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 interhiyers, and, more specifically, the present invention is in the field of wedge shaped
polymer interlayers. BACKGROUND Poly(vmyl butyral) (PVB) is commonly used in the manufacture of

polymer 10 sheets that oz esdn ishbtirnsmittingaminatesmuch as safety glass

or polymeric laminates. Safety glass often refers to a transparent laminate comprising a poly(vinyl
butyral) sheet. or interlayer, disposed between two sheets of-glass. Safety glass often is used to
provide a transparent barrier in architectufEahERTBMBTIEGHENiIngs. Its main ftmetion is to absorb

energy, such as that caysegkdsmeiblenidianiame 1o biniywihpuhRiewing Remelsalien through the
opening or the dispersi fs%ar f Iass smln zing damage.r ry fo 0.the obj cts or
3 ot d area |ns asam%n &e & er

persons within an“encfose (860 10 provide other beneficia effects such
as to reduce ultratidébs B9 aﬁmﬂmﬁﬁmssmn and/or enhance the appearance
and aesthetic appeal of WlndOW openlngs 20Safety glass interlayert have also been used as an
important component in automobile head-up digplaydhiblsystems, 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 ohYREH (O hrREpretn rged de Becrrydertr R S rmation. One type

of Intel- Iayer%e&h%@d@w@s@@ﬂmaﬁg%@mﬁg@mmﬂm&mmms section. The
wedge shape of tiye &ﬁ@md wideHae el ohl-Aynasp Andshield

windshields can SRB1E ﬁ’%ﬁéﬁﬂ%ﬁ”ﬁéﬁéﬁ%@%ﬁ%ﬁwmﬁ%ﬁﬁ%ﬁmmm.
Accordingly, furthémmmmmmmmmm% the sound
dampening charae@@esmf%@&@@m%g,sg@agwwhm@m% glass panels in
which a Wedgg sh&g&g‘ vﬁ%ﬁo&%ﬁr iS useero,&rougtgé}Qeggé%g dlag)el%argabll %ards of
glass, thus minimizing damage or injury to the objects or persons within an enclosed area,
Safety glass also can be used io provide other beneficial effects, suck as to reduce
uliraviolet (UV) and/or infrared (IR) Bght transmission, and/or enhance the appearanoe
and aesthetic appeal of window ¢penings. :
20_ Safety glass interlayers have also been used as an important component in
antomobile head-up display (HUD) systems, which can provide, for example, an
iﬂsuumsntclusterimage at the eye lovel of a driver of the automobile. Such a display
- allows a driver to stay focused on the tpeoming 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 Hight dynamics through the windshield required for a head vp display.
Unfortunately, as with standard windshields, head up display windshields cen also Jead to
an undesirablely high noise transmission Jeve! through the windshield.
Accordingly, further improved compositions and methods are needad to enhance
30 the sound dempening charasteristics of multiple layer glass panels, and specifically




SUMMARY OF THE INVENTION An embodiment of 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 particular, at coincident frequencies for such glass laminates, for example in
the range of about 2,000 to 6,000 Hertz. This effect is achieved by incorporating an acoustic polymeric
interlayer into wedge,shapedlaminaiedolassarplicationsaatnmeressrectiicaliyidnto wedge shaped
windshield applications. . According. to a first aspect, there is provided a windshield interlayer,
comprising: a plAZRSEEUVIRASPAUNMAI) polymer sheet comprising 40-90 phr plasticizer and having
‘a glass transition temperature of less than 25 C, wherein said windshield interlayer is wedge shaped

and has a first edge and a second egigepwheraiirsaie firstredgentas a thickness of at least 0.38

millimeters and said second edge has a thickness that is at least 0.13 milli%eters reater than said

thickness of said first edtfeS B HRBr &I At B AT KR YR S B¥ed s 6Und transmission
loss of at least twadddrinelspielativestosanaecuivel emtlpatipnrer stbet Haangagidssuransition
temperature betwgen 3033 Gooh i AGOTANG 10,8,56690 d:23RRMAN SR S RIQiled a method for

manufacturing a windshield interlayer comprlsmlrg: forming a Wedge shaped windshield interlayer
&

comprising a plasHelAepERIRAH B ENPRoRHeraseal emibrtigub YbtREplatticizer and having

a glass transitiondfgsmpe rakitre: O hiceasdiparnty Ghwheseinpsichwvio dshieldimer laydrchas a first edge and
a second edge, wherejn said.fi . I : Hi and said second
edge has a thickﬁg%’éetﬁ%gtl}égta%gélsg%%sg%ﬁ%@ﬁ%ﬁ@gﬁ%ﬁ%}}tﬁgﬁgﬁg 'Eﬁ%l(chg%}egs%{ iﬁ‘ said first edge, and
wherein said polm@ﬁ@%iﬁﬁﬂhgr’én improved sound transmission loss of at least two decibels
relative to an equivalent4qotymer she@khayieg thatas-raidsitionteRipadatuedadyetween 30 -33 C.
According to a thgg aspesh (EIEJSRBYAEAA HIBSIRILCOMs e 2indeiplgnteriayer,
comprising: a plasticized poly(vinyl butyral) pélymér sheet comprising 40-90 phr plasticizer and having
a glass transitionX&HHpEraAI B e A8 ?W@f@ﬁ%@ﬁ?&@%ﬁ%@ﬁfbﬁ it eri¥iledge shaped
and has a first edgiad&hitld sechner édgejawblensin sditafims{ist gézhasta teickdedgofheieast 0.38
millimeters and sgjgh segopg-edos hrsadhickiess he isidhlers! Sd Jmillirsteiggiaater than said
thickness of said first edge, and \ﬁ//her(?i sa&%%)!%/mer %heﬂ%\t shog%ls%.algnérgg%rfos\ée ﬁsrg%radetransmission
loss of at least tWEHEEE TERHT TS An BGIRATGH SO Mar SheclhaVing a giass transition
temperature betwedwBg@8sGd polymescbedinhotvsatourts espesndersns provise et aWWitdshield
interlayer, comprigig@eawpexitude midtilayacniasisizesaoblvinyk pukiathgabimer sheet comprising
40-90 phr plasticizer alng p vin %%gégrg(\fvith a glass transition temperature of less than 25 C and a

region with a glasfgr?Pgn%sﬁl%ne%erﬁpera ure of greater than 25 C, wherein said windshield interlayer is

wedge shaped and has A%estieageaiseradsesiolsay s BRI BIFOsidOr Pt EREHAS & thickness of
at Ieast'0.3$ miIIimﬁtﬁ[ﬁei_i;nﬁ!tsmglesesﬁmd@c@&h@&@gme&gmﬁbmwmcahidasnt@rmamiIIimeters greater
than said th'Ck”eéé??gé%lg i'g;ﬁs?igggd B‘&%Wﬂﬁrﬂw%&%@@e%ﬁﬁ%ﬁ@@%@fwed sound

0 oa

transmission loss t least two decibels relative n equivalent polymer sheet havir(lig a glass

transition temper&iaTecFEtREIF EpesEES ERIFEP EEPRIPTONBHFTHE FIEURES Y Figure 1is a
schematic represeitatiosidofierdeyenibodimertip amdvesgenstrdgedvimtetiayed bfsthvdgsrbssent invention.

DEJA'LE]D DESQ%EHEL%M at 1e|a£r‘ 0Ws AGARREIG zIthE‘eﬁdBE%%ﬁ@EJngi%QHQEhiﬁcH@s% @@e@dﬁiscovered tlhaé
wedge shaped windshield interlayers incorporating an acoustic polymer sheet can. advantageously be
used to limit sou Saﬁié)néﬁgi’l’@ﬁt%/ﬁrgﬁﬁﬁré v?‘/lilnsﬁé%?lélf ahdTh %l%t(\?/rgﬁﬁ%e S ?A%ee‘éfg%r%fﬁé%@d interlayers of
the present invenponnarespattibater ko imefabed sumshiebilaissivwhieliat kagdyupecidieblay is provided
and for which non«paraliel glagsilaxarsaietypicallyused indharwindshielspamirabeiween As will be
described in detali ein, 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 sheetegswisatuebiatisheetige i oddst o Esdshiflhetarrgidater than the
average thicknessaGfitfaehiate Hayeiver, polyriensheghaisined aslinethalt ingrep pobiteedget. Wedge
shaped interlayers. gb e, Rl GBS AR, GIASS SEG AN, CARESR IR Al expIRIg AN Sosceles

trapezoid or a right trapezoid, among others, when they are first formed. The thickness transitions of

the cross-section 8?&@ BORePhE BRI BUEH AR FUBRTE DR BRGRIMR HIRTE S8 Ate of the
thickness change froondbnzedierehtieddolymir sheettolmssopgpobitet 6 dgerddimierseodtinuous, or can
vary to the extent ya@t&g@rm%@mtpﬁmm RArRLR: of thicknessaae: inmsagain 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.

2



5 Of course, after lamination with non-planar rigid substrates such as curved glass windshields, the
wedge shaped interlayer will conk= to the contours of the laminate. = The wedge shaped interlayers
of the present invention can be formed from a single polymer sheet or from two or more polymer
sheets. As will be described in detail below, polymer sheets can be any suitable thermoplastic

polymer, for exampleaalyéyinu &Ritupaatd whirmarausembogimentsyyvadgprsbapeshittharlayers of
the present invention. are. formed 1am.2,sN0IE PRINTSLIASEL T Arieys smBadiments. the polymer
sheet can be a Weé‘ae shaped polymer shee that has been formed from'a gllﬁgle acoustic polymer
melt (as defined HEPBRY)A AL SIERISTERBIEFISTS PPTGE_SE 1A Sther embodimemts, a single 15 polymer
sheet can be formed througboadtgexstidsien pspeesidr whichian acoustidpolyraerveelt and a non

acoustic olymer Mialh{amdeliedALaL AR COBHIRAG 1.1URA Singls) Wadae.shaned polymer

sheet having an acoustic re%on and a non acoustic region. In various coéextnision embodiments, the

regions are formefCSYAYnS WPt BRTMEEERGE Lupkrang pirsteithin s siHgid€Reet, which emulates
the effect that woutthhe-zwkietiess 20uf 1V segdaratgpolythezshestasiam aooustic:and a non acoustic-

had been laminategd.tagethesslnyalotharsmhatinentsyafigacoualic Sofunalsmalhand a second,
dialcut acoustic polymer melt can be coextxuded t%j:}]’lrﬁrg? wedge shaped i tgeiI% te ving two
' et’Fo

different acoustic FAgFGHE 2AGHN XS IESTBIF AP SH VA a T r any of the
coextrusion embodiitigrtsrelestribié sttt edsrdviv athpdinasy dphisaidsathfhémibaaiersion region can be
formed from acousgtic,ef mensaeQuRlissRAILi, A% desiresd Fesexamplegnwedge: shaped polymer

sheet can be formiecl by caextruding an acousii polymier meltbetueen. o o) agaustc polymer

melts to form a thfée t gion wélgg' aped polymer sheet that can be used as a rnoise suppressing
intedayer. This enPsbaimichtd Baviae aRlosritanetion ferRralf fRF BISEIKIPg > Ftirther coextrusion regions
30 can be formed with tinted melts, for example, to form color gradient regions within the polymer

sheet 3 BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a schematic representation of one embodiment of a wedge

shaped interlayer of the present invention.

