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MULTI PLE LAYER POLYMER | NTERLAYERS HAVI NG AN ENMBOSSED
SURFACE FI ELD OF THE | NVENTI ON The present invention

w0 2008n345e fi el d of polymer interlayers and nuP€T/pbm08/061688

| ayer gl ass panel s conprising polynmer interlayers,
and, nore specifically, the present invention is in
the field of polyner interlayers conprising nmultiple

t her nopl i Iy I P L.ny

but yrar) Fver R RS hrgCY St R Y P

pol ymer |ayers that cagmnvipeyssgdserEagiEerl ayers in
light-transmtting | am nates such as safety gl ass or
polymeric | am nates. Safety glass often refers to a
transpar ent Ian1nate nyl butyral)

| ayer di sposed betmeéﬁﬁiag g&Hxéggs Saf ety

gl assThé peeert $nwéB6h {sAn PHeVdld ef polymaﬂﬁlmrafyaﬂs aB@iul@fle layer
in architectural and autonotive openings. Its nain

BRIFCRANGIE COBPFiSINGREbINIFT SHEHRHFLS. SUbHNRLS sparaficallyBe @rasgntanvention
I

B, ST ERSBE b S LAGH S LRI by
gl ass, thus mnimzing danage or injury to the objects

or persons within an encl.os rea. Safety glass al so
can be used to provide opﬁéﬁgﬁgﬁiﬁ?gial effects, such
as t°P§E&£H%§h%m@§@M§B ﬁc69h§ﬁﬂ ﬁﬁﬂqﬁﬁx%Mbﬁﬂgﬁ&%okBﬂ mer

light transm ssion, and/or enhance t he appearance an
bgsistietticen hppedlas @IﬁteKAmwdnw Igpenamysittiniemiress vog astafaty glass

ol ynmer f nd fet an consi st of a.s le ..
BogAliRgc Btk nonrat efas® R i SORRM et fu e g prising o
pary I@tl)buq@in Myt difpRed BHGEEn tMIHebRIoE gladY 8 el Bass often is used
useful, for exanple, in acoustic applications.

CopTOEiRE iR GiIarpazant Eatsies lraarclyt?@wrd@@d@ﬂtm@aﬁrgemn@s Hepvaain
thernn | as o] rsS W ass

e Bra tBtARaho R (PR b el TRl Bt oy s M G o

isoWig g pesetAtpaeatiigh @ty epsnind ot e ﬁmppllsaﬁltdf@hmb yf@ﬁss, thus

wherein the |ayers have dissiml|ar characteristics

{Ig]@guzlflg) Fiaréiﬁn‘ﬁl ipjugy, &9 thepgbigsit € BersAy, veiun ap gnclosed area. Safety
29;@33924% be%g I§0V1Iagtoﬁ{é} bl 1F Bk { sggﬁgﬁj 8 %ﬁgx‘ﬁ%ge acoustic

partl CU pro em encountere
hayee reduet &V amh‘msll%ﬂnglﬁ eanahistibe and/or enhance the appearance and

aesthetic appeal of window openings.

The thermoplastic polymer found in safety glass can consist of a single layer of a
thermoplastic polymer, such as poly(vinyl butyral), or multiple layers. Multiple layers
are useful, for example, in acoustic applications. Conventional attempts at such acoustic
dampening have included using thermoplastic polymers with low glass transition
temperatures. Other attempts have included using two adjacent layers of thermoplastic
polymer wherein the layers have dissimilar characteristics (see, for example U.S. Patents
5,340,654 and 5,190,826, and U.S. Patent Application 2003/0139520 Al).

A particular problem encountered with multiple layer interlayers arises at the
lamination stage of processing. While single layer interlayers have conventionally been
embossed with rollers to impart a texture that facilitates deairing, three layer interlayers

having a relatively soft inner layer between two relatively stiff layers can develop optical
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| am nati on stage of processing. While single |ayer
i nterlayers have conventionally been enbossed with

WO 2008234594 0 i npart a texture that facilitates BPEHDISI0NF061688

three layer interlayers having a relatively soft inner
| ayer between two relatively stiff layers can devel op
opticaldistortion if enbossing of the outer surfaces

f the interlayer.js transferr to the inner,. softer .
Raipboh EaPaRRdiE Sab PG TBHCRPTOnY FerrBRe ABYpER o he inner
§dties 1436R PEQ@BpeANphiddiioh FFS) AUREAFSA 1 BRAAS &HiNgrobRe, and cautions
deeply on the outer layers of a three |ayer

hgnimst PP eysingRae dieply parfheonéat laysipelsi thiasrisyeimtienasichods

are negeded.t o enhance the production and . optical

char abary abPieg B PR B BT SRRl ifbnge e
pivdaétioncaldl optieallchhfatteribtay oF n@il@8s 1a9anghs Q8! dndlispecifically
multiple |ayer interlayers. SUMVARY OF THE | NVENTI ON
mREiR Byeinglasspaasls FomPpY By Mydpledayes ipteslayeiyer

interlayers having a relatively soft inner |ayer and
relatively stiff outer |layers that can be | am nated

wi t hout unaccept ab$EMNARYaOFdiE X VENAI@Nd used in

vari o mul tiple | ayer gl ass_panel type applications.

Mul t | ﬁﬁ%miea% PeRtiat Prgy@:e% Hslﬂt}ﬁefﬁ E’YE)‘? lesh o hdae papfatively soft
RRAYEIa S FnB GOk AR iR B [§BLs thad chiQ bEBLhiRMeEWRASS IMbcceptable
the exposed surface of thé interlayer, or individua

betyet disoftiarhadmsed impvagionayeittipletayet gdyerpanelftypga applications.

formatjon of the interlayer or Jayers. .The enbossin )
b ooy uts s of St Bt B e SRR S aphy that i
fdimied BY @M@Bsit e ek pored SlirfRE of bR iBRPAFST HAndRidudNBYers of the
gzéers of the interlayer. By precisely controlling the

evinds laner inferlay, afiardpinzasion of thenisalpyaer dfyershelhe embossing
I rr(])tcgsrslisa aer%f:cw o&tq%n%errtiel%l gra ul%ft:J S(Snrcﬁ)ttioensqfl)zﬁz)r%v%kit trll%ee ?rt%nstfgr ?f the
naccepta e optlcCa I StOorti on cause Yy e I anst er

ehbdRmestifme RiytBRIHiptEylatdir ough outer, stiffer
| ayers into softer, internal |ayers of the inter|ayer.

BRI EFBOPSTReTIcoN0 i thEmReswnRes s igisrlayar, lepnasoR ghe
ﬂlté&?%ﬁftﬁ G r@fcpﬁfb.sﬁgtg gb%t léﬁPqétfvﬁgz{cc (b tob@éa? distartion caused by

mani coextrusl on evice O pr sent "I nventi on.
BE TANEPDESCRIRE |t sFiphy phies ginbutenveffed layers mtdsofect iatbrnal

{o multiple |ayer interlayers that are useful in
ayers of the interlayer.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 represents a schematic cross sectional view of a multiple manifold

coextrusion device of the present invention.

DETAILED DESCRIPTION
The present invention is directed to multiple layer interlayers that are useful in
laminated glass applications in which a softer inner polymer layer is disposed between
and in contact with more rigid outer layers, for example in applications in which sound

suppression is particularly desirable.
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| am nat ed gl ass applications in which a softer inner
pol ynmer |ayer is disposed between and in contact with

wWorenoe/1345 d outer |ayers, for exanple in appliRGE/US0988/061688

i n which sound suppression is particularly

desirable. One type of multiple layer interlayer that
utilizes softer inner Iayers is nultiple | ayer

acousti c int her ei acoustic .

e or Pa aies oS e Tvel Bul SRR ET e B 1 BET RS fpmattiple
|ag¥eIcDusti¥ ihRRrigydds. eAe alselds@nRosth nﬁ:@hstﬁﬁﬁteﬂgyé}s of the present
relatively soft |ayer sandw ched between two

et dn/eanyprise mmtlplaﬂ@efw, withe prefsupd ﬁmgocilmeetehavaxgea relatively soft
an %rgsélgls lcilﬁaé: g&gf%f:n V&I;Oall' € %{lVeé/ Slfl?feld Clr%'\srllen el', I(')Crslléﬁln g rllree 18.%61‘ 1nter1ayer
baaly@heﬂaﬂsl%E |u§t}(B1ﬁ1$1ami/Matlhn pdctdses difectl® imprté bficainlvetli‘tldn@l single
the | amination ﬁrocess Wiile the invention will be

Weeicipiepladeheyidh httery §a grrstificasion s Bieileainpgon prosefich
aCO“SW}ﬁleitn ﬁ%kﬁ}/o%r@ﬂ]h € de\é\%ﬁﬂed%%re%ﬂl%lrc‘%thgﬁfjasg%gh&%§eeto such

f sk e art at the 1 nvention
moluttiqineerlaggreyit il be hadeestsod by mbs@dﬁmqﬂl & theneehdt ahyeainvention
interla - havi ng an i_nner nmer. | ayer that |
liohes TRl e BRI ayor S BRIGE T EHCRy e hiving an nner
?fh@? BYer AN i€ BotkddGhdhdRS o@t@ﬁl’a?&@ Batveen WHidH # ﬁsedﬂs;ﬁ%&f which
erl ayers. According to the present invention,
hlahldns)mrbwmsmmpmpéﬂ hgd:lymt&rlsymrwer ed that deairi ng and

| am nat of ] erl ayers ca

o 1 Rete Rl Te e Ba i D, 1 heEo bR DuEd Nty discovered that
Héﬂlﬁﬁgozhﬁi ThAYiRkioh BF Bful € TayW ol er% ket BOMcAItH8d by embossing the
creating optical distortion int | azi ng panel  in

WECTIrapes @fratre\alltlaiﬁelayqrsnteré@d:r wtlhpgt eishy alsp greating optical
?m&)rtr@ 1nS[F? glaz %ﬁ Ipfm I1n ctllr%ﬁe {n’flerfaﬁlgr 18 usecy efhlé Pe]tts?ﬂ 1saa¥:comphshed

COO ru3| on

BPeXdwing it mofipk Ifai?d’reﬁteﬂ@}ey @ Eod] aster 1nitﬂﬂl eithﬁ)/(ﬁf for@R@mple after
prior to enb033|ng/ The interlayer, in various
eSrourinR At € thies peb@cs dpyse gt ayen @nd papcto embygesing The interlayer,

I r
Cpaﬁoag Em? cﬁfn%%%cfs %g?ltggpglgg;@aﬁg?é‘]:&g 7\9? I%g Sgy@ s preferred
enbmﬁnnnmﬂ&1o&ﬂhﬁﬁlpcmﬂahmﬂmm%éﬂf|on conti nuously
unwoun

rolled r directly fromth
di e, te? lag 1& V@Pﬂ@% f‘én‘P%c{V@ ntg 8? g PETSERISEY o8 %UBHOUSIY

havb g ;ﬁﬂ‘yrﬁmﬁ $Sl A% of ) dr ﬂe@@ﬁﬁ@ﬂl BO8HeNRlfedas a s1ngle layer to an
rubber -faced backup roll to 60 centineters (4

eabYssing stht@mdengan em’wsmg Oélmresssgeedlnstfa)n'utéw&lﬁmeé bantkup
10- 30 feet

%ﬂqﬁ{gt X 50Fﬁt§rr1]1tg{§5sp¢4ﬁ (E;los %%5$%ajlgﬂ%%e?@£%ny suitable spee%?for example at 305

— 915 centimeters per minute (10-30 feet per minute). The shaping surface of the
embossing roll can be engraved with any desirable surface pattern. In one embodiment,
for example, the entire shaping surface of the embossing roll is engraved with a sawtooth
configuration. A sawtooth configuration is V-shaped in vertical cross section with the
sides of immediately adjacent sawteeth at ninety degrees to each other. The sawteeth
form continuous helical ridges on the roll surface, which can be oriented at 45 degrees

with respect to the longitudinal roll axis. The frequency of the ridges can be, for
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enbossing roll can be engraved with any desirable
surface pattern. In one enbodi nent, for exanple, the

weposnasshapi ng surface of the enbossing roll PGI/US2008/061688

engraved with a sawtooth configuration. A sawtooth
configuration is V-shaped in vertical cross section
wWth the sides of imedi ately adjacent sawteeth at

B S50 S8 S SRR EL T 3%, GRSl SO v o

G itﬁ) S iR 8dmaisufd RRGK BRSiWctibn beGRSelix.t 0 the
I ongitudinal roll axis. The frequency of the ridges

can béhe fage eﬁﬁlmloepermvg haskgp®llman besaverad vith a ogh exgensibility,

empera% rE sTesis an etr O &L a%?e ofI s?re% ﬁ%gﬁ%ﬁhou{ QC'[IOJI[I SO'EItleOsu%pace of the
nc ) as rreasure acr oss rection O t

aﬁbd>s>s1n 'EBB 19‘ @g@la&ﬁ td e d‘e@@@ﬁt@ﬂﬁ)bﬁgnb | FoKenanipdd, | 12¢ 8N tdB32°C
ext ensi bi |

f?éﬁp‘%FOa‘tflﬁ)r EL 188 (éth?riﬁ ¢ (BHEF te é%&“@ rdILt et go0°F to 400°F)
%{}{ég)gu egéeztg{alﬁr ppﬁjémg Shedtil d;g i d ACGRI betngﬁh%l@&ﬁl%sglgﬁpﬁlggce. A

esire tenperat ure, for exa
iébﬁuﬂﬁotl@loﬁlaﬁtr@@l 6RHEOAR foomdEBP e, endR8AM: tind BibGuPlls can be

(28Q0F to 42 or 1490C to 204 0C (300 OF _to 400
tﬁpulﬁ %f‘ﬁicléyeé IO %ﬁﬁ}b&fﬁ%{@ Wéfgf? nghsadsTupter passing
ﬁl@ (e Bﬁecmﬁiog}gd §§thfe%§uurﬁrdﬂiﬁé{%% KR dip, and then can be

dovvnstream of the nip forned by the enbossi ng and
pasédipith bighswiaart>385 degdes) ovgual ¢hilf dvecomirbg sdkdbdlaw drd4°C (40°F))

f th t
LB oPRTBRGR e Rt rivotnine o8 Bies flehistiangr con be
a&bhlpngyesa paR@n @R, in@A8ydr ABu SAheREMP aFHEEiNd Jehuph@&bond time,
wap (> 135 degrees) over a chilled cooling rol

bietheweh a4amig, QWmfﬂi?f)t uadgwnien: wound into a rol I
Al ter ﬁj‘ﬁe n er!_%rf:ri, ggﬁ%%ﬁté‘ogat}o‘é’é’ can% em% gsg? lbg htez?tﬁl%gﬂ%% hldlﬁide

can be acco assing th yer

tiitacsasrhe Massen® aﬁl@tsuiﬂznﬂ@tes@émﬁetanﬂat arBf suithisle ypdedahat does
simlar, second set up down |ine. The interlayer, as
peisapieae ramisie thepm segpesIadnByhhiEndt aneg/sikdayer interface.

?Hﬁr%gélgﬁrésucrafq A S[%r Q{anﬁ € 11b€ "t(% 3YLL b9 AY 4%gb}‘gapisﬁc to 216°C

erature an 'sui t abl e speed t hat
(%O%Etd 429)°Fy, an$4¥C trof20ﬂf(é (OB ss40yFpaht érase tant@ritiues can be

Pt BRGTapleoy BECEwingans O LB Coene o beted to the

H&n‘%& @w%&ra(t&%%ﬁ haGing 2LEsire® Em@és%% fafe2040C (300 OF

and those tenperatures Can be attained,
f or e%étﬂmmebelmg/b@mddemom it ik deligvied thadyter predisady g@ntrolhng the

pibossed L] Sa et ot 8, L, desl L eg L SIRAE oBlhe
surfaces are heated sufficiently to allow for embossing and controlling the permanence of
the embossed surface, the embossed pattern is effectively kept from pushing through the
outer stiffer layers and into the interface between the outer layer and the inner layer at the
time of embossing and then later, at the time of lamination. It is the distortion of that
interface through embossing and/or laminating that is believed to cause optical distortion
in laminates, as has been reported in some prior art (see, for example, EP 0 710 545 Al).

