SOUND REDUCING WEDGE SHAPED POLYMER INTERLAYERS
FIELD OF THE INVENTION The present invention is in the field of
polymer interlayers and multiple layer 5 glass panels comprising polymer
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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 visvally accessing dash board
information. One type of interlayer used in such head-up display systems is wedge

25

shaped in verfical 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
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the sound dampening characteristics of multiple layer glass panels, and specifically
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head up display capability. SUMMARY OF THE INVENTION 5 The
present invention provides interlayers that can be used in multiple layer
glass panel type applications to reduce the amount of sound transmitted

through_the panel, and, in partjcular, at coincident frequenciges for syc
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DESCRIPTION OF THE%@M&E% %EF@%@&MC representation

of one efMirgstimaninvéatinepigeidtapedayate tay eanbéecpissevtiple biytoglass
15&@%&%%%&&%&%&@%%&%&%&&%% PEES ARGIEN A ihe! and,
has been disCovered that wedge shaped windshield interlayyers, .

incBRIEH ARG HAURIIRH TpBisRcs Sicaeh gkssiRpintge st paia et sme
linuf stund, doirseE Getiar oligh affeciric sthidedry intorpoPBing Miclecustic

W 1 iniek AL | icular eful
B
nofRsERealy. dnie weigriepad Wadiinld gsalir#tiene windshield laminate. As

will be described in detail herein, windshield interlayers of the present
invention are wedge Mq) ?& 0. an or polymer
sheet is said to be 25"wedge shape B?tﬁg %%Eegrl%% tﬁlcéness of the
interlayeFigapolypfaicheraeicronsentpion fimscmbedinentofnvedes shaped

mificaeioss dresintdtamihamverage 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
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ratepicIRiOKRASS 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
“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 interiayer 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
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




change in certain areas of the cross section of the polymer sheet.
Likewise, the rate of thickness change may decrease or increase
throughout the cross section of the polymer sheet as long as one edge of
the polymer sheet is greater in thickness than the other edge. 5 Of course
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form color gradient reglons I sheet.
For any of the coextrusion em odm:wm:s 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 coexiruding 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.



3 In any of the embodiments in which a single wedge shaped polymer
sheet is used to form a wedge shaped windshield interlayer, one edge of
the polymer sheet can have an edge with a thickness that is at least 0.13
millimeters, at least 0.2 millimeters, at least 0.3 millimeters, at least 0.4
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14 b millinsters, pd- S bt PR edge shaped polymer sheet 14 and
the f lat palymeisiees tRtodatbms, foindshivld deeiahap ofl thrtpréagmmneukion

a first_thickness, Tl,.an i j QQ@@
sina?e erné%ee%léggﬁﬁéﬁﬁg%%;%g’%ﬁ? es agglgfiinterlayeéﬁ/ x
carPHi lvarse dn B ATDAHENTES & [0 s PR mEIEIeD SHACTA ARt
ls:eaﬁb%mﬁm goz;}&gieﬂl ﬁe@t&mﬂﬂﬁﬂmﬁf repfat, @idafitied Beeats, at
east 0.5 millimeters,.at least 0.7 millimeter illj
greater th%;ll?] ethic %%’s‘%alz??ﬁ%’%iﬁ p%g?t}éasg, 8}%%26%%?%5%? gg‘r?b%g  wedge
forstspedpelimestiagcl FndrdaPolIBarbah 4. Fg6 e a5t shpeshobymer sheet
thiﬁ@%ﬁt@é’ﬂ%ﬁéﬁ@?bﬁe@?a%@ﬁﬁéli& il sispadiileasi@rtaving a first
milljmeters east 0.75 mjllimeters..at . A 8to
7 5 dishies A SR a o RIES) RS o R HPLIRRT O,

20milIembedimeniscone kg af rrspréseyirnedingTrie sardwyn AR AfeT withadhickness
shagred dpkar ayre@D. tRarmaseetrenation  iuatiakeed miigisr 0.1 slllinstas, at

i O O LR S5 Smillimeters, at Teast 0.7 millimeters, or at loast 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 bave 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 llustrated 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 thickmess chanpe.