DETAILED DESCRIPTION

Now, according to the present invention, it has been discovered that
wedgé shaped windshield interlayers incorporating an aéoustic pb}ymer sheet can
advantageously be used to Hmit sound transmission through a windshield and into
a 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 Jaminate.

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 miliimeters 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 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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In any of the embodiments in which a single wedge shaped polymer sheet is used to fonn a wedge
shaped windshield intedayer, 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 raillinactas, at least 0.4 millimeters, at
least 015 millimeters, at least 0.7 millimeters, or at 5 least 10 millimeters greater than the thickness of

the opposite edge hirh |fferH% fBr@e E%é%a%%se wed ﬁ@%%m%@%@ in which a

single wedge shape ‘mer sh t Is used to form d windshield intedayer, the thinnpr
edge can have a % W@ﬁ%l@”ﬁt%@?@fﬁ L MHETERD W8 A iR neters, at least

0.75 millimeters, ﬁ&m@m&@mmﬁm&mm&ﬁmmm@m@ﬂmao millimeters,
0:5 10 1.75 MIlMGHEIR L & o2 NBGHiner ol AR AINRILAIRAGIT B0 in el cld

interlayers of the esent invention comprise moye than _one polgmer sheetﬁ:ngésoptlonally, other

polymeric layers W&th@?’ RgPAREiTR, Y e R B HE RS R SR R E B ThE Blymer sheets is an
acoustic 15 polyméndhieksobapdyrrepshzeriasinglandooustibdcgitnrsef deflpemfierein.  As

shown in Figure 1 genem@%é%%e@m&&m%m&m&w&&amﬁe&e@md polymer sheet
14 and a flat polymer sheet 12 The 0gj:ﬁq{r_e‘)vshag}‘ed Ec? er seeget 14@3%(1 Ehe fiat X@r sheet 12
together form a We g?&b%&‘ﬁr?fer yer aving a T IC ness and a second thickness, 12. As
described above m@méh% e boenmeriedlofeTaapeste H@B"%o@e%ﬁ‘ab’é@ﬂﬁ@l‘%er can have
an edge withi@ thiglgaans (r2) that is at Ieast 0.13 m|II|meters at least 02 millimeters, at least 03

millimeters, at least 0.4 |I£rr§1et%5§b a4 | e&'agggﬂg LUl @n‘%{r@t least 1.0
millimeters greater than Rickness of the opposit edge ( |ch difference forms a wedge
shape. Further, T?%%WW%E&W é&ﬁe’ﬁ B&fﬁﬁf&%ﬁ%@%ﬂ@fﬂ% RAVFPTE SBrtERdES 0.38

millimeters, at leastdzd Shapdti mgyers, WMMMWWMM@I&MMOm 038t0 2.5

millmeters, 0.4 10, BoHURERS:fh 3l 1dich BYIGLGKSC06 01 ik oBUlimciera i schemalic
representation of one embodimént of a'wedge sha e derlag(er of t Bgﬂgresent |r1ven ion illustrated in

Figure 1 shotvs a TRFERAELes: Sdasrard ?ﬁzﬁ% curs
immediately and Ma@mm@d%mmﬁm Sffiied Heickn esscobringed @ form a single

wedge shaped polymer sheet having an acoustic ragion and a non acousiic region. In

various coexirusion embodiments, the regions are formed so as o approximate two
separate layers within the single sheet, which emulates the effect that would be achieved

20 if two sepavats polymer sheets — an acoustic and a non aceus_i:i_c‘e had been laminated
together, Iin yet other embodiments, a first acoustic polymer melt and & second, different
acoustic polymer meit can be coextruded to form a wedge shaped interlayer having two !
different acoustic regions, Again, each region apprd:&mates a layer within the sheet.

For any of the coextrusion embodiments described in the previous paragraph, a

25  forther coextrusion region can be formed from acoustic er non acoustic maierial, 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,



For wedge shaped interlayer embodiments where the rate of thickness change from one edge of the
polymer sheet to the opposite polymer sheet is continuous and constant, the wedge angle, formed
between the wedge shaped surface and the opposite surface, can be calculated from the algorithm:
7'2-ntana- FF a is the wedge angle, in milliradians; Ti and 12 are defined in Figure 1, and IV
is the width of the wedge shaped interlayer sheet  For wedge shaped interlayer embodiments of the
present invention in whithawyeftheeoiedayers aretidedimgieasigsnbapid belimpe shag rnsedoustic
polymelr shheet ord %%%WWIW%Q%;QQ@%MQ $651R5 \;__, Qs ' e dnﬁbovel. For
example, the wedge shaped polymer shee an be an acoustic mer sheet st polymer
S PR TRLE BB LR 20188 LB b

sheet 12 can be & eptable, where the wedge
shaped polymer shétritis siont Sdouiiogty at BesHidardiinees i lgpes )mmaismsers 248 an acoustic

polymer sheet15lpyet fuisnss RIS dengiahmaretiddbsidayenefpoliuesshoet are
incorporated into tpe cons%J

nstr %t h%nin Figure 1. For example, a third polymer sheet, acoustic or non
acoustic and Wedg%ngﬁape Fhen wedge shaped can be incorporated. Any suitable configuration of

polymer sheets and sheBx aypeitimobediauts 15 Tich a eligeedenerrireEse fhaf d ¥hrious
embodiments, theioveral dinensigss @hissr 2fruytite: ayere ddndesaarsailficheswithin the ranges

given above for thigkpegsgs [95.5Ingls RONMAL SNeELEMBOIRENIS:, o WY oumEmARdiments, a
polymer film Ifa/er such a ?pq _tethy'lene terephthRIateth as described elsewhere heref}iﬁ can be
I

included in a Hultighisye ardieefpradeih o mtR e AR A1 SEBR . 1 can be
included between R3stheilivedge ehhped Sobjiimeetstscet 14 and the flat polymer sheet 12 in Figure 1 to

produce a three layer ergbodigiepinin WG R-RRIVMALHLR isdneaiR crated-BRWaRBiNA Polymer layers.
In yet further embodiments, twg or more, polymer films can be incorporated.into multiple layer
interlayer embodifi&HE GIHE %t%Mﬁ%%@%ﬁ%%%ﬁ?@W%@%r&%ﬁ invention,
interlayers of the préselarge ibdeniembadivanta at et dob offisaelbasshiededssngresstisanes, reduce the
transmission pf 5 sayie theauah figlaminaiamk-ahass Ranskbyabicasicstacibels. (dB) at the
coincident frequency relgtive to a ¢ arable lami d.glass panel having. a s!ggl conventional
mterlayer consisting of a%ﬁe%o%oﬁg@fﬁ%oﬂﬁ%er S gr%e hig\t/%%%?;% g%’"%ﬁ)gusﬁ'ne%%e angﬁq‘%r ggyer aft
present invention. shapsd polymer sheet 14 and a flat polymer sheet 12, The wedge shaped polymer sheet :

14 and the fiat polymer sheet 12 together form a wedge shaped interlayer having a first
thickness, T1, and a second thickness, T2, As described ghove for single layer

20 eémbodiments, one edge of the wedge shaped interlayer can have an edge with 2 thicknzss
(T2) that is at least (.13 millimeters, at least 0.2 millimeters, at Jeast 0.3 millimeters, at
least 0.4 millimeters, at least 0.5 millimeters, at least 0.7 millimetsrs, 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
o 1.5 millimeters,

The schematic representation of one embodiment of a wedge shaped interlayer of

the present invention illustrated in Figare 1 shows a thickness tremsition of the cross-

30 section of the polymer sheet that ocours immediately and at a continuous and constant
rate of the thickness change.




5In various embodiments oft present invention, interlayers of the present invention, when tsminated
between two sheets of glass panes, improve the sound transmission loss by at least 2 dB, more
preferably 4 dB, and even more preferably 6 dB or higher, say 8 dB at the coincident frequency
relative to a comparable laminated glass panel having a single conventional interlayer consisting of a

non acoustic polymer sheet 10 having the sam pe as °E5 ent invention.  For
Psch embodiment descH B HE % go‘ﬁﬁ?f ‘ﬁgﬁ%ﬁnﬁ r%% ment exists, where
suitable, Wherelnmgiamgypéthashhmmmqﬂm@@@a@ﬁﬁmwﬁséﬁéuch glazing layers
include rigid plastga @QMQ@&%&%%ngwww@pm 60C or 70C,

for example 15 polygarbon ers | methaerylates, and specifically those having from
1 to 3 carbon atoﬁg%ﬁﬁtﬁ%ﬁﬁﬂ%%@?ﬁgg he interlayers provided herein, the present
invention alsqsprowdes methods of reducing th%qygli’&‘"s@@md through an opening comprising the
step of disposing in the opening a multiple layer glass p#hel comprising any oft wedge shaped 20

interlayers of the preserfiRVENRe wed 5% E%W@Imm%@eﬁm&@ﬁmanufacturhag
a multiple layer glaz mi he in erlayers of the present invention between
two rigid, transpa@#%%%?s%ggkﬁ%% &%ﬁw sﬁcﬁw %s glass or acrylic layers. The present
invention also includes MWQM@@W“@W%§%W@%H‘M&%W windows,
comprising a mU'W@dM&dﬁt&dw@; &ﬁ&@cﬂi@éﬁﬂ&lﬁl}éﬂﬁm sbdagiinellyded seet ondtiple layer glazing
panels havin astlc% \%ﬁgh s aCsX"(i or g@&&a&gr g&g&g&%ofgm panels.

POLYMER 1, erein, a’ g%/ er film" means a relatively thin and rigid polymer layer

thst fwactions as %W%mﬁ% e Pty ArapTHiR RO bR shesh bl iet 6

polymer sheet 12 can be a nom acoustic polymer sheet. The reverse is also acceptable,
where the wedge shaped polymer sheet 14 is a non acoustic polymer sheet and the flat
polymer sheet 12 is an acoustic polymer shest.