Indeed, where that prior art warns against embossing too deeply, multiple layer
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Wt hout being bound to theory, it is believed that, by
precisely controlling the tenperature of the

WO piognseyer to maintain a | ow i nner tenperat urBCTii$10088/061688

the outside surfaces are heated sufficiently to allow
for enbossing and controlling the permnence of the
enbossed surface, the enbossed pattern is effectively

R h b TR R Bt hotrie Reed d oS Wil B @ rB8n detait
b&1BR! cdnBeImRssddngell be’%n@ ﬁheelrﬁa@@}sﬂoggsea Rl tHel'}ﬁﬂ)r hat er,
at the tinme of | am nati on is the distortion of

t hat Frbessingie atrhetbedybfl mabidawi mgualmied deditng matdcago a polymer
JInter aP{Ia‘i orq%l/elrgved otr %Xé:nq H?E%?J%)l Cr%;ls d42§:,?25 5 0'79 74)

Cogentibadl tehaifkefor BMbdssidda M§m€f Jayed 1ﬁdl@&£| pas\Mﬂlg ke layer through
that prior art warns agai nst enbossing too

#riP hepyeen tHpapiating rcrlbsy@@esorﬁoth Alewpich @éerﬁmbqwl@a tr@lg@rhaarr@
@%Fntﬁgor{s%&tré edcﬁel n_% A \&gﬁcw e conﬁ)égﬁﬁﬁgrjlﬂp%gaﬂera 264 t?\les 8f the

el ow, can ossed mt's pose
desiret empossarenapdtteric(vbea st mm;ﬁe aJ. fekhads 067pO wuz;@(pags:u

PERTRCCu R, A STl AR BullBits AnpbSuren S gT8s 63

BB b i/ fokterdsRAN %Q'iré nalor tERBA A4ReTon8 RO 5 e NEorR

polyner ayer inclu e passing the layér through a nip

b et weBne bnboth otlrcﬁmen of thel duse,r pohyeneodayeot ¢f thé indrlager @e groduced
nbossj| n . rol ent tions formed in its , . i~

E%}% BRI P£1°r &C%SE%F% & |d§‘751re§hz§% RSt Vas gftch’, or

REE 8 PefiRtheRED OB SHBMeaR@k R i L@es to @graglmsml ﬁolyﬁeﬁayer and

Patents 4,671,913; 2,904, 844; 2,909, 8

i, msdisaton o diw1eengq ofihe sEdndsfeam amipei Ratiiioh rrmsure of the

glgﬁ BCegbe%Qgeen e%rg) ssi'c'nI tﬂg t(?pra(])té}agp% Iolf {é% puitice oga é)o?)¥m%r lfl)her
SpEraf&@Re’0 fs d Ihéasﬁﬂi (&Ttheptéh&dfﬁély oE Measusfadd oft the einbbSEd at@layer to
are produced using_ enbossin produce a | ayer having
[t BesneRey i Hethelayeprw IF& resubtyintactpndengy of g sprgce to

fé AR Csﬁrfa%zt k/)(Z%r lﬁﬁtﬂﬁwx?st&f J}qo %lebt)?sgfg t | nglre@%]?}ésurements

a polymer i's an 1ndication o ergence
wﬁll bdéesstibddainaletailphelawpl ane. RSM i s a neasure of the

di stapce between peaks .in the topograp f the |
surfa Vaalrouaefﬁgp IFRER LS| O Jlagy Prescpp iy émlﬁgpls IhgaEgrlyer
Ratvntlé@ sSRNUERE ¥oR et ha%lelsfé phehRe®@hisihP he@HIRISE techmques taught

interlayer to resist the nmenory inherent in the |ayer,
hdreiohn mdedi e qu’q)oal tfghel evteysuofaceshes th@rrftqtaefelt lmvp enizvalue of 50

Egﬁ%oggﬁ it?igéf %@ t‘f 86 gfl‘ﬁg\’gﬁ%t hat Xf':sscta%%aee he same Rz value or a

different value. In other embodiments, only one of the two outer surfaces has the
designated Rz value. In yet other embodiments, either one or both of the outer layers of
an interlayer have the designated Rz value on the inner surface, which is disposed in
contact with an inner, relatively soft layer, which is found, for example, in non-
coextrusion embodiments in which multiple individual layers are laminated together to
form a multiple layer interlayer.

In various embodiments of the present invention, the outer surfaces of an

interlayer of the present invention have an Rgy value of less than 700, 650, or 600. In
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will be described in detail, below. In various
enbodi nents of the present invention, a nmultiple |ayer

WO piognseyer having a softer inner polymer | ayePCi/ES2008/061688

produced using the enbossing techni ques taught herein
in which one or both of the outer surfaces of the
i nterlayer have an R val ue of 50 to 90, 60 to 90, or
0.to 80..The t out er sur have the sane
EeBpoimatier MRS Gitp b arars by fe et KonTue gt other
&BodifnchR€orc¥? O & thS anfzﬁﬁﬁfac@sa& th&8utdeRy&R 3t 8¢l ifterlayer have
value. In yet other enbodi nents, either one or both of

thqeie@gnmd Ray #tlge.oThaRsw melaed gyer camdmesorrtbenqﬁlemﬂgﬁmwalues
R val ue on.the inner .surfac mF
%%’ﬁ ac:z%ny su%t%‘tr)le comnlﬁlétrlon o e{fro?uce ges1r rga & Islara terlﬁucs

f oundMul@fle exanPkelayel of GrGREht 1hi$d:rﬁfd>n§ﬁf0@(ﬂﬂoﬁ§&h50dlﬁlents have
whi ch multiple individual |layers are |amn na

? GRETIREeNCe 3 aRus Ty RchiniH ppriesciibgrein qemﬂéqell%}yéqf 1CSP‘ ghan 95%; less
Ml@(fl '9@% 15 Phl%g BN R ﬁ{antﬂ% RE fR€ '66)76‘ ghdi ﬁfése ﬁé}ﬁlanence values,
out ér ‘surfaces of an rnteri ‘ayer o resent

agwierhn ba chabvimed mtﬂi&hdb\oﬁ tha@mefn R@,ssaltleh;amd ‘R)0/alueS iy arof suitable

600 | nfurther enbodi ne on one out urface. has
tHe laé%cfngtﬁeﬂr %CiPC SRz Surfaﬁe %%ag?ws eﬁ’o%g‘?rr?é‘#toglmems
Bé}ﬁlaﬁéné%%ﬁle%f 5or IHREEu SN BE&S.rOfI04hE 99%t &'s 0'%%6%(5%
an I nterlayer have the designated RSM val ue.
RSM kaamplegoﬁqaﬁfeuad Cbmbmanbmsnﬁdhwhlrete Stuhf@cﬂzhavaitamgcs for one or
nat 0 _produce.t
Bt Pt B et R0 St EFPLPRET Wt PR N E Byt Petude. withou

limitefidR YIRS ®116%idd@niti SSRAS, wmmatslaﬁangddnn\ﬂ%d)@as
enbodi nents, have a "permanence val ue which wll be

Be/d/Bsiipermanerien aid ar edpeeteddy feaeolpra nncwwell%zs@dt&mre given
1n01(§ C{%ngszazldt glfnqnaélﬁgcg s e gSVsefluts g%@rc?:rqg %{()) écﬂ %@ rTgess ?1 95; 50 to

90/1/Bnyaii¢sothait be; Wi tb@ﬂ//BSM/Maltcu 95, ﬂ)‘td 9@2//1mltm8700vmasayhan 95: 50
suj tabl e conbi nati on to produce the desired surface

hdldersehps QQklesy hapPRel) tePH6ds srébrns’00FE0a e nketo

I r t
B B g PO 0 AL PR M 3R E R0 BY Sl B9 80 10
80vr/as than 780/ 1charaa®5e6( st §0Z4lefsaharoN@)/ Biesduhtin 9&;umtl &0as 80///1ess
f th | t] Ie | ayer interlayers of the present
ﬁﬁ@éﬁ@/@ﬁ Iude without limtation, the follow ng
conbi et fe@ﬁ‘l%ng Wi G4y e ANV (RIhE 3PASSERd IR, M@oﬁgﬁnd/or permanence
Rz/// RsM // pef manerice and are separated by sem col ons,

walde winereereRlipnidmRBIddapegwegnvian glazing layers such as glass. The RZ and Rgym

values given above, which are imparted by embossing and which are present on at least

one, and preferably both outer surfaces of the outer layers of a multiple layer interlayer,
result in outer surfaces that can be readily deaired after they are placed in contact with
glass layers and laminated, for example using a vacuum bag deairing process.

As used herein, having an “embossed X value”, where “X” is Rz or Ry, means
that surface qualities measured by Rz and Rsy have been produced through embossing
after the extrusion and cooling, and it is the embossed surface that is being measured.

Some embodiments of multiple layer interlayers of the present invention that

function to reduce sound transmission through a glass panel include those known in the
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in mcrons and permanence i s given as a percentage: 50
to 90///any///less than 95; 50 to 90///any///less than

wo@MsAMsvHo 90/ //any// /40 to 95; 50 to 90///| esBCT/Lisav08/061688

700/ //1ess than 95; 50 to 90///less than 700///1 ess
than 90; 50 to 90///1less than 700///40 to 95; 60 to
80///any///less than 95; 60 to 80///any///less than

90;. 60 to.80///any/[/40 to 95. 60 t.0 1L/ ess .
#oaPT Pt o aSEk b, Boubiths PeaR b S et o dER. which
tehetes U usRE a8Qa1t Of 8@fetih % 8sBoh AL th! PHahédPatedt APpliddiien
resulting interlayer, with the sgem fied R and/ or RSM

A6 Aped b dtasent viaplieatioar? 008/0d 8201 AL, | vetiehigaeduithe use of
ween two glazi | ayers such a Th a
BRI EPablR PR SRR B BiEEpREn D) 2T Pty U U7 Plten

6300554 Rehich gavhine his@bErepideg enétaRnedds deadasONR0leadddn one of

gxtefer abl% both outer surfaces of the outer |ayers of
Gadiagept Bysrager competitieRpbaifferisel t in outer surfaces

t hat MRVE i . af '

cont aft™ B FRTeRRY R, &8 h R Bl bR BT can be

imspangd a0 wvadtipler dyageldaegianéln §y rcoc@sstingAsmuBpit lagsranterlayer into

avi ng an "enbaossed X valuye", where "X'" is Rz or RS ..
Eﬂ@&ﬁggfmsher% ﬂ;%fl%\teﬁa&a SPPTIES THBROUTY WrstzaVawof{lﬁ@WM plasticizer
hanendPepns Produced through enbossing after the

extrusion and cooling, and it is the enbossed surface
t hat Bs fhmiuginggadymedayeSoaedesaimd apent, sowid marlsmipliam through

gty A Faa0s b RS e URP P BUGHC g n he
WHC§ apﬁ%kg?nwfé%ﬁmm@mereisn HuMRF, becdudt elf¥EdTRIeRts Haliglg three
n

of limte 0, ose disclosed in U S. Patent

polyoer Ry, layiis edn balpshekitedrie bg sasilythagdled and ugsd as a direct

differi carbaon.l e h,. Japanese Pat ent | i.cation
i Ao I i B AR DR B S Do, GEBMAR of he
pRsah inveatdn wilebais@bRfindhdnfy@bpicitipnd WitBshtZequisie any modification
degree, and Japanese Patent 3,377,848 and U. S. Patent

t tga 0138 BIRCtufRE e thedapsRd {hide 3pRli@fione iy garmplsedwHpraotive
LWaYERhRILL pﬁl;atlo%@%gn ﬁv%%he%jsj M ARG AntibHA %g’nﬂ%ﬁﬂherdlayer that
'ayers adPa conposi tional di fference, In & preferre
eambediepiacdd wih pe intataysoofittle prepartéssindon elitavaictlering thedsmination

can be i tegﬂt .nul tiple. layer glass panels by
PWE%SF%?J;E%%BH enfg‘}lf eﬂl"émfi%&‘/%i? interlayer into the

panel ag \WheKeeih NG ‘*i%ﬁﬁ}be@’Y%ran§%‘9i’ﬁ1'oﬁﬁ§tié WP YIR Can be used in

| ayers having different” plasticizer concentrations.

multiple layer glass applications, such as safety glass in windshields and architectural
windows, and a “multiple layer” interlayer is any interlayer that is formed by combining,
usually through laminating processes or coextrusion, two or more individual layers into a
single interlayer.

In various embodiments of the present invention, a multiple layer interlayer
comprises two polymer layers disposed in contact with each other, wherein each polymer
layer comprises a thermoplastic polymer, as detailed elsewhere herein. The
thermoplastic polymer can be the same or different in each layer.

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

layer is sandwiched between two low plasticizer content layers to form a three layer
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By formul ati ng pol yner |ayers as described above,
sound transm ssion through nmultiple |ayer glass panels

weamshaspeduced by, for exanple, nore than 2 deci/bgd088/061688

in the frequency or frequency region of interest.
Furt her, because enbodi nents having three pol ynmer
| ayer layers can be fornulated to be easily handl ed
and used_as a dir.ect nt for vent i anal

|
L Py B OMPOST0 oh e e e Souch it at pilgidfign gf plasticizer
b &fe%ﬁﬂﬁer'l@é@m higthapid he dP@ibkS Gibieo, itRerB®MMaintaining the

applications W thout requiring any nodi fi cation to the
nhﬁ%ﬁaﬁﬁdﬁﬂﬁgwhethod used in the applications. For

eXarrpAs ’uFGh e?fgplt‘l aStICIZQI‘dCSOtPI %lt dca%%oel | Cagltlrle gg’pg st%erﬂlundred resin
i nvol ve e use a conventi onal ynerirc-in

{phat pae@ oD we kbt p&reseivhttbasian Fbm;@h{pwemmgramb of prae®@#dr is added
invention without altering the |am nation process used
tool GUarrame RePelymFsifed WeRdSRIRitglzeponigd el Risresingpiasticized

61951%f g@ﬁ%rbe h?n)&stulgﬁf R8N 3R s gho%l? N4l pt?cﬁze%%@ntent ofa

Pe’lse pl e l'ayer g i'Cati ond, suc
pafyeicylagbais gmen t\he pﬂashmeérdﬁnandofaha:trpattﬁmlan rlaler s dectomsned with

and a "mul ti er" inte is any |nterlayer
R e (s BT %%}Zﬁmgt e gt watsmsed@rproduce that particular
|91 nating processes or coextrusion, two or nore
i hdi vi dual layers into a single |nterlayer In various
enboanEMYQWﬁmnkmBmpPBSEmmrcmﬁeﬁtmbmkmamnukmmmmeamdyer

int er.| t ol i
Ak T R I Rh R R bE R o B ALYER b AbRBERS RBRER gt mixture of
SOV, $E8sed td B}&fd&pﬂllefp%sh@lz&%d OB the 1&fer ABY&inbRthg the weight of the
el sewhere herein. The t her nopl asti c pol ynmer can be the

saamle aid tieffeaghsof therpxgraethd laezyle the plnst@u@r e@@We@phr can be

e as _descri , lasti
ca nl%qgte i qhe cllse aayl’l’ell%lpl 1% pogym I l%sﬁ:r Hlt%‘ L one tp Wa/n}er layer can be

plhﬁ;&iall? Isel’[ﬁtﬁrat&!)ﬁbﬁ}ﬂhe by EbeFoiteGhd Prakhiczdr hbﬂt@nt in each of the polymer
| ayerinterlayer. The conposition of the polyner |ayers
lagers irmeasrd: net mgration of plasticizer fromone

p0| y VEJI‘E)YI? Enﬁ)leﬂ{émsrb?rth presth ﬂvgﬁtpéél ]ﬂ% é)rlésgi{z:?gﬁ conASnt of the two

t hereby mai ntaining the plasticizer
p@l@dlehhlyens njfférlyas ldaci & hr,dOphent pheals e, Iﬁepiﬁrui@ﬁhIaSr 25 phr.

