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MULTI PLE LAYER | NTERLAYERS HAVI NG A GRADI ENT REG ON
FI ELD OF THE | NVENTI ON The present invention is in the

WO 2@BM571088 pol ymer interlayers and gl ass panel sPCT/US2007/082530

conprising polynmer interlayers, and, nore
specifically, the present inventionis in the field of
pol ynmer interlayers conprising nultiple thernoplastic

commorty HELE TR PhdR it b ey i GERURR g REGion

that can be used as interlayers in light-transmtting
| am nat es such as safety 8Iass or polyneric | am nates.

Saf ety glass of ten rlefEdds FGTHEHFHE§B§@éht Ianinate
f\annp; ne, PI%S@ nVIea%s{éIp f’éété ?n ﬁlelg Pa% heet 1ngerrcé1 grss earq a%é’\gaen%ls

porapMiighey FollmaNBpRTaQats, [ o Speﬁlf@ﬁkp}h |tﬁe€1ﬁ%w'nﬁinvaﬁ€bn is in the
aut onoti ve openings. Its main function is to absorb

Eipldrod ol vanss InterdayeReagonenais e Bipls therspiasteshestsob; ect |
wi t hout al |l owi ng penetration through the opening or
t he di spersion of shards of glass, thus m nim zing
danmage or injury to the BW@CGROMNIDersonS vvithi n an

SPglvfﬁgl%taiﬁipgiwgﬁgfﬁ%ﬂs%és % séuse ale ﬁﬂearﬁgrte acé‘t“ﬁ@iﬁ palbyaer

aeushdtCan Bt 88d Js?ﬁt@ﬁ@yeﬁ%vmq{é@/t %nén%ttﬁﬂgggﬁnnates such as safety glass
transm ssi on, and/ or e€nhance the appear ance and

alemlymbm@laapmm Ssifetyighdouftopefiirs gsa trd&rspanwpbhatrmﬁte comprising a

PR B R AL RE g BrRE M Sl arifish o THrOR R S is used

{o Iﬁb&ﬂa@@l tRh G balRABY @thidecturaliahd dﬁﬁ)lrx{o%@le QpéinglS ts main
interlayers that reduce the | evel of outside nolse

fungtion & te phyeshrenared suel @MQM qah&eddqya%@owfmm By ehick o athout
%‘?,'lllovgi n% ngnen)éﬁgn t Eglg% tihle r01t eenrn&%?é{r tlilF ldbs??term i) of Hs 5P o%qass ﬁlus

soun

nixighiFihy dhraade erhiajuacioahs sbjeets oﬁpﬁscﬁﬂs&)dlthlﬂ ap éﬁtﬂbseﬁ@rea Safety
reduce the percentage transm ssion_of sound through

ghes Ysaga beaspd nppridacther benpbici! sifecty snchatsdp sttpriate acoustic
GRSy 15 M PO BB
aastietib aygrabof Waidotvaspeningen fornulated to i nprove sound

Ej|r fa P Isgaﬁltsnlpglgatﬁ galraq? tretfr;f{liflggi: @e forrnu t\{oenr of tﬁe ﬁle%gplastlc 1¥terlayer 18
the sound transmission character of the finished product. Generally it is desirable to use
interlayers that reduce the level of outside noise that is transmitted through the glass. A
conventional single polymer sheet interlayer that has been modified to improve sound
performance will usually have one or more physical characteristics modified in order to
reduce the percentage transmission of sound through the glass. Conventional attempts at
such acoustic dampening have included using thermoplastic polymers with low glass
transition temperatures. Single sheet interlayers that have been formulated to improve

sound transmission characteristics, however, are typically difficult to handle and are

limited in the compositional variations that can be pragmatically employed.
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limted in the conmpositional variations that can be
pragmatical ly enpl oyed. Recent attenpts to inprove

WG 2RMH51788ansni ssi on characteri stics whil e al soPCT/US2007/082530

mai nt ai ni ng manageability of the interlayer have
i nvol ved using nmultiple polyner sheet |ayers in place
of the conventional single polyner sheet interlayer.

For example, t acent ers of. ther l asti ¢.

oty ROR Grorl® S o o NG iRt PRGAREIAR, ifile atso

Haf$diffink %ﬁanﬁg&a!bﬁﬁﬂr er ﬂ}%tlht%ﬁa)(e'i B8ve ﬁl@élv@éﬂ ﬁﬂﬁ%ﬁmﬂip‘ﬁe polymer sheet

Pat ent s 5, 340, 654" and 190, 826, and at ent

Ipisiie ateronf tﬁ@@@lﬁmameln;gle)polwnﬁcﬂh@@mmeéaxpr Fhrexample, two
ven |.a i nt.er | ers

RAERL g B kR ol R ah BN RS Gul SR Rty MR st nave

ﬂ@mnﬁnaﬂgiaeadt@m&s (sBé Eﬂjﬂ @yaipte URD Pa&ﬁ@%@)ﬁ%nh@,l%,i%%, and
|ncor oration col oredwgfadient into a thicker,

nbépph%wogﬁegvorﬁﬁép er has been known for
S 18 A b Ay
gaeaﬂr@nte ofhdhallengew khait bhcbbéeamercbniee“oﬂ dyge ldyavintglatyas. For

re t.hi.nner paq he ts resents pyocessin
oD %Mltlléégcql’ﬁ‘&%“@ggf ¢ el e P anfuike: single polymer sheet
BRRERLANE et k@Rl f&rXom@'ﬁ%e‘{Eeé} k#3xapResl S”?’a’[eﬂts 4, 3d 16,868 and

fini shed | am nated gl ass products. Further i nproveé
8.38PG$BY thenscapatanet diddeolance gr@i@mmto o nerihpln dayet gerlayer having

und da eni ng,characteri stics of (ﬁ% ? |
Bradema TR B GRET B Pt Dredposig diRiist T Gagresuttin
m@ma@q?péalraﬁice,%tmhﬁy( Mt gl tafR&lon ih 3@hSd 1aMihhted glass
al | owi ng cile procesSsing and wi thout negatively
prpguetsi ng opti cal qualities. SUNNARY OF THE | NVENTI ON
The pFegheel’I]tlml nventi on 5pr Qv

!t or P07 np BB kAP RE AT el oRfes R Blsphgos e sound

pangdnidg/gRraplsticad fimmsipledayce @L&S@piﬂéﬁ ammtlf@ﬁllyz ﬁiﬂllItq)le layer
transn1tted t.hrough the panel while alsg provijding
glgporasg Srcegipaﬁmwppky(ﬂnal tgma ) dHerS: é"é’iﬂé gllowHg fa@&gpifésmg and

%Etﬁ&&tne @cﬂleﬁg nﬁﬁ??ﬁ%’&ﬁucgy Wikigg two or more polymer

eets aV| np05|t|ons t hat have been
conbi ned |nto a single multiple layer interlayer, and

col ored 1 agi on 'n SHERRYHE FRABTLERTIY ong of ¢ ne

i ndi virduglesd@YiRetion provides multiple layer interlayers that can be used in

multiple layer glass panel type applications to reduce the amount of sound transmitted
through the panel while also providing a colored region within a gradient region. The
acoustic effect can be achieved by using two or more polymer sheets having differing
compositions that have been combined into a single multiple layer interlayer, and the

gradient region effect is achieved by forming a colored region in one or more gradient

regions of the individual layers.