15 In yet forther embodiments, one or more further layer of polymer sheet are
incorporated into the consirnet shown in Figure 1. For example, a third polymer sheet,
acounstic 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 varions embodiments, the overall dimensions of these

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

In irarious embodiments, a polymer film layer such as poly{cthylene
tetephthelate), 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 sheef 12 in Figare 1 to produce a
three layer embodiment in which 2 polymer film is incorporaied between two polymer
layers. In vet 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  invertion, when laminated between two sheeis of glass panes, reduce the transmission of




sheets, as used herein, in that polymer films do not themselves provide the necessary penetration
resistance and glass retention properties to a multiple layer glazing structure, but rather provide
performance improvements, such as infrared absorption or reflection character. Poly(ethylene
terephthalate) is most commonly used as a polymer film 5The polymer film is preferably optically

transparent (i.e. obj ni one side of the layer,can f seen he eye of a
particular observé?%%%ﬁﬁ@% %ﬁ“ﬁ%“‘iﬁ% 3* o%qerf) %%%g%suaﬁly ﬁglg%&greater in some
embodiments sighifisantyadetvtde sernrmbivamineisé glasd pasldrcbepoaaRrraaiieRa of an adjacent

polymer sheet Inm&y&&&a&aﬂm@w%mm@hammm@mwmm 10 material.
Among thermoplastl t%&s haélﬂl{ll% suhtable properties are nylons, polyurethanes, acrylics,
P@?l

polycarbonates, p As <uéh as po ypropylene cellulose acetates and triacetates, vinyl chloride
polymers an&copolym%%&@bﬂ@ﬁ%%@%%ﬁﬁ%wmﬁﬂﬁ%mpnses materials

such as re- stret@d@grmwmmdwmmmwmm polyesters. In 15
various embodlmggﬁj ;E P HILCORRP sj Q. |§t&ofa&pg(,g§tg¥;g Iaglate) and, in
various embodiments, t go ?(*Xl!e%ﬁﬂgene terep{F111 alat €=(iﬁ%gbeen biaxially stretched 0 improve strength,
and/or has been Bﬁ?&%é’%é‘i fhe RiRsifsH SFRRTREGE BHY: SR A SIREEf EFP@B’&}%%‘?@ to elevated
temperatures (e. guaimkhaﬂﬁma&%ﬁnmka@emi hmﬁnmemmﬁéaﬂ@smm@srmdeOAn
additional typg of poiymer fm. herresenrhiyention, - which is described in U.S.

witholt:oreating %é?@%%%%e%&##@ﬁaﬁsa@ e 'a B AR hociment e
polymer film can m&mmmm.m%mmmmm@ inoksanfifeters to 0.10
millimeters, or 0.04at, GRG-MEl srairRrSILhe Retwmaniieican -nitio lalbe Epifaes treated or coated
with a tramsition teraperature (T,), for exampls above 60°C or 70°C, for example
15 polycarbonates, polyesters, polyalkyl methacrylates, and specifically those baving from 1
o 3 carbon atoms in the alkyl moiety.
In addition to the interlayers provided herein, the present invention also provides '
methods of reducing the level of sound through an opening, comprising the step of
disposing in the opening & multiple layer glass panel comprising any of the wedps shaped
20 | inderlmyers of the present invention.
The present invention also includes methods of manufeciuring a mulfiple layer
glazing, comprising laminating any of the interlayers of the present invention betweesn
fwo rigid, treausparent papels, as are known. in the art, such as glass or scrylic layers.
The present invention also includes multiple layer giass panels, such as
25  windshields and architectural windows, comprising a multiple layer interlayer of the
present fnvention. 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 berein, a “polymer film” means a relatively thin and rigid polymer layer
that fonctions as a performance enhancing layer. Polymer flms differ from polymer



functional performance layer to improve one or more properties, such as adhesion or infrared radiation
reflection. These functional performance layers include, for example, a multi-layer stack for reflecting
lit-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 7 Angstroms-thick metal layers and one or more (for example two) sequentially

deposited, opucaH&w&wWﬁqﬂeb&W&ﬁ&s@a&d@mﬂw{%@ﬂ%WU S. Patents
4,017,661 and 4 E 89.L83) 1 ElaL PYEL $: 08 QRERRRIMAERIRE grsistaneahgated for

defrosting or defogging of any associated glass Iayers Various coa and 5 surface treatment
techniques for po%%éﬁ%ﬂ@f@‘%@?é’ﬁm% W@ﬁ% SFRAT nc%rnmr%% §sed with the
present invention mmcm@mymm@aﬁmbgmmmww@s 8 reiyasvilmelymer films of the
present invengon can aisg Wﬁﬁgﬁmywpﬁﬂgﬁ&m&mmmwe art, 10
POLYMER SHEET As use% Bei%% gﬁaﬁlgf)eg} h}sheet snea suf;mg ther '[J&ng mer
composition form8 ESNES i d ?\eﬁelayelp IS su alon&, arm stacks of more
than one layer, fommmmm@mm@%m%ﬁ@ ’ﬁéﬁ@ﬁ&%@?ﬁ’ﬁé@%ﬁance and glass
retention propertl@fgﬁm&mm@@&g@zmamb@m@wwwﬁmmmwm dfaceost commonly
used to form polym?r sh%gts Po %%m%géﬁn%m%%g %g&g&@é& gg@lymer sheets or
e

non acoustic polyﬁ'uér sﬁeets S used herein, an "acoustic polymer Sheet" is E lymer sheet that has

a glass transifon B#perabiResiees W%@%ﬂﬂm%ﬁﬁ?@ BRI LYEEEHind transmission loss,
as defined elsewwmmmum;@nimmmmmbﬁm@@ smim@i@Eewﬂmerem of at least

2 decibels. In V&FI%&M@W mgﬂ édﬁt,ﬁ;}ﬁdygﬁgﬁg ifpsention have glass
transition temperatures of less tha Fgf@ Iesgaggﬁpgeﬁ Iegé)s a%15 , .0 Iesg(?tpan 10C, while being
greater than -15C. Non &¢ W;){W POHEEE AT BSIR d8 ot have a glass
transition tempermhﬁﬂmm&mmmmmmmr@mssmn loss 25
of less than %HGC%M\@%M@Q fﬁﬁi@%ﬁ&%ﬁﬁ%@@bﬂﬂbﬁ@%ﬁmet having a glass

transition temperatureggwft)ajre ,30- 33C F ‘Eﬁﬁ S c#hgqu n" er melt" is any
polymer melt that, SARanTar % a pgfymer h% ag? %é;‘f:ﬁs@ scrlbe for an acoustic
polymer sheet, anﬁmﬂﬁﬁl’&%‘&ét{b@m@% %iﬁ’ﬁ?‘aﬁ&% FeHdBIATEd into a
polymer sheet, hagaegeiaiiiasdtisics when subjected to elevated temperatures (e.g. less than 2%
shrinkage in both directions after 36 minutes 2t 150°C). '
200 Anadditional typs of polymer film that can be used with the present invention,
which is described in U.S. Patent 6,797,396, comprises 2 multifude of nonmetallic layers
that function to reflect infrared radiation without creating interference that can be caused -
by metallic layers.
In various embodiments, the polymer filmx can bave a thickness of 6.013
25  millimeters to 0.20 millimeters, 0.025 millimeters to 0.10 millimeters, or 0.04 to0 0.06
millimeters. The polymer film can optionally be surface treaied or coated with a
fimetional performance layer fo improve one or more properties, such as adhesion or
infrared radiation reflection. These functionsl performance layers include, for example, a
multi-layer stack for reflecting infra-ted solar radiation and transmitiing visible light
30  when exposed to sunlight, This multi-layer stack is known in. fhe art (see, for example,
WG 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one or more




30 described for a non acoustic polymer sheet A HTlgle polymer melt that is used to form a wedge
shaped polymer sheet can be formed through the blend of two Or More different polymeric materials,
hi some embodiraPnts, a single polymer sheet can exhibit multiple glass transition temperatures. A
polymer sheet formed. through such a melt that has at least one glass transition 5 temperature less
than 25C, as used herein, is said to have a glass transition temperature of less than 25C. A single

polymer sheet th%@m@cm@w%mféﬂ&ﬁw&@@ﬁ&wm mqenimicigelyiedr melt and a
non acoustic polymer melt are weirtryded tp form,a si W%g%ﬁ shapsd.nalymer shest having an
o m%%ﬁ&li %nc rs;[OAﬁa ﬁ%%m

acoustic reglon a n ERIOUS C region C ve two or more glass transmon temperatures in

which at least oné:ﬁilﬁé@%??ﬁﬁﬁ?oﬁ@%@ﬁéﬁﬁ%% ritionaly b glecitAlX (FESE B he of the glass
transition temper%&ﬁ&ﬁf&@m{ﬁg@mﬁéﬁg of Siyilarised wiaddeysisayeddamteskiipgratidat comprises an
acoustic polyryer sheet &%%”n%‘i%?ﬂ? & 1&;@?&5 ng@ﬁ;@& Sfthe polymer sheets

is wedge shaped, an have multip ass transmon temperat ngrﬁlg t least one of the glass
transition tempera%?é e {5 PHE g a ’fe?ﬁperature is greater

than 25C  The mburmmﬁee@lﬁﬁ%@o@nﬁmaﬁhgmﬁﬁa@emmmmﬂﬁa régdered embodiment,
the polymer sheet camprisganoly (uigyh buniral amnvneh ¥ie 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 bufigral) PGLIEEB. 8FHBHUIiments, any of the variations in additives dlsclosed herein can be

used with the polymer SMMQMQWWMWW Rentiatiyosiipoly(vinyl 25
butyral).  Inone emt& dlment A E%g}%%e&@lggig%b@gg%gﬁg@y acetalized
0 |ment e poI

poly(vinyl alcohopsnlm r em eet comprises,a polymer selected from the

group consisting dhﬁtﬁ%#ﬁ%@ﬂt%ﬁs ﬁbﬂ*ﬁ"?‘é DRIARFSAHIR RREBHIORSETIANTE Byl acetate),
combinations the. @ﬁﬁm@ﬂ@mew pthHiadigeniss. e giizedecsiieetdotmtises plasticized

poly(vinyl bu%nl nti%é L %%5 i}& r sheet comprises poly(vinyl butyral) and one or

more other polymers mers havmg a suitable glass transnilon tigégerature can also be used.
Polymer ¢ of the present invention ave acoustic polymer

acoustic polymer sheets. As used herein, an “acoustic polymer sheet” is a polymer shest
fhat has a glass transition temperature of less than 25°C and fhat causes an improved
sound tramsmission loss, as defined elsewhere hevein and which can be measured as .
206 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 preater than -15°C,
Non acoustic polymer shects are polymer sheets that both do not have a glass transition
temperatures of Jess than 25°C and thet cause an improvement in sound fransmission toss
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 hersin, an
“acouslic 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 shest, has the gualifies jast
30  described for a non acoustic polymer sheet.