30 section of the polymer sheet that occurs immediately and at a
continuous and constant rate of the thickness change. 4 For wedge
shaped interlayer embodiments where the rate of thickness change from
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single polymer sheet embodiments,

In irarious embodiments, a polymer film layer such as poly(cthylene
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
layets. 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 inveniion, when laminated between two sheets of glass panes, reduce the transmission of



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 glas

pasoend ek rleransicd st panebby atisasig degheln BN Afha AR
pa@@iﬂéﬁ@tﬂﬂm&&e&wmsmm gl gl fibvtigandygie itiventional
comigetaxble Iams{matefi %gPsgc . E?1,’,rt11.el hr?wrég smgal% coal\éesna%% w&g&@yer

consisting of a horracoust aving the same shape as an
intistraipyeotfithe p?@@:éﬁ!lmb‘mlon 5 In various embodiments of the

3 gresent inl\/@aﬂ%m m@%@mﬁ%ﬁg@ﬁq@emm%ay&eaﬂwm
efween two. sheets o ane ve the sound transmissi 0SS
by BT FEE m%g %W o%g%"?ﬁie &/ FR0Te Preferably %é'é
higteasngssiod mwméeaamdmmm@mwré%@d@mmmfﬂ@w 6 dB
largingiadl glase dnamim %am{fm@%em@hw&g%reqmms

ofan acoustl mers t.10 having the.same shape as.a

intEF rllltaégscrct?e%erem
10 cohamﬂg:aaglasmmmmer@mbggmeanmmhere suitable,

wherein %&'%ﬁ%&ﬂlﬁ%@%z&%ﬂﬂ ﬁ&[@%ﬁﬁé@%@@&%ﬁéﬁéﬂi&es of

such glazing Iayers include, ri Bé’x? tics having |gh Ia s transltl
N s R RS G BAEBPTE R inplace of the

pomf@mmmm@wwwammgmwmos o
RGPS A OmS I iR kgb B giotadnaddiian o the

int eriayers prowded herein, the present invention also provides methodgF
15 o PelGETREPAiES ROLFTPSoRrtP kT e hasry e R, et arharis drom |

dispQstathsn ﬂnﬁnspsﬂmgu@rmdimb Iayer glass panel comprising any of the

wedge sjaResl P e el ol 8RBT 58 B rovides
invention also includes met f manufacturlng multiple_layer Iazmg
coﬁ%ﬁh%ﬁ@ﬁ&?ﬁﬁ?&%ﬂf&%ﬁ\?b?ﬂ%%@ﬂ%@%%ﬁ%égm of
betispesingiothgishetian amﬁptﬂmlgwwﬂmmmms shaped
20 gl%ﬁ?eﬁé;%? %Iﬁdg ges%mé nt invention also includes multiple layer
s wm

glass pdn suc as 2 |elds and archltectural windows,
comprisirigmesBhHRVEReR ﬂlﬁ%%eé 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 roultiple 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” meaps a relatively thin and rigid polymer layer
that functions as a performance enhancing layer. Polymer films differ from polymer



5

10

15

20

25

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
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0.0&.31 function to reflect infrared radiation without creating interference that can be caused
by metallic layers.

In various embodiments, the polymer film can have a thickness of 0.013
millimeters to 0.20 millimeters, 0.025 millimeters to 0.10 millimeters, or 0.04 io 0.06
millimeters. The polymer film can optionally be surface treated or coated with a
fimetional performance layer o improve one or more properties, such as adhesion or
infrared radiation reflection. These functional performance layers include, for example, a
multi-layer stack for reflecting infra-red solar radiation and transmitting visible light

30 when exposed to sunlight, This multi-layer stack is known in the art (see, for exampie,

WO 88/01230 and U.S, Patent 4,799,745) and can comprise, for example, one or more
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25 millimeters to 020 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 properties, such as adhesion or infrared radiation reflection These
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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 fransmission loss

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
“geoustic polymer melt” is any polymer melt that, when formed info a polymer sheet, has
the qualities just described for an acoustic polymer sheet, and & “pon 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.



temperatures of less than 25C 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 30-33C. Further, as used herein, an "acoustic polymer melt"

is any polymer.melf that, w. or(jul%g into a pol eths%1 ‘Hﬁﬁ ¢
qualities jésﬁma%es ?I%glgr or g%{:%us |C%£?%§F‘rs%§n€é, %§ g ) oﬁlt gggeuﬁ%be.

