@@&b@@@'mﬁ%a{ gﬁ@ﬁoﬁéaa&tm Fvnt){ 268 BN B ORRL WAL HasSTM E9O

(95) at a fix tenperature of ass am nates using I nterlayers of

the presehl |hmewccq@nc@ranns%lq@se%ﬁeamﬁbxcmfmmlﬁle@me}d@%l e as

di sclosed in P,gﬂmﬁ@
5, 264, 058 andﬂ 5%5@8%@ erre f) Imggsg |%&Egztepgst¥é€[ﬂg?jﬁ%lg%dﬁ(§%noat gl ass

and may be ti meéldymand(g&s%u a@ﬁetrﬁle#@néheamﬁ‘@élglaﬁ%ﬁeﬁlpe@wm@ abeytSC v ref | ect

specific

50°C and then passed through a pair of nip rolls to expel trapped air. The compressed
assembly is then heated, for example by infrared radiation or in a convection oven, to a
20  temperature of about 60°C to 110°C for a short period, for example about 1 to 5 minutes.
The heated assembly is then passed through a second pair of nip rolls followed by
autoclaving the assembly at about 130°C to 150°C and about 1,000 to 2,000 kilo Pascals
for about 30 minutes. Non-autoclave methods as disclosed in US Patent 5,536,347 are
also useful.
25
EXAMPLES
The following examples are intended to illustrate and not limit or restrict the
scope of the invention. Laminates used to illustrate the invention are prepared using the
’ following materials:
30 3GEH: triethylene glycol di(2-ethylhexanoate) plasticizer.

Glass: annealed float glass in thickness of 2.1 or 2.3 millimeters.
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portions of the electromagnetic spectrum for exanple, infrared. Preferred
glass lam nates are nade with glass that is not nore than 3.2 nmthi ck,

pr ef er ablwotheamoessp f or exanpl e not nore than 2.5 nm t hipcl/uSacd/onmse
preferably not nore than 2.3 nmthick. A glass |am nate can conprise gl ass

of different thic ses, for ample 1. 6. mm and 2. Loal saf et
gl asls | am nat i oln me]g%'? ngaeﬁﬁfﬁig%gﬁggnﬁggtg@ﬁ?@#%g@shg{dfbg‘gf %%%e(rﬁ@ Y
interlayer, agiGliAsss pif 36ETEImalbading adlaberdinsition eneegiims of IEtherat ure of

about 250C to_ 500C and_t hen passed through a pair of nip rolls to expel
trapped air. W@éﬁ%ﬁ’%&%@bﬂg%ﬁml y is then heated, for exanple by

infrared radi ati oncpiB: BosveRBEHAEHEIGRRhANEE Polylvanyd bl raDfaging 118.70¢ hyalbogy! 600C
to 1100C for a short period, for_exanple abqut 1

er : tO 5 m nut es . glg Qeat ed
assenbly i% t¢rutenpsenfaiging 38 phtFORH aad brvingaglsss fansifion tpryperatuet s \/\gna By
aut ocl avi ng t@f‘ckﬁésgme)édgéoﬁﬁ@éﬂeet@@%nhﬁ (FeRBifanang tehepbsit a80oft10142, 000
or a

kilo Pascal s out 30 m nutes. Non-autoclave nethods as disclosed in US
Pat ent 5, 536, Bu(48miDaand @ shegbpidth oEM0PIS The fol | owi ng exanpl es are

intended to ill UStA-@’K%l@g\an%dlgle EHHFEd KouktRHoly(Fihylloa8rAF R gdbwl(16%
to 1 'lus the