airar F5aaheve. e aalfpice 10D 8o il . obrad b PEer

i's adgedh{s 1R8.8HRAR d?ftheoﬂjeééﬂ?fnvEﬁ%m thetrgﬁﬂuatl m§droxy1 contents
pl asticizer content of the resulting plasticized

of the thermoplastic polymer components of the polymer layers are different, which
allows for the fabrication of layers with stable plasticizer differences. As used herein,
residual hydroxyl content (as vinyl hydroxyl content or poly(vinyl alcohol) (PVOH)
content) refers to the amount of hydroxyl groups remaining as side groups on the polymer
chains after processing is complete. For example, poly(vinyl butyral) can be
manufactured by hydrolyzing poly(vinyl acetate) to poly(vinyl alcohol), and then reacting
the poly(vinyl alcohol) with butyraldehyde to form poly(vinyl butyral). In the process of
hydrolyzing the poly(vinyl acetate), typically not all of the acetate side groups are
converted to hydroxyl groups. Further, reaction with butyraldehyde typically will not

result in all hydroxyl groups being converted to acetal groups. Consequently, in any
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pol ymer woul d be 30 phr. As used herein throughout,
when the plasticizer content of a polyner |ayer is
w@Rpen34sphe pl asticizer content of that parti CRCEDS2008/061688
| ayer is determined with reference to the phr of the
plasticizer in the nelt that was used to produce that
particular | ayer. For |ayer of unknown plasticizer
| as zer . nte t .can.bpe determ ne
ShT A PURBE S AP R B RBb IRl o P ooty
chetz@e BlotbiraBd @ésidml ¥ b§y1 gr&lpﬁ@éjwhﬁ’l 18k d:8¢ brduP® as side groups
pl asticizer out of t | ayer knowi'ng the wei ght of
oh thepmiipphes chaid- tﬁkselsv\éhgmn rﬁfsmhlhﬁhseixwé@@l@dntllay@asumch@n a weight
&gg& c&ge&f §P&fﬂ® in phr can be calculated. In the
ase of abmi I ple Bolyner | ayer interlayer, one

poly rrﬁfvdrame embadineatspiyisd p‘raidnynﬁemamt}ﬁdeilﬂwnhm@xyl content of
ot her before the plast|C|zer content in each of

peIty reriarent eptymes lansessiapdifferby 4jgasoli8%e Al |2r?e%l’t235%f 3.0%,

t
{1\'92@ ggq% 97”5 %' V@Fa{t 1%1'3 df)”eTﬂ s%ff%n%géetelg §&19ﬁ|5€eﬁ 5%LR&&?1ng the
fRidphlr hydi(5<yﬂ) bdmterﬂt&f }ﬂh:l’laye?@mﬂhﬂhc: l(nrlerZSSl@haﬂ hydagil doa;eﬁt from the
can have, r exanple 30 to 100 phr, 40 t 9 r, or
o g oA B ok eBodE MBS ror Rl %P%Eéﬁfltent For
EOVEIE 1iPR firdk BEIyRRS Lt Ahas Y dEi@dN hy Q%??ﬁﬁen@gf SM&eight percent,
t hernopl asti ¢ polyner component s~ of | ayers

andea shicbhd peymer wymdtas alreodwal hpdrok plecohtent of:h?t woughb;ﬁercent, then the

) th t ff As d
irargrh ke Geris R Sl oS SES P oyl
cont epbr DgivePtyE bk Plakti@L&OMe ba,mpam STt isdicit&fif holy(vinyl

to the anmount "of hydroxyl groups remaining as side
bmtm#n)sls drgelh éeﬁﬁﬁnsnné by drediyidso t:@ltterﬁr Jdégtgllngwhévmyl butyral)
but

WltH%. ggeat%er resdcrhba? ﬁﬁcﬁrlrég%ll co%?enygv lt ma duc dtpci'tls%mzer compatibility

yzIing po tvithyl=acs

@ﬂia}bé@it}ﬂ )/le@«kd@@ hﬂl;)(vm@hbht?hbﬂmﬂﬁ@tdvbdﬂ gedidial pedrgk Micoydent will

al cohol ) with butyral dehyde to form pol y(vinyl

Faek Fean) lncqeﬁsefin%asafe@%%%nwbﬂw PoFaPatifg theee poIpgities A3 be used
C ; I [
L b o R kb B o ik B B nch 8 FAERMRE cach of
thetﬁol}bmﬂryatwlrsjtehgdﬁav fqtphe:pliobgr pAadtlblzﬂDIoadlag ahd ta ratdl Imaintain the

r 0X rou s being . converted to acetal groups.
é%#d? Pi}1014eﬁcalﬁ9@gt.bﬁr‘§f}?8ahf‘pm YOGt By#Sbut yral ),

ther eAW'lé ndwWiPinGRd b, B&d-R 8 dHea1 c%ﬁ?eh@&s% 1 QUBSIIEPSy controlling
vinyl acetate groups) and residual hyd roxyl groups (as

eantydn thipely, ovagtangeangpayatipss,sind ethgr gapables in the manufacturmg process.
In various embodiments, the residual hydroxyl content of the two layers is as follows:
first layer less than 25% and second layer less than 23%; first layer less than 23% and
second layer less than 21%; first layer less than 21% and second layer less than 19%; first
layer less than 20% and second layer less than 17%; first layer less than 18% and second
layer less than 15%; first layer less than 15% and second layer less than 12%. In any of
these embodiments, any of the values given in a previous paragraph for the difference in
hydroxyl content between the two layers can be used.

As used herein throughout, the relative terms “soft/softer” and “stiff/stiffer” refer

to the tensile break stress of the polymer layer. As used herein, tensile break stress, or
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on the polyner chain. As used herein, residua
hydr oxyl content is nmeasured on a wei ght percent basis

WE2008AEFM 1396. I n various enbodi ments of the PCEESWS/061688

i nvention, the residual hydroxyl content of the two
adj acent polyner layers can differ by at |east 1.8%
2.0% 2.2% 2.5% 3.0% 4.0% 5.0% 7.5% or by at

t 10% T is differenc cal,cul ated by ..
iR wEE g Ot heolPing BHETS Fsliehpt R ebrdionto thggashod
WstAbddi@ JIOWBY 7T 8sitiidRIath¥A QN pSI9Hee Diyef KRMd B wer tensile
resi dual ydroxyl content of the |layer with the
glreelatstéfrss rv su: duaala mWWde btif§ opelemer lager IewaanISeemqulraents of the
fallétgéc’n i VCP O t‘é’g H%gf‘ymer ygrsShL‘gSI un%hf: Eyeaﬂ or %(Iss g?goﬁal%gtto 811:
f&lswdm)ga |WH&%ihli eeMirstCiaMBatla g id ﬂle\lﬂall@\hing PRt Behd poliMeniayer with
t he residual hydroxyl content of the two | ayers

aqeflpxét?rspl@)%plcgeww ﬁés‘t@ghfner Byer are@qe(,‘@,arn t1§ kilggrams per square
pén ﬁfc‘t%r'aﬁg IS Tco%ﬁ? W%JCP esé {h¥111 QEO kf ra191|s 251[ %@51%%%&11%&& first

y(viny ar ge det €

bqlglmx;alyetcgmzttemthan T&(pkld:@rilms pqsrcslqy@e Icalytimditeht gtidasegona [tdilymer layer
ﬁégregagr resi dual hydrox content result in

pRELEPES ?%S%Wﬁgﬁllﬁ?tﬂ 3 VStd’PWBE%?{ Jeiep greater tha 165

11 58U § Ber BRA% CUAEMEte PAHDYCBIND pYI He@al QYRS HiSISBURIograms per
hydroxyl content wll result in an increased

pluast qe@tlmterwrfpatpobymﬂtlyyem ierepgep dlcint A80 Kilogmens per square centimeter

r be S ect the hydroxyl onte
R REd B SRURT R byt B oGt st Semeiie S i
pblyhBE1apel, Mf&'FdSseH"il]Y Ediftadt Qvithl the@¥edbad pbRehePIBBESpposite the first
pl asticizer loading and to stably maintain the

<i>lfymér @m@resq an t@ls@siw@h the seqopd pelymdy éambﬁwn@hgélrmﬁ third

n theart.  res
anlﬁiner ay%rasmc be 4Ly %o any ¢t i the aboy }) men{ge\gé‘c t%enthlrd layer

e contr ol CONt Fo

haviBSthe ls@@e badiffeEan Geﬂﬁpbs’iﬂi(brﬂz&Sthe ang p@th&:ﬁr 1av@r, iaBd bRSerably having
t he manuf acturi ng process. In vari ous enbodi nents, the
ﬂl@§a@eapmﬁ9w@m the int @ALMST l4Y§E two | ayers is as

follo
| oss s BE S 1SSy RS Rt B et
fe@yteentl valies thanod Y¢ ufdd fet adomyeer tyk)e &mltﬁﬂﬂa tay2d Mtaatagers, those of

se Iayer |l ess. th 9% first |ayer t han 20%
St TR e R lgeqenized attt%faﬁletil?% and ﬁngetﬂaV%& 8? aﬁ@&%ﬂ@{lﬂ&ﬁemom are

&&%l@&%ﬁ%@lﬁgle‘ 18y intb@Ser hQ\%ﬂg 3:56’@1‘[1\% 2% St nﬁ&el%yérea%g one or
than 15% and second | ayer |ess than I n any” of

mioesielagivblyditiffenite, lamsy @ctcordmgl\yainuagogs erebodiments of the present
ervgr\lltllo%u ond & Eoth afl)ter fayers thg\(fee 29 efnfm T¢ Brefistress that is an least 15 kilograms
per square centimeter, 20 kilograms per square centimeter, or 25 kilograms per square
centimeter greater than the tensile break stress of a softer inner layer.

As used herein, a conventional laminated glass is formed through laminating a

conventional interlayer, which is typically used today for commercial laminated glass,
wherein the conventional interlayer has a tensile break stress of 200 kilograms per square

centimeter or higher. For the purpose of the present invention, conventional laminated

glass is referred to as a “reference laminate panel” or “reference panel.”
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hydr oxyl content between the two | ayers can be used.
As used herein throughout, the relative terns

WO soBt3esSof ter” and "stiff/stiffer" refer to thRCT/EHX0$/651688

break stress of the polyner |ayer. As used herein,

tensile break stress, ortensile strength, of a pol ymer

| ayer is defined and neasured according to the nethod

described in JI.S K6771 ith a relatively "soft"” .

pol yrbRoPRyBe gt gt Pehn Fhehsrisla @ bs laminaes

YesHang BRheante/hyld dethy preséitlidveRaby NBletdrAYiRM- witireference to a

vari ous enbodi ments of‘Fhe present invention, two ' '

peétrgmasrlaminate panhlbasedescribed ai fhe pyedeis parageaph. dictyoradl lagninates with
o the followmng, .wherein the first pol rlayer. in

E%Oeo‘% SRR H%Mgllau 515 SOPRie & aﬁ?r]‘él%‘: ngyserlyéﬂm%tsﬁmtcﬁghq {hiRispess of

MeadbilBleZLst LRt @Mhore lcbmplexpohinaRk withytlifee @ @Rfr€laytRa glass, the
135 kil ograns per square centineter and second pol yner

faylained glass thigkpest 2uld Podie s Qhéhe BErsar anie fyerreaf glass.

first r r ; R 1 i »
squa B bENE R A Koyl e omial AR Aihns e
r3fuekity egwhins apencl eghidite dig it somat ennsrhissisit 1qeoHysmer-coincident
| ayer greater than 165 kil ograns per uare centjneter
Sl s e"gfeﬁﬁ%@%@ﬁqv%é o hedeieragh b %k‘i‘/PIB@ w&%&nge of 2,000
RLIBGEHERN bhiRLEbe efpirichilPde PN omaYBondHiRR LR et bPERAss
180 ki | ogranms per square centinmeter and second pol yner
hawyeg a lhedeies hauall®Fhdédnolg nethglapehickgesa o€ glaenini thetederenck panel
éhif gol¥ r layer, disposed in contact wth the
8 8]§8lgﬁ%r | ayer opposite the first polymer |ayer
so as to sandwi ch the second pol yyigjo | ayer between the
first and third polyner Iayer,=rfﬁrbe added to any of
t he above enbodi nents, with the thHird | ayer having the
sane @he@i‘Uf & @PtotSIPQhitkiRRs ASmilR@efels i PO! ¥ MR Hertz.
| ayer, and preferably having the sanme conposition as
t he fFespurpesey aethiy igyentionyygiprevanat {iegeopstec parkoamance can be
tress,val u rovided, in the.precedin r.agr aph
PR R Bl T i BEGB RIA PRlypy (roference
fredpdenpy eof Ity efereidegahélyer s, those of skill in the art
wi Il recognize that the nethods and interlayers of the |
prese rﬁoqn%\r@ﬁﬁmﬁwoa#@s useletsrmingd famylaminate pf @epggpent invention or
&&%v%ﬁﬂi&%é?fef&@%@eg%n@l £4lx@h !d}’rﬁér)éio%@%ﬁ RGBT ERY@5) Afkixed
one or nore relatively sti outer layers.
woageratim@f 20 °Cn vari ous enbodi nents of the present
i nvention, one or. both outer |ayers. have a tensile
br eak Y048 CPRaimegtgl ecigtens VRR Wiy PPl Earye@aﬁﬁa%ers of the

El%ﬁ‘éﬂt RlRfion, ek 1ARBLREHe RN $HY Phikesf %Ia.'s TBicl redRte dr
Il ogranms per square
transmission of sound through the laminated glass panel by at least 2 decibels (dB)

relative to a comparable reference panel having a single conventional interlayer with a
thickness comparable to that of the multiple layer interlayer of the present invention.

In various embodiments of the present invention, interlayers of the present
invention, when laminated between two sheets of glass, improve the sound transmission
loss by at least 2 dB, more preferably 4 dB, more preferably 6 dB or higher, and even
more preferably 8 dB or higher at the reference frequency relative to a comparable

reference panel.
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centinmeter greater than the tensile break stress of a
softer inner layer. As used herein, a conventiona

wo awsnased gl ass is formed through | am nati ng BCT/US2008/061688

conventional interlayer, which is typically used today
for commercial |am nated gl ass, wherein the
conventional interlayer has a tensile break stress of

200 kil.o r s re.centineter or her t he

Sur poBHOOHT FrERE LoRtRPUSe e %xea%w%m%%ﬂﬁ%ﬁ%gﬁ potiner 1ayers that
lamaaued trﬁhﬁﬁés1b§ tHr@ﬁ@ d ﬁgltip‘lb 1@§e@1 sk %ﬁﬁ‘él @BEErelied on various

| am nat e panel " or erence panel . "Inﬁrovenent in

exropesitianal prsmiutatioonbetweersdidse byohaFasmp b melugled§8. Patent
on si;sting of .th ers.of . th ent
rvRRet- S ERRRHR R et bl PLALBHE RSB0 15, B R ahese

Pamltn@p;ﬂlcme.k 12984 te 364 U dPatdht Alppllwtﬁwzous/o P3920r/10 hvhlch
In t pical | amnates with two outer gers of gl ass,
dbphdiffegnapelymsrigkipagieerees w?eot fermpahcattwes Japanese Patent

It} |3'75': Ié@ Ried efS EJQ%H{ 3‘@4(‘) gy£ rtec‘acﬂfthegdls@%‘? re%sidﬁlawegatec%wg S at least 5

an1na es Wt ree or nore layers o
m@kb%nedngbﬁﬁﬁ)mhmmknmsasmombohﬂmsnmhalSﬁﬁMﬂ&ethe t hree
or nore |layers of glass. For purposes of the

nvent!h GHICHS EBPYETaRRE the RIGHfEh Yy e Hia Add @%@nﬁwﬁﬁgﬁ%ﬂom the
A prifincRe®in B! appReitint, t@/oq BHRG 14YeANSThS leQ¢ht invention

&M
Ioss due to 00|nC|dent ef 'PC F%e coi rci dent
hmqh@dxfﬁerlog ptdaecm@foenem:fes q@acrrdiedlabovey phe azidh)furthertclae have a

SRR Rkafe PG & RenDm SRicé 386 1B yna Pt Gl atnote %

tebi @R STRole G 1459 tHaRE BORIE NFHe @I rasSual BéGkP 6§1§5ceﬁtfrat10ns can be
glass in the reference panel fromthe algorithm =

q@npoed yith the @smﬁérlwdr@yl ¢antertiegiver apovgl mseélthhmbméss to form
For.

tvho golP/mernFa ers of ﬁle rPFr)esent 1nvet§10nrf1avmg t eidescrlbégileﬁgrences 1n

nven

plakidifer eelasmramd r&yd@m hydlﬁiﬁ&:@ﬁtehﬂwh‘ﬂ&lﬂzdflﬁ 4 B8 b 86 ke¥idual acetate
| oss at the caqincident frequency (reference frequency

eFntenie Frghes cathodimeiiept mulgglsiaydr intpd pycsseighe prssant Hil\snzlon
ARhRER %Bﬁ% F grlﬁmeflﬂ&ﬂfm%f J@ﬁ?ﬂag‘%@ NEhdrdlY SRL bpﬂlof%{jof the
re I X

conventi ona ence pane 'di mensions Wt
ARG RO PollyBisy lagbrsdat b xesttuhbmpertatameant of 120thAC5 mole %, less than 4
mole %, less than 3 mole %, less than 2 mole %, or less than 1 mole %.