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

coextrusion device of the present invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 represents
a schematic cross sectional view of a nultiple

WOoreaesO51788 coext rusi on devi ce of the present PCT/US2007/082530

i nventi on. DETAI LED DESCRI PTI ON According to the

present invention, it has now been surprisingly

di scovered that a colored region can be incorporated

into a gradient region of a multiple |ayer

acoustic-type interlayer using, for exanple, a

nultiple mani f ol d coen;muﬁgmnggmpngKﬁs used herein,
"gradient region" is the portion of a polyner sheet

t hat Aceqrdwgdnths pueseht inventionpit hos new ket suapringly Hisepered that a

EOnGa R BT T pE MGl S oh G BRET s i s asqustc-uoe

{nmarBIg bt Wn & B d&amglealmﬁmlb akihefoliejogkirudidipdevilees not

obscure a driver's view. A gradient region can ext end

to thésysidhargp, aagedient ragionnisehs grepn 8f 2 pelypghstsst gat

(L ésB?n(fs%{h 8 téﬁgﬁ(ﬁ{l&g oftd wtlrt;@hlteﬁpln%fﬁr{lﬁfae p% CJ[ ﬂlyvgﬁlch gradients

eaves a s regi on above the ifen
hﬂe&bnvaltmmllyphnhed)f thal&ng reaibng o tlrquescent mlventmrdaﬁ umve any

Fe&‘ﬁl%@‘f‘ thigt E%fr obpbShiset Sleririos frgedifyagson ot extend o the
(/ér kSheshe\ogah %t@ereP glsﬁ] o8 B a &Sip¥ &&Woéit@dﬁtttﬂ@toptoﬁ the

interior of the vehicle. In varlous enbodi nment s
grt@fdilyemtthatrleg\res @ sofalltrbgon abce«rel thq/ gradeot regl.qndh@tss hat prakteof the

ﬁ cent i rfetersto Zﬁ{ t% ¢ { I {Qt ttion of
%ﬁa ’d?&hﬁeé}oé‘ FHE Y 09 m‘?“é%;u o S Eeéh%ﬂ? CBhgIf§,top portion
PR ies Skt & PIOMbtafePinTRAgRd JeREdi R diMat, K\asksd Rom the
portion of the solar radiation |gg|ng|ng upon t hat

pmrtqr@ﬁ tl@fvehmlae vinrves pisetrabodimenss die bedsnhiegisacH the interlayer
Qorréé onds eetto tchI ?rneatgrsltg tZg rceria[ eter hae r1‘3hed wmdshleld The
8 ? ou% t %e regi on may be 3 ot

gﬁldﬁhﬁﬁegﬁiﬁ hat bemvebonAydRen ﬁg:dttb @rcg;ﬁ@aﬂa ﬁﬁtied g@dint that blocks a
I ndi stinct fromthe remainder of the_ polyner sheet

pritien of ﬁlewﬂ@%ﬁdaaémﬁepwwponrtw|p@ﬁ10n| tts WHidshigldy

the PAS 3 héréﬁ{e&tbh gglgh{%? kﬁ&?wﬂhl aﬁﬁﬁ{er 2& h%?h a%(ijent %ion,
region Wwthin a nt reglono a po ners

slgedgh dteaiegl,onm yd[d duverd afeglovat oni, Eheﬁ:bpmeﬁdeﬂng dfe grhkhent region

radi en ion t %th or oth -
RO Erirore Aok omaindet of T o Bsf ghect rwhaay&blé JPanees fsarlqeg region
di sti pdrdyERMr I’é&'ﬁ@iﬂ%@l@ﬁorﬁ%clhh@ at@hsY BRE cﬁ@féﬁtregll)ﬁ‘wnhm a
vari ous ernbodi nmen a pignent iIs used to inpart col or
gradtechtregmingf’ @d)oiggepr@heet As used herein, a “colored region” is a portion of the
gradient region that has a pigment, dye, or other colorant that results in a color or
appearance that is distinct from the remainder of the polymer sheet. In various
embodiments, a pigment is used to impart color to the colored region.

In various embodiments, a colored region can be formed in a gradient region so
that the color has consistent composition and optical character throughout the gradient
region. In other embodiments, coloration will change in a uniform or non-uniform
manner to produce a gradient with the desired visual effect. For example, a gradient

could range from clear to opaque in a linear, exponential, or discrete step change

function, with, for example, optical density values ranging from zero to four within the
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In various enbodi nents, a colored region can be forned
in a gradient region so that the col or has consi stent

W@ 209031788 on and optical character throughout R¢EUS2007/082530

gradi ent region. In other enbodinents, coloration wll
change in a uniformor non-uniform manner to produce a
gradient wwth the desired visual effect. For exanple,

a i ent |d range from Ie ! to .

BrefisRoEe, Sl RT ASec PRt B st RABNG e Poffesd ion. 1n

WrihBy erthBEdiR%ARPd SoloRBéseh ceﬁﬂ%sﬂo?ﬂied/ A J&FinkaRWrB8gioh bOMe

zero to four wthin thegradi ent region. Patterns and

pradigatregion. dlog oxdreple.or spdercduragiomeantis foonet iad qee@mdrﬁubreglon of
n fu ther .8 red redion_can

{ r? ggadé r%%%n i ugh%g[ﬂ% %dr%&%l%lt aa ?lée O%Te%Fnt r8%10% Ru{s (Ell}/ S hitE ﬂle width,

ezhaimb@,lts &n & edcein@dlaf @@re@Hok aNthb grddadniesbiorhaiené@o@eon. Many

subregi on of the gradient region that has the sange

plopgHEPessandifistbutinng of colagition vairn »pbyegian aretngssibie gng within the

€ g

M HEILER 0 BT ARSH AL UDERSLOR L, WS ot

ﬁmﬂﬂddsmmnbmbmang(ﬁﬁcomhﬂfﬁgumn within a subregion are

possi within t scope of th

e. an r es e nt
P venti G fegian caedarmedif agy alytabff‘s and, ig 4 preferred
Shh&Sin R, g{esool(ﬁé@régﬁﬁ HE&thewih b BI)IH{E? 1P H@rlﬂg exdrusion ysmg

col ored region. col ored reglon can be forned in an
sasixtrakbe onaxtnsrqn @ﬂdng fenhrsqasefoe ex@dplenrochertmdsd ¢rhlgodiments,