I nvention. Lam nates use rate I'’nvention are prepared using

the fol | owi nghydeweil pedtent, congiming30ipr BGEH mlasiisigerghaving @2last HtstHi®Ranoat e)
pl asticizetr. G . ' lickness of 2.1 or 2.3
m | | hnet e?‘g. p@%‘.%g‘%‘é’ﬁé‘%g?%ﬁfa%e Op%mﬁ/(?g%h)%}%r al ) having 18. 7% hydr oxy
content, contai ni n4-P3BpWedSEkhpad dodustic rody(sing)l tusgal) hawieg lowd o eyserat ur e
of 30 0C, at a thickness ) 15 .ml).. C PYB: ' e
shaped pol y(vf nt’tfﬂ?’??’mggoﬁg{/?ﬁ@f&%ﬁy%@%ﬁgY%%H%ﬁ%@%ﬁ%%ﬁ%gg% phr
3GEH and havi Ggata thickgss infohsddeiofthetshegp of RO ume amf or3fe Ofosite edge vhl .dkness i n
one edge of the sh f 0.76 30 . m | nd.on .the o S| 1.14
mm (45 nil), and agg’hR’e'%‘r vﬂna‘f’?fﬂf%TSnFﬁaf?‘éﬁ?se’%Fﬁ\ e‘gﬁhﬁ‘/‘éﬁye? aglie %‘3&%@‘&%‘)
acoustic psl ybeih@§.80 bith 3hick] whiremitig ohteslayck68qntdinidg B% phr ITHH emthavingat ai ni ng
ggdpggi 2§E g _ Elgg%ftl(a%él%lg{l fe)nggq\é’lpgqgofa abglllt%%§c tarruf1 gliI}nleP lgyér%%gé ?(;[vsy {15%9§1yd11§xyq C
content, containing 75 phr 3GEH plasticizer, having a glass transition temperature of
about 2 °C, and being 0.13 mm (5 mil) thick.

Panels for acoustic testing comprising glass with various polymeric intetlayers are

20  constructed into 48 x 75 cm panels of components assembled as indicated in Tables 1
through 4. PVB interlayer film is conditioned in a humidity cabinet to a targeted
moisture level of 0.43%, and hand laid up on a glass sheet preheated to 40 °C. In case of
panels containing multilayer interlayer the individual layers are stacked on the preheated
glass in the order indicated. A second glass sheet preheated to 40°C is placed on top of

25  the stacked interlayer sheets. The panel is then compressed by passing through nip
rollers adjusted to 40 psig to de-air the structure and to tack the interlayer to the glass
surface. The “de-aired” panel is placed in a preheated oven at 105°C for about 20 minutes
and passed through the nip rollers a second time for further de-airing and to edge seal the
panel. The panel is then air autoclaved (heated at elevated temperature and pressure).

30

Table 1 (Prior Art)
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A- PVB2: \Wedge shaped acoustic polyvinyl butyral) having | ow (16% hydroxyl
content, containing 50 phr 3GEH plasticizer, having a glass transition

t emrper at LWe 2006/10860C, at a thickness in one edge of thepshastooshodks® nm and
on the opposite edge of 1.42. A-PVB3: Non-wedge shaped co- ext ruded
three-layer acoustic pol y(vi nyI butyr aI) 0. 0 i
outer |ayers &8 anEaves LOmpongES F x ' E

t enperature of aboutp\a@OC and the inner I@yer haV| ng | ow (12%) hydroxyl
content, containing 75 phr 3GEH pl asticizer, having a gl ass ansition

terrperature of aboutCEVHC, and being 0.13 %(5 m1l) thick. nel s for
acoustic testing conprising glass with various pol yrreri c interlayers are
constructed into 48 x 75 cm panel s of conpgnents nbled as indicated in

Tables 1 through 4. PVB i nt er FaBle# (PriprdrtcReforence Bl’l inahumdity
cabinet to a {gr gelglggglapggl st @it evetoindidéh $%0 (FBNd SED 6 dodictilchifraa(dB) gl ass
sheet preheated to_40 OC Tn case of panels contai n| g nultilayer
interlayer thé i ndEwvdtial I&)lefP@ artP08t acked on t he3breheat ed glass in the
order indicatgd. Acsgegpnd gbasgmshestsopr eheated to §QOC is placed on top of
t he stacked interlayer sheets. The panel is then npr i ng
t hrough nip rﬁl@@%ﬁgﬁ?@@wt%@g@@sﬁ@@nﬁéaﬁé@fﬁ TE?M?‘E%Q? to tack
the |nterh@yeglagsghga%ﬂh@%dﬁ%g@%ab'gb@ ‘de-aired" panel is placed in a
preheat ed oven at 1050C for about 20 m nutes and passed through the nip
rollers a second time for further de-airing and to edge seal the panel. The
panel is then air autoclaved (heated atgje4ated tenperature and pressure).
Table 1 (Prior Art)No Interl ayer Corrponents V\édge Angle, nrad Tg (C) 1 PVB
0 30 2 C PVB do3g palaye 5 dge ; et er | ayer