Further embodiments of the present invention, which are the preferred
embodiments, include any of the foregoing embodiments further comprising a third
polymer layer that is disposed in contact with the softer polymer layer, for example, the
one having the higher plasticizer content. Addition of this third polymer layer results in a
three layer construct that has the following structure: First polymer layer that is relatively
stiff//Second polymer layer that is relatively soft//Third polymer layer. This third
polymer layer can have the same composition as the first polymer layer, as it does in
preferred embodiments, or it can be different. While the preferred embodiments of the
present invention have a soft inner layer disposed between an in contact with two stiffer

outer layers, it will be understood by those of skill in the art that the methods of the

present invention can also be applied to two layer interlayers and interlayers having more
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In various enbodi nents of the present invention,
multiple layer interlayers of the present invention,

wobmes/1840d nat ed bet ween two panes of gl ass sheBCT/US2008/061688

reduce the transm ssion of sound through the | am nated
gl ass panel by at |east 2 decibels (dB) relative to a
conpar abl e reference panel having a single

onventjonal interlayer with a.thickness npar abl.e tq
FRAEES I9RG. Fal vigsmae RapBaton Rbiferccns of 8 Thr eaei Smtion
WOMRINel Dfve ThferVAteHOHS heiRO S8 S RkeriNRrPIRSBRE inner softer
invention, interlayers of the present invention, when
laapdsnat ed bet ween two sheets of glass, inprove the
S’Ol'mdlnt ! ?ﬂ)%més ic?lnmelnpssﬁle*?l?ir L ll r%%slta 2 hda%t d'RER composition as the
prefera i) y 2508 S e pre er%%?y 6 4B 6 "M gher, ifs)
fiise Polyhicelag e walicpryviBe dBtHose lal@haterlajer e haed Ril@nes difficult to

fregquency relative to a conparabl e reference o
pandds pepyingr layerdigposechpatyeqrovorislatizel vicaneo hagdle dayers, resulting in a
- r
PR Bl Ba Rt A PR By Rl Darklo A e SR REbrporated

detdtigdntorexisang prseconthaspiciionsly usatl aingleipohsndrédywe taving the
those | ayers. Exanple? includejg.sh P?tent , 190, 826, .
GHTRH W HRS O R PR BReTaR et ap s hE AN i$ee Pf R PESFHJRYention, or
b @&Qfo&iti(ﬁf‘tq{at]@QQHQ§ Qinhifk gﬂke At AL EGA4I A paD) glocking
U. S. Patent Application 2003/0139520 Al, ich teach
tehdengge of differing polynmerization degree. Two ot her

appl i ¢at jons,, Japanese.Patent 3,377,848 and .U.S.

Pat enfn %til%fzf‘éf,“é)éi nents Wkizip rerRdTgper laysy Ly sigelgd ypgayer the
@) oSy rRdr 1&er heas Hifferd® Lempbiti AN aR thel 1o @Ay AEEAYer, and the

| ayers as a conpositional difference. In various
diffserdicaeintcomppsitipe bpinwese te thind ealyimsh layanenddhe s¢oead pglymer layer

c(:jz{nf ‘tFeez{ngnotf tlfler c?lﬁ]te}err]lgesa 196rnoa%%ge H?Sr%ﬁle ciii?ﬁe}*err]l%gsebet\f.leei%the first polymer
applications, two adjacent polyner layers o e

Ryes@idtthé sacond pemeakgeit Meor@kihple] o xeapldre e@Bodiment would be:
content as descri bed above, and each further can have )
Erst pelymgalayaicwith e sesidiyd Bydropyl cppiest fipdiie/Seeriidgpalymerdayer with a
0 K 0, g 0
ARG, k37 AP P e kP9 10 R4 boonen
obZenitraillilenstelahatbm thsrdanmett, tietthird hel ymeslageradiffers from the
iven above, i ny .conpi nati qQn

hyd | , '
PR ?%ﬂ%ﬁf@iﬁ%%&@ﬁ atdghas %6%5%93 SRR oRG it is 2% greater
Ay itﬁh&lﬁ?&a@ 8SREH (R heicbbRT SIGRST laPerPlARLUKEZERN of the other

content” and residual hydroxyl” content while haylng '
fifferdnees moterbhareiwithitvakhaxt eamsieglyomtireaembifagdrhdistinguish the third

enbodi nts of, mul tipl | ayer interlayers of the
B&gg]gh{y}%?r r%tht eoﬁ,?concp poelyme layer. y

Other conventional layers, as are known in the art, can be incorporated into the
interlayers of the present invention. For example, polymer films (described in detail
elsewhere herein) such as polyesters like poly(ethylene terephthalate) having a metallized
layer, an infrared reflecting stack, or other performance layer deposited thereon, can be
included between any two polymer layers of the present invention, where appropriate.
For example, in a two layer embodiment, an interlayer can be fabricated with the
following layout: polymer layer with relatively high plasticizer content//polyester film

having a performance layer//polymer layer with relatively low plasticizer content. In
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i nclude interlayers having nore than two pol yner
| ayers, wherein one or nore of the additional polyner

wo 2008n345has a resi dual acetate content of | essP@TIHS2088/061688

mole % less than 4 nole % less than 3 nole % | ess
than 2 nole % or less than 1 nole % Further
enbodi nents of the present invention, which are the

ref odi e clude an or egoi n .
P R EF e ml g B Yt i YRR g Beser films.

fnhﬁkr Ta§erd] SRMRRIEohNaGRNEACEe Wdbdtd he n’ﬁﬁﬁﬁl@ ﬂay@@ln‘féf%ers of the

ayer, for exanple, the one having the higher
pleagitt iipienen easardeng to the d¢smled mesylt an@ithe paniiqudarpepleasion.
:c g%lleg;l"mflﬁs u% rredI nfl:}ﬁoe& b rod1%01 p%e)rnte% a?g’rlts g)%l gﬁre I{r%sae%lt 1@126%&0% is through
ﬂl%|sﬁh1hl‘v%@1b§fussdobiﬂcrﬁs'1c§ﬁ@ﬂlﬁdlt1?w ﬁcﬁ‘%&arhpl)é&hreb f}ﬂilyrhér layers. For the
relatlvely soft//Third po ¥ner | ayer, This thi
PEPg¥RsOf igyRipSeERINVEIHING, ¢0ea e s AR OF B HNG tniekshreaglt% iggnultiple

I ) eferred

ARG Rkt g R B R T e
pr ef eMudtble idyedineehtysrs of tHehpesenemeattionnive piteferabl i ame;tﬁlded using

sof i_nner yer di sposed between an in contact wit
Rt PR lotroBr TSk e ey e BB e Stogde dy AS shown in

Ed?l@ﬁl%tl@f:ro%(ééc]uoﬁdq vid¥e é}feﬁallgfrb@tlo tdﬂeex%hhﬁ dsvief ndserirst die
present invention can al so applied to two |ayer

manéolkidﬂeirxcanbﬂlc ntaarfblaiylélr snmathmdgherumetfhldrﬂ 6t Mihealevice shown in

F f
FRURGE aadifies FhoER Easrtalb St ioPinid ey diond eBnalyted (12
MVU6I)1 b tiietdxklu§ion OpéBh he bawercse BRGnGEINpREayeR lﬂﬁérla%z@f ts@¥ktruded
| ayers. |In various enbodiments, the third po

ynme
aSaay@?mmge ©h @r%lﬁdwe@@bmwtmbhy@@ tlhﬁerfthlrclsnesmarybﬁevarled by
%c? Xs%ng tyl\hd sgmg l:())é{\aeefqt thd d ehl{}%eseat k egglrfrumro]}l oF (len‘a}M £5h0. t hat
Tive ol ayer

di spoge Gisélﬂiéﬂﬁﬁ,l’h fpwyrﬁ@{ laydrv ﬁ’ichés?lEl)yeltstht&fﬂj;bredlh@yleﬁ(ﬁvidually
resulting in a multiple |ayer |nterlayer that is

e layery éha;t/ a@a@yxweﬁaﬁe{ @ame WRilET12YeH theg is produced by

LS BB T EE ol SN Bl LA oRRETRES iblah willan
moerpgsi thhtol pofdutdEbplahenatingohiee indiedudlBy@oducet! pblyener layers into
inIefLaéar of the present invention, or a conposition

t ARE'CrBSUPYS: in similar processing characteristics

(for grammidto Qlll@fhlfé.rﬁgeﬂs ?Werelﬁ r’th@f)f%@ént mﬁgbﬂ@% provides
utilizing three polyner layers in a single interlayer,
tiethotlhpf @dpohy therleved pesound shrauglh fif epeamig, compogng th@n?tep of
élspOSlI'I:ghl% tflé (r)psetm o Xlrrﬁlpk!, layer glas%rf)gnelrcl:ompnsmg any of the interlayers of
the present invention.

The present invention also includes methods of manufacturing a multiple layer
glazing, comprising laminating any of the interlayers of the present invention between
two rigid, transparent panels, as are known in the art, such as glass or acrylic layers.

The present invention also includes multiple layer glass panels, such as

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

present invention.
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differences in conposition between the third polyner
| ayer and the second pol yner |ayer can be any of the

waldoBesesnces gi ven above for the di fferences bRECTES008/061688

the first polynmer |layer and the second pol yner | ayer.
For exanpl e, one exenpl ary enbodi nent would be: first
pol yner |ayer with a residual hydroxyl content of

20% / secan mer | with are |dua

cont enTor s TvEY By Harng ayET Givihe AR Sotyps acrytis.

by sth@Xxkta®18 Rta@dHal Cih pl@%of ke sMdslpah@snot ed that, in

this exanple, the third polynmer layer differs fron1the

secondhppieyang nnweay@rr alae inchulss a methadanf makingag pelymer interlayer
a?vél %zlilr? ]nteg}c{)an tr 1% oap tﬁF I‘?ltgelté/o tfl:nsé 162 (l){re%I‘( eta ft:s% rcortnhagr%dttg fhe outside

QeI 9§ fofliyig @fflrﬁthﬁl}@ﬁd'ieﬁeld Iafsf:@fnﬂljfbgfindi@ﬁeﬂﬁ ah@h elifdl polymer melt,

t hroughout can singly or in conbination distin UIS%
RIHEORtIMARY pEYY et MY @leeé M edleetrupaR yae LirpeRpbymer melt,

I a

%@? cofid Eéﬁg@}eg %Ha%tﬂe dlcf%?{)&%rﬁi}%};%ﬁez rt goq}elﬁ?asn 1@ ehgﬁer {u{d’ optionally,

psﬁdéﬁc&mﬂh drmveEapblymer keits exoalipg the 1ptraﬂwm tto & khinable temperature, as
descrjhed in detail elsewhe e herein) such as

é E%fi éfwher%%erﬁar YEEIRA p mtﬁ%%ygf &2 Hupplggergperature,

Ege&é's‘l:lllﬁe%iee‘ﬂselvﬁi)él%r herdR, dndf &AP&in ?%Elldes‘ﬁﬁh&goﬁtaﬁﬁhterlg{]er to an Rz of

ot her performance | ayer deposited thereon, can

2ol Uded26&0ween any two pol yner | ayers of the present

i nvent.i o wher .a rQpri a For

| oo FurBi Rt AR M iahh Bt oafhge il ity Rieiyen
tik@vioé hé}’édnn %)Jaﬁ%p%étof pRIEYEEEorh BN RTonWof theltBle@kin¥Re)haracteristics
hi gh plasticizer content//polyester filmhaving a

Evéron@ Preeth éUIIf@GFé ©of rhﬁanglﬁple 1413@;7 arteiiiyers aféhepiesaslt ynviepijpn include,

StICI n d tiona
?/htﬁout 111111 ]tOIl t% tf(glgoc 1n%8gr6g1|n§} ?/rlish\))/v %/ z}rg n)gegl %no I’h)f; é)é({er

RM//R@M//@elrmren&e?afﬁrase s@ﬁ&t&ﬂ%ﬂm&olb@y efié wheale Roeanddtgthre given
to the nultlple | ayer interlayers of the P resent
RSN REBRAIENSYS 126 e 16 A PeEseRiage: 100 PP/ /aRy/ase than 95; 20 to

9@/7/%['39}) & thaPBb: 'ﬁ%'%ﬁ/ %J)?/ﬁo RS 65890 §DolfBEN ?ﬁanOfQO///less than 95; 20

produci ng interlayers o present ‘invention 1's
tom(lziMlng thine 7@/ Miagkd e QQLSZOCto@K)i/flmlthnm T00//mdl to I9ﬁl EQ 7®/¢)’any///less

Braggro-ryER B Yebas R Binsilosais BV GORBRS fin F00fness

frar 0kt 50-toy/madl HaR '7@0@/1‘&3/ BBh xRl fo b@’/y/[égs frnQh 786Y//40 to 95.
together as one interlayer. Miltiple layer interlayers

of the present invention are preferably coextruded
PﬁiﬂgﬂﬁRgﬁ% i pl e mani fol d coextrusion device such as
in Figure 1. As shown in

As used herein, a “polymer film” means a relatively thin and rigid polymer layer
that functions as a performance enhancing layer. Polymer films differ from polymer
layers, as used herein, in that polymer films do not themselves provide the necessary
penetration resistance and glass retention properties to a multiple layer glazing structure,
but rather provide performance improvements, such as infrared absorption character.
Poly(ethylene terephthalate) is most commonly used as a polymer film.

In various embodiments, the polymer film layer has a thickness of 0.013 mm to

0.20 mm, preferably 0.025 mm to 0.1 mm, or 0.04 to 0.06 mm. The polymer film layer
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schematic cross sectional view generally at 10, an
extrusion device has a first die manifold 12 a second

wolpesnsusdf ol d 14, and a third die mani fol d 16. PANES2008/061688

device shown in Figure 1 operates by simultaneously
extrudi ng polyner nelts fromeach manifold (12, 14,

16) toward the extrusion opening 20, where the

mul ti i nterl extruded as a co si.te

G ariPady Bt iF B fnaic G PBPEVERas 8 oft ERRRLLS such as
§B1R 108 oY affiesh AMiadth Udlecigh.t igseli Tl%fcﬁﬁﬁeﬁ p@ﬁ‘BMﬁ‘fcﬁl@e 1h@rs include,
die |lips at the extrusion openlngT used herein,

for ep@nylﬁezr mulatylsaryer $tark faieesler ayeein atrhcéﬁolatrr@dlgh@m giebdansmitting
1sﬁ|)lle 1 qll% heX eanodse A St th althlsa rrn%Itl e%:(rt I % 1S kno':\xg 1n the art (see, for
exanple) e Fha et L A
In a er coex

I:)hinﬁ?[ﬂe TWU %/Q\lj?)b ahd‘lES tmlltfﬁl@ 41799 Nﬁﬂa—iﬂ can m@inpﬂ&r for example one
| ayers” just as will an |nterlayer that is produced b

Prampm%wgomrt@ék insrl R ERANdyPNs 06 MR Hopetayale tw@wé%e%naﬂy
oglt?dé%gpcgall co ﬁ%ﬁtjg?%cﬁélecthg li%%gg tAOR §8 ktnggzn &see for example,

ter rov erein present I nveh
Hﬂ S d’amntsv4 K6 GTetnd B8 60718 3) abieimieta) latyh&s)l rﬁa@ebptﬁ]‘naﬁp tedlectrically

th h h t
rq%{s?aﬁ %%Eqﬁoﬁe f'a’fn %uns.onﬁ%@é@ @q?%ésg(?%mg Y oﬁ“?r:sg. ng

any of\ntngitioRiIqypeYSodyRdr ﬁlﬁletthr ceaﬁ%@tusédq%?cﬂ iheOftesehPBivention,
present 1 nvention al'so I ncludes nethods of

whirhfiad¢saribergind). SuPatmpI G&7973pér cghprizieng muwotvde pEngrgnetallic layers
iAo B iR WP Biingr B REr haggan be caused

$%ﬁwkmmmgy@§ the art, such as glass or acrylic |ayers.
resent |nvent|on al so includes nultiple |ayer

gl as sTb@n@lbf@er Slie lnyas imporas eimbodigienlsdis @pmeﬁllt\/éwwaewnt (1 e.
ec(:j[s V\?Jacen? nr?e% sﬁe 0 g lzgflél:r E:;inob ma%ﬁa% {s]%eerlrtryat%e ekae of 4 partlcular

esen I nven are

g&@zueﬂ gaoﬂlafgethﬁ)ulgﬁ‘#hd’ilgydﬂfﬁﬁﬁ theSothég yide),asd a§1!ia)l'1|yl Has a g@dater, in
other suitable materials in place of the gl ass panels.
sm@e ?{PE%(BWFHWS HileaHiGaBty areawsriteisile Mu@smqﬁ%sw cREppPFigon than