- polforaed theivghstealad|of fep prtiatrdifisahrilmmedcimeaigs|ipme

shegishasig, GUaliliepdushesthaasan bediR hAMpR a6ALEHARINY BRberatmres,

oo SV EHE L VB RO O\ SR B ST BB

Spolyempreirelesidlen|R5SCnas uswl borim Erisd dosingle ghisrtron

exhipitouiliipiegiass transition temperatures. A polymer sheet formed
through such a melt that has at least one glass_transition 5 temperatur%j B
less than 25BelPUTBETREFEHTETS S Lt oroush §1SE AT G Rress tn which an
te npeusiumlnhée ssthard 256 A aistdl egphameckasstdtritudetbinfeh a single
T QR AGARA HURIAR, REQEASS 1R R SRR ACOMPUSNOMTGIMAE RBPcan

non acoustic polymer melt are coextruded to form a single wedge shaped

18501 DAYE ¥R QEPIER ARy AR o tRrpesRamea iRy Hhirs Peet one PE BB 88%8n 10

haveatsiGoariengreaginsdstiensimP fethpel atiees onewlitbh gihde aransithen of
thetggﬁéa&@gﬂt%&%@%@s is less than 25C and at least one of the

glass transition temperatures is greater than 25C. Similarly, a wedge
shaped inBERE: e Alned dotravs (it crBRAs e A8 SRS oy et Fheet and
acaudic ooty itaiodinashaltctdiereh itasisone of the poiyracthsbe & svisige shaped,

15""6%9&}%%?.% i%ﬁg%@%ﬁﬁ&ﬂ%%‘%&?&%%&%@%ﬁ %rf%ﬁ%r&nsiﬁon

wherein at least'o e glass transition temperatures Is less t (
andeaneRtrehis srHsyPass auchalipest eanplethaglessdragsition fampprape is
ThezRelyder 33egt can comprise any suitable polymer, and, in a preferred

embodiment, t olymer sheet comprises. vinyl butyral). In any of the
20 embod R R e St cer el SR e MR b d SRRl

) In that comprise

polgruhagitpeniydp nedymes shety rrarmsisespiorant Suthibolpem afifbet,

20aNQIABLEMRACHTER bisshe aestish \MRieh o ROl FORHSEEHRBAGAY butyral) as

25

30

OO R R R R a P S Bty 2R A M Y LB S inctuded 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
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
other embodiments, the polymer sheet comprises plasticized poly(vinyl butyral). In
further embodiments the polymer sheet comprises poly(vinyl butyral) and one or more
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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(vmyl alcohol)s. In
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aexample H x%nfﬁ%tg& %qﬁ%ar&u% Ssmbogf(n 3% %ugrlrsa.l) havinga

30

advantageous 10 use po yvmy

residual poly(vinyl alcohol) content, y 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. Itis also
advantageous in some applications to use poly(vinyl butyral) having a residual poly{(viny}
aleohol) content, by weight, of greater than 25%, greater than 27%, or greater than 30%.

In various embodiments, the polymer sheet comprises poly(viny! 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 ofa
dialdehyde or trialdehyde can also be added during the acetalization step fo increase
molecular weight to greater than 350 Daltons (see, for example, U.S. Patents 4,874,814;
4,814,529; and 4,654,179). As used herein, the term “molecular weight” means the
weight average molecular weight,

10
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residual poly(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. It is also advantageous in some applications to use

poly(vinyl butyral) having a residual poly(vinyl alcohol) content, by weight,
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acouslic Interiayer In various ways, Including moaircation 9 e mole ratio

of %&?%@%&Bﬁ%ﬁ%ﬁ%ﬁ%mﬁﬁm 3BoatalyFdpstee: 1ﬁ§‘5 or
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increasing the concentration of _plasticizér and/or with a reduction in
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glaphttimirsitiond@8nsnadfipdagtimiaeabout 30C to about 18C or lower. In

genera | IIRGAR AL Sl BPGHFLES) Y BoRARr P URE BAREIB AR Bty (vimy!
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
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-ethythexanoate), and other alkyl, aryl hydrocarbons containing ethylene glycol
or propylene glycol moieties, and their chemical derivatives.