d ass* Coi nci dent Fr Vﬁj—lz) STL at coi ncmj@nt freq CdB) 3. CigPVB 2.1-mm
4000 31 4. CPVB 2. 3 nm 3150 3 1 * 3 ass |l amnate consists of glass
sheet/int &Fi afer/ gl a8PVGRYB The t hi cknedk?2f each gl ass shddtani 30

indicated in Hhe Tabheahordvp 0.38 18 and 30

8 A-PVB3/C-PVB 0.38 2 and 30
9 A-PVB1/A-PVB2 0.42 18

20 Table 4
No. Interlaver components* STL at the reference freq (dB) Improvement in STL (dB)
10 A-PVB2 38 7
11 A-PVB2/PVB 38 7
12 A-PVB1/C-PVB 37 6

25 13 A-PVB3/C-PVB 38 7

* Glass laminates for STL measurements consist of glass sheet/interlayer

components/glass sheet. The thickness of each glass sheet is 2.1-mm.

By virtue of the present invention, it is now possible to provide acoustic wedge

30  shaped interlayers that reduce sound transmission through a windshield.
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Table 3 No. Interlaver Conmponents Wedae Angle, nrad T (0C) 5 A-PVB2 0.42 18
6 A-PVB2/PVB 0.42 18 and 30 7 A-PVB1/C-PVB 0.38 18 and 30 8 A-PVB3/C-PVB

0. 38 2 amii0o2006210496PVB1l/ A- PVB2 0. 42 18 Tabl e 4 No. | nterlpavars2acopasent s*
STL at the reference freq (dB) Inprovenent in STL (dB) 10 A-PVB2 38 7 11
A-PVB2/PVB 38 7 12 A-PVB1/C-PVB 37 6 13 A-PVB3/C-PVB 38 7 * d ass | am nates
for STL nmeasur ement8ile g &pveptiogrhay becudescribed yith ‘T'rP%Fﬁé‘?e’??BW@hent s/ gl ass

sheet . t The t h%xﬁlkd@lﬁﬁéaté) kit A8 %H uﬂd@@&dm&se Isfilled %mmft ﬁk{tt\kéhblﬁsuﬁa@es ﬁiasa
present invention i's now possi bl e rovi de acousti S
interlayers tbgia @@&d@@mwemﬂmﬁx%ﬁkﬁt&g% IFWBEE]’ ‘g‘% d@?@%&‘?”é t he
I nvention hasth@@&%egfﬁleriﬂdeﬁﬁbnwm de‘t%x@ﬁﬁﬂﬁﬁm&ﬁcﬁi&ﬁgﬁiaﬁb&nﬁmcwﬁﬁ@t s, it
wi |l be understo hose skilled in the art that varlous chan ggs may be

made and ejui m@#ﬁr@%ryn pemaigrdlte thgieaghipgy ofdheinrention pithewt depafin

departing fromtOenineWBe ﬁi‘erebhemewf&@tﬁB@nteﬂdad%@lﬂfelmnudﬂbyzbm&matI ons
may be made to adapt a particul ar situation or material to t he teac Lngs of

the inventi ontb@Pamdeder erhedinpanisilisclosed asibe astmads copteaplitd oy ring out
Therefore, itiphsnioRt R dREHE RRtntdASyill Y ERHei 20 R mbBkinats fllihd WHhih Shels86pe of
particul ar enmbodi ments di scl osed as the best node contenplated for carrying
out this inveteipppendedglaimgat the i nvention will include all enbodinents
falling wghin they %Pﬁ?fh&fbetlﬂ@e@l?mg@ﬁy%k e '?ﬁlgei Galiks, br dhifablaRE B Given
understood that any of the rarnj)g val ues, or characteristics given for any
singl e conpononanpiingleeompongwtof theprespativeienioncande yseddnterehencetAnBERBIY i t h
any ranges, VahiaSvanils GRAAGLREES bGPt HleYihéd QmPlnehid 8 B Rention,