B RerEPer s gt EelaspPRsio o5 Dial et Euisiachgaded agents, and
R BN e: entfa% m@&@mﬁh%oex!tfhd@@qxﬂlra%@derﬁimgldpdmﬁéﬁneu resulting

for exanple pol ymer nelt conprising the polyner
Messipgle ppb@tqr @hqeé havuagi 8 eerdingé pagson fgrmed eraipinowhigh coloring
X oextruded with a conventiona
p%n{]s arc dlng?rgede t%r %radlent reglloﬁgl e pol ymer sheet

havi ngokrgl I&gioﬁﬁltatf l&gfdﬁiﬁed or gredichiresiehfof dhevdtingdie polymer sheets
colorlng agents are dispersed through the gradient

et ipterlagssi &pe Wf&g’?@ﬁg “é%\“r]il Bererthimens nokygeradrehas a colored
fe%%nop'% rﬁ&ltlﬁ%%oﬁfre ng%ﬁ’ g@Eolé\%ﬁ‘ﬁ%egsa'rﬂb cﬁrlihfferent If different
ayer I C

ter |nte ayers In nore an on
pateymeor colveetrchasd, @omblmtiec cfifety cm,betdneatedithti wbied be more

ql.ored regi ons can.be c d the same aor different.
&‘%%H“f PdPPRESIS {9 %qhﬁf‘sveavlqw P@dé?a’éoweﬂsm%lsweﬁaﬁa ultiple

&516RAtk §%181@ BmBSdifdcRAl &flofcl M gidRUWaf tRendRNR Rihd dilite, BF they can
I npossible to achieve with a colored region in a

B¢ diffeecnit aljer examplayalfiritgbwredicgioadan bgifamedrib o dirsteot ygner sheet
flﬂté)gc@glﬁg | fire gr%cri]lerkl)teretgl%% %%%ese%(';‘&f’ c(:eolgllrre]&l resgllozn tanDe formed that
occupies a subregion of the gradient region in a second polymer sheet.

The adhesion of multiple layer interlayers to glass is controlled through the use of
adhesion control agents. Adhesion control agents, for example, can be in the form of
sodium salts, potassium salts, or magnesium salts of carboxylic acids. It is preferred that
the adhesion level in gradient regions having a colored region is at the same level as the
adhesion level in the adjacent clear region, which is properly controlled to meet impact
criteria described in various government standards (for examples, ANSI 726.01 Item 1

and EC R43). Lower adhesion in the gradient region can potentially cause the glass to
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be different. For exanple, a first colored region can
be fornmed in a first polyner sheet that occupies the
w@oB0E778% adi ent regi on, and a second col ored PEHUMNV07/082530

can be fornmed that occupies a subregion of the
gradient region in a second polyner sheet. The
adhesion of mul tiple | ayer interlayers to glass is

tro t hrough the.use of .a on contro
Siailer E g Hagh e atofuit s grut oo Eh Tt ERRn sharas
Bp%lﬁ@ser i %Hﬁssﬁﬂefeﬁy defh th@ @hﬁ%‘ fegturdlof MREASSH Wiiss.

ts of car oxyllc aci ds. referred that the
adhesFerrthe ewe)loset of the amserﬁtm\re@gbmﬁ ¢ diheping ohinterlayee, for
%»hagnpq%nf gla%é ﬁc:an Enaeféglﬁg% Eag\élelrln\rl\l}]e% %heglo%dgse eé&ﬁbed%e?ow Rn adhesion
d@‘fﬁrd’n@b |2 ddh&idiedilta] bapRedn £Elcdrgegion dﬁ@ 8 rgtd@l&ﬁilt kdgion is preferably
varlous governnent standards (for exanples, ANSI
fessthan 1puawnel vsid EC R43). Lower adhesion in the
gr adi
Pode. Bt o AROAR AU ! rSBHAR, b iRiibion having o
enleretl re)glolahasi anpaibtsion esittol kgt concehaatitm thﬁt igleass tioam the

| ass, thereby defeating th fety feat yres of
P%lﬁgpg@r |2g8¥ COpgRn ¥r poSRp ertoﬁ ﬁ%@ggﬁt cet. In various
érﬂB@(ﬁHeﬁ'@ thE l't@alaaqm&'e th‘er%ff tﬂéﬁrgﬁlkﬁ}i@ﬁloﬁ % atf1Qfst SXRIMa] the total

gl ass, canh be neasured by pu heési on, as
@llkslma titedofitb¢ ohaar rdgioa dih g mhyrderfsheérte Abe, dlﬁﬁ:reacﬂqm| tereasily

et wee cl ear n an radi ent reqi iS
i 81 B S oraf e B o i 10 45 /SR he fens
ﬁma%! ifgrRNthS cRbr &rhﬁ%rﬁdh@ﬁﬁ\@glohmlﬁﬂig QRxtrasiit. A8 8Mdring the relative
region hawgt%pa col ored regi on has an adhesion contr ol

qg@ﬁmraét@ﬁe ehthe gdhesipn ¢atro) @entme the gradicnttregigntibe pdfiesion of the
concepntration in.the remai nder of the
%ra 1en9reg1%%o fOI‘ anrnri %usg ceannébg Illc&%aﬁ g, the t ot aI

al kal irneariout embediniche dtiadpresvnt e ghtidh, ks aalhedlﬁﬁﬁﬁa gradlent
less than the total alkaline titer of the clear i on
BRIANFOIHBIS{REY Codgred regiomis dmgroveed Hupegh the ﬁw@amé%tsqm an epoxy

ASH i YRImet: Qe ROM re Og?y ﬂ{ttr@%i;ﬂ‘ gﬁh{l‘ §ulﬁa%iet ed) XS resm can be used,

concentrations I n one
fuat, n pﬂe&rreld&mbodﬁniergsr adicpoty ¢omgposit®ndsisdlierged from (a) epoxy resing

coextr.usion the.relativ ncentrations
SrensaResnene Seherbt hgen snhaneln: (7 SR drieS peghraRyising
fn%ﬁoﬁglh@ §1g%1c8/fl e@h@?oﬁlgﬂieﬁ&tF r(@ﬂé}ﬁﬁytr&unsf&h}ﬁ?&ﬁfﬁmf)ﬁrogenated
g ass, can ‘be’i ncrease I n various” enmbodi nents 0

filngé,e:gtytl cthawefntishenolt he(daghlyspondiaéd phegobhvelicsr(epdigpoxides of
SOUBE L0 2,6011080, L 0L 00 LS LR QUG o 06 49H iyt
ether; and (g) a mixture of any of the foregoing epoxy resins of (a) through (f). Further
information on these classes is in the Encyclopedia of Polymer Science and Technology,
Volume 6, 1967, Interscience Publishers, N.Y., pages 209-271. Epoxy resin can be
incorporated in concentrations of 0.5 to 10 parts per hundred relative to the main resin
used (for example, poly(vinyl butyral)) in the colored region or 1 to 5 parts per hundred
relative to the main resin used in the colored region.