In any of the sections herein in. which preferred ranges, values, and/or methods are given specifically
for poly(vinyl butyral) (for example, and without limitation, for 5 plasticizers, component percentages,
thicknesses, and characteristic-enhancing additives), those ranges also apply, where applicable, to the
other polymers and polymer blends disclosed herein as useful as components in polymer sheets.

For embodiments comprising poly(vinyl brayral), the poly(vinyl butyral) can be produced by known

acetalization processes EQ%%LV%&%&QQE&P{%'MQX@E%@&QM%E%@ﬁ@&@%@ethe presence
we

of an acid catalyst, follo eutralization of the catalyst, separation, stahilization, and.drying of the

resin, with the underStethHR PR Ao SRR RUZMH HORFES BSA®t will be controlled,
as described elsewinboditnentsin. singleapridpsse shba dimexiisit tiaelfholbh sies resiticaupiiprse less than 25
wt. % 15 residual eSiefa0uns, 3tk YohBce Al ks Yas o Wi Yie B0 1Ssi@icless than 3 wt. %

residual ester groups calculated as D>Igévinyl acetate, with th(%balan e, other than resjdual hydroxyl,

being an acetal, prETRTABRI L PN ARy S CEERTB B SHOTR R TR ARIETR GBI B85 ups in a minor

amount, e.g., a 2-efiptdtbasf8Cgroup (see, for example, U.S. Patent 5,137,954). 20In various

embodiments it is advaniaggaysdiomsaneelvid aidadbiah-havingadesisuabaalitwiitpdgohol) content,
by weight., of 9% to 5001(.0, % 10 50%., 11% to 40%, 15% to 39% or)ég%oeé%%O%, although other
as V{\;/ . % 250

£+
ranges can be use y?%%?sc?’fﬁ%ﬁé’ﬁ%%%%%%g apaﬁ iCAtoNs 10 use poly(vinyl butyrall

having a residual pBHEsiFprelcolEIHMERMTBE WNaRsHtivTagientad R SXUstigresE ®Ban 27%, or
greater than 30%. 2k tvasousre ioaimaiis dhecpalarwiceicentises thoigsnyl butyral) having a

molecular weight g%g? : 6 . 70,000, 120,000,
250,000, or 350,0%%%?2%%?%& mo %g:inﬁg%b%g(g%%gg%%@ma Io%‘l%agr%ﬁ?ih%g%%laldehyde or
trialdehyde can aIs‘B‘Wﬁ’Hﬁééf&ffﬁ*ﬁﬁ %(ggtaliyation step to increase molecular weight to greater
than 350 Daltons (see, féimitaiypewediShiiwtbivsridyBriaisd tdn ke 84 4628 avighdstéhtst #8). As used
herein, the term "mQlgCulatWeightn M GR0SHE-MEIORL AR BIMIGEMSHIRIEN B shagiivarious
embodiments gf p%%lrt%gr sh etg o%gge present invention%ggn_acoustic %ol ger sheets can comprise
10 to 90, 15 16785, %ed“;é"? © 8175 TR BB ReAES FHRSE R, B 9SS B

‘ ¥ SR B Hindred resin
("phi") parts. Of cotsmpetstiess uetntitas Tihabé aded axs iof dsrepriesiidmtmnparticafar application.

The poly(vinyl butysabigeatfHereferably comprises 20 to 80, and more preferably 25 to 60, parts
Coament of tess than 20- TR a1 21 B0 S0 AR ) SRR The amount of
embodiment, the polymer shest comprises poly(vinyl butyral}, In any of the
20  embodiments of the presant im:;;.ﬁon given herein that comprise poly(vinyl butyral) as
the polymeric component of the polymer sheet, another emboditaent is included in which
the polymer component consists of or consists essentially of poly(vinyl butyral). In these
embodirnents, any of the variations in additives disclosed herein can be used with the
polymer sheet having & polymer consisting of or consisting essentially of poly(vinyl
25  butyral).
In one embodiment, the polymer sheet comprises a polymer based on partiafly |
acetalized poly(viny! alcohol)s. In another embodiment, the polymer shest comprises a
polymer selected from the group consisting of poly(vinyl butyral), polyurethane,
polyvinyl chioride, poly(cthylene vinyl acetate), combinations thereof, and the like, In
3¢  other embodiments, the polymer sheet comprises plasticized poly(vinyl butyral). In
further embodiments the polymer sheet comprises poly(vinyl butyral) and one or more




plasticizer can be adjusted to affect the Om transition temperature of the poly(vinyl butyral) sheet.
10Conventional, non acoustic poly(vinyl butyral) interla.yer typically has a glass transition temperature
in the range of 30-33C. Acoustic poly(vinyl butyral) can differ from non acoustic imerlayer in various
ways, including modification to the mole ratio of the average amount of ethylene groups bonded to

acetyl groups, the of aC%M nt| gn th th of, S and/gr th ount of
plasticizer. For 151 apﬁ B ACOUL F@ m% anabEJI §§|nc asing t egésc‘)}ncentratlon of

plasticizer and/or \hﬁtﬁﬁalreductlon in the hydroxyl content of the polyvmyl butyral resin, sufficient to

reduce the gings transitimwmmmmgmmﬂmwmwl higher

amounts of plast|C|zerare added ecr |t| I,LJE% Ay s embodiments
of the present mven?lglﬁ’ arracoustic pBF er sh comprlgeé r&eﬁéag#p e 3 %g%yphr of
plasticizer, 4000 B8 SR RE SRS Pidareen av BEratFETics fgisAEves)a coustic

polymer sheets caﬁe&&dg&@hhaimﬂ WMH@@M&{@Q@&W&M@W@M typically used
in conventional intgslayer Wﬁlﬁ@ %@g}ﬂ&%@l . The role of the compatiblizer agent

is to make the poly(vinyl butyntl) resin 25 and the plasticizer more compatible to reduce the &Ica

transition temperature of TRETRASHETET PR SR RAAYEIZL Pe Bt FOLE IS BB 8P B xamples of
compatiblizer age mreduekibekipmtroametaiit mwdmmm&ymmgmmmwm&ml or
on0-(2-ethy NOxREatS) At Bihes S el AP Conane iPylon ol 20
mono-(2-ethylhexanoate), and pther aryl y roc s Co ethylen or
propylene glycol nioietie ?a%%%“a Chemcal W@%Fﬂ%@%ﬁﬁ%ﬁ%@%@ﬁn be added to
the polymer resms‘%‘tﬁ%%ﬂ@ééﬁﬁ%@ﬁﬂ%WW@W%@W@%@@SMEHS used in the
polymer sheets of shewikesaativendon can include esters of a polybasie acid or a polyhydric alcohol,

among others. Suitable Kcizers | ample trleth lene. alycol.di-( Ibutyrate),
triethylene egcoI di-(2-et eeéq%ﬂerar%bagt]&ﬁﬁ%tﬁglgé %581”0 e ?ar?g%ges? kﬂ%n%] %{z glycol '
diheptanoate 'lihe&s i ﬁ%%gfﬁlﬁétﬁpéfﬂm/at Wéx?l»é?é’f&héxﬁl%lﬁ‘até%lﬁtu@é@é? ﬁé’ﬂaﬁyl and nottyl
adipates, dllsonomm@dﬂwm& dipsiyhsdheaate Wit/ imbiienpiastierzss such as the

oil-modified sebacjg 595&1&2@ L[f @V.qul APBQL%&Q’ &ﬁ@g@psed in U.S. Pat

No. 3,841,890 and q? |pates such as disclosed in 4,144,217, and mixtures and
combinations of thi& TRE PR R AR AR Br&+ %W%@@(ﬂf&ﬁ)@?& fhade from C4
to C9 alkyl alcohomﬁn%ﬁ;mw@lbﬁ’éﬁohols as disclosed in U S Pat No. 5 013,779, and C6 to

gg(adlphatﬁ] esters, Isuch m&wﬁlwﬂo@i@ﬁaﬂg@m ¥ ; *:1 Hlethyler;le glyCOfI
i-(2-ethylhexanoalge n.cantrol a C S u ers eets o
the present mvenno?t}&t%a? cle 3%5| e “%z#;s?(vé(wﬁ%%{s C%E’ﬁs%%é%?%carg ﬁr?c%?%

15% 1 3 /6, or 20% o 30%, although other ranges oan be used as well. Tt is also
advantageous in some applications to use poly(vinyl butyral) having a residual poly{viny!
alcohol) content, by weight, of greater than 25%, greater than 27%, or greater than 30%.

25 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, 65,060, 70,000,
120,000, 250,000, or 350,000 grams per mole (g/mole or Daltons). Small guantities ofa
diatdehyde or trialdehyde can also be added during the acetalization step to increase
moleculsr weight to greater them 350 Dalions (see, for example, U.S, Patents 4.874,314;

30 4,814,529; and 4,654,179). As used herein, the term “molecular wetght” means ths
weight average molecular weight.
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into the outer sheets in a three polymer sheet embodiment, for example. Any of the ACM disclosed in
U.S. Patent 5,728,472 can be used. Additirmally, 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 invention comprise, in addition to sodium acetate,
magnesium bis(2-ethyl butynne)(chemienl abstracts number 79992-76-0). The magnesium salt can be

included in an amount eflevaeicERiBrEziRcIbmer destpofferst aveiiadyraamsies may be
incorporated into thayaeldretsheetderashancensefernmanes, 25 inas, nad poorinet7Sluel additives

include, but are nqf.limjted to, plasticizers, dyes, pi ts, stabilizers (e.q,, ultravialet stabilizers),
antioxidants, flamcebtgré ﬁfﬁ%%ﬁ%%%%ﬁe%gﬁfgé%ﬂm&%ﬁeléi%?%%ﬁrr%g}ﬁé{%%% t%g foregoing
additives, and the Wkised dsiFemmerripteon feegarticuler apgliesiennBreseieCHivdYarab 9/ ht in the visible
or near infrarefl speefersblycanbesSGaadEdtol anyegithe:bBIDR tilgopalymdtisheetandgents that can
be used include d ﬁgﬂ %% lamenis Q Pﬂﬁ @g I g&aggﬁ; indi in. oxide, and
antimony tin oxide)E.SAgs use g%gﬁﬁ"?ég%%e ers to%lgé’ pol %1%%? f%%eeaxam e%ggs%\%ﬁg%butyral))
component that is FEiFS & # iretithemItse B3 o iesstbom 1A Homs1y SR FRePE Shbsequent

neutralization of theagitimmericlpraiurisdts afetihewilsg enesisity hayerstnesichnpptyienys in addition to
the polymer, for eﬁmgsgggy(vmyl butyral), such as acetates, salts, and alcohols. As used herein,