components of the I nvention
where compatible, to form an embodiment having defined values for each of the

components, as given herein throughout. For example, a polymer sheet can be formed
15  comprising wedge shapes in any of the ranges given in addition to any of the ranges
given for plasticizer, 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
illustrative purposes only and should not be construed to limit the claimed invention to
20  any one particular 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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where conpatible, to forman enbodi nent havi ng defined val ues for each of
t he conponents, as given herein throughout. For exanple, a polyner sheet
can be fowormdoccomgni si ng wedge shapes in any of the ranges/us2aos/009489
addition to any of the ranges given for plasticizer, where appropriate, to
form many pernutations that are within the scope of the present invention
but that woull@labe: cunbersonme to list. Any figure reference nunbers given
within the abstract or any clains are for illustrative purposes only and
shoul d not be construed to |imt the clainmed invention to any one
particul ar ertbddivindshicld freoueyei capRisiigiur e. Figures are not drawn to scal e
uni ess otherw se LRgl6at Glot HadMD agRICEARRRN iRkl BplebOUAIEY Cantéreines,
patents, applications, an ooksS, referred to herein is hereby incorporated
by ref ereice skid windshisid intelayer fs wedap fhaped- A wi ndshi el d i nterl ayer,
conprising: a polymer sheet having a glass transition tenperature of |ess
than 250C, wherein said windshield interlayer is wedge sh %%: 2.. The

wi ndshi el d i it éitleaxindshistd intedlpyer of cloirel avhsreingaid lfﬂ??flé}‘epfg?ﬁeﬂrfa"ﬁ% 28943 st edge
and a_second g8 baleRillufhit Lk Shs PHOOSS! & 14 (I1aBBmeEsatd | cast

0.38 mllineters an second edge has a thickness that is a% | east 0.13
mllineters gridscemdefgarhasaitdckorsdhatdsa legst 1 wilkmeters eralys thag saidy o

Wi ndshiel g, i f LM 2, wherein said polymer sheet conprises

pl asti ci z@d po%y e\%%/‘%l bﬁtfgtjyerag{n) 4. The w ndshield interlayer of claim3,
wherein said windshield interlayer further conprises a second pol yner

sheet. 5. The, wyndshiich i i ik pfARE S Satngiecond pol yner
sheet is not %myﬁgﬁgﬂsz'%eg%hgﬁg‘ﬂég’?%ﬁ’?’%@”&ee aving a glass transition
t enper at ur e qflasticiged pdlpMinbBE™Y. wedge shaped. 6. The windshield interlayer
of claim4, wherein said second pol yner sheet is wedge shaped and said

pol ymer sheet having a glass transition tenperature of |ess than 25C is not
wedge shalfed.4. The windshield interlayer of claim 3, wherein said windshield interlayer further

comprises a second polymer sheet.

5. The windshield interlayer of claim 4, wherein said second polymer sheet is not wedge
shaped and said polymer sheet having a glass transition temperature of less than 25°C is
20  wedge shaped.

6. The windshield interlayer of claim 4, wherein said second polymer sheet is wedge
shaped and said polymer sheet having a glass transition temperature of less than 25°C is
not wedge shaped.

25
7. The windshield interlayer of claim 4, further comprising a polymer film layer disposed
between said polymer sheet having a glass transition temperature of less than 25°C and
said second polymer sheet.