A suitable commercially available diglycidyl ether of bisphenol-A of class (a) is
DER 331 from Dow Chemical Company. A diglycidyl ether of bisphenol-F epoxy of
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resin in the nmelt used to formthe gradi ent region.
Any suitabl e epoxy resin can be used, and, in

wpe@sesiesl enbodi nents, an epoxy conposition iBCT/US2007/082530

selected from (a) epoxy resins conprising nonomeric
di gl yci dyl ether of bisphenol-A; (b) epoxy resins
conprising nononeric diglycidyl ether of bisphenol -

PP B R JTERR0! B By BROHa  Sae el Mg

é&k@'o&%ﬁaﬂs (5)s ]QP@NEX Rl&sn Pﬁlop%t‘iﬁgifﬂfeolhﬁer AbllNOBbIVSH N
Known as an epoxy term nated pol yether; (f) glycidyl

Qhklmcaleﬁih@panyaﬁopqlmpoaldmefdtphm?olcfomaah@je;lafie néneo ¢cmfe,cglﬁ§s i is
=
Olflﬁlg ﬁigzséhe(rg é it r[ﬁ%h@ﬂ%% Cl%/ g 68§£1tge of %?ly{g%&gnraﬁg}ll%ne) glycol of

a@@,ﬁﬁ\;ﬁ a&ﬁh‘[hbTeﬁﬁ*Bﬂﬁqb&@ﬂheM@aUﬁmDER 7BI6X, glydd i rafiGil etheeof class (f)
Publ i shers, pages 209-271 . Epoxy resin can be
isrieaiahde ﬁtb@cHWort%ﬁwfé Axy Madifig 1d6- 0.5 to 10 parts per

hundr e

pol y( o vFAEbEEeRnl R AR By HEE thoprRlioRATRh B cxtended
nmgmaqeeprobunmdned tlreehml'aye& ﬂmcdsﬂvenmmmm amﬂfchmom;sﬁﬂi ckample, the

the colore Aswtabl nHe avai | apl e,
Eﬁ“@lﬂ\} OlléPE i IB‘F%%QMN 68 @é&g {%veg@nﬂee w it, the
‘?’gofgcdlgﬁtqmcgéma%e s 6al0.89 ”H?é}ﬂbodﬁngﬁtg bYﬁﬂe%Yéseﬁttlﬁ%ntlgﬁ in which
bT sphenol - F epoxy ofclass (b) 1s EPON Resin DPL-

thegralitnt depgenanedasdd.ghy gradyent &t dear ratfo ioi gsqzattmrmhﬂn 0A25 greater

PR DS S PEiieh 01 ofacSFEPPOBREN Aci DHRARY el Bplications

ma{ Medpext diczeidhienahd b eumBb RN @1@1@%/1@111@&@ gl@slsepiﬁel In these
L%bs avai | abl e from Dow Chem cal as DEN 43

mea@ f(hf: gr%illqn(t C%Wﬁr @ﬁé@;ndé mym theys ! S@ﬁntg mgt a(t él)e tpp of the
?qryafda V1 ‘ﬁmlg ar?a 9 f& sun( P?f; arga. aﬁthef %l[%ﬂ%lcat‘;o 1st e of gradlent

a ass 'S aval m X1

fd@icxmte W@l iwfiihet thd L6opel of tv@pricsuns irvaix@sh. ment s - of the
present invention, the %radlent region is extended to

a gr eMudtipl 5#8@5@%@@&6@10 ﬂ}?d)fﬁsﬁfl"elﬂll"%}}mn arg preferably formed using a
ﬁﬁg}@hgﬁaﬁﬁah ¢ Qsﬁ |sRRALdONRE sultPLs, (HE BRPL fownli %%ﬁ& o fA%fshown in

t of e gradient region to the
sdhematic e@ssasecheﬂlabmavst gertehily"agl Bctinesxtrukion dbeae hasat fist die

s 0.1-Q.25. enbo nts f the pres i nvent }
\%h‘giclﬁ %%@0‘5#1% et Oﬁglg a i iy g ald KA probe 18 is
Qlfsﬁége% NithhPthe R di& Alh@oldS THE E?Jb% N 8tHAR AN Brifice thaf BALSKidth that is

.3, or greater than 0.4. These enbodi nents are
prnroxiouatady the widtf fithe desapg Finished oviercdimegioi.nt egrate the

\glaﬂ glslﬂl?e hed\?%n Snin %Eg%% 1 \,o\lipélrta{te%1 b?lis{rll%lllgmlegumlyng;t e((jin%l ?ymer
melts from each manifold (12, 14, 16) toward the extrusion opening 20, where the
multiple layer interlayer is extruded as a composite of three individual layers. Sheet
thickness can be varied by adjusting the distance between the die lips at the extrusion
opening 20. A probe can also be added to the second manifold 14 and/or the third
manifold 16 — either in addition to or in place of the first probe 18 — in order to vary the
location of one or more colored regions within the finished interlayer.

In other embodiments, an extrusion device can have 2, 3, or more die manifolds,

each of which can be supplied with a separate polymer melt. Probes can be inserted into
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enbodi nents, the gradient region extends fromthe

usual starting point at the top of the forward vi ew ng
W@ e@a/05798%¢ he sun roof area. O her applicati onsPE@DUS20nT/682530

type of gradient region are also within the scope of

the present invention. Miultiple layer interlayers of

the present invention are preferably formed using a

ti ni f ol oext rusi an de such .as the o
Shiotaibes SERGuPa oI TE ST e RlovER Rt aR ug OPmSfor the
m{m@mnem.ew generally at 10, an extrusion device
has a first die manifold 12 a second die nmanifold 14,
and aMulfipld layeeintashaiyers lod t@@resanbmméwmhﬁltéumt@pd@ eggluce sound
M aﬁs?m{s}mgt? ‘rh aqful Sétsgla(ljsls\%latae %c];ll%(iedthoseme 88/11 11 grse%x%mple and not