11



temperature. In various embodiments of the present invention, an acoustic
polymer sheet 20 comprises, for example, 30-100 phr of plasticizer, 40-90
phr of plasticizer, 50-85 phr of pIasticizer or 60-80 phr of plasticizer.
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for example, Any of the
E)A.Sdmves may be incorporated into the polymer sheet fo enhance its performance

25  inafinal product. Such additives include, but are not limited to, plastlmzers, dyes,
pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, flame retardants, other TR
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 spectinm can be
30  added to any of the appropriate polymer sheets. Agents that can be used include dyes and

12
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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 20 hydroxide used in acid
neutralization. In various embodiments, polymer sheets of the present,

inBgientcwwhmdentiere roaberide (s h deding h AgHe<IOR PRISOUE Y|
bugggée)(chemlcal abstracts number 79992-76-0). The magnesium salt
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plasticizer o tionally yothe tives.”Any suitable method can be
uséwt@mmwer%ﬁeeteﬂam 'sﬁ%drrmmén dusyab israpRerdally

of ME@emmums Beha si0fxatiiih) Sopras Bss et Msutiakigouri as
{vm%qlubut ral) are known to those skilled in the art (see, for example,
,282,057 and 2,282,026). In one embodiment, the solvent

method mm‘ﬂm‘hﬁw@ﬁWﬁM@(M@m ohpwiseRer
@&m%ﬁ Yriny SR oo mgx%sﬁae%aﬁé: 309 ¥R 5 and then

Wade (2003) c e used In anogher embod| 15 the agueous
20 R P R P GRS 1P SUTR ity
avaﬂhkt@mau}agmtsﬁmrm fiioension &wamn:a@mduaﬂmdn@n&muﬁs A sheet die

MiS3R4H &34 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 throngh the die. Wedge shaped Iayers
can be formed by using an appropriately wedge shaped sheet die.

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. In either embodiment, the surface fexture at either or both
sides of the layer may be controlled by adjusting the surfaces of the die opening or by
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' resin. One exemplary method of forming a polyvinyl butyral) layer
comprises extruding moltenpoly(vwyl butyral) comprising resin,
plasticizer, and additives and then 20 forcing the melt through a sheet die
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method known'in the ark In a typical method, two or more melts
ﬁﬁaﬁsmg polymer resin, plasticizer, and any desired additives can be 10
tIy forme Gt yepextuid pebienf duverdisirthie qoalyrive mehe dtahawinpotegivsbest
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alone, would res et with'a glass transition temperature of
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h a%%é lﬁgE}rﬁgrlgﬂe@E %‘%&?g%%%gﬁ,%f&ﬁgﬁ ttixrough a single polymer melt or
through a coextrusion process as described in various embodiments in the previous
paragraphs.

25 The following paragraphs describe vatious 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 D235, which is available from Hunter
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15 approximating the shape of an individual sheet, wherein the first region
has a glass transition temperature of 20C and the second region has a
glass transition temperature of 30C. Interlayers of the present invention
that comprise more than one polymer sheet can be produced through a
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amount of haze, a Hazemeter, Model D25, which is available from Hunter
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20puﬁ%mowwmwm@émm@dﬂmﬂ 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

4

following: Transparent molded disks of polymer sheet 1 em thick, having smooth

25  polymeric surfaces which are essentially plane and parallel, are formed. The index is
meastred 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 or less, or & or less,
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are prepared with standard autoclave lamination conditions. The
laminates are cooled to about -18C (OF) and manually pummeled with a
hammer to break the glass. All 15 broken glass that is not adhered to the
poly(vinyl butyral) layer is then removed, and the amount of glass left
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Incexpsisiterh Ristdtdumys tfdhe pussolnverizopdtdriermaire P‘W%éo a

IS te3iedd, Qb?i’ﬁ@}%@l%& a&caﬁsdlatkﬁevt@aﬁagyaga it} l&aﬁﬁxﬁ!&];tes with

A D R
2(lottheiters kipgenfighassintemp eratplex MGJ@MWE@%WMM% the

10 tepRGIal YIS ARKAEY HelRib-aRavanipnR! {RRbplRskalaRss o prmed

through laminating a . . ..

For purposes of the present invention a “coincident frequency” means the
frequency at which a panel exhibit a dip in sound transmission Joss 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 typicalty in the range of 2,000 to 6,000
Hertz, and can be empirically determined from & monolithic sheet of glass having a
thickness equal to the combined glass thickness of glass in the reference panel from the

algorithm

30 fo=

15,000
d
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conventional interlayer consisting of a non-acoustic polymer sheet having
the same shape as an interlayer of the present invention between two
sheets of rigid glass panes. For the purpose of the present invention, the
conventional laminated glass is referred to as 15 ‘reference laminate

panel". Improye t] %ﬁéic insu!ﬁﬂg ebte chagagierize glass
Iariﬁl%ffeei& ésoﬁls&l%%lgégf%hg mtqﬁfa]g]/fers 0 %Ft%%p%r%%ent ilpvention IS
determin8er wnawsro e inyeatipe;drampremeniia acqratiereroraanshaeg it