%\ggaldgla!cﬁﬁtw ﬁﬂ&rl V![I{]Qi(rﬂﬂs %ﬁ]ﬁ)s&%lntsl ¥ ol%ﬁérl'ﬁlﬁl layer

tenSI bre stress Conpare to th
mrhlsmsée altlagtmr)plaklyc fﬁlaﬁermln Aaotig ﬁlstmqqﬂhgtmnatem}ﬂi haxang suitable
and a third

second pol r nd
BPPFea REy ST oL e ro ey ot PR NS Peiifers such a
£AGHIohYRhOTeBRbE: fdefafds RA YR atd¥BYihyl chloride polymers and copolymers

and the like. In various embodiments, the polymer film layer comprises materials such as
re-stretched thermoplastic films having the noted properties, which include polyesters, for
example poly(ethylene terephthalate) and poly(ethylene terephthalate) glycol (PETG). In
various embodiments, poly(ethylene terephthalate) is used, and, in various embodiments,
the poly(ethylene terephthalate) has been biaxially stretched to improve strength, and has
been heat stabilized to provide low shrinkage characteristics when subjected to elevated
temperatures (e.g. less than 2% shrinkage in both directions after 30 minutes at 150°C).
Various coating and surface treatment techniques for poly(ethylene terephthalate)

film that can be used with the present invention are disclosed in published European
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said second polymer nelt, and said third polyner to
forman interlayer, and, optionally, said fourth or

worerg/1pish4ymer melts, cooling the interlayer toP@I/US2008/061688

suitabl e tenperature, as described el sewhere herein,
heating a surface of the interlayer to a suitable
tenperature, as described el sewhere herein, and,

nbossi ng. sai rface of..said interlayer to an R of
Sab B et Noo P SuBo PoRG i ES e et Ha R CoRERN Ao et
RAHER R MAl MEifSARyRCaPHY kASWH VAR aftl sewhere herein.
Exanpl es of preferred conbinations of the three
surface characteristics for one or both surfaces of

ip ayer interlayers of the present

FQ@%%Mﬁ%‘%ude, without limitation, the foll ow ng

conmbi pAltukéd ereiMd GIol Aahér 1ayeran@esk dny théienopllié polymer composition
Rz///RsM /[ per manence_and are separated by sem col ons,

fpped By Rutahlsgnesbng dite a@lpi{; daver thapisspiafde alege. or in stacks of more

QR PRERSES fordud oy B g L8 DESEBLRPT 14ctys Bpnetratiop revistance and
2Ass 2fention Pidplrteny lahdthtédgl@bng pndo Badticided pslyiiayl butyral) is
700/ //1ess than 95; 20 to ﬁ&/l/less than 700///1 ess
MRgiFogumony uied tgdpym PRIt KYFS700/// 40 to 95;

20- 701pé y{n/ef 1a?§13cahr&%ﬂ1p%§é ar%ps'uYtQ{)I/e/ Bbfﬁér,/ RS Jﬂéﬂzrred

90; 20-70/7/anyl//40 to 95; 20-70///1éss than

Fi00ddiment shet fodym@Taye2 @omPrisdslpodd vinghbput Y0/ /M hes sf thhan

90: and 20-.70///1ess than 700///40 to 95. .POL R F| LM

ooy Biin 587 frepres T Dyl oY Bt e SObria TRy g ) bSTaD) as
thRi pa 1yl dodi pdn il of RS pdI AH&T 1aydradnoknén efibedisnedbisancluded in which
performance enhancing |ayer. Polyner films differ from
peIpphenericap@erent gensigedl treoasipts essantidin ofpolyrayl putyieb). In these

R008tmeh IR OES (BLOVHIR 1081 BCGRIRAUMPAREL] B L with the
resistance and gl ass retention properties to a

pallyineplager layw@ie OpAFmBOcEbistied of &,colsibtingdsh@itiany o¥ p6l§(vinyl
gerfornance i nprovenents, such as infrared absorption
bkt er . Pol y(et hyl ene terephthal ate) is nost

conmo ' . [ .
CohoqM dhettgbaffedt, HOpRTler IdyeTorhiskBh bBHver bpsed on paydally
fcefrlizedpoly Oviyl 20 ohmi)s. pihefhethabéyibdifi2bt, o gobyrierlayamcomprises a
0.04 to mer filnmla%ﬁrcan

0.06. mm _ The pol ptionag

BRIYRIGF fheided R tegR € 182 6 PPIpY é)uaﬁ%ﬁaolmt are.
PEIOPRNE HfihideS BOR ARy AN Ae o) | BHIVATREN{ AUEARE AR the like. In
reflecCtion. These functi onal performance | ayers
pthet m‘@gdlmts Rapplyser hiymﬁqnnpr.isag/.p]mstgnadlpoﬂyjmny} butyral). In
fu?{hlere gl’g’l & mlerrlltfs "R Igoqgmgrollagerr crogl%lri%ft:sl poorlly(%flnn(gfl B{lt?/pa ITzlntdtolntc] I more
other polymers. Other polymers having a proper plasticizing capacity can also be used.
In any of the sections herein in which preferred ranges, values, and/or methods are given
specifically for poly(vinyl butyral) (for example, and without limitation, for 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 layers.

For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can be

produced by known acetalization processes that involve reacting poly(vinyl alcohol) with
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visible I'ight when exposed to sunlight. This
multi-layer stack is known in the art (see, for

W@ xwRs4s94 WO 88/ 01230 and U. S. Patent 4, 799, 74B)T/H82908/061688

can conprise, for exanple, one or nore Angstrons-thick
netal |ayers and one or nore (for exanple two)
sequenti al | y deposi t ed, opti cally cooperati ng

By SfbaCnhY Bitenre 2t 47 oy E8al LN onlH B8, netftiagige of he

BRAIGL, &e@ﬁﬁf&ﬁ)stzﬂﬁh’zaﬁ@ﬁ | A0 AiMg BEthRIreGH, Wiedhk Yinderstanding that in
resi stance heated for defrosti ng or def oggi ng of an

wyaue ieabedingginss sesicamblr ydrox coriditttwidlel conrpldedofs @@Wé@%
E'énﬂhere gl .can be used with the present invention,

V\]iﬁ‘@ escribed in U S. Patent 6,797,396, conprises

a mul td ddiides embodinidaisathleipdlyingy in}&r t:&rapnffels lp@ty(ﬁﬁylttmtyral) having
reflect infrared radi ati on w t hou

? Fodgorby areeght errater g HH00aHS 8. @9 QQ@tfaﬁ h 69-80@65.000, 70,000,
TWO(RP ?g@?O T8y IO@Ugfaznsl ﬂ}r ﬁﬁ)gée 'ﬁa@t‘bﬁs) ISShatl ciugntltles of a

Opt rans aren tS a J acent one
diifaldehﬁdel @yﬁaldelagraieka:an abtﬂbe ntddal cylrmg e imetdliastieyeepofo iacrease

articul ar _observer hrou h the layer fromthe
BetrsplsE paight RSB G 395 ﬁ@%baltw Sce T KRB -, Patents

@@b@ghmgﬁ §299 mhd i g8 79). %s%&@herefne%'té& ARGMEL S weight”
regardl’ess of conposition than that of any adjacent

pehnstbe wegghenverdge malecwdasweghodi ment s, the pol yner

{ her iR AR ER o bS TR BV B Sl e dtion (TR ghe

ayib&NfenR Aeydibeld ABRRSs hacﬂhg Ipl & ficiz B U0y AT BiPRANBSs, those additional,
pol yol efi ns such as pol ypropyl ene, cellul ose acet at es

eqiyentiorat pelameslayets ﬁym C@npr@&eu eto ;@@L yitor @), gAdo 80, or 10 to 70 parts

BI%FUCQ/ rrnf)f:rs ?nae datdreer% parts of resm (pf?m)lt i 2 errsTJf(:) 8ﬁllehquan§1tles can be used as

Iserpptopeibetesitht fp@fti&fﬁﬂk aﬁﬂlic@tléﬁﬂ | Iﬁ&ohﬁ\ﬂn{@dtrﬂ@tﬂ @Eeﬁ‘}ﬁiastlclzer has a
roperties, which include polyesters, for exa
gmrwaé‘@%weéﬁ@nt rieyyai than a¢ effwﬁlh@alb &P fewwy% ﬁ%» Or Fewer than 10
ﬁ alate) glycol (PETG. In various enbodinments,
&F thyl ene terephthalate) is used, and, in various
enbodAﬂp Riigabld plestjpideyy @inlbyladded toethepdsﬂwhmk Eﬁsﬂl)s ofiéd® freent

fplé(g%(tll@lt 1|g%/ﬂr e%r;&t]o heﬂﬁti’&ylmﬂ’é q‘g,\é% ?lgl%gfg élseci“ in tﬂg Eolgmer layers of

Hearach@hl &tiof TadiR LR Wl RIS %)otlﬁ)a%lc(%ﬁt&q polyhydric alcohol,
tenperatures (e.g. less than Z%'shrinkage in % th

ginpegothers Saftalde pBEticizars inshidat fot 5ROM)le, tiathylsue glysal dirg-
%B?@Bﬁ'&%%c §11 }}ﬁene %ol tdle a] etlhgﬂle)%anfog{e) rle%grl%%fr:] § ycgl diheptanoate,
tetraethylene glycol diheptanoate, dihexyl adipate, dioctyl adipate, hexyl
cyclohexyladipate, mixtures of heptyl and nonyl adipates, diisononyl adipate, heptylnonyl
adipate, dibutyl sebacate, polymeric plasticizers such as the oil-modified sebacic alkyds,
and mixtures of phosphates and adipates such as disclosed in U.S. Pat. No. 3,841,890 and
adipates such as disclosed in U.S. Pat. No. 4,144,217, and mixtures and combinations of
the foregoing. Other plasticizers that can be used are mixed adipates made from C,4 to Co

alkyl alcohols and cyclo C4 to Cjg alcohols, as disclosed in U.S. Pat. No. 5,013,779, and
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filmthat can be used with the present invention are
di scl osed i n published EuropeanApplication No.

wWO@1®303694 Pol yner filns of the present inventiBRCI/U8008/061688
al so include a hardcoat and/or and antifog |ayer, as
are known in the art. POLYMER LAYER As used herein, a
"polyner | ayer” neans any thernoplastic polyner

.1on formed by any suita od .i
CaPRee idibe puSisuenay naGH afiaceofn Pishicd Spwioghesds 8¢ Plasicizer
tshasthoRAe bRYSEINdi- (D RthylisRaRsat@n | Nterlayer that provides
adequat e pénetration resistance and gl ass retention
pr opeAﬁh@sort @mtrahilg@atSe(@\Cg%ézam glsphn QC@de@llméﬁlp@im layers of the
greﬁcynq Vivd tlon t’é % aht)thé FesiTR s1re 1}%‘3{9&?&% yTHg’s%d grﬁs gan | [ incorporated

ayers. e pol’y ayer "Can co any

g thabziue:r mlemara th@s @olyn{br aay@f aﬁeédlﬁﬁne m&mimpm Aﬁymf the

polyner | ayer ri ses (vinyl butyral). In any
%ﬁh ggtephy Loean heripesht PEAiIgGNYbA rfﬁ;tqv@l wdlum

B ) aly.
%%?#tp% % e ﬂ ?fs %ﬁl Xc(e ateoéqn lf%tgdil{s@éd bﬁﬁ\fﬁﬁ%ﬁg él%bzlo dc}@% Ib]Fthe associated
hﬁhbHMedxﬂnnwmhqhuﬁMQapohyh€mn@0nmmbamhwnmnpﬂ§msrb&m@bfﬂw
consi sts essentlall utyral I hes

BB AN C%@ﬁsaf aﬁiélt ¥ gﬂﬁ %@C?tﬁtea@ag%qs Soh Ly

S RkORREIMNET £habR ﬂufﬁ%eﬂ*ﬁ@@2 Wl d). e nPRh¥TBh shR¥&( be included
having a pol yner consisting of or consisting

aszemdwl tffeaive potyrtl nghesiputoftizd polymer lope tegbosi ment ,

the pqlyner |a r co ses a_.pol yner based gn .

par t| SPORGLRELEr SEATRGHOR DY PRICOHATRE S Fhastotyayformance
BNbEH] FRstuct. t ARhREHYWEY inkRWEbuE R0 Hiftited thPABIZers, dyes,

sel ected fromthe group conS|st|ng of pol y(Vi nyl

b]@t’l’y:flﬁl ;tablb@e;ry (fr-ot hlgﬁ‘élolqg stabifizery), aphorgdynds flame retardants, other IR

YI;{eﬁs a?(tl %pock\é%gﬁt§ ﬁ:om%tln ‘tlo%s of tﬁ??orggotﬁrég nc?d[lttnl;]ees a % the hke as are

Emn@ﬂhﬁm5aﬂlast|C|zed pol y(vi nyl butyral) In further
enbodi nents the mer | ayer. conprises pol I
I%I o R Kﬂ&qar dy spectrum can be

but yr élgyntaﬂtﬂlt @ﬁ%@:tw r?@ﬁ@bdtghém tBoVipidT ar neey
I ci
Qc?%lggflge useét Q?%I@gﬁa{té’ @ﬁlypﬁt @gfcst | eﬂgﬁga?[glﬁg 'blé }és&ﬂﬁclﬁde dyes and

picefeatsrsach asainges tiv aklkie,Sa,ntla‘[Ni)S/(mm axidel odhnthlaﬁurg iheeaboride (LaBe).
cpect el iy eLapabyf el e SULvLal (ot e o209,
gggagt%%gg@s%s fbInSHRE B8 Bvin AR ERALRNIS fosE BRABE e ar
(see, for example, U S Patents 2,282,057 and 2,282,026). In one embodiment, the
solvent method described in Vinyl Acetal Polymers, in Encyclopedia of Polymer Science
& Technology, 3" edition, Volume 8, pages 381-399, by B.E. Wade (2003) can be used.
In another embodiment, the aqueous method described therein can be used. Poly(vinyl
butyral) is commercially available in various forms from, for example, Solutia Inc., St.
Louis, Missouri as Butvar™ resin.

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

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

components in addition to the polymer, for example poly(vinyl butyral), such as acetates,
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ranges al so apply, where applicable, to the other
pol yners and pol ymer bl ends di scl osed herein as useful

w@goosassonent s in pol ymer |ayers. For enbodi meP@BUS2008/061688

conprising poly(vinyl butyral), the poly(vinyl
butyral) can be produced by known acetalization
processes that involve reacting poly(vinyl alcohol)

P B By et Par Pkt ooy s CaparyBror esih WA lsticizer
SROBPASAPY, othiéHaldldveat i on, and drying of the resin,
W th the understandi ng that in various enbodlnents,

resi dQag ewmwléﬁwhetb%t)%fwmwgl 4 pdw(vevhburigrdleldyeragomprises
%)ﬁlsuc Erll:ﬁbr%(gl&%{ Sl %\Q 1ny(:f buega com Ir&rﬁ%&ﬁ?ﬁla%@ z%g é)]n? aﬁ&ftlves and then
fortih g ﬁ(éuhat this gt slﬁétﬁﬁé efbr I:)thaﬂipléch, d108avid®a®OFkning that is
50, 000, 55, 000, 60, 000, 65,000, 70,000, 120,000,
suptapbdly geatgs, qy@@ll@?%@ thai IpPEPEsliGHkrgligension). Another

tl
%nlgﬁ%g E&Hg%flnfogj{ﬁg atﬁ gglggf b%al%}l)ﬂh%?%églggg{s aclastlné[a melt from a
gicemtd zDrdl]ﬁf; rseldiéyin® the(rdshﬁa,ran%u@detluetrmlygematnﬁg t}tehmhdlfled resin as a
350, 000 Daltons (see, for exanple, U S. Patents
Megv4 814: 4,814,529: and 4,654, 179). As used herein,
the t gy oﬁglaﬁﬁyéhﬁ{en{@eé {anfTRACSintdiR y¥ek %Hne@‘ﬁ?ra%bhng the
mol ecul ar wei ght. 1f additional, conventlonal ol yne
Ingdyradsl dayersus@d starckaﬂda}tem and theamybjocttlrlghhe bybode mfﬁtsnt heat

R iclodack o ER el e LEebi b ahe FSHar Shinasme the

RY:BFifat6 3n HRAME ir§IRd2R otitrRle sdved & Rireéhtll & i8Useddh a
O to 70 parts plasticizer per one hundred parts of
legunaieq plaring, awhidupajet tbe a@uatﬁtm plaecs] keswieanetwodaxpraef glass
r_.application. In sone
af}ﬁolagp na%pc{ to%]inrll he f nali] tlple ayﬁr %ﬂazm ydr ocar bon segnent

CI zer

of f eWarioh@BmB@dmfeﬁt&?ﬂletlﬁtaﬂaﬁ'ﬁs off tBpfeséaivehBon &dn have total
fewer than 10 carbon ato ég@suixableéplast|0|zers

thigkngsesaig 8d 033 W@llH@Feﬁh@fz 0 pulliggeter, %ﬁi@s 1t millimeters, and
P’B\{g rﬂS' Iﬂﬁhfn@tepsr ). Uphef 1951mcfugﬁ%&94rnaye Rler g?g i Itiple la er 1nter1ayer

'asticizers used 1n the po S e pre
tanvieavt j fon emﬁple,mpbmtanaslyeiqaalahlchnq:s@ésyhaswhelamddéd (%) geﬂler, result

ol yh c. al cohol, ano ers. Suit
Bﬁ %éfqv % thlék%%? FOZEHEYCR B Ovsx PRIse41R{0 3}%9@9@1@%@6
leck(ngsse§BMl: DY @h ek diffdb Rt gﬁd ceaﬂpstlﬂlaﬁg% the total thicknesses given

di - (2- et hyl hexanoate), triethylene glycol
adhdvepFanesmple, the outer layers can be 0.18 to 0.36 millimeters, and the inner layer

can be 0.12 to 0.16 millimeters, with a total thickness of 0.51 to 0.89 millimeters.