Whated tothotdh@isclesdlie W $.ipakshed 90806, f\ﬁlﬁclﬁ &gbl&@ theTlliB% of acetals of
device shown in Figure 1 operates, by sinmultaneous

aitiering cagop Mngthe fanapsed 2 qng Mpeheatiope L4 1 qudU. Slﬂatent
%s‘gi)héa?]ﬁ@ r2ﬁ0§/ 0% g%éb A4S '\x@l'i]chotegéﬂ' tﬂ ugeo dﬂ\#&{@ é&ﬁ_ﬂplerlzatlon degree,

ayer nter ayer 1S ex
axid IabHMe iPménn/} BI’IUB848 a;ddﬂ S. Pé}hﬁei 34(1165@1& nésh teah theuse of residual

varieg%%? ustl dlst nce tvvee t he dlellg |
aetath e velR of gsle d%‘é‘ﬁ P o0 AWBP éenéé Ceh &6t PWEPRSHes2
gtk dige second rmnl fold 14 and/or the third manifold 16

- elther in addition to or in place of the first probe
18 - Ima pnemedtembwdmyemrwpbrmrasbulmdlswﬁ)ramen oharagemstics can be

Rrele T et Rt e et i B e et B S hyebfhogtayer into
e pxﬁa@ vwhiege RNhEALAS co@phlesvo\Woiyeker %Hébt@l@av%&gocﬁkﬂe&ﬂt plasticizer

wth a separate polyner nelt. Probes can be inserted
Poncowsrrdions. R dermpflatingepokymerfsbrds to sialdy gentaingliffening plasticizer

ol or.e ns 1 n ir
cor}antrang,t giiescrllbggi/ mn c?etal[ her 1éledérr0é1gﬁ?u% ﬁgasxbeen ?o%nd that sound

trﬁlﬁ/sﬁﬁﬁsh&ﬂthtdh@h rhultigleil@pr gmsg pﬁime;aﬁ by lﬂéﬂubéc&ﬂﬁ fos&da@iple, more
throg% gl ass_panel include those known in the art,
thap 2 alrl?ﬁhSén ﬂ@rfae%@cw QrfqqEenaydeging o6 indgrett| & %Her» because

Qn}?‘ole@Bt%?ﬁ\éég %e 2 ﬁ?rl@fme\l\@{e%p gn it EI‘? ﬁe] Mllﬁluﬁﬁéad fhe easﬂy handled

acet a g-’car apanese at ent
Apphded as b direG k2l debhiknafod cbh®ntiBadl emerldyppd inc@hy @mnional processes,
200 /0139520 Al, which teach the use of differing

03 Hhe yRscab gy ertiongiill beapsable dumeny émhogﬂewwt requiring

Qxﬂdmydlﬁcatﬁﬁlt ®he &awctﬁé e ot m‘é‘tﬁoﬁhls&?ﬁ‘lcthe 5¢]ﬁ1c§§@nso fFor example,

resi dual acetate |evels | east e %in one of
twtomatly awenlshisdewipicamna cwmpolsze the(ma lof a conventional polymeric

interlayer that can be replaced with an interlayer of the present invention without altering
the lamination process used to form the finished windshield.

As used herein, an “interlayer” is any thermoplastic construct that can be used in
multiple layer glass applications, such as safety glass in windshields and architectural
windows, and a “multiple layer” interlayer is any interlayer that is formed by combining,
through laminating processes or through coextrusion processes, two or more individual
layers into a single interlayer.

In various embodiments of the present invention, a multiple layer interlayer

comprises two polymer sheets disposed in contact with each other, wherein each polymer
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difference. In a preferred enbodi ment, superior sound
suppression characteristics can be inparted on

woreoBopi788 | ayer gl ass panel s by incorporati ng BCT/US2007/082530

multiple |layer interlayer into the panels, where the
interlayer conprises two pol yner sheets having
di fferent plasticizer concentrations By formulating

ol yner sheet.s to sta contain .differin | asti
L o REY B i1 e ety B et e R R R ' Afein a
1chst Qe RO He, poﬂ}m&%ﬁe&@ﬁé& 4 gi’d&@nttﬂagfbnﬁhﬁwﬁg atcbﬁﬁ&{%gﬁino Mhe
through nmul'tiple [ayer glass panels can be reduced b

ﬂ)@rrn@pdaﬂmlp@lym@rcen bhthe samge idf&irentiin cadhesheete duthesy erobodiments,
f [ eq@e emn e?fgct 1S %rh]? tr%d%%?he r%g relrt her‘b{y F:r%cglrlgg gach 9 eymer sheet

fx/ﬂh mdlﬁheﬂt ﬂl@stf@&eﬁaﬁitém diﬁnﬂérﬁldnﬁtmﬂmg $1@sdma>s1agz>ergl tdgether to form a
repl acenent for conventlonal interlayers in )
@aak?emtlltl@.lpahaycﬁrl@f@égxeés he aerapesaijer of the pelicpphesisris such that net

hﬁ] rgp('iﬂ lx\ﬁtlc zepﬁ ffﬁs RIS a‘nmetrgﬁ%% t@%tl’leﬁact%&%}]b% Blhé%#i &hereby

uiri e nmanu
mmﬂammgttll&eplmmhmcaiffmsml For exanple, autonotive
[ can i nvol ve.the us

w ndshi el d application of a. .
conveht Y194 e%%?@lﬁ@msco i(hit RIPTRY B R RR ﬂl’?a‘?r‘??%%é fegiandedle
ﬁaﬁﬁn@f&gioﬁt& &ﬂ%ﬁftlp@@f lal&8nRHERE RN bO yt%‘l&'f@ﬁmﬂﬁt%@ ®Hhave the same

altering the lam nationh process used to formt
pliasticstre domienttatiinedsdhe plestiszed chmresiratjonain ohi of élel mjoemér sheets in a

T SRR & neooREIRG B o i Rl 3Rty which the

&h&%ﬁré OMhﬂﬂﬁﬁﬁﬁldS and architectural w ndows, and a
"multiple layer" interlayer is any interlayer that is

f o r el WIO@@ pivbadimgntsto rﬂmgnsqnamvnmqm roosued stpngn the

gradlen ergf:ot%g )%Eﬁﬁegﬁ%l}%g pl&l%g?qrelﬁtleﬁ y%er cagh WPné \s/tgfr;rlp gﬁrsrnqutleg Itodﬁlaavle a

plﬁbtﬁdzdﬂeaﬁ@naﬁndmam a&eaaéntlfmmy &ffthe platidizdrRbecdna@y@dns of the
I nterlayer conprises two ynmer sheets dlsposed in

PIFMSE shogisiof 2@ HpIgd#esE mtwl?éfﬁ@ ipeledipg theglspiaseaenedtthe polymer
g%gp [ o I ynmer, as detail ed

e ﬁwﬁﬁglﬁ%f@?ﬁgpgﬁgﬁvhg¥g%h at | east one of the

pol yner vasioeetmbbodimeatsgrf alo Iﬁment egemion) aypbhygnea shaxkt osrelek stably

The t her nopl ast.i.c can be t r
Eire B Tk A CTE ESUCiAT o g8t GmBuTic b g pfored
fdampenianga&édieCiion §f fh@ﬁ’ﬁﬂﬁ d14Rr M’L’@rla'y@lt ﬁrs{a%l/}ﬁfonﬁﬁlated to have a
fabricating each polyner s eet with a different
pllaascnzea: icerrentatmnethat, is diftereti dront theiphasticiagr comecnitiations of the
p081¥m61$ sl}e%%eltngﬁldintgqhé LAt r%gion in the polymer sheet in which the colored
region is formed.