PreyiRusRRR i aRRedst MMlisadarmiBateson idhs wthociiiclayearfaheiap eference
the_"combine Ias; thicknese?" is the sum of the thickness of 20 the two
Iaﬁ?gugflaé‘s}s; nr?n%rregcgo?%% ex laminates with three or more layers of

5 glass, the"Seurd\siprsenigies lnwtin detsmminsdi oeakaing of hririen gyention or
;n (Yt Rl ;%h& t r?ﬁﬁaﬁe@ml? h'b.';,m(d' [ yo dt
requency” means the frequency at which a panel exhibit a dip in soun
tram ?ﬁ?&ge to "coincident effect" (see Lu, J; Windshields with
New PVBGteHayioathsusiopivterimeniof oineses REemiiarormmbrirsdard by
QUL HBRIQUERIE M- I8 3P 8 HRA03 D151 Pa Al B0 noidmn 258,
frequency of the reference éfaanel %g;ggﬁilyén %he (riaqgf% of 2, Cs)t(r) }10 go float

10 Herd 43uttien Be ahmsAcARF 484 HroR STORATICERES g?as
ha@mmmmwmmm@mm@mm&mmmtmdﬁc
refGLERGH: BARE WO A B YOO AR A0 Gnflr) MORSRICH: iinates

total glass thickness in millimeters and 'T " is in Hertz, F oses of this

VBRI S S B P BG D Ek BRB o P O b Do

incraagsmia thar M4 mmmmmmnmmmé m‘wgrér@ess
15TeQUENEN OF WAELRIG! B1EE P AN Rlrent BRKNALRISFUSHONL PSS and 2.3 mm.

determined for a laminate of the present invention or' conventional

refdPer TR Fh P Eis A HRIRR SFROTM S FNRYSS B58BY 1 Figay polymer
temmerhinicaal 2R i6datanls adi aad deaising diestapeeahttvarpabear#5°C to -
T e
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 folilowed 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 wsed 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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10 5,145,744, 5,189,551;5,264,058 and 5,529,654. Preferred glass is heat
strengthened, float glass and may be tinted or coated with metal and/or
metal oxide layers to reflect specific portions of the electromagnetic
spectrum, for example, infrared. Preferred glass laminates are made with

glass thapigmatsnerelfeahaped pulp(thisk bttty abvinthl:7%6 Hpkroxyrepitent,

not more.th 5 hick, and more preferab| mare m.

thi@ﬂ%@l@ﬁgr&;\%%%wggﬁ rlssgﬂaﬁa%%o%f)%%%rent trﬁ%‘é&s&% for

exalnyiess. 65HAT amel(253M. In atypical safety glass lamination process,

a three laygrasseiniplRhaI 1R AHRATL AN AR VuRAY BIRESIS8.7% hydroxyl

assembled and heated to a glass tgi%n eratyre of ahqut §5C to 59%%‘@(: ata
5 e PSS SOPIRIBTG S DA S GRS BE5ET HAIGE Spepfagute of 30 C,

conpiense th assalpbif isttieat né atfinio 2k aiipledynith srpdsiteckdsiont dr14

in a_conpyectiQn. o . e of about 60C to 110C for a

oh grl%npgé’se%ﬂj,%a’ £hd? é‘ai@l P BBAAL

riod, Tor example a

out 1 to 5 minutes, The heategﬁjasse#ﬂbk/%g
then pasgt® WBbuNRnaveses seepetrasiir RARGSRE hulBY) bataersvriterte
asIgAbhyBéorhaycdnEiig 160k AOHpasdAAN Bt 8@lislvaRsitonls

for about 30 minutes. Non-aut
105,5?3’,%%7%%0%0603&3% o5

clave megth Eﬁﬁla disclosed in US Patent
%){%ﬁlﬁ_sﬂ‘i gﬁfollowing examples are

intended th-AVBEaWedgeishandihnnoystie plxiving eppb bring IAvdAAg) bydroxyl
La@&ﬂ?&&%ﬁ&@,}%%%@ﬁ@ﬁi@;&%&ﬁ&%@u@r@w@mﬂaﬂ%ﬁmw1s °
materials: 30 3GEH: )é;

—“H: triethylene glycol giéZ-ethylh
GlaSs3AHickRa B ARYFLSE Th Hnckere

D SR RS SO b 2.