30 8. The windshield interlayer of claim 3, wherein said thickness of said second edge is
0.13 millimeters to 0.8 millimeters greater than said thickness of said first edge.
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7. The windshield interlayer of claim4 further conprising a polynmer film

| ayer di sposed between said pol yner sheet having a glass transition

t enper at Wwe 2066/10em8 t han 25C and sai d second pol ymer sheet/182006/089489

wi ndshield interlayer of claim3, wherein said thickness of said second
edge is 0.13 miIlimeters to 0.8 mllineters greater than said thickness of
said first edge.9. The windshield interlayer of claim@8, wherein said

t hi ckness of .d s e ' 2 4 L] . i dobd reat er
than sai d ¢ hi %SRS ERRLL AR Be i £ onl LR Bickdesdpfll BB 08

cl ai m 8, whermitlimsters to 0.8 msiflintetercgremershanssaslt thickaess ofyald fivktledget ers. 11. The
w ndshield interlayer of claim3, wherein said plasticized poly(vinyl
butyral) conprises 30-100 phr plasticizer. 12. The windshield interl ayer of
clai m 11, SwhelOeiThe sdndshipldisteilayer eficlmpol 8; (wWnaein daid firstthickaessis et least 040- 90 phr
pl asti ci zer. 1ﬁ. ‘Ijthe w ndshield interlayer of claim3, wherein said wedge
shaped pol ymel?gu AT Er ayer does not conprise polynmer sheets other than said
pol ymer sheet having a glass transition tenperature of |ess than 25C 14.

The wi ndshield inter.) ayer..of .claim,13 erein.sal ﬁﬁ’;rin aving a
gl ass transit oﬁf@%@lﬁiﬂf’%ﬂ@ﬁ?&w%%e@ a%dgp?r%sﬁfiggdsya aggﬁlg#ﬁaji regi on
and a non acowstprieesr3@giO0mphr flasticitlie Wi ndshi el d interlayer of claim 3,
wherein Sfd' d windshield interlayer further conprises a polynmer film 16. A
met hod for manufacturing a windshield interlayer conprising: formng a
wedge shaped 8. s kiisdstieldiberihyy of claionily, iwhereth saidpddsyiciesd wiyeinyliatyray a
glass transition te ggoaqt%lgrﬁ t?f | ess than 25C. 17. The nethod of claim 16,
wher ei n sai d ‘i"mPé‘F‘fSar@'r P99 -5t edge and a second edge and wherein said
first edge has athickness of at least 0.38 mllineters and said secondedge
has a thickne hat. is.af. Jeast 0..13 mllioeters greater than .sai.d
Chi ckness of - Cai HhepipdicbigleRiT ol & YIS L T Ve ey P e POleP gy RELRch
pol ynmer stieetdoeofigicot@fisdilodilidr SheeBG o thah ¥aid pblyhidt sheat having a glass transition
temperature of less than 25°C.

14. The windshield interlayer of claim 13, wherein said polymer sheet having a glass
transition temperature of less than 25°C comprises an acoustic region and a non acoustic

20  region.

15. The windshield interlayer of claim 3, wherein said windshield interlayer further

comprises a polymer film.
25 16. A method for manufacturing a windshield interlayer comprising:
forming a wedge shaped windshield interlayer comprising a polymer sheet having

a glass transition temperature of less than 25°C.

17. The method of claim 16, wherein said interlayer has a first edge and a second edge
30  and wherein said first edge has a thickness of at least 0.38 millimeters and said second
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19. The method of claim 18, further conprising formng a second pol yner
sheet and | am nating said second pol yner sheet and said pol ynmer sheet

havi ng a wbas&/miwnsi ti on tenperature of |ess than 25C. pe@/usidvs/oomshod of
claim19, wherein said second pol yner sheet is not wedge shaped and said
pol ynmer sheet having a glass transition tenperature of |less than 25C is
wedge shaped. edze haghthickpess dhit isfat lehstiOnh3 1aillingdters efeptenthprisaidibiskaesp of spifer sheet
i s wedge shapﬁg 9@? sai d polymer sheet having a glass transition
tenperature o Fe than 250C i s not wedge shaped. 22. The nethod of claim
19, further conprising a polymer filmlayer disposed between said pol yner

sheet having gk]ﬂs f‘ #1 gﬁgr cand said
second pol yma?g's eelﬁ?tﬁgcg(gs eqzé‘%’ﬁo 8%&@?@%%&%\%1@?%38%%1%‘% hi ckness of
sai d seconfl epgg(vimyl Butg@Dmi | |imeters to 0.8 mllineters greater than said