As used herein, “plasticizer content” can be measured as parts per hundred resin
(phr) parts, on a weight per weight basis. For example, if 30 grams of plasticizer is added
to 100 grams of polymer resin, then the plasticizer content of the resulting plasticized
polymer would be 30 phr. As used herein throughout, when the plasticizer content of a
polymer sheet is given, the plasticizer content of that particular sheet is determined with

reference to the phr of the plasticizer in the melt that was used to produce that particular

sheet.
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single, nmultiple layer interlayer. The conposition of
the pol yner sheets is such that net mgration of

wWpbmwsnsosgzer from one pol ymer sheet to anot herP¢BUS2007/082530

negligible or zero, thereby maintaining the

pl asticizer differential. In various enbodi nents of
t he present invention, the colored region in the
gr adi i nt.erl aye

re n of th nul ti I
e ot BB e raphandiond Merhih i ShFRiap i Sh &R be
a&s&ﬁﬁ&d Pl iaGRet3Rerh 8] MERSY it vARA aﬁ%ﬁ?@@hﬁt@%h&@nﬂ Br &RExture of
of the polyner sheets in a nmulti ayer i nterl ayer,
M@M&i |lsnlgsed heeﬁw@‘aﬂle méagtioimer qut pﬁélepsbwrr&y kehwéng tha weight of the
%%%08 slrlﬁg (P t & teh%ht g?{é}g eeﬁtrac V%he{efj the prl%s[\fllng ontené in phr can be

tagilasd.i ﬂhb ea@foﬁfdl t%tpo[}%@érgﬁe@ﬁntéﬂ[@leﬂlﬂnb ipplyeéndr aly&®% can be
|nterlayer can _be stab Ig formul ated to have a
physically sepsrated Hewrmnpther Beforathe plasti¢izaricepient infpefhefthy polymer

g&e&q§ng%§§&iclzer concentrations of the polymer
ts of a nultiple layer interlayer, including the

cl ear Iregioon emhodlh&nmqifyhimpreﬁlneeivemtmmkhmamhﬁ:enmrmm df the two

region is fo I n variou diments of_the
ég@hfheﬁwé‘ffﬁ%rﬁt 1%%%& ﬁé?) @ﬁ Phgg L% @it 90 phr, or 25 phr.
E%H%le@ttcfaﬁ b, '?&Ve‘%ahﬁ%?e %ﬁo@'ﬁ?téﬂo% 28", h‘EQﬁ‘%@% g@bmon

i n each sheet, l'e the col ored reg |on i'n a gr adi ent
regi o wiriouk emhudhtneptse)f Ithzy@resanh tnefmhtayle theirssidua bhlygroxyl contents

| at to h Ll t hat
oF S e SR ol ere of FeaRBaRe PhrRoHE Bt et Rich
PWIRE tieTest atioh BE bhedisneitt 816 hRaficit&WiPErehdds! A8 used herein,
pot%her sheet in which the colored region is forned

slehy drsyé pontentgpasinyldivaerxyt eontertor pelytving aesdel) {BYOH)

contgn% g r? ?QD gg Ilé{gl%{ledofr h ar F rou%% %g@lnln%as 518‘? grougs on the polymer

aiaal‘istaftét pRIcedstngad de@lptete ]IQ)@ cgirape, Iﬁtﬂy(p'iﬂyy Bﬁ‘ﬂyrdl)i‘édnfbe
then the plasticizer content of the resultin

pragerEreddy hdrg repg mlof(\anﬂ@cetet%mol)a@myé éksromlk @pg then reacting
{hﬁ epg) Oﬁ%’f alcm%ﬁll? Sut?\L ﬁé ?oefonﬁ%mg&%&lg?gutﬂ' ?9'115{ R process of

Is”glven, ast | |zer co
bydrblyeinlgahc pdlg@tinyil acedab)‘;‘ typicedly not tlh of é}feabﬁmemdecgrmlqﬂ are

Firtate o boibcin R hagtctrardhagral iRy will no
Rls@t A1 Rifro SAMQRS beinB@obl @Rl hakll Fapke %n%neﬁg, in any
finished poly(vinyl butyral), there will typically be residual acetate groups (as vinyl
acetate groups) and residual hydroxyl groups (as vinyl hydroxyl groups) as side groups
on the polymer chain. As used herein, residual hydroxyl content is measured on a weight
percent basis per ASTM 1396.

In various embodiments of the present invention, the residual hydroxyl content of
the two adjacent polymer sheets can differ by at least 1.8%, 2.0%, 2.2%, 2.5%, 3.0%,
4.0%, 5.0%, 7.5%, or by at least 10%. This difference is calculated by subtracting the
residual hydroxyl content of the sheet with the lower residual hydroxyl content from the
residual hydroxyl content of the sheet with the greater residual hydroxyl content. For
example, if a first polymer sheet has a residual hydroxyl content of 20 weight percent,
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determ ned via a wet chem cal nethod in which an
appropriate solvent, or a mxture of solvents, is used

W@ 2008057788t the plasticizer out of the sheet. ByI/US2007/082530

know ng the weight of the sanple sheet and the weight
of the extracted sheet, the plasticizer content in phr
can be calculated. In the case of a tvvo poI ymer sheet

b SrosbuEbo BT SRSt HBr oatan byiRgy Dioalh 8 EEheltbhpsshgnt. then the

tRidaactydadxyl BehtBRlof IR twdBedtS differdBRS We@gilt pbldemar i ous
enbodi nents of the g@q?sent i nvention, the plasticizer

cont eRer @glvcméfpmﬁp gjrrsy the ewmpatitdlityfod rth%gblaatlcm@asta p8ly(vinyl

Bilprat 8 R0 el mE i Mpng 8 o, TpllvaBly iyt busred
#thtaQrQfderiBidud hy&%x&locoﬁ&nphzﬁll rdstlt Wk te@d&ed%‘[mwzﬁﬁéﬁrﬁpatlblhty
of the present invention, the residual dr ox

plfPaFts lokewie nobdy syt lovighn Javest t %%%@b @%@&vl&pntent will
#egglt RPLY ﬂgfea%p%?% §1c1§51ec0% ftl%flﬁ‘gf)r ca@?&@h ﬂ}ézsg p%pfmq{es EiEbe used