meshod can B8 used to (1OUGEEH: RAOREP SROBL B HRE AR T TASeY HEH & o the present
invention. Details &fgifietlenprotessde Seorraakiig-poig(vinausinpar g knowh tertiigse skilled in the
art (see, for exampigm\do Laisit 5219 Abvaang %@&Mﬁ@n&%@@&ﬁ&h@i&%&&hﬂ&@b{e nt method
Volume &, pages JB10RE ok o Pl RS U] SO Bl oot the aquieous
method described Hférérieasdonst &f pdthrdmeionnn ados e pmeraicbmpsticiann dfetin various forms
from, for exarhple, ifseircsachn acobid imsiayMiSaObl bB@iu donHesisin O Reoxempiny shethod of forming
a poly(vi.n_yl butyr%@mg&g&gjm g%@gmgwd&ggﬂxmﬂg%ﬁg&mrmm plastici7er,
and additives and s:?érguent to reduce the glass transition temperature from about 30°C to about 18°C or
lower. In general, higher amounts of plasticizer are added to decrease the glass {ransition
temperature. In various embodiments of the present invenfion, an acoustic polymer shest
20 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 transifion 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-sthylene glycol or
oligomers of ethylene glycols; propylene glycol and ifs oligomers; tri-ethylene glycol
mono-(2-cthylhexancaie), and other alkyl, arvl hydrocarbons containing ethylene glycol
30 orpropylene glycol moieties, and their chemical derivatives,
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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 tlaielmess profile while melt is being forced throu h the

die. Wedge shaped layars, 2enp heiotme Ry f vanpiondalaliuedggshaped sheet die.
Another exemplary methaod of formlng a poly(vinyl butyral) layer comprises castln a melt from a die
éemga’a%ﬁ

onto a roller, solidAyFREPER FElsHi RGTHIE R SGIRTE A VSR o8 i¥eet In either
embodiment, the mmmtmabmﬂn&mm&d@dﬁmedaﬁer nmmmm by adjusting the

surfaces of the dig QReiRG OB M@&g M&E’eﬁﬁl@%} les sy 3Q‘gb@f_(gachmques for
controlling the layer texture include varyin rs of th mat als (jor mple, the water _
content of the’ resTHH3 IRt ﬁg"ﬁ%\%%i@éé &g’ﬁﬁﬁ?ﬁé ggﬁ?a EERHistal:lotion of
the poly(viayl butWM@W%@aﬁWMWW&&@&ﬁMrmore the layer can be
configured to mclgﬁg&m@g&gﬁm Mfm@@mm SUREE1IANRGH TR0

de-airing of the | ur on processes after which 5.the.elev. ﬁﬁ;g{ s and
pressures of the Ix‘%arg%tfiﬁ% ?géjea%idfagm?ﬁe ??Stjleﬂtlons s as nﬁfo ?ﬁ%%&] ayer, t ereby resulting in a
smooth finish. @é@‘ﬁ@?%ﬁ@é@%ﬁéﬂ@ﬁe@&%ﬁﬁﬂ@ﬁﬁé%@ﬁ%ﬁr%ga& SRAREAOBHR acoustic
regions can g prﬂﬂpﬁ&hﬁﬁ amsammkmm c-,ca";_.m".i.- a.m.u waaticmore melts
comprising polyrn&r E&% Wg&@%@%&v& E{@f@tb{gformed and

cc extruded to form a single pol r sheet having reglons corres ond %‘_2,‘(’) each melt used. For

example a first méfkshalee %X&*ﬁ&“\i?cﬁ%ajr‘é@ﬂ i 418 @'ﬁd\m % 4 té?l)ﬁt?gﬁ t%‘i‘ijlperature of
20C; and a seconGsrodly m&mmmmmsumg sheictmbittiracgia dsstphasBitiom temperature
of 30C, can be cog g{émglé byoaersheaes having a first region and a second region, each 15

approximating the shape of gn |nd|V| aI sheet, wherein the first ha Ss tra

temperature ¥ 20C an LR EE %‘gﬁ%@gﬁg’ﬁéﬁ%ﬁ{%%ﬁb&r%%%%%% t%ehaterlayers

of the present va@ﬂMﬁmﬁm@ﬂ@éﬁmﬁ@h@WWWMeM%%@mmmMrowh a

Calendarlnglor Prentd M QA LGRS 3diRl baRROfB M d@kw&ﬁﬁhget Zmdznon

acoustic polymer sheget.wherein sheets i§ w, are combined under
spaslaaticisin @é%&ﬁ%ﬁﬂ?ﬁ@ 5 %ﬁ%ga?%

pressure and hea orm an |merlayer e acous é%sge shap(‘-:-lﬁJl is formed

Slymer
through a single WMPWW%%&W@%% of thevatrsitdmbodiments
in the previoas Paratysaida assiil bedabavingoar dq rapbssdaseibhe-malielisne chaiguehthat can be used
to improve present invention comprise, in addition to sodinm acetate, magnesium bis(2-ethyl
butyrate){chenrical abstacts mmmber 79992-76-0). The magnesium salf can be included
in an amount effective to control adhesion of the polymer sheet to glass.

Additives may be incorporated into the polymeér sheet to enhance its performance
25 i afinal 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 Hght in the visible or near infraved spectrum can be
30  added to any of the appropeiate polymner sheets. Agents that can be used include dyes and
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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
guantification of the amount of light scattered away from the direction of the incident beam in pasain
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, Maodel D25 is ayvailable from Hunter
14 Associates (I%%%\?‘E}‘; e PR S e dRFRAR § ?g{@%ﬁ OB A% horoved

1977)-Procedure #sdssing llluminant C, at an observer sitle of 2 degrees. In various embodiments of

the present invention, PRLcRDE NIAER Bdase a0 e 1f ﬁ{m@ﬂ@d%ﬁgﬁaﬁﬂ e Rihe visible
transmittance can be quantlfled usin UV-Vis-N1R's ctrﬁ}_é) uc as the,Lambda 900
Y R

made by Perkin EXfFRRCESBt BBt AASHH nﬁ%@%"n stanaar(ﬁgo 9050:1990. In
various emboflimewts;tivat trertsiivtionsd M@h@mﬁﬁ:@%&h@%ﬂﬂé@@é@rﬁﬁ%ﬁon is at least

60%, at least 70W%Wﬁ&%%§@%%ﬁ%&%ﬂ&@ﬁﬁ%@&ﬂ%mﬂ)m&@@wmhe following
technique, and wg&g "Bmmkehfés‘é%?féerm.ne’%annaL ﬁ%a%uta QL%Q yiper sheet to glass,

the following techiigue 1S tsed Wo- pﬁy glass ﬁamlnate samples are prepared
with standard autéefagBiensiincibm ed¥éitons. The laminates are cooled to about -18C (OF) and

manually pummeled with batyleidhddeakiheegdssoditd hdpcmergiass thatlis mubiatihered to the
poly(vinyl bu?PraI) {%% T% JF@: L TeTu Al Q%&Iﬁgmm poly(vinyl butyral)

layer is visually co pare of standards._The standards correspond tg a scale in which

varying degrees ot é@%ﬂé’ﬁ‘%’ﬂ é’ﬂ‘ﬂ@?‘é"@‘ﬁ? fh@?}%ﬁﬂ?ﬁ/mr{éﬁ’l SFAPBaHICUEF™R a pummel
standard of zero, Ra8giasEasdefteils)elh mtivenialiptuin kb stjrad) tefloxd Mmb@ﬁmﬁéhﬂandard of 20
10, 100% of the glass.{ eapAIRs:aE ks Q&&%PPW&W@T‘%&@?'E@%&QWW) layers of the

present invention ¢can have for el e of pbetwee 3 and 10 The "yellowness
index" of a polymer°Res: é?ﬁeﬁg ﬁé@sﬁ?ﬁ%ﬁ%‘%@% rt"ﬁlég% ing: aJEi‘orgalnsparen nolded disks of
polymer shedts1 cwmwmmmmmwmfmwmmgwmne and

parallel, are formegyiiue indaxdsmeassad Reearling LAGTM. RethatDAR2Si sStandard Test
Method for Yellomigess Jndex of Plastics” from spectrophotometric light transmittance in the visible
s

spectrum. Value Y& Eorete d to 1 cm thickness using measured specimen thickness. In various

em bodlments of the preSentimstipmefapblffrorish e pelvdritvhbetnal)dipw Aesstiftdex of 12
exiruding molten poly(vinyi butyral) comprising resin, plasticizer, and additives and then

20 forcing the meit through a sheet die (for example, a die having an opening that is
substantially greater in one dimension than in z perpendicalar dimension). A sheet die
can be used to produce the wedge shaped polymer sheet in such & -way that the die
opening is conirolled and/or aliered across the width of the die to produce the desired
wedge thickness profile while melt is being forced throngh the die. Wedge shaped layers

25  canbe formed by nsing 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 af either or both
sides of the layer may be controlled by adjusting the serfaces of the die opeaning or by

30  providing texture af the roller surface. Other techniques for controliing the layer texture
include varying parameters of the materials (for example, the water content of the resin

13



- 300r less, 10 or less, or 8 or less. 15 As used herein glass transition temperature of polymer
sheets is determined by rheometric dynamic shear mode 'Inn" ysis using the following procedure. A
thermoplastic polymer sheet is molded into a sample disc of 25 millimeters (mm) in diameter. The
polymeric sample disc is placed between two 25 mm diameter parallel plate test fixtures 5 of a
Itheomettics Dynamic Spectrometer Il (available from Rheometrics, Incorporated, Piscataway, New
Jersey). The polymé&esieplestinitpcl Relivapeaioms. slastiroudt @ﬁ@%ﬂ%ﬂgﬂi‘q‘requency of 1 Hertz
as the temperatuigiofias sagaale ds dnsbpase tOm Begs e fintadatfuabeasmithdtydhe position of

the maximum value %f tan elt%{g %ﬁéﬁeﬁﬂ?&%&%ﬁ Meis used to determine
s us a

glass transition 165flempera re. efn, conventiona mlnated glass,is for[%]ed through

laminating a convERgEaaTtEafer & e same
shape as an |ﬂteriwaeﬁ@&mmﬁwrmepmew&e oSt as n@sbgiap&pMWN the
purpose of the pr%%%@é ARREPIVRRLIOAS ﬁm@gghglass is referred to as 15 "reference

laminate panel". Improvement in aé:so ustic msulatlon s used to characterize glass ammates

consisting of the interiay 8P HESH R AT P& 8PEARE 18 5 raference
laminate panel asrmwrcbebaprgimébs mm@iméhn%%ypr&almm%mw layers of glass,

the "combined lagdiehiBaEpS Ol ilelnas ol 2 tagayadaieis i giass: in more
complex Inni ith t r r er thec blned |ckne Would be the sum
e R e o Lo

of the three e s SRR 5B féquency” means
the frequency at WM@%W@WW@WP&M%%&WCWem
result in a sheet with a glass transition temperature of 20°C, and a second melt that, if

used alone, would result in 2 sheet with a glass transition temperature of 30°C, can be
coexiruded to form a polymer sheet having a first region and & second region, each
15  approximating the shape of an individual sheet, wherein the first region has 2 glass
' tremsition tempezsture of 20°C and the second region has a glass transition temperaturs of
30°C. _ '