In various embodiments of the present invention, any of the layers, and
particularly the outer layers can have a thickness of 0.05 to 0.71 millimeters (2 to 28
mils), 0.05 to 0.64 millimeters (2 to 25 mils), or 0.05 to 0.51 millimeters (2 to 20 mils).
These thickness ranges can be combined with any of the values given elsewhere herein
for Rz Rsm, and permanence. In a preferred embodiment, one or both of the outer layers
of a multiple layer interlayer has a thickness of 0.05 to 0.71 millimeters, 0.05 to 0.64
millimeters, or 0.05 to 0.51 millimeters and an Rz of 50 to 90, 60 to 90, or 60 to 80.
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tetraet hyl ene gl ycol diheptanoate, di hexyl adipate,
di octyl adi pate, hexyl cyclohexyl adi pate, m xtures of

whepsAs4sand nonyl adi pates, diisononyl adi pat ePCT/US2008/061688

hept yl nonyl adi pate, dibutyl sebacate, polyneric
pl asticizers such as the oil-nodified sebacic al kyds,
and m xtures of phosphates and adi pates such as

di sclosed in U. at . . No. .3, 841, 890, and adi pat es . such
o ci TBF Guttiete Tor R Hoentayer desrihes FE5ve 2ahR A RaR B any tayer
AmERFEN Radd RAsRE of the phQERAR!&Gion BN a PSR bEBKEA) type
t hat cgﬁibzéused are ni%%d adi pat es nmade $%§6i83 tg@C)yp
kykyl al cohols and cyclo C4 to Cl al cohols, as

i I in.U S. Pat.. .. 13, 77 . )
cur o BEfhutofite Sirpirabis Mery AR Ehni SRS et e g o improve

eihedhemBicsthe tigaqiérasics 6f tepolysner 1dyet.hyl ene gl ycol
di - (2-et hyl hexanoat e). Adhesi on control agents (ACAs)
can allgdetsemingRzaad s { heenyigmeerdy 15gpatimetst teghwmple of

@%&%c‘?{étd dié)nmtﬁg&g%;%ﬁ’ éste;ﬂaéeﬁ%%ré vatcﬁlgug%?a% fe%[(ahae AYEERDm

ese a I ncor por at info outer |ayers
tempardtine eacplatiyamdirodghyier A enhach oeht4 kPorS gspinpiposedny draw the
of the ACAs disclosed in US P t 5,728,472 ﬁgﬂ,be-
ive unit and an

ERSURC SR oA Syttt ENodF! SRSCHaffomEtar a6 1R
REHABS SRR @ Ris CARIIRRe AdhUSTRACRY ¢aT NEQgYérg?is used to directly

anount of the associ ated hydroxi de Used in aci
meaturalaygiaiurione rdughneas pbershemoadithreastsamplel Hredile|selpetian is set to

g%‘a%%%egﬁszfu%]eét.i@é né@%gmﬁ%@%&%%ﬁatﬁgﬂgf 1z:1<§rgsns tflg sample surface.
hé khatherkahemeal. by saaiiBmBNBahpoke@ 827 {&n@htial thd@ple lengths

magnesi um salt can be included in an amount effective
Lootdatmm| Theimeaiuong dingtthd-mpdd e milliyeser ang iggaamppsed of the 5
r el SRt LT RbR B ety BB AR i iecionsof

&dittlitfalcy.ERhel avetadel @alub ut indheduid todghit sk @EpthOin these five sequential

pl astici zers, dyes, pignents, stabilizers (e.g., . . i
wneRlalangihstcdt dgPriiset and Raisthoxicarasd (o fughgeterminations, five
L piA8p by DRl ARSOLEr Suppahd L ARk, B0R0 b v
M) e Tkadistancaibétheemtvo cohgenitise tlhads is ehahaditeeadryis 3 mm. Rsy,

ggsorb light in the visibIS or near infrared spectrum
VB A B 1By GEITTHEC A10Bt BISSEE SS3RTER Fdgicks Mean
AQeRntsoft zﬂpﬂr_oﬁﬁrbegﬁs Wk thd&lcHa Ry léﬁlgh RLINBRERrHMEN and the

as indiumtin oxide, antinony tin oxide, or |anthanum
reprebbRind éor (ehetBmpchinAdiyecsion tiathk e veregchold i cannch deteneinatigns on

ra? gilflf?c%og.oée\(— \I/)isOKthch %ggiggr?sl c}n' thf[:)?graﬂilolngetgrf during Rz and Rgy are as
follows: Filter: GS, Profile: R, LC: N 2.5 mm, LT: 17.5 mm, VB: 625 micrometers. Rz
and Rgys values herein throughout are given in micrometers.

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

designated Rz Final, and Rz Base is given the value zero. For both embossed and non-
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sui tabl e processes for making poly(vinyl butyral) are
known to those skilled in the art (see, for exanple,

wOoR®@s/1REdent s 2, 282, 057 and 2, 282, 026) . | n onePCT/US2008/061688

enbodi nent, the sol vent nethod described in Vinyl
Acetal Polyners, in Encycl opedia of Polynmer Science &
Technol ogy, 3rd edition, Volune 8, pages 381-399, by

B. E. e (20 n _be used. |n angther enbodi nent,

P8O0 5 a R B S BIROEL A eyer

Pollyyetiyi1ene teRphthhRle) fill$ i€ PIAPRS &i @b EM%@,\@bh@Hlﬂ? of &wood frame

various forms from for exanple, utia Inc., St.

Le@tmilgon Mhegzmtdl sa@“acsuwhaue(rtthy fragei periphgry ussighHe seialer than the
resin' refer olyneric {fo

BBFBE b Bt B BRI Sl el SRR Gty frame so

thaetheripstyétlylehaterdptialdid flmoRbeRecAdicdy 6t a6 hisd @Bddges of the

subsequent neutralization of the polyneric precursors.

rRISMET @yt ingwhish apsigiom #peevsntidhe E‘b‘ﬁ%‘é’h@hﬁ &ropmdhigeing foghe wood

(
I;rgmg:}g}tng{? é‘é@; alzeoélg% d@#@k e(‘il}]fg]]g{ll)( %ss@%(gsne g%h%/(%% ene %éf&;hthalate)
flh‘ﬁ list t'herr plaet svdr chespatymeingerodnd ths sevond hhif af ﬁiea&tdden ﬁame is then

BRCihiong! ety EUp ke tiRlfs) TR oF Moo aLaeIves i then
@Péﬁ@l:@' {dggthgplxﬁtﬁ iR} &’lﬁﬁé' ﬁ‘ﬁéfeb? léﬁﬂcfv@kﬁmg Mdlﬁh&ga§&%ﬂween the
plasticizer, and additives and then forcing the

o pfnlg(rerﬂad@‘heet:phthda(eﬁ ﬁhnseamhme eyo fradiediahvav.i 'ﬂ]ge ﬁmme and polymer

hat i s subst | at.er e nsi on, .

ERERbIT: Beisinal B o arte wed bn i oD G Aprarpoly is
eh haforld dhanbRed & @Rl.y AMbiiv] RPWIME Bl thed @¢@¥ined for the polymer
conpri ses castlng anmelt froma die onto a roller,
byl @ihfple iy t109€Clesin, and subsequently renovi ng t he
Sglr Ieldgﬁl ﬁg%ﬁﬁ%%el: Q%lgg zgnytZan Ig% d tgrrmnltrel %&%gds}rslgp%t?‘ ﬁ{]ov&ﬂng formula:
i ndi vidual layers into a stack of Iayers, and then
subj ecting the Iayers to sufficient heat and pressure
to tack the | ayer et her | (RhEI0EBY- (RaBuke)

i Bt i
prel am nate. The pFeFEMTTat (R‘E‘ﬁfr.r{ai‘)ef‘RPEa&? or

ot herw se stored as desired-unti is used in

I 'am nehegQhagd }lfk%cecﬁltre Whised i@t ddbird 6 er & Q{Qde@tcg?aﬁhshght (a
pl aced bet ween | ayers of glass and | am nate

kenomlighepdwerad byralkni-frbe rdctifier (ngidaknmrgberlRﬂil/%(} 2 ()tﬁ@rr_l Kneisley
Egﬁg‘%%%giz 6;l'[ oqeedoI 1eor)|1sa oesgt?oned 1rt1 Q Sa&rrggnelna lane\{eerr} olng) g white

surface. A sample is held between the white surface and the light source next to a
“maximum standard level” standard laminate that represents the lowest acceptable optical
quality. The image projected on the white surface is visually examined. If the sample
image is worse than the maximum standard level standard, then the sample is rejected as
having too much distortion. If the sample is at least as good as the maximum standard
level standard, then the sample is compared to progressively optically superior standards
until a grade is determined for the sample. The sample is evaluated in the cross machine
direction and the machine direction, and the worst grade of the two is designated the
grade for the sample. A grade of O indicates that no optical distortion is visible. A grade

of 1 or 2 indicates some minor distortion is observable. A grade of 3 to 4 indicates that
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t hi cknesses of 0.1 to 2.5 mllineters, 0.2 to 2.0
mllimeters, 0.25 to 1.75 mllinmeters, and 0.3 to 1.5

wordoBiiswsper s (mm) . The individual pol ymer | ayePGI/U$2088/061688

multiple |ayer interlayer can have, for exanple,

approxi mately equal thicknesses that, when added

together, result in the total thickness ranges given

above. O. course, i.n other enbodi nents, .the . D
e e S BT wpaftSt SERE B Bt Tiigpps g stenifican
tstortiorPld Gbi@vitieaddthallarhifhe kitRsS BRe1gibY ﬁﬂus@’@l@‘iﬁ appi®iations that
exanple, the outer layers can be 0.18 to

raqhire mistarodarityrrach hwin anlmol:lﬂ@wemd@widbe o 12 to 0.16

m : : : Jrilrﬁt; ¢ Frslt VF tpho a}?mgut%%lrh%lla Gpa‘éﬂcu arly pﬁﬁ(gfmr}ztrl %uté/n%%?layer can be

tavierihédPy mamsun@g thdigazk IYIRE Swhidh & ep(?famhﬁuitﬁﬂ of tFiehzﬁ*nount of light
outer layers can have a thickness of 0.05 to

praftPieapay stoppthe dlirpgian ofdhe ingidgnt hegmpingassiig 1hr91@béh%layer The
ﬁ‘lgrr:érﬁ hgt%’](mnlb%) a(s’ red aggbr&lﬁ % ik fgﬁ%\lzmg?ér%lhﬁeg ZAB%II])E%atus for

ese t ness ran es can
ofeadulnia g Viad aresuny Iof/Bz[Zeeii Blavdiedter, Mardel D25 . orhiBl jsRSMlatdan ﬂrom Hunter

BB aR ey ey &)-61 B HRCD BFETTg e et SF YR ol e approved
[ MAINeSAuRIA qusgg 118mPhabt-CThd dnl dﬁ%ﬁ&san B 42 4Qrlds Gﬂl various

mllineters, 05 to 0.51 mil |neters and an R of
&Dbodbments of thet eR| ingentB@, perc@0 hThreis pess dmpt b defsahart 3fe, and
folgge Iayer descri bed above apply as well to any

'a multiple layer construct of the present

i nve nTh@Glsfﬂl‘@ﬁraﬂsﬁnt@arﬁ@ ey Hé GdntiPEd MEiak h BV has-Nager .
The foll ow ng paraglaphs descri be various techni ques

sieatrophptoretegieh as Hhej Lpprtsia & 08 mepde by e iy Eémer{eorp. by methods

san%%#\h%r I t%%:nlgn nzﬁ angargqgéf?@gg %??(yngjgn Va-}-%ugi &t Sadr?p entsih

ﬁhmltt@m ekopgt y pelwnieaya@a bfhpasad 1Mnﬁof¥ aecaﬂ WA 04 08t eat least
rqgulated by flurd at roomtenperature circul ating
Heotigh 1§26t 80k acuum of 3.44 kPa (5 psi) is inposed to

draw Pﬁ‘rﬁnﬂ%ﬁgﬁﬂe oﬁ%%ﬁ%ﬁn&gﬁﬁe@éﬁ&%l tﬂg%ﬂ%ﬁwg%lw and

Perthoneter wt rive unit
tvharei ‘pgmatey | issefeavdid labtie té qmmilﬁ_hhﬂheéi@g of élpolyni%\Myer to glass, the

is used to djrectly, neasur yer rf ce

503{934%@& 3o o bodE PR ARG, Tedoply lasplaninpig samples are
ﬁl%b%‘é@i Wath deshd8RE auk@1aVR larRThali e cdddS rid MBI lamTlmaQest F@EHAI& to

stylus noves automatically across the sanple surface.
Thrait F@%@t(WF@fanéananuaﬂjap@nmlcted)wmvsa hammendol irpaketheglass.  All
Brokey gﬁss t gt 13 not ﬂilfllgrrgdltg Ith li?(vmy El?tg}ah])slayer is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) layer is visually compared with a
set of standards. The standards correspond to a scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) layer. In particular, at a pummel standard of
zero, no glass is left adhered to the poly(vinyl butyral) layer. At a pummel standard of
10, 100% of the glass remains adhered to the poly(vinyl butyral) layer. Poly(vinyl

butyral) layers of the present invention can have, for example, a pummel value of

between 3 and 10.
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Lc of 2.5 nmm The neasuring length (Lm is 12.5

mllimeter and is conposed of the 5 sequential sanple

WO 200gtsus94 Lc) obtai ned by elimnating the firseCEHS20081@51688

| ast sections of each trace. The average val ue of
i ndi vi dual roughness depths in these five sequentia
sanple lengths Lc is determned and Ris the average
often_su h de n1nat 0 va taken in the ma
i r e T PBC SRSl Ryt LRt A Ty O A o geding To the
prebdiedéickissd inans kevR).. The di stance between two
consecutive traces in each direction is 3 mMm RSM
average peak distance, is determned fromthe sane
%Mﬁﬁﬂ$nt as for Rz. Mean distance of all profile
pea hin the each nmeasuring length (Lm is
Eg&ﬁpmuned and the reported RSM for each nmachi ne
direction is the average of five such determ nations
on t hEWOdﬁhrf‘éclﬁy%nteeexer SPMBIRF fErepRIatetYi ‘Eﬂ%tr@ﬁ?dtlﬁé 1ength that can

’té’ga'i%r o It F’éé E%aﬁ%hptgﬁgyeﬁs'\ﬁﬁﬁn@ %e? lcl)ﬁm% fo_s% millimeter

(6 wilphgtiesandwithad betRSdA wad uesommnlhmtdrhfléugihﬁuyera fc& a total

i E%SI Ogﬁ)n%;&ré T i{gé gl‘ﬁ é?g{g%lllgf r’lilggl}/lgﬁrfslft% Ic}grr;qe)rlges% phr plasticizer

gﬂ%?ﬁﬂ@ B ol dlvkble%me%ag@it&F md ?ﬁo%%ﬁ&ﬁ’dl ﬁglyfvﬁlﬂ BRohol, while

ol I oW ng "t echni que: For  ayers that are

émw&dayeas p@hynmr38l Iﬂy@tastlgzmamnln;dmef gycdReli-(RethBhiseynoate))
r'@i & er enbossing, a second R

P B0 e 28 i e

lnaI) For pol ynmer | ayers

that i€addQhaRERASERGS thd (MARRAS Fer NBAP 1K @f@ecra)htroﬁ%d dirfhg

taken and designated R2 Final, and R2 Base i s given
erétmapm efltilendt fraesurerio provedrod Hevie lﬂmls r@é Renflbs & mterlayer -

uar

?heﬁas l?r?EOCfe al%alyl/t?r%)t e]:i-}’lol H9 efgn er amlg?]ethﬁal asl Rz of about

ﬂﬂ) | Thd éxala{ Rgezdu@ﬂar& bigee dgESal@ﬂ Whee h@MD ofs ceosw@@@hine direction

frame resting on a horizontal surface, wherein the

Pfrda rMDp dy mﬁﬂenfy directignjagh whyreslﬁ%aw@fnepﬁafﬁom lRethysides g pach

t he

ont

eSATRY,

e wood

n-1he polyner layer sanple is then placed
Yame so that the pol y(et hyl ene
terephthalate) filmis between the wood frane and the
edges of the pol yner ' '

position it

| ayer, :E mﬁlch
prevents the polyner filmfrdfdhering to the wood
T alre,  WIFCH WOuUl U TTake Ul SdassSCellily rrrrcurt. A
sec&mﬁpboly ethylene t@bﬁbhthalate) filmis theMIpl ace
ovet L IIC IJUI yIIB'I I ayC| y allu L IIC o2CTULU Id hai f Uf tl
wooden framg is tRgn pl gced dhﬁlop of theRz Rsm
poty(ethyrtene—terephthabate)r—H+m—The—two—FHrane
haAvggleane fhen 214 256.5 21.7 407.2
A (Side 2) 22.6 277.5 214 368.4
B (Side 1) 42.5 405.9 40.2 619.2
B (Side 2) 40.6 396.3 41.8 635.0