I cation
ahi defoet élﬁm@érox&scdﬂmﬂi oflﬁfchlpbly(fllﬁyl biuﬁial)l]m@nm)ahd danivdatt cach of

i dr ox onfent or ohol .
%@W@ﬁ@%éh@%ﬁ Hoor Brahe Hoprep Butstast | mﬁ)?aagg(wgly maintain the
&fff%%%%e E@ﬂlﬁét%i&g c@tﬁelﬁ'b@ﬁxf&ﬁqft@iﬁ_ol%ef feROl ymer chai ns

after processing I's conplete of exanpl e, poly(vinyl
but yr ak)s losxwrbie thwtufraﬂduai ésldioyylopdtent gani mmUby¢¢bmWntrolling

SRRV PRt e 0 e ERGRETR oAt proces
ﬁpdzay{ovls Bbodtierfsathk redidual RPdBk ACRE&NOST thY i@ bneéisngad fBows:
(vinyl acetate), typically not all of the acetate

BRabhopt Gupan s coriserardahess Iy drendigiupes 1rodungto and
seecgﬁ(ﬁ Ifﬁ)e%t lgr tlﬂa bE i%r ﬁrsg etge\ég Ieesst %Qn E?‘% i\ 8 chond sﬁ et rless Lt)han 19%,;

oXyl “groups bei ng convert

OFs0 st 1e§zoma1e qa%natnknsecdnﬂ sBeRt 1dsk m@mev%,mhtyshwmws than 18% and
butyral ), there w pically be residual acetate

@ercembg e@h@smhﬁ@ﬂ%:ﬁf%ﬁl@egleé% y Larcndessandahediyess diap 12%. In
B RURGSEV GEL BYERk BPE R MR for e

dlcﬁfetcmne i Bydread uoﬁﬂntdm\aeamethgh;tzo hugenseam bbasadds per ASTM

1396. In rioqus e dlnents of th res i nventi
the r&s\ a%sﬁl}erﬁg}n%%z reasmiiss Obentiffeotichet a@ﬁ apolyer shebt is

g&{izr%éﬁ%led %&}%ﬁr@d Q&Brcghé {Pthe BRI de8@Red tn $9K&7A%In various
9 Y .
embodiments of the present invention, the two polymer sheets have a tensile break stress

according to the following, wherein the first polymer sheet in the following list is the
polymer sheet with the lower plasticizer content: first polymer sheet greater than 135
kilograms per square centimeter and second polymer sheet less than 120 kilograms per
square centimeter; first polymer sheet greater than 150 kilograms per square centimeter
and second polymer sheet less than 135 kilograms per square centimeter; first polymer
sheet greater than 165 kilograms per square centimeter and second polymer sheet less
than 150 kilograms per square centimeter; or first polymer sheet greater than 180

kilograms per square centimeter and second polymer sheet less than 165 kilograms per

10
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4.0% 5.0% 7.5% or by at |least 10% This difference
is calculated by subtracting the residual hydroxyl

w@eanisesnsof the sheet with the | ower residual PYEDS2091/082530

content fromthe residual hydroxyl content of the
sheet with the greater residual hydroxyl content. For
exanple, if a first polynmer sheet has a residual

hydr oxyl. cont ent of wei ght percent,and.a second

B g e or A g At BULRPa S5t BB AT0Y Dipak sress by a
waitaBtkiRereRPer sgieNcdnigni@si dual hydroxyl content of

the two sheets differs by 3 weight percent. For a

gi venFeytbe pufpoprisad thapresant invhetiane satiffeicnéa iy spfind tizsmission

| asticizer in ol knyl butyral) s |argel
B Bk &y Pofu et hed Sl fn B Gl ¥ second potymmer
pide/fovin By FromUdoyiipdls tiowi(Biinta @Rl ElaysrEigictliadr iyes@xyéd according
content will result in a reduced prasti ci zer

fQlloyingty or capacity. Likewi se, poly(vinyl

butyr i ' r oxvl i
resul tﬂr%th%hll %S{rgagegfsgﬁ%gtg? ?%?t%?lag?é a&ﬁ@ﬁ%%{/wﬁg@o
malhiactdry (30Thgganp compposdded (Aamdbdesacsrd pdlgmeesteet (Shhet B) having

hydroxyl content. of each paly(vjnyl bu I ol ymer
ARcimsY Aot éz%éBI&WBtFrSt(ﬁQ %ﬁ’éﬁéwy@?@s S o) _OXV for
the ppgRehikkhaAit Hegl ShQadl AKIRBMB Lha$ Hféhhg'he@?éngﬂ@hﬁdulus (see

the difference I n plasticizer content between th
pokydnee clséveledrs herds)i s known in the art, residual

hydr oxyl . content can be contr.ol | ed 0 ol |']

Feact LR SRt ERE BT Seripal ootk Ripveen two
14961 IPD G Smil AmERE BN AGIAME t@rPAGESS. | n vari ous
enbodi nents, the residual hydroxyl content of the two

sheet bammagesdF eeinfiggeer xfidrosnlimpisetectaagls affthpctdbbstagen two layers
S nd..sheet . | an .23% ir sheet | ess than 23%
3§%?§%g%e elrst lé:gt%?ola{eglgsstt g%]gné{i%e?h' rst sheet | ess than

21% apdtcsanentlt sigglctt &izgudntanf IR%Wantl Kasingsthe Shedt ®@8th the higher
than 20% and second sheet |ess than 17% first sheet

feagite madiHus Bop alservice BergindRepioce@ue), thigh arsdgsignagagythe “reference
gﬂﬁ?t@d‘a‘ﬁé“&@ﬁ#g&%ﬂ lr'se(:ond sheet less than 12% In
t odl nert

ny o ese e s, any of the values given in
t he pMeaswe theBuad Mapinfisiornt hess @ T eofdraael A and ParadBydt the

cantent between the.two | ayers can b se use

PRGNt RANEI dofsaineddh Medest S5 as T M € @3@%& flgge
fnhRlaRLrsheet is defined and neasured according to

the nethod described in JIS K6771 . In various
enbodThedifraice itheupd ¢easthissinw &vs between heo shwotspokymetiple layer
sheets have a tensile break stress according to the
PUTGH RatenaQeIndiSt P RE" f i rst pol ymer sheet in the
following listjis the ‘

(STL Panel A)—(STL Panel B)

For purposes of the present invention a “coincident frequency” means the
frequency at which a panel exhibits a dip in sound transmission loss due to “coincident
effect”, which can be experimentally determined from the plot of sound transmission loss
versus 1/3 octave band frequency. In the various embodiments of the present invention,

the coincident frequency of a panel is typically in the range of 2,000 to 6,000 Hertz, and
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pol ynmer sheet with the |ower plasticizer content:
first polynmer sheet greater than 135 kil ograns per