Interlayers of the present invention that comprise more than one polymer sheet

can be produced through a calendaring or pre-laraination process. In a typical method, an
20  acoustic polymer sheet and 2 non acoustic polymer sheet, wherein at least one of the
sheets is wedge shaped, are combined ynder pressure and heat fo form an inferlayer. The
" asoustic polymer sheet, if wedge shaped, is formed fhrough a single polymer melt or
through a coextrusion process as described in various embodiments in the previous
paragraphs.
25 The following paragraphs describe various technigues that can be used to improve
and/or measure the characteristics of the polymer shest,

The clarity of a polymer sheet, and particularly a poly{vinyl butyral) layer, can be
determined by measuring the heze value, which is a quantification of the amount of light
scatiered away from the direction of the incident beam in passing through the Jayer. 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 Funter
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effect” (see Lu, .J; Windshields with New PVB Interlayer for Vehicle Interior Noise 25 Reduction and
Sound Quality Improvement - SAE Paper #2003-01-158Th 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 16 where "d" is the total glass thickness in millimeters
and "f."is in Hertéssamﬁm{ﬁam@sﬁébm”mlmﬁémm&mapmwthéﬁm BEbRBsfit Berapragmice can be

measured by an ip W@%&%@&l ReigeatfRauensy waksence frequency)
f%fvtehﬁt.fﬁeé?ﬂﬁﬁvpé‘ar%»sﬁﬁ%”% R e S e
temperature of 20=Glasdaminates using intedayers of the present invention can be prepared by
known procedsires, for epRrpisIASLUEGIRSELLIR bt fuaRteienisih 2 89EBIR91,258;-
spectrophotometer such as the Lambda 500 made by Perkin Elmer Corporation by
methods described in international standard ISO 9050:1990. In various embodiments, the
transmittance through a polymer sheet of the present invention is at least 60%, at least
70%, or at Jeast 80%.
10 Pummel adhesion can be measured according to the following technique, and
where “pummel” is referred to herein to quantify adhesion of a polymer sheet to glass,
the following technique is used to determine pumimel. Two-ply glass laminate samples
are prepaved with standard antoclave lamination conditions. The iaminates are cooled to
about ~18°C (0°F) and manually pummeled with a hammer to break the plass. All
15 broken glass that is not adhered to the poly(vinyl butyral) layer is then removed, and the
amount of glass left adhered to the poly(vinyl butyral} layer is visually compared witha -
set of standards. The standards correspond to a scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) layer. In particoiar, at a pummel standard of
zero, no glass is left adbered to the poly(viny! butyral) layer. Ata 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: Trenspavent molded disks of polymer sheet 1 om thick, having smooth
25  polymeric surfaces which are essentially plane and paraliel, axe formed. The index is
measured according to ASTM method 1) 1925, "Standard Test Method for Yellowness
Index of Plastics" from specirophotometric light transmittance in the visible specirum,
Values are corrected to 1 cm thickness using measured specimen thickness. In varicus
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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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 g,IcKs laminates are made with glass that
is not more than 32 ram thick, preferably thinner, for example not more than 2 5 mm thick, and more
preferably not more thAn 23 mm thick. A glass 15 laminate can comprlse glass of dlfferent
thicknesses, for exampléﬂu&memﬁ@smmﬁnmaﬁé Sl 5F6cEss, a three

layer assembly ofWeg&a&w mﬂm W&t&eauemmg&aﬁs temperature
of about 25C to 50C _Emd then d hrouF%QPla d& %51 o) gtﬁtﬂoE &é%ﬁw&%ggram he compressed
rare

assembly is then ngaf s%;%epg ymn afion or in a convection oven, to a temperature
of about 60C to 1@@@@%&%@%@%%%%81% e RS sembly is

then passed tBroummwwm\mdetﬁmmmmmmbout 130C to

150C and about 1,900 to 2 ilo §5 %p e Nonsantaclave methads as
disclosed in US Pa ecatt%’% %%ﬂljfmcg%ﬁfs'%e%é 25 EXA I%LES The folloy?\ggg exam oEles are

intended to |IIustra?é¢ﬁﬁ§°ﬁ(§Wﬂﬁﬁﬁ%ﬁfé§ﬁ%¥ﬁéb§é%@Wé’f & it illustrate the
invention are prepa;edag%{@ga@gﬁﬁmmweﬂ@dﬁoﬁe G ERahriein wsineof ek 2- edrylhexanoate)

plasticizer. Glass: neal |ckness 1 BVB: Not wedge
! yrar avmg%g f?gh oﬁ%‘%‘m %ﬂ%%@&%?%as}&mm

shaped poly(vinyl ontent, containing 38 3GEH and having a glags

transition temperateiPess-C, at a thlckness of 038 min (15 mil). C-PVB: Conventional wedge shaped

poly(vinyl butyral) havingad 8sz8/hdmie eotwatiant ntendidining Bl 18GEHaktiaymg a glass

transition temperat r%%ag i§ fti Eﬁﬁé%ﬁlﬁaﬁ%ﬁs&%&&@?m £3Q mi.and on the
a

opposite edge of 1. nd a sheet width of 1,0 PVB1: Non;wedge shaped

acoustic poly(vmyl% %Pgﬂﬁ%g&ﬁ B%le% plasticizer,
having a glass trarm@mhﬂﬂemmmm&ﬂ.%p veitiainki@uatehaias inipfarhddo as A-PVB2: Wedge
shaped acousfic pwm‘%@@{mg low (16%) hydroxyl content, containing 50 phr 3G-EH

plasticizer, having a glass transition temperature, of 18 C ickness in one edge of the sheet of 1 0
mm and on the opposite %?‘TL{% cmszﬁamnasuée%tto tgaraztmz gli]as Qammagcs
consisting of the interlayers of the present invention is determined with mfexenaeto a

reference laminate penel as described in previous paragraph. In typical laminates with

two outer layers of glass, the “combinad glass thickness” is the sam 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 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
comeident 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 baving a
thickness equal {o the combined glass thickness of plass in the reference panel from the
algorithm

30 fi=

15,000
d




A-PVB3: Non-wedge shaped co-extruded three-layer acoustic poly(vinyl butyral) 15 being 0 80 mm
thick, wherein two outer layers containinz, 38 phr 3GEH and having a glass transition temperature of
about 30C and the inner layer having low (12%) hydroxyl 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 &'s with various polymeric interlayers are 20 constructed into 48 x 75 cm -

panels of componmagsmmgmmm i Tablesckdeuah @ sDkkintedayer film is conditioned
in a humidity cabinet to a targete ure level,of 0.43%, and hand Ia uQ on '%I‘l? ass sheet
preheated to 40 C. In cass g??ecf %Fﬁ‘ﬁ%’l%ﬁayer |n]t%afayer tﬁ% Indivi ua ayers are stacked

on the preheated gieasurid banorgesesn itlcavsd tapsnissinn lghiss Bnespaer aced on top
of 25 the stacked ﬁg&g@yﬁrﬁ,@m@&r&ﬁemel is then compressed by passmg through nip rollers

adjusted to 40 pS|g to de.sa lfmhe structu nd t%e ck.th #&tgméoofg%g%%%ye "de-aired"
d

panel is placed in a preheated oven at f&r about 20 minutes and ed through the nip rollers a
second time for fu%ﬁ%@ﬂaﬁﬁfﬁ%‘ﬁﬂ%@@émw&ﬁéﬁﬁﬁg&éﬁg |@§h%tr?§?fe§utoclaved (heated
at elevated tempefaﬂpm&mbmesswe) 30 Table 1 (Prior Art) 18 No.Interlaver ComponentsWedge

Angle nandTLEn 1PVBQ3 M%&% &@r&%{&gﬁggw%wnmdem FsTL at
rnincide fr dB 3. C- PVBZ 1 mm 400031
known procednres, for example as disclosed in U.S, Patents 5,024,895; 5,091,258
10 5,145,744; 5,189,551;5,264.,058 and 5,526,654, Preferred glass is heat strengthened, float
glass and may be tinted or coated with metal and/or meta! oxide layers to reflect specific
portions of the electromagnetic specirum, for exarople, infrared. Preferred glass laminates
are made with glass that is not more than 3.2 mm thick, preferably thinner, for example
not more than 2.5 mm thick, and more preferably not more than 2.3 nun fhick. A glass
15  laminate can comprise glass of different thicknesses, for example 1.6 mm and 2.3 mm.
Tz a typical safety glass lamination process, a three Jayer assembly of glass, polymer .
interlayer, and glass is assembled and heated o a glass temperature of about 25°C 1o .
50°C end then passed through a pair of nip rolls to expel trapped air. The compressed:
assembly s then hested, for example by infrared radiation or in a convection oven, 1o 2
20  temperature of about 60°C to 110°C for a short period, for example about 1 to § minutes.
‘The heated assernbly is then paséed through 2 second pair of nip rolis 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
algo useful,