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

into four separate interlayers.
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cl anped together with binder clips,

sandw chi ng

hal ves.

t he pol yner

| ayer betwee

t her eby

n the two

in a preheated oven for 5 mnutes at 1000C. The

assenbly is then renoved and allowed to coo

ek B BTk R BT oA

R val
sanp

weologfiatshy/| ene terephthalate) films and the tweCE/Dsaves8/061688
The frame and pol ymer assenbly is then placed

Anot her
%%ed Embossing is

g&f&ﬁf&i REdeRFEGE] HkA\ohdr®hdB@ Widh ﬁ@%ﬁ&sfr@ﬁﬁ&éﬁ of (482 lines per

000C

(Rz Base)

Per manence = XI OO (Rz Final)

(Rz

eterrﬁ &25 ondspwk mghp r@nfemmreyﬁ:rsof@eelusam@lwdsﬁn rueembossed

nDttI
a kni-

o Pl

ronr eceiqo?l% ‘p

in a dark room a

Bdhylaee ffrgbcrﬁé«rcaatbléﬁv@ é’rflSt ﬁbat\wwf d tﬁ meEe @n éeqtmer IR HE-

source next to a "maxi num standard | evel "

| am nate that represents the |owest acceptable optica

b g

et
no

axe

ite surface.

snl%con%ﬂ?ni% Hioe)re% tlnr% IQQIM and Rz.
Knei sTreiyle BlsBews the r@@ﬂlf’@ adswmteﬂi@yeegl mrmaa if@n $EnHOA atnldqmﬂ sample

st andard

quality. The inage projectedable2he white surface |s

V| s”al ] \/ avam nad

Lf _th

o o

thesgﬁmknun1standard | exgh standard,|then the sgﬂple

Is rejectedlas having too mich distoftion. |f th

sanple is at Ieas% as gdod a the maki mnumyst andar d Rey

| evel standard, then thed sanpl& is cbnpared to

pr essivelly opti ally [supe st apdard ntil [a

gr§3§C§%)deterni§ % for |the ggﬁgl The s%1 le i $ 266.1

\ the _cross nmachi irection t he

gﬁg%%%ﬂlrectioﬁ 9and t|h mgg%? gr age of e twp is 2081

desi gnat ed fhe grade for the ample. [ A grade of

ingﬂggkéé that ndl @ptlca §6%Pt|on is vid¥ble |[A 3352
grade of_ I ¢r Z indicatgs sone mnor| distortion (s

obEéSV@@De A gradé of 4 to 419-Adicales thatnore|tham’s.7

o —urstort oS appar crit . yay O Toe-of—S—or—im gilEl

i ndi cates that significant distortion is observable

and tigblk 3hoat ewsdid fod ikRHYyd2e faimes #Inesdnfple A and from sample
applications that

req uir

e visual cla

rity,

such as in

BubymebemeosigchatsiB el 6%80"5}1@ agpigraf {/yb pters (dIfgatiper minute.

| ayer, and particularly a poly(vinyl butyral) Iayer,

can be determ ned by neasuring the haze val ue, which

is a quantification of the ambleg of |ight

Sample CMD MD
Rz Rsm Rz Rsm

A (Side 1) 39.3 286.7 41.3 292.1
A (Side 2) 43.1 280.4 42.9 285.5
B (Side 1) 55.5 310.0 57.5 348.3
B (Side 2) 56.5 312.7 55.1 312.9
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scattered away fromthe direction of the incident beam

i n passing through the |ayer. The percent haze can be
woremsms4sot according to the foll ow ng techni quePCAIIS2008/061688

apparatus for neasuring the anmobunt of haze, a

Hazenmeter, Mddel D25, which is available from Hunter

Associ ates (Reston, VA), can be used in accordance

with M D1003-61 e-.a ved 1977)-.Procedyre A

st g TR dansninece iy rARHEE BPEh soa® SARE utitdin sample
Brhaakd &HBo8ePAMITBN{FF) 4t aRIF I heleAV@H fé@per minute.
percent haze is less than 5% less than 3% and | ess

than 1% The visible transmttance can be quantified
using a W-Vis-NR spectrophl%%% ter such as the
Lanbda 900 made by Perkin El'ner rp. by nethods

gescribed T 1 nternatronal standard S0 0050, 1000, 11
var P¥0Rleenbgdi nents, t&MPransmittange through MD

pot yImEr aygr of (e prgsent ITnNventipnm 1S at easgt
60% at |east 70%zor at| | eahsM80% PumelRzadhesiion Rsm

canbe neasyred—accordirng—to—the—fotfowng—techmnique;
and (Btderle " pummel9.0i s rgferr@d.Bo hefein §B8quantify 282.8
atheston—ofra—potyrer—gyer—to—gtass—the—foHowrng

t eahBidgy i usedliffo detler m pg7.pumme| . TweL®ly gl ass 266.0

lam nata camnl ac ara nNnranarad ywth cfandard ant ndl ava
T CATTT TTeAl O ~J CAT T o J AT O T Ur—lul A A™ | LA L"BLIL ~J A A A AUl U1 AV O

P |

| aBi(BRkilgn ¢ondi spans. The | apgs.0at es| ar e_yzpml ed 1o 2907

| abhout -18C nm:) and nman r
t oghseRl)the gl agse Al [br okeny gl ass‘ t hatgi g not 2793
adhered fto tihe polv(vinwl butyral) lBhyer is then

5 renoved, and the anmount of glass |left adhered to the
pol y(yjnyl butyral) layer is. vjsually conpared with a
St of NSt sEhoked sARElL i bintablis 2 Aspbe 18 RgGk dn a frame
hifd MG By éé@érﬂﬂ)lg)gacggﬂiﬁ ® R metRATor @ e heAdNRmedad &scribed in
the pol y(vinyl "butyral”) layer. In particular, at a

detaiveibose, and ghredrafie et pplymer agbeasyly iage therfi plagethisragetehaated oven

S RbAS O T A Dl B ey 15 o ror e
10 2l B \ahaYhe RBUIKA3 InowaneTabldRA, ¥(aidy! butyral) layers
of the present invention can have, for exanple,

purmmellaklgpiBows theaespdis forantgrayerdforeed ifom smapik As%?lﬂefsosn sample
' £ 0 | ' .
B RG deb&kd &ﬁ%é a@ir(?f% ﬁ%%g% f_fé}%%ef%?s‘?(% FLRPod: MihlE.

procedur e descr

Table 5
Sample CMD MD
Rz Rsm Rz Rsm
A (Side 1) 25.6 293.7 26.8 3234
A (Side 2) 25.7 276.0 24.9 332.7
B (Side 1) 49.1 387.7 51.2 571.8
B (Side 2) 55.1 478.1 52.8 620.6
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EXAMPLES Exanple 1 Two,

WO 2008134504

three-layer interlayer sanples
are separately coextruded in a length that can be

into three separate interlayers.

interlayer conprises a 0.1524 mllineter (6 ml)
sandw ched between two 0.3302 millinmeters (13 ml)

| ayers for a total

TRURG o

mls)
(Met h

nne

PyEbne ETt SSRGS

Pyt

| ast.i

SIS

Eapdir/US2008/061688

ayer

t hi ckness of 0.8128 mllinmeters (32

%i_ %@or from sample

BaBAGHA MmBRkdVANYB @ TIIP) at aWhel o 7t R R (25 Gget) FEY Bhifute.

conprise 38

di - (2-et hyl hexanoate)) and 18. 5% resi dual

phr plasti ci

zer (Methyle

ne gl ycol

pol yvi nyl

al cohol . Surface characteri Sfaibfes6 of the two interlayer

sanpl es are

controll

ed during coextrusion with nelt

Tracture to

i nt eHNRYer

DrovI de o T1
sample A €

ering 1evers
s an Rz of

of R .
about 20.

The T1rsSt

Second T nte
The exact Rz

ayer - sa
val Ugs are

e B - has a
gi verRivn Tab

Rz—of—abou
e 1, Rehere

4U.

CVD' Rsm

S—CTr oSS ey
di AgStdedn ar

aaank o+ o1
cacvilil T 1ol

hirme—dirrectt
1d whéB& neag

or-o
al o

P P
STHOWR:

('l 1A AN
UIlT aliu \'4 %4

urengdt.8 fro

Tkl 1

o

s—acihine
M bot 30.3i des

el o A o o+
Mo 7/v T S5 U]

300.5

CUA (Side@)f o

alcn Aivi Aad
Ul IOU Al v Uy

ayet

ir separRate i

L 1Nt fAnr d
H LELELL "4 LEA"A %L

rayl © 1L

nterRayers a

nd sadmpbe B i

o
e
S

293.6

of

t hB (Srlean at ¢
enbhossed En

b | nt gplsayer S

ossinga is
J

eparate—+nte
f or 3magh sa
erformed as

pl e $%1t hen

escribed

|l avarc Thra
T M]Ul ~J . LILELLE A 2

450.3

el pewhrens hs

prei nswpt h an

| i nes pner cd

Nt et er (12

enbgsgng p

5 | ipnes per

at t er4p of 49

nch) e

2

429.4

interlayer of each sanple is |eft unenbossed. The

Tabl e elLo rqvi de t
resul i‘?ﬁa&g‘m&%ﬁ@ rpgplts
Bh&hteuahSsELLmRd ¢ (A5 AIMI S raImb A1 S
that are enbossed at 1740C (3450F)

nmeters (25 feet) per mnute.

results for interlayers for
sanple B that are enbossed

e .

ossin

e
HrEriayLh

Fogh

gp

ition

&

ﬁ? n%jngtrfpoem sample

rBhinute.
at a rat Zéggifﬁe?. 6
Table 2 Table 3 shows the
om sanple A and from
0OC (38Q0F) at a rate

o1 S/érgpgete S (20 reet)cﬁ)]ser m Nut €. VD
Rz Rsm Rz Rsm
A (Side 1) 47.4 277.8 49.0 292.1
A (Side 2) 50.4 294.9 50.7 269.5
B (Side 1) 60.9 284.3 65.8 305.9
B (Side 2) 60.9 330.8 64.6 295.1

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

embossed interlayers are determined, according to the method provided elsewhere herein.

Results are provided in Table 8.

Table 8

174°C at 7.6 meters per

193°C at 7.6 meters per

204°C at 4.6 meters per
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Tabl e 3Table 4 shows the results for interlayers
formed fromsanple A and fromsanple B that are

W@ni9sasoh at 2040C (4000F) at a rate of 4.6 neREr/ES 005061688

feet) per mnute. Table 4 The six enbossed sanpl es

shown in Tables 2, 3, and 4 are then placed in a frane
and pol yner assenbly, according to the nmethod for

T © ot meio-Er oo CH G- GGt CHE-ErGrfmini-E iG-Sy SOy GG
the franme @i pol ymen assenBMyiuler e t hen| pl aced™itg

pr gheated gven for 5 |m nutes |t 1000C After coqgiing

t h¢ ShmpEnpd¥sednangap Semple | Bemegengsaj nSdaple RgNAeamanence
Rz and—theTesuttsdure—showmTabtes 6—ang—7

; 7-
Table(Ssddesshows tOR& resul tdd or [ | nt@r.1 ayer 8 (Salenied f r 8610

sajptre—A—and—fromsafpte Bthpt—are—enbpssetd—at1746€
(3420f@)dea?) |a radtl 8 of | A GideRefs (&4 feef A (Séke 20|nut €0.2

Ta la ETahlln A chauwe lthna racilltc fAr 1+ nkArl avuny g
o T UANT O J S TTOUVO LA S moeou L= LE"A LI llu]ulu

f ol m@ide oM samploe A|andifie on san.2 B | Basiderle 91.6
enbossed at! 1930C (QRmI:) of 7.6 meterls (’)R
f egtp) (SR&I2)M NuBg.9 Tabll?@dér@)bl e Tlgphows BHSiJe%Ll ts923

fobrdnterlavers forngd fromshmle A an rom sanmle B

that are enbossed at 204 OC (4000F) at a rate of 4.6
net er 15 feet) per mnute. Table 7 Fromthe data in
Tabl eihéSI ﬁP’g?ﬁ#fdf’?mBgF’r?éml&é%g%ﬁWPe%aﬁng?“ YA ypembpgsed. are

lae CEHMISS LS o PHhEY bBY R In@ 1 EnidLke MhARRioRRKCPRIRRptRocess in
he met hod provi ded el sewhere herein. Results are

phishithepolytvimdbherd) shratslagd 8lass aP40aveated 7o 6 cambined fipel form of
1930C. at , 7..6 t 204 0C at .4.6 t .| Th
S50 bbbt UEPR R kurbe o Boyiin delll SaipPEtotnar

ar e uneshies saddeadify PlhacRAiRe e & usedeo PaReste afr fAINAS Sigid
and |lam nated. Lamnation is a nultistep process in

sibisepetimerlperAigid TWktrae egisanytighrieardo ghedfingl atep ofpyoclaving. It
' ' . p | .
A

Shaplac erplsdet G5 a rédduurabbathageahichngthes edadue@eB by @uacuum hose
that is used to evacuate air froma rigid
Baisite dedraend Presrabodimgig the hagdy biorehdipde pue helgqt  temperature

Bf z.ib%'ht §ed 1%? 66 inﬁﬁlllltesc'glﬁpth% toafﬂoeélfgﬁl i(plgﬂnultés while under vacuum.

The bag is then cooled and the resulting panel is removed and placed in an autoclave for

final finishing.

Light transmission measurements, as a percentage, are taken after vacuum bag
deairing and before autoclaving. A higher number indicates low cloudiness, which
means that little or no air remains in the rigid substrate/interlayer/rigid substrate
construct.

Mottle measurements are taken after autoclaving.

Light transmission is tested with an adhesion photometer (Tokyo Denshoku #S-
904356). Each laminate is tested eight times at dispersed locations throughout the
laminate, and the eight results are averaged to give light transmission, as shown in Table

9, where LT is light transmission.

Table 9
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frequently can be enployed to inprove autoclave yields
in comercial operations. Sanples are placed in a
WO e®sii34spd rubber bag, which is then evacuat edP@ilUS2008/061688
vacuum hose nmated to the bag. In one enbodi nent, the
bag is brought up to and held at a tenperature of
about 5Q0C for 60 minutes and then to 1200C for 20
m nut

the resulting panel 170 fmyed angdoplaeed iin @AC at 4.6
autoc aUﬁerﬁl%sséd nal ﬁl&t@fs i‘ng LIIH&EI‘SEElansm Sﬂe@é}s cr

nmeasurenents, as |a peLgentage; ar en affter yachum
bag deairing and |bef ore autoclaving hi gher nurrg

er
o a PR o S neis?;’i'“ghl (eTP e/ 10t oy Sabbie Tl

subst} at ruct . Pasyr enen ane taken
after au‘go é# ght {);énsm ign E§9§6te=sté%d Wi t9I?'4

an adphesjion phot mater Tok Denshdku_#S- [904356)) .