t hi ckness of said first edge. 24. The nethod of claim 23, wherein said

t hi ckness of said second edge is 0.3 mllinmeters to 0.8 mllinmeters greater
t han sai d t hi ¢knBesmethodaefi dhifi 18sfurtbetpempfiSing kimaingetsaexad pblyslensheet2pd wher ei n

said thickness of said.firs d kS..af .l t g b |0 . . 1he

met hod of cl a;fafﬁ‘lﬁag,ng-s é?cgflnp%eigﬁg% S%?eééﬁgﬁi %"‘?@é‘éylg%f%}y‘%?‘%"y”ﬁ@ %@%%rté%m%%npri ses
30- 100 phr pleageratire of lessalan ZH€. net hod of cl ai m 26, wherein said
plasticiz?g pol y(vinyl butyral) conprises 40- 90 phr plasticizer. 28. The
nmet hod of "Cl ai m 18, wherein said wedge shaped pol ynmer interlayer does not

conpri se pol yaer Tismethed oftdiem 19hahersiaisald pedopdrpolymbreshbet ianat mgdge dhhpsisind

transition te rature.of .l ess than 25C. 29. The th oGl al 8,
further conpr %ﬁ?ﬂ‘gﬁn&‘}ﬁhﬁe&?’ﬁﬂag 5ggﬁﬁq§ﬁf?§‘g°? ’faglr%gﬁasspoﬁng r‘fr"eé ISS‘P!F'reH havi ng a
gl ass transit sleped.enperature of | ess than 250C. 30. The nethod of claim18,
further conprising formng said polynmer sheet having a glass transition
tenperature of |ess than 25C by coextrudi ng an acoustic polynmer nelt

15 21. The method of claim 19, wherein said second polymer sheet is wedge shaped and

said polymer sheet having a glass transition temperature of less than 25°C is not wedge
shaped.

22. The method of claim 19, further comprising a polymer film layer disposed between
20  said polymer sheet having a glass transition temperature of less than 25°C and said.
second polymer sheet.

23. The method of claim 18, wherein said thickness of said second edge is 0.13

millimeters to 0.8 millimeters greater than said thickness of said first edge.

25
24. The method of claim 23, wherein said thickness of said second edge is 0.3
millimeters to 0.8 millimeters greater than said thickness of said first edge.
25. The method of claim 24, wherein said thickness of said first edge is at least 0.5
30 millimeters.
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and a non acoustic polyner nelt to formsaid pol ymer sheet having a gl ass
transition tenperature of |ess than 25C, wherein said polynmer sheet is
wedge shapedo@n@diwonpri ses an acoustic regi on and a nonPaTM$NCO0I48Yi ON.
31. Awindshield interlayer, conprising: a polyner sheet having a gl ass

transition tenperature of |ess than, 25C, wherejn said windshield interlayer
i s wedge shapfd Thamsthed af gpim 18y miersiy spidalastifz P"é’?@\lﬁgl%‘lﬁ”g %?fésﬁsg%und

transm ssi on ofphr fhstiRized €ast two decibels relative to an equival ent
pol ymer sheet havi'ng a glass transition tenperature of greater than 25C.
27. The method of claim 26, wherein said plasticized poly(vinyl butyral) comprises 40-
5 90 phr plasticizer.

28. The method of claim 18, wherein said wedge shaped polymer intetlayer does not
comprise polymer sheets other than said polymer sheet having a glass transition
temperature of less than 25°C.

10
29. The method of claim 18, further comprising laminating a polymer film to said
polymer sheet having a glass transition temperature of less than 25°C.

30. The method of claim 18, further comprising forming said polymer sheet having a
15  glass transition temperature of less than 25°C by coextruding an acoustic polymer melt

and a non acoustic polymer melt to form said polymer sheet having a glass transition

temperature of less than 25°C, wherein said polymer sheet is wedge shaped and

comprises an acoustic region and a non acoustic region.

20  31. A windshield interlayer, comprising;

a polymer sheet having a glass transition temperature of less than 25°C, wherein
said windshield interlayer is wedge shaped, and wherein said polymer sheet shows an
improved sound transmission loss of at least two decibels relative to an equivalent
polymer sheet having a glass transition temperature of greater than 25°C.

25

30
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