25
EXAMPLES
The following examples are intended to illusirate and not imit or restrict the
scope of the invention. Laminates vsed to illustrate the invention are prepared vsing the
' following materials: |
30 3GEH: wiethylene glycol di(2-ethylhexanosis) plasticizer.
(leass: annealed fioat glass in thickness of 2.1 or 2.3 millimeters,
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4. C-PVB2.3-ram 315031 = * Glass laminnte consists of glass sheetemterlayer/glass sheet The
thickness 10 glass sheet is indicated in the Table above. Table 3 No.Interlaver ComponentsWedge
Angle, rendTp_MI 5A-PVB20.4218 15 6A-PV82/PVB0.4218 and 30 7A-PVB1/C-PVB0.3818 and 30
8A-PVB3/C-PVB0.382 and 30 9A-PVBI/A-PVB20.4218 20Table 4 No. Interiaver components* STL at
the reference freq (dB) Improvement in STL (d13) 10A-PVB2387 11A-PVB2/PVB387
12A-PVBI/C-PVB376 23 VBANY BEIS- ramdavly(Giddytmlinaring bt BRIy dhebaraiténts consist of

glass sheet/interlaygrcompenerisiainss shesl Jhadbicknessaleasholass sheekis 2.1-ram.
thickness of (.38 mmm (15 mil).
C-PVB: Conventional wedgs shaped poly(vinyl butyral) having 18.7% hydroxyl
5  content, containing 38 phr 3GEH and having a plass trensition temperature of 36 °C, at &
thickness in one edge of the sheet of .76 mm (30 mil) and on the opposite edge of 1.14
mm (45 mil), and a sheet width of 1,000 mm.
A-PVBI1: Non-wedge shaped acoustic poly(vinyl butyral) having low (16%)
hydroxy] content, contsining 50 phr 3GEH plasticizer, having a glass transition
10  temperatwe of 18 °C, and being 0.5 mm (20 mil) thick.
A-FVB2: Wedge shaped acoustic poly(viny! butyral) baving low (16%) hydroxyl
content, containing 50 phr 3GEH plasticizez, having a gless transition temperature of 18°
C, at a thickness in one edge of the sheet of 1.0 mum and on the opposite edge of 1.42.
A-PVB3: Non-wedge shaped co-extruded three-layer acoustic poly(vinyl butyral)
15 being 0.80 mm thick, wherein two outer layers containing 38 phr 3GEH and having a
glass transition temperature of about 30°C and the immer layer having low (12%) hydroxyl
conient, containing 75 phr 3GEH plasticizer, having a glass transition temperature of
about 2 °C, and being 0.13 mm (5 wmiil) thick.
Panels for acoustic testing comprising glass with varioes polymeric interlayers are
20 constructed into 48 x 75 em panels of components assembled as indicated in Tables 1
through 4. PVB inteslayer film is conditioned in & humidity cabinst to a targeted
moisture level of 0.43%, and hand Iaid up on a glass sheet preheaied fo 40 °C. In case of
panels containing muitilayer interlayer the individual layers are stacked on the preheated
glass in the order indicated, A second glass sheet prehested to 40°C is placed on top of
25  the stacked interlayer sheets. The panel is then compressed by passing through aip
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 & preheated oven at 105°C for about 20 minutes
and passed throngh the nip rollers a second fime 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)

i8



By virtue of the present invention, it is now possible to provide acoustic wedge 30 shaped interlayets
that reduce sound transmission through a windshield. 19 While the invention has been described
with reference to exemplary embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addltlon many modlflcatlons may be made to adapt a 5 partlcular
situation or materighto theRaeRing Vit tAd : :

thereof. Thereforef itis intgpded that the invention notbe I|m|ted to the partlcu@r embodiments
disclosed as the best mode contemplated for carrying out this invention, but that the invention will
include all embodiments f&ligRvithin the scope of the éﬁpended claims. 101t will further be understood
that any of the ranges, values, or characteristics given for any single component of the present -

invention can pe used |nterchangeablyﬁ‘mgpza@h@mqw@m Blelfracteristics given for any of the

other components of the |nvent|on wher compatible, to form.an embo |mm| having,defined values
ponents of ition, wherg compa N AN CHPOAMILLORYDD O8

for each of the coriPonefte i givertfitre ""’”‘"“

15 comprising wedge sh@@é@ln anyof-thre rarﬁj@@ glven in addltlorﬂ'o any of the ranges given for
plastici7er, where gppropia{g, to forammany pﬁrmutatlons that areg,wlthln the scope of the present

invention but thatw Id equmbersome t? Ilst @[ﬂ% gt&g@gﬁ %n within the
n

abstract or any clal i %? rposes 0 e construed to limit the
claimed inverflon mwm.mwwwmem shown in any flgure. Figures are not drawn to
scale unless otherwise indicated.  Each reference, including journal articles, patents, applications,
and books, referred to herein is hereby mcorporate% rgference in its entirety. Claims. 1. A
windshield interlayer, comprising: &Iastluzed pol vmyl buty;agé)olymer sheezt‘ c(g(r:nprising 40-90 ph

plasticizer and ha\htﬂ;g.a..__.—mﬂ ver Components

5 APVE2 042 18

i5 & A-PVB2PVE 0.42 18 and 30

7 A-PVBL/CPVE 0.38 18 and 30

8 A-PVB3I/C-PVE 0.38 2 and 30
g A-PVBI/A-PVELZ 0.42 18

20 Table 4
No. interiaver componpents® at the reference freq (dB rovement in STL, (4B
10 A-PVB2 38 7
11 A-PVB2/PVB 38 7
12 A-PVBL/C-PVB 37 6

25 13 A-PVR3/CPVB 38 7

* (3lass laminates for STL measurements consist of glass sheet/inieriayer
components/glass sheet, The thickness of each glass sheet is 2. 1-mum.

By virtue of the present invention, it is now possible to provide acoustic wedge
30  shaped interlayers that reduce sound transmission through 2 windshield.
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5glass transition temperature of less than 25 C, wherein said windshield interlayer is wedge shaped
and has a first edge and a second edge, wherein said first edge has a thickness of at least 0.38
millimeters and said second edge has a thickness that is at least 0.13 millimeters greater than said
thickness of said first edge, 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 10transition

temperature between 3%3% S yindshield interiavar 8?&9@%:% said windshield
interlayer further comprises a second polymer sheet. 153. T1e wmdshleld mtegla%er of claim 2,

wherein said seco%bb‘gf??ﬁ@r’éﬂ@ép?wgﬁa%%w% it a glass
transition temperabsads todsqhinalat Gaphysdgttahd e diemdnT ﬁawﬁw@m@l@ﬂ@ﬂa@mf claim 2,

\t'vheri'n S?'d Secozt‘a@ &@ﬁ%ﬁ&%@%ﬁﬂ%ﬁk@%& éméamm@m@@ta%@ﬂggla glas? |‘ ,
ransition tempera ure of less than ] edge s ie erlayer of claim
further comprl% éﬁ% d’%%%%%s ‘%pggfﬁ%%?ﬁgvrﬂg %ﬂ Lnﬁﬁ%gnélass transition

temperature of Iestéfthma @%M M@ﬁcﬁfp@iyw@eéﬁ@éih%ﬂvﬁh@m%mﬁﬁérlayer of claim
1, wherein said th&gmmﬁgmﬁmmmmmww@ gredter than said

Secona edge 1 0 TR ERE PR ER o e L B e e &, The
windshield interlay&# Hrensnd eliavein said first thickness is at least 0.5 m|II|meters 359. The
windshield int@rlayer of @aim fytdaeeeinissicbihadgmshihe chpgly vt wdhyectcdeisy piten
for any single component of the present invention can be used interchangesbly 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 of the
components, as given herein throughout. For example, a polymer sheet can be formed
15 comprising wedge shapes in any of the ranges piven 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 bat that would be cumbersome to list.
Any figure reference numbess given within the absiract or any claims ave for
fllustrative purposes only and should not be construed to Hmit the claimed invention to
20 any one particular embodiment shown in any figure.
Figures are not drawn to scele unless otherwise indicated.
Each reference, including journal articles, patents, applications, and books,
referred {o herein is hereby incorporated by reference in its entirety.




comprise polymer sheets other than said polymer sheet having a glass transition temperature of less
than 25 C.  10. The windshield interlayer of claim 9, wherein said polymer sheet having a glass
transition 5temperature of less than 25 C comprises an acoustic region and a non acoustic region. 11.
The windshield interlayer of claim 1, wherein said windshield interlayer further comprises a polymer
film. 1012. Thenwindshield interlayer of claim 1 wherein said plasticized poly(vinyl butyral) polymer
sheet has a residual hydroxyl content of less than 18.7%. 13. The windshield interlayer of claim 12
wherein said plasticized poly(vinyl butyral) polymer sheet has a residual hydroxyl content of less or
equal to than*t 88dsaeld JteFlaeely FRIgHia interlayer of claim 1 wherein said plasticizer is triethylene

glycol_ d_i-(2a gamyilsieatamﬂﬁaﬁhy_ibﬁgﬁgmm&ﬂehmmuﬁa@m@ﬁ@ammemmmﬂdmﬁwprisi ng:
2ORUINLNG Getge fgr%%ﬂﬂé%ﬁ@ég@ﬁgﬁlde_&p&ggperm%ﬂ{aﬁﬂaé%gemwwg@ggwal) polymer

sheet comprising 40 - asticizer and having a glass transition temperature of less than 25 C

wherein safiaRfddsHibIe 4t rRAREERAS werd etrgevdivert sedHY ediyeiavhisimesaief firdteddge has a

thickness 0f at laant0:38 sillimetessnand:saish secorstadge has ethickpessitheatis atdeast 0.13
millimeters reateg &%&Said thig ess, of sai \J{lresrt eds%l%, and Wh&regpsgaid ZSPOI}(ng S%r&lelgt shows an

) ) 1 ;
improved s dhd ransmlgssﬁ%sﬁésslrg %C}%eééms" two decibels refative 16 anogaﬁ?vé?gn%vpolymer sheet

having a glassstrassitibnsefmperatre BetiheersB0vBR @ cquitaTHophatothet drime BRif6rther

comprigingforoing @SReA04 Balymgrghaetand laminating said second polymer sheet and said
polymer sheet having a glass transition temperature of less 30than 25 C.

2. The windshield interlayer of claim I, wherein said windshield interlayer further comprises a

second polymer sheet,

15 3. The windshield interlayer of claim 2, wherein said second polymer sheet is not wedge shaped
and said polymer sheet having a glass transition temperature of less than 25 °C is wedge

shaped.

4. The windshield interlayer of claim 2, wherein said second polymer sheet is wedge shaped
20  and said polymer sheet having & glass transition temperature of less than 25 °C is not wedge

shaped.

5. The windshield interlayer of claim 2, further comprising a polymer film layer disposed

between said polymer sheet having a glass transition temperature of less than 25 °C and said

25  second polymer sheet.

6. The windshield interlayer of claim 1, wherein said thickness of said second edge 15 0.13

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

30 7. The windshield interlayer of claim 6, wherein said thickness of said second edge 15 0.3

millimeters to 0.8 millimeters greater than said thickness of said first edge.
8. The windshield interiayer of claim 6, wherein said first thickness is at least 0.5 millimeters.

35 9. The windshield interiayer of claim 1, wherein said wedge shaped polymer interiayer does not
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17. The method of claim 16, wherein said second polymer sheet is not wedge shaped and said
polymer sheet having a glass transition temperature of less than 25 C is wedge shaped. 3518. The
method of claim 16, 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. 19. The method of
claim 16, faptherseamisrsiieatpeienten paifariyaes shres Baysg o gass B RTRISHEBEMving a glass
transition temnesatiye-of less than 25 C and said second polymer 5sheet. 20. The method of claim 15,
wherein said thickness of said second edge isO 13 millimeters to 0.8 millimeters greater than said
thickness of said first edge. 1021. The method of claim 20, wherein said thickness of said second edge
is 0 3 millimetghs toi@lBind limeters giekter thanhsein thickipssrohssibbfireg edlpes 22usTiea method of

claim 21, wherein said-taickness ofsaid firstedagds:at Ieashdm mmh%@clfégéﬂhe method of

claim 15, wherein said wedge shaped polymer interlayer does not comprise polymer sheets other than
said polymer sheet having a glass transition temperature of less than 25C.  24. The method of claim
15, further comprisingstaminating & polymern filvhdeisaidipalyinesi2 Osheateh dvither aglagseransition
temperature Pf les 1than 25 C. 25. The method of claim 16, further comprising forming said polymer
sheet havill?ﬁ \éubelraslsmt'ransition 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 3pthan 25 Wwherein saidiplyser.shaaliswedge shaped andcamprsss-8pagaustic region and

a non acoustic region.
sheet ha% a residual hydroxyl content of less than 18.7%.