Non wedge EVBpeN@styédirbapéinad)crtuisd 18:7laviyarospicamirérinyl butyral)
ontain $ iongtemE 20
Iféf;%%ﬁéiﬁ%i%ﬂ?%%‘?’ég%%@@éﬁﬁi 1S S RO D8 SR DGl Eathiihg o

il
shafgess wamwwﬁw*%

B, ARRS RS TSR AT P!

phr 3t anfkhaing she REEHIpRsHMRR Qe pes atketatitanat@perature of

ets) 0.

Lhric n%z%égb%r%%é eoo{ the sggerm‘}

c76 mm (30 mil) and on the
né“a sheet width of 1,000 mm.

Panels for acoustic testing comprising glass with various polymeric interlayers 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 structare 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-PVBI: Non-wedge shaped acoustic polyvinyl butyral) having low (16%)
hydroxyl content, containing 50 phr 3GEH plasticizer, having a glass
transition 10 temperature of 18 C, and being 0.5 mm (20 mil) thick.
A-PVB2: Wedge shaped acoustic polyvinyl butyral) having low (16%)
hydroxyl copient. saniaining: R0 phr 3GEgplasipiAerhaying a gl
trafisTtion Temperature o , at a thickness 1n one edge of the sheet of
1.0lmm and®fBthe opposite edge of 1.42 A-PVB3: Non-wedge shdped
co-gxtrudedghpees-layer acoustic poly(vingBButyral) 15 being 0.803m

- thick, wherein two outer layers containing 38 phr 3GEH and having a
glass transition temperature of about 30C and the inner layer having low

5(12%) hydroxyl contentTediAifExipydtrRefererepRatder having a
glagplransitieadempegibyse of @adisidhi Fadyd () winGdenit\freg (B
thick. Pangls far acoustic testin prising glass withvarious polymeric
inte%ayeré‘3 éﬁrgﬁrZO cor?é#ﬁ%?ed ?#?08@8 X 75 cm panels@%f components
assbmble§-BY¥Fdicateli3mmable3tiC through 4. PVB idferlayer film is

conditipne dhinimRcHd il sehisekieailaaaiadmoiskue Tovahioke:4iifvach
and hand laid up_on a.qglass et breheated to 40 C. In case of panels
10corf %ﬁfﬁﬁ%ﬁ?#&ﬁgﬁ%iﬁgﬁ?ﬁﬁvmual layers are stacked on the
preheated glass in the order indicated. A second glass sheet preheated
to 40C is placed on top of 25 the stackggljnerlayer sheets. The panel is
then c passing thr | nip rolle
erlaver -.a._;l_‘_"- ;‘_'_v o £ ;" il e 2
"desaired" p Placed in a preheated 42n at 105C for about 28

{sMingtes and,paeassbifiough the nip rollggg:a second time for furthgy and 30
de-airing and to edge seal the panel. The %gnel is then air autoclail

d
(hegted at eld fl%ﬁ%%rature and pre& e). 30 Table I (Prior A §a’i%3°
No.g8nterlaves-BYBg6EEs Wedge Angleddad Tz (C) 1 PVB 0 3¢ @&d 30

C-PyB 0.38 g(_},@gggl@%frior Art, Refeggpee Panels) No. Interlaygr
Glass* Coincident Fred (IL) STL at coincident free (dB)

20 Table 4
No. Interlayer components* STL at the refezence freq (dB) Improvement in STT, (dB)
10 A-PVB2 38 7
i1 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/intertayer
components/glass sheet. The thickness of each glass sheet is 2.1-rom.

By virtne 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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3. C-PVB 2.1 mm 4000 31 4. C-PVB 2.3-mm 3150 31 * Glass laminate

consists of glass sheet/interlayerlglass sheet. The thickness of each 10

glass sheet is indicated in the Table above. Table 3 No. Interlayer

Components Wedge Angle mrad Tg (C) 5 A-PVB20.42 18 156

A-PVB2J 42 18 and. 30, 7 A-PVBI/C-PVB 0.38 18 and. 30

vt e?&ﬁ@%&%@ﬁ%&??ﬁ%&%e 4 No.