Each | anPnate®i® [tested|e ﬁt ti Pes at99d?sper§ed 99.4

| ocatToONS 1 rougnout Ll I allt Tiat €, na e <1 grit

results are averaged to give |light transm ssion, as

shownMoitlel@ ke rinedae desctibed Slsdviigid hdrei@ansith $&ulth from 5 observers

Table O9MWottle is determ ned as descri bed el sewhere

pesraged o pravideraidngl moths gile Beuilis pisrshoypdn dgklg 1Powhere “Smp” is

P‘{r%?’“: d%/([)]g” fs' Iﬂ?éhlﬂ@&lfécﬁoﬁ r‘%‘i@D” ﬁe&Ugstrﬁa(ﬁﬁ% cﬁll'égf%h lald “Final” is
wher e I's sanpl e, i's machi né

5  themewtle gnlde "YOMEH i the greass ofréoe Imnaa:hlrdldmcmmromd aogd machine

" Fi nal the nottle grade, which is the greater of

fhﬁ%cur‘?ﬁé?ﬁuﬁ% direction and cross nmachine direction

results. Table 10 By virtue of the present invention,

it 1s now possible to provide multiple |ayer

interlayers that reduce souihdbledfnsni ssion and that

ar i i i ==

== - OO mEri=Eel—
mjl tiple | ayer consiyarctdy.euch asodeandtnag ed gl 2&LC at 4.6
pdnel WFRROSHiN dshixplds p@nfinafeC NifeRgs Eér%mmend%rmrlrﬁmute

tfe_invention has h@@n described wit reference tao

exenpl ar yl\@gﬁ?dlalnem” Mot ! | ‘be undggshood by fhoggile
sHidgp i e argmphat Xy oupsERANISMBRY |smp|  MD/
CMD/Final) CMD/Final) CMD/Ave) CMD/Final)

A 17171 A 17171 A 17171 A 17171

B 3.0/3.8/3.8 B 3.4/3.4/3.4 | B | 2.8/2.8/28 | B 2.8/2.8/2.8

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

windshields and architectural windows.
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be made and equi val ents nmay be substituted for
el ements thereof w thout departing fromthe scope of

W@ b@siiswsent i on. I n addition, many nodificati onBCTEH200%061688

made to adapt a particular situation or material to
the teachings of the invention w thout departing from
the essential scope thereof. Therefore, it is intended
t hat e invention not be limted to . the particul ar
b oa VB B ERRESES Ded dese bt ch e Bt vl
E@bodimehiél MQiPYVE uhdir§iobdW@ tHokO8kill&Hin th& @k tHal @arious changes may
invention wll include all enbodinents falling within
bhmade apbeqyiivaldngs mpp badetivited fos clementirithdredfuwithvait dgparting from
ndsgor S’et ochge Inr\]fgrtltio%n %Ii i%igr? h 89534 ¢S io%%‘?na e made to adapt a
ardcteristies grven tor ‘any S|ngfe conmponrent 0 PRE™P

par€is@nit sifuaNeNbi @Atefalno lbig tdSehin dsiif elicCinangRabiiyhott Bdpaaityg from
ranges, values, or characteristics g%yen,for any

f
theessnHelscermipeiseht Theseforand is Myaded it thiHayeation hot be limited to

fid 'Bafﬂcluglr %mb%@iﬁre%srai loRH1R9 me%&tmg&véo%%ngﬁgth@ ﬁg carrying out this

val'ues Tor each of the conponents, as gl ven herein

invetitgh but thatFbe inexmtingl will iacipdé yiirembbdiyrentsdalhing evithan thedcope of
nprisigg resi dual acetate content in any of the

0
ﬁﬁﬁ@@@“ﬁ _Eﬁﬂ?n addition to any of the ranges given
for plasilifGidd e ulderdBbl 1RS aRPYl RO rA¥¥s, b1kl &r BRaralMtics given
and pernanence val ues given, where appropriate, to
fayrany rmgle qoerponttof drespredeat ingergioni dahiba usdreingcdpegably with any

the present invention but that | d be cunberso to .
{opge ERE~ P e LR ENER o e DeghtbS OO Tae hvention,
sl RfTpa@ble X0Yokh &h BRbadithehOhavind AFineahMEs W ERASHIhe

only and should not be construed to limt the clained
$orpeanensnas ©vemierain shipughaug uFerexemplsd p pehyimes fygh cambe formed
any figure., R gures are, not drawn to scal e unl.ess

SRS iagal REGE ot B ny o I rahes i inAdH T3 o gy of the
BihpeLdiesn fopdlashidiser, aPPEll glidvSanyaTdhdRLKS:y,, hief gdrim@lence values
to herein is hereby incorporated by reference in its
BIYER-rvteye Yprepraiento formampry perBtatione ahgie vikwRriic sspRigRf the
?ﬁs@én& %&9&%’6@&@@&’&% GOMBhbS ik @ 1Ry asti ci zed

ernopl astic polyner; a second pol yner |ayer
conpr Asy figue ipleaatct aumbelrstemennigiia st abspadtyreiy claint, ara for

ilﬂé&%bvgf)plé%ﬁnq%gs lﬂ‘ﬁ?%&% gl?orlrl?c{ rllostlbrf]:gcofalst Ie Stg iigllitztﬁg claimed invention to

any one particular embodiment shown in any figure.
Figures are not drawn to scale unless otherwise indicated.
Each reference, including journal articles, patents, applications, and books,

referred to herein is hereby incorporated by reference in its entirety.
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wherei n said second polyner |ayer is disposed between
said first polyner layer and said third polyner |ayer;
waobmsae4s9sai d first polymer |ayer has a tensi|BCHUS2KRS/061688
stress that is at l|east 15 kil ograns per square
centinmeter greater than the tensile break stress of
sai d second pol yner |ayer; wherein said third pol yner
Vﬁ%ﬁr has a tensile break stress that is at |east 15
Ki99YManms per square centineter greater than the
1 enspdipndy iRk agdric@aPprigfngsai d second pol ymer | ayer;
wherein the surface of said first polyner |ayer
opposi fiest palydhes daysheprperisymet plaghjezedithermaplastio pelyadr;Rz
val uea 961:: ogg E)lo Sz:(lglam.ecroonrlw’r;isir‘;jl nzg agh?re it ers’ai gas{ici: rg'lt mer; and
pol yn@eORY BPIVREE layey FRra il Blagiiseg tyerypplastic polymer; and,
m || i getier solyreragericoh@iikiay arplaticeb@ihdoplwhirrpiymaai d
surface of said first polyner |ayer opposite said
secon¥hpisinsrist secagbpolymsr BierdrBisgewd bREIAc) apiddirgfpal yae layer
than 700 mj 2. T i rlayer of claimi1,
wher ei n sg%%fgﬁf?%gémgpagé%%’first pol ynmer | ayer
opposivherciivdaitl scpolgimpolayendras laageile bask atrpertharnemndeast 15
val ue of Ie?s than 95% 4. The interl ayer of cl%in11,
wher ei n t hEIQHRPSRY SGHAE SPHIPHPT Gy @ﬁ%%heﬁs%'ﬁ reak stress of
opposite sgjigcea0pdiyRRl Y98, | ayer has an enmbossed R
value of 50 to 90 m ¢rons, an enbossed RSM val ue of
| ess whanrein7Qfl fnrdipohsyerdmetr haperensifednesk dfess tesistahkeast 15
95% 5. The.interlayer of claim1l1, wherein said. firs
pol yner |a ?g,ra%%‘y S§B%r8ﬁ8nt88?t§z¥r%r?atl3’é@é? ,theéﬁ%s%é’ﬁf& lress of
third pol yord sdcdi@pogarhlaenpri se pol y(vinyl
butyral).6. The interlayer of claim1, wherein the
sur f awkeigin thgserfaderos said dirstripetynhesayer opprsse seidsegod polymer layer
second pol SRO MR Rl g of 50 to
70 m crons. erfayer conprisihg: a
firstwheles®id fiRy pslymenpkesiad thickheds Di06it@ 00 1 millimeters.
t hernopl asti c polynmer; a second polyner |ayer
conprising a plasticized thernoplastic polyner; and, a
hiry, d I Si Fai e :
I B B Ry ayer opposie
by edcond pdiyaeo bydr hmtanearbosad R (i viahie o dsy e 708yeicrons.

IS JtEfof o

3. The interlayer of claim 1, wherein said surface of said first polymer layer opposite

said second polymer layer has a permanence value of less than 95%.

4. The interlayer of claim 1, wherein the surface of said third polymer layer opposite said

second polymer layer has an embossed Rz value of 50 to 90 microns, an embossed Rgy

value of less than 700 microns, and a permanence of less than 95%.

5. The interlayer of claim 1, wherein said first polymer layer, said second polymer layer,

and said third polymer layer each comprise poly(vinyl butyral).
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and said third polynmer |ayer; wherein said first
pol ynmer |layer has a tensile break stress that is at

WO 2st1345% ki | ograns per square centineter greakE&r/Usinasioc1688

the tensile break stress of said second pol yner |ayer;
wherein said third polynmer |ayer has a tensile break
stress that is at |east 15 kil ograns per square

entineter greater than.the tensile break stress of . .
Eafhe SEuBhe HomyRLH Vb AR08 pEwal R nQVEEF Ruleongpsice said
SRbAd pdllyler RYEVEERan legiREsc@MORI TSI td 76 @gieMds pol ymer
| ayer has a pernmanence val ue of less than 95% 8 The
interlayer of claim7, wherein said surface of said

irAst01 rgé i%ﬁal ayer %Q%%osi te said second pol yner |ayer

a8 A BrHbosS Y RSMA"e of 1ess than 700 nicrons. 9.

The i atiest lpa@ier Mfye£tdhphising MR FedsBérehoplisfia pelydier;
said first polynmer |ayer opposite said second polyner
| ayer 2 FFeNG ROIRINCy HYEECHRPIEING HPIgericiied thsigorkgtigpolymer; and,

t hi ck 1emi| )i e ! .
it or T IR RlyRetvd ofhofibind i FELE SrepOhtastR Dolymer:
t hi r dwhedeymsid $cayedt padppesiayer is disfosd botwkepahidifirst dodyradr layer
has an enbossed Rz value Qf 50 to 90 m crons, an

enbossed 74 rddolyneddaxean 700 nicrons, and a

per mapaRce Qid HiRsSollhRP aeRas hlensfiBBrdaRLBEANRSs Bfleast 15
claim7, wherein said fifst polynmer |ayer, said second

pol ynmer | akidogramasgerssquate ichitirdetpogrgater thhmyhertemale threak stress of

conprise pol.y(vinyl butyral).12. The interlayer of
claim 7, mf?é¥é‘?cﬁn%{ﬂgly§’ﬁﬁa38 of said first polyner

| ayer wapRASIal Eth$aipdl weGendr B ¥ 1¥Rtild BYAL stha$that is at least 15
per manence val ue of 1 ess than 90% 13. A polyner

i nt er | ayer kitesrping gerrguarg centisetepgegtppihan thedensile break stress of
conpri si ng.a, Qel: as [ 81i %neeldlat Qre,rarrlrgpl astic polyner; a

second pol ymer cIoay r yCOITpIyI sing a plasticized

t her nefbRE the sPBAIEKaid At podynhdtiliydr pPpasire kaild3y@hd polymer layer
conprising a plasticized thernoplastic pol yner;

wher ei n sah? SREBABCISS Ve of [eay Ban93%di sposed bet ween

said first polynmer |ayer and said third polymer |ayer;

8 The interlayer of claim 7, wherein said surface of said first polymer layer opposite

said second polymer layer has an embossed Rgw value of less than 700 microns.

9. The interlayer of claim 7, wherein said surface of said first polymer layer opposite
said second polymer layer has an Rz value of 50 to 90 microns and a thickness of 0.05 to

0.71 millimeters.
10. The interlayer of claim 7, wherein the surface of said third polymer layer opposite
said second polymer layer has an embossed Rz value of 50 to 90 microns, an embossed

Rsm value of less than 700 microns, and a permanence of less than 95%.

11. The interlayer of claim 7, wherein said first polymer layer, said second polymer

layer, and said third polymer layer each comprise poly(vinyl butyral).
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wherein said first polynmer |ayer has a tensile break

stress that is at |east 15 kil ograns per square
w@oBfsmspLr greater than the tensile break strBSEUSK008/061688

said second polyner |ayer; wherein said third pol yner

| ayer has a tensile break stress that is at |east 15

kil ograns per square centineter greater than the

tensile break stress of said second pol ynmer |ayer;

wherein the surface of said first polyner |ayer

PPPPRd InferkgbiCofeARNT WIRINRIE shAY& ofafl At Iﬁilﬁﬁéﬁlﬁ?er%?%sue

val ue of |léss than 700 mcrons. 14. The interlayer o

grlichbapond polyaied layar Hasgepeomancaicel vilue of lepolhpynBP %l ayer

opposite said second pol yner |ayer has a pernmanence

val ue of less than 95% 15. The interlayer of claim

13, AWoeeyeérin@ahgkr sufmbaciagof said first polyner |ayer

opposite said second polyner |ayer has an Rz val ue of

50 t o2 HostRplyis éayahaoraprmm&:w]@gtscl%ﬁﬁ thergmpiastippglymer;

milli

the shrrandpgpiierFie bR b AT bl M BOT ana

second thal poianed layc&rcoh@ﬂsmg aqﬂhﬁs&e@th@rm@hﬂ& mﬂyrﬁfﬁ to

90 mi crons, ssed vaalue of less th

m cr owlgereg%ﬁlcgs ‘ﬁﬁﬂ@‘ﬁ‘&% aygr ip Q%O%eﬁéﬁtww&ar}ﬂwlymﬂ layer

|nterlayeraﬂgsﬁag%ﬂpp%%mm%h%kgln said first polyner

| ayer, said second polyner 1ayer, and said third

poIynwhmbayﬁmiﬁacpdgmmpbw@émpahy@ﬂﬁhykaUtynmu)sMI&mt15

The interlayer of claim13

sard 111 ot CiryRspST Dydk EuBart S det B BEGRATE S pirgtess of

| ayer has aiid MQ§E@@H{8§MW§I ue of less t han 600

mcrons. 19. A nethod of producing a poly

i nt er WAgISH sa@bﬂﬁgﬁup@bmgertl%@r b@Sewnmkd?rmlmjreas fhiat istat least 15

pol ymer mefosSpeBERGR RSt RGeFFeer BRF YR NeByeatc swess of

said seconﬁn@gkmﬁ@ponﬁbtmyand said third polynmer nelt

to formsaid interlayer; cooling said interlayer to

bel owvdenst the sgacspf aalélﬁwta)@w T @PPasite ﬁ@lﬁﬁ@‘ronfi@olymer layer

1360C to 20A0GcARdc RS 5@l fhstif AffoR! Sald

interlayer to an mcrons W th said

14. The interlayer of claim 13, said surface of said first polymer layer opposite said

second polymer layer has a permanence value of less than 95%.

15. The interlayer of claim 13, wherein said surface of said first polymer layer opposite
said second polymer layer has an Rz value of 50 to 90 microns and a thickness of 0.05 to

0.71 millimeters.
16. The interlayer of claim 13, wherein the surface of said third polymer layer opposite

said second polymer layer has an embossed Rz value of 50 to 90 microns, an embossed

Rgym value of less than 700 microns, and a permanence of less than 95%.
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enbossi ng; wherein said first polyner |ayer has a

tensile break stress that is at |east 15 kil ograns per
weuanaseent i meter greater than the tensil e brBekUS2008/061688

stress of said second polyner |ayer; and, wherein said

third polyner layer has a tensile break stress that is

at least 15 kilograns per square centineter greater

th ensi .break stress of said second .pol r
By B Wsgla S P Vbt Sk 8 POURSF EPF- G2 et polymer
Ei.?@[l, hA@sdi® (RN 1 1Re8) @ Wa XU mpré -po?({?‘iﬁgflt budlian)! ayer
gl azi ng panel produced by the nmethod conprising the
steps: forming a first polynmer nelt, a second pol yner

I and a third r.melt: .coextrudi aid first .
B The e’ ekt Ch ¥Rl B P Sy L& ol Phosic

gad yeoehd pellymet Tyt Olid¥ afa@inthok st 6 A@le; of a6 thahgs®ahdrons.
interlayer to bel ow 9Q0C, heating a surface of said
interlayer to 1380C to 2040C;, and, enbossing said

G oAb PRNHET kBt o RS S o er
has afdreivg) 4 firsbpeaknes e ss sdchad polgmat mekasid althird polymer melt;

kil ograns per square centineter, greater than the o
t ensi PErbHEaR U BYPoymeATelL SUIOREPIIPCYHRR elland said third

wher ei n Sa%gyﬁ@fﬁghgghﬁﬂﬁkﬂiﬁ%gﬁyags a tensile break
stress that s at |east 15 kil ogfans per square

cent i ewtliag sgideatednyar haheloWd0f€nsi | e break stress of
LR TN N D R
mul ti phBodsAgahidHudatder AaMNBlerlayer to an Rz of 20 to 90 microns with said
embossing;
wherein said first polymer layer has a tensile break stress that is at least 15
kilograms per square centimeter greater than the tensile break stress of
said second polymer layer; and,
wherein said third polymer layer has a tensile break stress that is at least 15
kilograms per square centimeter greater than the tensile break stress of

said second polymer layer.
20. The method of claim 19, wherein said cooling is done to below 60°C.

21. A multiple layer glazing panel produced by the method comprising the steps:
forming a first polymer melt, a second polymer melt, and a third polymer melt;
coextruding said first polymer melt, said second polymer melt, and said third

polymer melt to form said interlayer;
cooling said interlayer to below 90°C;
heating a surface of said interlayer to 138°C to 204°C; and,
embossing said surface of said interlayer to an Rz of 20 to 90 microns with said

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

wherein said third polymer layer has a tensile break stress that is at least 15

5 kilograms per square centimeter greater than the tensile break stress of
said second polymer layer; and,

laminating said interlayer between two rigid substrates to form said multiple layer

glazing panel.
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