13. The windshield inteﬂaye_r of claim 12 wherein said plasticized poly(vinyl butyral) polymer
sheet has a residual hydroxyl content of iess or equal to than 16%.

15
14. The windshield interlayer of claim 1 wherein said plasticizer is triethylene glycol di-(2-

ethvlhexanoate).

15. A method for manufacturing a windshield interlayer comprising:

20  forming a wedge shaped windshield interlayer comprising a plasticized poly(vinyl butyral)
polymer sheet comprising 40 -90 phr plasticizer énd having a glass transition temperature of
less than 25 °C wherein said windshield interlayver has a first edge and a second edge, wherein
said first edge has a thickness of at least 0.38 miliimeters and said second edge has a thickness
that is at least 0.13 millimeters greater than said thickness of said first edge, and wherein said

25  polymer sheet shows an improved sound transmission loss of at least two decibels relative to an

equivalent polymer sheet having a glass transition femperature between 30 -33 °C.
16. The method of claim 15, further comprising forming & second polymer sheet and laminating
said second polymer sheet and said polymer sheet having a glass transition temperature of less

30  than25°C.

17. The method of claim 16, wherein said second polymer sheet is not wedge shaped and said

polymer sheet having a glass transition femperature of less than 25 °C is wedge shaped.

35 18 The method of claim 16, wherein said second polymer sheet is wedge shaped and said
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26. The method of manufacturing a windshield interlayer of claim 15 wherein said plasticized poly(vinyl
butyral) polymer sheet has a residual hydroxyl content of less than 18 7% 30 27. The method of ‘
manufacturing a windshield interlayer of claim 26 wherein said plasticized poly(vinyl butyral) polymer
sheet has a residual hydroxyl content of less or equal to than 16%. 28. The method of

manufactutipkyaenshers hrsiadmelsy smsitorirmpg e elilssaiaplasticis apiavedirishidne glycol

di-(2-ethylhexanoate). 29. A windshield comprising: a windshield interlayer, comprising: a plasticized

poly(vinyl butyral) polymer. sheet comprising 40-90 phr plasticizer and.having a glass transition
temperaturégo?’fﬁ’s@efﬁ%oﬁéwﬁ’e egg?g‘ﬁf?ﬁﬁétgg%gfﬁ%rﬁgﬁ?e? éa’rv(\a/leS 8;3%5%%%%115%1 has a first
edge and askeendheddeyvivhewisssaigsifist edgeritas aftickhasg ofatidasiio@8nmiltiimersrs and said
secong edgﬁeggs a thickness that is at least 0.13 millimeters greater than said thickness of said first
edge, 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 10transition temperature between
30-33 C. 3. The windshielthef tlaima29nwhemicksaidofindshieldinies|ayer furthescomprises a
second poIX@eriﬁhee etfsl§§3[.ér'{}pa% V‘é&ﬂ‘ﬁ@@éﬂs s% fcs!aii&q_.ussg)e XVQ__erein said second polymer sheet is_ not
wedge shape analsaldgpo&iymer sheet having a g?ass fransition temperature of less than 25 C is
wedge shaped. 32. The windshield of claim 30, wherein said second polymer sheet is wedge shaped

and spid polymer shegthaving 2@lass: tansiiendemperatvahirss han2biiispetwedge shaped.
20 33. The windshield of claim 30, fur}ilﬁie[ﬁ(ﬁ:om isin%a pglgmer film layer disposed between said
polymer ShESTHATRIFS Gierle thansHIOMISMpEAtHS Bifeé&€han 25 C and said second polymer sheet.

22. The method of claim 21, wherein said thickness of said first edge is at least 0.5 millimeters.

15  23. The method of claim 15, wherein said wedge shaped polymer interlayer does not comprise
polymer sheets other than said polymer sheet having a glass transition temperature of less than

25 °C.

24. The method of claim 15, further comprising laminating a polymer film to said polymer

20  sheet having a glass transition temperature of less than 25 °C.

25. The method of claim 16, 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 temperature of less
25  than 25 °C, wherein said polymer sheet is wedge shaped and comprises an acoustic region and -

& non acoustic region.

26. The method of manufacturing a windshield interlayer of claim 15 wherein said plasticized
poly(vinyl butyral) polymer sheet has a residual hydroxyl content of less than 18.7%.

30 |
27. The method of manufacturing a windshield interlayer of claim 26 wherein said plasticized

poly(vinyl butyral) polymer sheet has a residual hydroxyl content of less or equal to than 16%.

28. The method of manufacturing a windshield interlayer of claim 15 wherein said plasticizer is

35  triethylene glycol di-(2-ethylhexanoate).
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2534. The windshield of claim 29, wherein said thickness of said second edge is 0.13 millimeters to
0.8 millimeters greater than said thickness of said first edge. 35. The windshield of claim 34, wherein
said thickness of said second edge is 0.3 millimeters to 0.8 millimeters greater than said thickness of
said first edge. 30  36. The windshield of claim 34, wherein said first thickness is at least 0.5
millimeters.  37. The windshield of claim 29, wherein said wedge shaped polymer interlayer does not
comprise pRlym&k2heRts Qihefithan said polymer sheet having a glass transition temperature of
35less than 25 C, g@e The windshield of claim 37, wherein said polymer sheet having a glass
transition t&rf§PEF n?)"?li%éf "HARE2B - comprises an acoustic region and a non acoustic region. 539.
The windshielasiofistdipel 29 inyhewsinisaidvendbtietdimertay 60-RiHHie pbonspas esdd pohgrner film. 40.

The windshjeld of claim 29 whereinsaidiplasticized poly(inyhhuixrallnemes sheethas a residual

hydroxyl content of less than 18 7% 10 41. The windshield of claim 40 wherein said plasticized

poly(viny! bhEpRsi bz eishedsciad asredid sdenyaros e @t Slerbes sigpertetraleboe. 42. The
windshield mf slaimm29ewhataiti saichbplagticizerd siidetbylene igtdedd b (2 ethiythexapeate). 43. A

windshield fntcriay er, somprising: 2 coexrded mulliaer plasticized Rolyiny el paiymer sheet
comprising 40-90 phr plasticizer an ing a region with a‘glass transition temperature of less than
25 C and aransmission ioss of at least two decibels relative to an equivalent polymer sheet having a glass

10  transition temperature between 30-33 °C.,

30. The windshieid of claim 29, wherein said windshield interlayer further comprises a second

polymer sheet.

15 31.'The windshield of claim 30, wherein said second polymer sheet is not wedge shaped and

said polymer sheet having a glass transition temperature of less than 25 °C is wedge shaped.

32. The windshield of claim 30, 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.

20
33. The windshield of claim 30, 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.

25  34. The windshield of claim 29, wherein said thickness of said second edge is 0.13 millimeters

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

35. The windshield of claim 34, wherein said thickness of said second edge is 0.3 millimeters to
0.8 millimeters greater than said thickness of said first edge.
30

36. The windshiéld of claim 34, wherein said first thickness is af least 0.5 millimeters.
37. The windshield of claim 29, wherein said wedge shaped polymer interlayer does not

comprise polymer sheets other than said polymer sheet having a glass transition temperature of

35  lessthan 25 °C.
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20region with a glass transition temperature of greater than 25 C, wherein said windshield interlayer is
wedge shaped and has a first edge and a second edge and wherein said first edge has a thickness of
at least 0.38 millimeters and said second edge has a thickness that is at least 0.13 millimeters greater
than said thickness of said first edge, and wherein said polymer sheet shows an improved sound
transmission loss of at least two decibels relative to an equivalent 25polymer sheet having a glass
transition tegpesatiieshietiverahz9333vBerdd sdibeomndskield &Bﬁﬁf@p&/@ﬁﬁﬁfﬂﬁfﬁoﬁ wherein said

plasticized vinyl but I iR sheet has a re |du§l Qntent of less than 18 7% 3045.
The Windsﬁ‘?&%ln er a%%é&%a%%% A WHerein salc u?agtrlec‘f%%d po %‘vmy‘fotl)lstl)?riéelg §I§Iymer sheet has a
residual hydroxyl content of less or equal to than 16%. 46. The windshield interlayer of claim 44

whereif saig plasticizeisduetnylens, dvsel:dia2wethvinexanealed: seerncbRedusingoWedge Shaped
Polymer In%_erlayers Abstract 5The present invention is in the field of polymer interlayers and multiple
layer glass B@nels comprising polymer interlayers, and, more speC|f|caIIy the present invention is in
the field of wedge shaped polymer interlayers. Figure 1.

40. The windshield of claim 29 wherein said plasticized poly(vinyl butyral) polymer sheet has a
residual hydroxyl content of less than 18.7%.

10
41, The windshield of claim 40 wherein said plasticized poly(vinyl butyral} polymer sheet has a
residual hydroxyl content of less or equal to than 16%.

42. The windshield of claim 29 wherein said plasticizer is triethylene glycol di~{(2-
15 ethylhexanoate).

43, A windshield interlayer, comprising:
a coextruded multilayer plasticized poly(vinyl butyral) polymer sheet comprising 40-90 phr
plasticizer and having a region with a glass transition temperature of less than 25 °C and a

20  region'with a glass transition temperature of greater than 25 °C, wherein said windshield
intertayer is wedge shaped and has a first edge and a second edge and wherein said first edge
has a thickness of at least 0.38 millimeters and said second edge has a thickness that is at least
0.13 millimeters greater than said thickness of said first edge, and wherein said polymer sheet
shows an improved sound transmission loss of at least two decibels relative to an equivalent

25  polymer sheet having a glass transition temperature between 30-33 °C.

44. The windshield interlayer of claim 43 wherein said plasticized poly vinyl butyral) polymer
sheet has a residual hydroxyl content of less than 18.7%.

30 45, The windshield interlayer of claim 44 wherein said plasticized poly(vinyl butyral) polymer

sheet has a residual hydroxy} content of less or equal to than 16%.

46. The windshield interlaver of claim 44 wherein said plasticizer is triethylene glycol di-(2-
ethythexanoate).
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