Interirodinpatnid with by uadersigpdley thtseckilled intlte By trabreriameroges may

2 B P s lamimeios b LT o e e

- : . * GJass laminates,for measurement

oo RGP 8 e P Eon R S A o3 R e
50f avtcylasinsticevicnRittiine, B3y eichings b thejrysiinn wigetbfenersng fypm

PosfilEIRRI Quirle BERIEUIEHUEREE 1BQ Rhidied MieHa YR/ MR iR B Eehited to

sound trapsmission through a windshield. 19 While the inveption has been, .
o e SRt SR S BT bR SRR EP R P iy i

by heseiekibetibat the iavettiat valitudodeall gesbndimedie fallingevathin the scope of
eq%\éaiﬁg&d%aggs§ubstituted for elements thereof without departing

from thé scope of the invention. In addition, many modifications may,be .
Omadie to AHEL EEHBEPRERSFEILHAHEBY Pl StE A B CHGE GRS Biven
invéntioy sigle codemarting thopesthe insatitintacopedt dreofahberdforash
'S '@gsg&egam@s& %ﬂ%&%é‘@%@&#ﬁ%‘%ﬂh&%&%ﬁy&% RS Fon,
disclosed as the best mode contemplated for carrying out this invention,

butthereERmPRIENEdA A e rathodiment baying defisad ralussifAnsarhE e

of components, as given herein throughout. For example, a polymer shect 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 fo

20  any one particular embodiment shown in any figure.

Figures are not drawn to scale unless otherwise indicated.
Bach reference, including journal articles, patents, applications, and books,
referred to herein is hereby incorporated by reference in its entirety.

20
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the appended claims. 10 It will further be understood that any of the
ranges, values, or characteristics given for any single component of the
present invention can be used interchangeably with any ranges, values,
or characteristics given for any of the other components of the invention,
where compatible, to form an embodiment having defined values for each
oflillelBomponents, as given herein throughout. For example, a polymer
sheet can be formed 15 comprising wedge shapes in any of the ranges

en ina gdﬁf? Bhe% es given for plasticizer, where
ap r 1ate (Form

_ pe mu tlons thatareW|th|n the sco %{ hﬁ i
present inpeltisn Haethaitg BrEITERTRIE ﬁﬁﬁﬁ&%% wher

reggggmg@ﬂ@ﬂy@qs\w&@ Hnepa&stract 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 figur d
FigurSheavindrbicldanrrieysfidaimdsehsrsarambinaieebese JeH e and a
refgreng th@meiewm& ﬁf&féaés Melﬁi&m@l iepdidest a8 DHdbksfers and

NS R ey 5 A ied?

er, cComprising: a polymer sheet having a
gIahmkmM’csmddimbda@re of less than 25C, wherein 5 said wkdshield
interlayer is wedge shaped. 2. The windshield interlayer of claim 1,

\;v:erﬁnlgl? said mtaréayer hasgagg%%%vj and a aeﬂ%?nd grs 5 %ng ein

semﬂomg@mmyhmas that is at Ieast 0.13 millimeters greater than

said 10 thickness of said first edge. 3. The windshield interlayer of claim 2

wherein said polymer sheet co prlse lasticj eg%ﬁ(s)% | b
Thévﬁhﬁ%@ﬁh‘%@éﬂ’ﬁw h&%ﬁ?@’g A s\iné aﬁlrlayer

furﬂa&fpmﬁm&mﬁ&psbmmdhpeﬂymer sheet. 5. The windshield interlayer of
claim 4, wherein said second polymer sheet is not wedge shaped and

said polymer sheet having a glass transitiqn terﬂ)eragjre of Ie than 2
is 5. The windshield interlayer of claim 4, wherein sai olymer get IS no

shaped and said polymer sheet having a glass transition temperature of less than 25 °Cis
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.

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.

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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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 25C 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 25C and said second polymer sheet. 30 8. The

WWSPAS@M%&%M%&MW@@M%@%@@@ RB6RNGHge is 0.3
edge Is 0.13 millimeters'to 0.8 millimeters greater th%%ga%%th ckness of

o EEEaR1e, o DR SR RFTHEA APERBIeIoh 718, &P saic
thickness of said second edge is 0.3 millimeters to 0.8 millimeters greater

thap,saig () 19 0EF R0, TG Al Gl iteriakelsaf ©awg. 8.
Swﬁgéﬁgggﬁﬁﬁﬁiﬁtﬁéﬁ%igaﬁ least 0.5 millimeters. 11. The windshield
int@ﬂﬂ%ﬁ%claim 3, wherein said plasticized polyvinyl butyral) comprises

30-100 phr plasticizer. 10 12. The windshield interlayer of claim 11,

wherein. said plasticized.poly(yi t ampu - :
Piobobs MR SRR b i M A SRR A eyt
shapegrpsenitdOhebrplpsiciZerdoes not comprise polymer sheets other

1pthan said polymer sheet having a glass transition temperature of less

than,25¢C. 14. The windshield interlayer gf claim \a&erei %}&

b TR RN e e R S
an enzapriats 4810 phamlpsticieer.acoustic 20 region. 15. The windshield
interlayer of claim 3, wherein said windshield interlayer further comprises

a polymer film, 25 éG. ethqd, for manufacturil awir;g‘gi Id jnterlayer.
ot T A R GE L R TSI S R B ayer
15poljemenshestiniseipajymer sheets other than said polymer sheet baving 2 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 forther
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 2 first edge and a second edge
30  and wherein said first edge has a thickness of at least (.38 millimeters and said second

22



a glass transition temperature of less than 25C. 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 22 edge has a thickness that is at least 0.13 millimeters
greater than said thickness of said first edge 18. The method of claim 17,
whedetrhemadbicneashatiset s B3 anilimetesarentsr g 5w fickprss ptrgid
Th d of claim 18, further comprising forming a second polymer
sheet and laminating said second polymer sheet and said polymer sheet
having a glass transition temperature of less than 25C. 10 20. The
metfodbs mahndlcg?ohheﬂéwmlse@dmlmmmmrﬁ@mimgé

5sh olymer sheet having a glass transition temperature of
less than 25C is wedge shaped. 15 21. The method of claim 19, wherein
said second polymer sheet is wedge shaped and said polymer sheet

havifig Ehglasthérarfsition ﬂénfpehempmpﬁmfmmms@em@qhwmheﬁ and

shapgthefiag Lig eiah oBAHAP HRBhA RN PR Whsition
layer dlsposed between 0 sald polymer S eet havmg a glass transition
tenPREBSIATEAN LSS Y ?25C and said, second polymer sheet. 23. The

10method of claim 18 wherein said thickness of said second edge is 0.13

m'“ﬁ@eﬁ{ézﬁgtﬂoﬁ @E&m@m&a@m@& W%ﬁé@ﬁs QH8K5a and

5 24. The method of claim 23, wherein said thickness of said second

edg?@lf&m g R TR foskeTh AR SorRsriR et os HEhick rde oeee
saidi#igiiedge. 25. The method of claim 24, wherein said thickness of said
first edge is at least 0.5 30 millimeters. 23 26. The method of claim 19,

wherein said plastioizedpoly(Vinyl butyral) comprises 30-
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 plass 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 o 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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5

100 phr plasticizer. 27. The method of claim 26, wherein said plasticized
polyvinyl butyral) comprises 40- 5 90 phr plasticizer. 28. The method of
claim 18, wherein said wedge shaped polymer interlayer does not
comprise polymer sheets other than said polymer sheet having a glass

tra n re fle thanz OZQ#} @GTM@ @ s 30.
e&%‘ﬁ amlrtlla 1nzﬁa polym C‘Eﬁm o §po ymer sheet hawr?g

a glaiglir@bsﬁMemperature of less than 25C. 30. The method of claim
18, further comprising forming said polymer sheet having a 15 glass

transmon temperature o than 25 %%¥ tru#j tig 40-
gﬁﬁ%ﬁhﬁq\ﬁfﬁfﬂ%gget E’E?&npggfy g lz ﬁ {i @mé?ps sheet

ha9mpj1a;gésdm:an3|tlon temperature of less than 25C, whereln said

polymer sheet is wedge shaped and comprises an acoustic region and a

non acoustlc region. 20 31. A windshi terlayer, comprisi mer.

et (RN el st P

salebmpiiis histichisrtdrelgertienitecgeid polyeny shuttbindngin glass iyEisitay,
%%Re& Eégmgﬂ\ﬁddsound transmission loss of at least two

Is relatlve to an equivalent polymer sheet having a glass transition

mtemperature of greater than 25C. 25 30 24 -

15

20

30

29. The method of claim 18, further comprising laminating a polymer film to said
polymer sheet having 2 glass transition temperature of less than 25°C.

30. The method of claim 18, further comprising forming said polymer sheet having a
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
termperature of Jess than 25°C, wherein said polymer sheet is wedge shaped and
comprises an acoustic region and a non acoustic region.

31. A windshield interlayer, comprising:

a polymer sheet having a glass transition temperature of less than 25°C, wherein
said windshield intetlayer 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 baving a glass transition temperature of greater than 25°C.
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