W@ qwang77eent i net er and second pol yner sheet | eRBGI/USZANT/082530
120 kil ograns per square centineter; first polynmer
sheet greater than 150 kil ograns per square centineter
and second polyner sheet | ess than 135 kil ogranms per

ST OGP e 2 Uiy e O i R BB SR gui o he
Sihed @ass hifcd 30 ghisl RARE RFerRRlc BAYEH G GRILSRNAY

or first polynmer sheet greater than 180 kil ograns per
square centineter and secondbpolyﬁgllsheet | ess than
165 kil ogranms persquare centi‘meterg or in general the

two pol ymer sheets differ in tensile break stress by
at | ewbere19” ki the ntalredass éhicknpsninemidemeticrsetndrf  Horin Hegz.

g g L ﬁggttse ?1560 h tf%qlgi 3 L eslglglgie%tr% \%gltgrllco St ftlﬁer I© erlergciej)%? o1 g ﬁlgo {eferred to

fothoeebférenin feQppRsi’t i on (A) and a second polyner sheet
formed from conposition (B) in a nultiple |aye

i nt er Inafygical lamigatesywithhisvp eterdarirhgf glésse He “F@mbtswi ghpss thickness”
ﬁ théSum foP {h@tﬂl{%ﬂ%géf @ng :t‘?ég?ﬁaéleﬁ%ﬁﬁagé Sﬂlelﬁt)s 0 r\‘{ﬂﬁ‘éé%lﬁ%%lgaé%s with

thi ckness of ters

thired AA)mare dayarrsefogdasd, the kymbinesd lpet thiGnestwd)ld batticrngneof the three
t hi ckness o O 7620 millinmeters (30 mls) and conposed

o mPEs)laygsePklatsne whi ch sheet - Sheet A or Sheet B -

has 1t ey Ricdbembb&RRhls® MMRAMEYUS e/, ARSEHE ?dyer interlayers of the

el sewhere herein). Lam nate a 47 centinmeter x
presdnit metcetion emhamsglag last tBheetynierisbeateerhibiiog b dyf&rsnocafm sound

1 il k fl Lass to form Panel A .
it o disstaravagiop o7 3 HENS bRt Pt iig heis of ot loas 2
SOERds, Brd?€ hHB& AL W e AYRI Sndddverd ndorBhidféaBly & ddefbelkor higher or 8

float glass to form Panel B. Determ ne thé coincident
dw@qmymdygmﬁ t he Panel having the Sheet with the

hi ghe nS|I er
or ocef v e5ous e bon% ae}l%é e?e ’?glVFl%[lon, A gcli %cne(r:lgpolgﬁleef sheets of

thGrésbet iny ﬁftl@h@l@ﬁ@thle rdiﬁi@cfﬁt@/[ﬂﬁstlciz%ét&wfb’tﬁ ab h@cﬁb&&lzﬁ)ove and each
Transm ssi on Loss épOf Panel A and Panel B at

8&%&%&{1@8&%@9%@03 epfripsedben hmote”o ket thap dpnele t%i less than
é\ﬁird}/é &? @esg %)1 2Ahold © o,' &q&s than 1 mole %. These residual acetate

concentrations can be combined with the residual hydroxyl contents given above, in any
combination, to form two polymer sheets of the present invention having the described
differences in plasticizer content and residual hydroxyl content while having little to no
residual acetate content. Further embodiments of multiple layer interlayers of the present
invention include interlayers having more than two polymer sheets, wherein one or more
of the additional polymer sheets has a residual acetate content of less than 5 mole %, less
than 4 mole %, less than 3 mole %, less than 2 mole %, or less than 1 mole %.

Further embodiments of the present invention include any of the foregoing
embodiments further comprising a third polymer sheet. Addition of this third polymer
sheet layer results in a three layer construct that has the following structure for interlayers

with a plasticizer differential between adjacent polymer sheets: First polymer sheet with

12
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tenperature of 20 OC. The difference in sound
transm ssion | oss between two sheets in a nultiple
WO 2008057788 er | ayer is then conputed to be: (STLPEEN£I007()82530
- (STL Panel B)\ For purposes of the present invention
a "coincident frequency" neans the frequency at which
a panel exhibits a dip in sound transm ssion |oss due
nci ent ef f ect can he experi.mental | .
el RS it s ncttnd BolSir tican i Bty bl plasticizer
YRR SHE TRt Bp&IGinaY &hebanthif MEAURNRENer shbet B h¥ARTth®Ysme composition as
enmbodi ments of the present invention, the coincident

ﬂwéﬁﬂﬂﬁtﬂn@ﬁhqﬁpahéwﬂﬂgﬂhﬁﬁmnﬁIIy in the range of
‘rzmgco)lol o rlouggglg%%%{;eﬁtgr it (%1(1: B&ﬁmer Sq}eﬁﬁe% tslr‘%gggsa%lgeqcogrpotsglon as the

ﬁfse p@l@fﬂr@t sledt, Q\Hﬁélﬁptbhid@;km &ﬁrée Kaﬁletgh@ﬁﬁltddﬁnteﬁ@ydr el rhem eelatwely
fromthe al gorithm__ 15 000 L d where "d" is

théﬁ%ult f@lhagéleﬂ)ﬁlw sheet famifpted besicen Svarrptivelyeasy & lilaaldle sheets,
{ﬂttlﬁ% ﬁ@é nﬂﬁtﬁg? Da?r&efn &&%P&% f%gétﬁ%w eafs¥r quﬂeﬁ{a?ey ar@fwiliBe can be

r's a so referred to-as ference
fﬂceqmmmydlrectly ity ek 38hg pactssed st Iyrfevlbusly\mm:aw @nglt agBnger sheet
Iass t hi cknes is the s

f .glass, the "co ned m of
P the chreextion Oﬂﬁs W%y%lwglebﬁheﬁw the ipferiggre! the present
ﬁl@@i@tllcﬁf( of Q%Iﬁﬁ&s@t?bn\’\ﬂhﬁﬂe&nfsqﬁ sﬁ{lla%f&eés%@ed’lﬁré%{erﬁhﬁs(?r example,

t he conbi ned gl ass thickness woul d be the sum of
blecleieg tandrmaye. Iayers of glass I n various enbodlnents

of th ese i nt on nter ers

of tnE ShESEodivanet Brive B rdiner HERA THRE TR e e
ﬁfﬂ@qjoqsyrﬁemhpét%m dafedlédt fc8mPOGRon thal SN Est SRNS BT hebOnd the

| oss, the determ nation of which is described

diffsesniey ia degpepifion between thedbird polymst pledesandhihe gecond polymer sheet

r ferab I bel s referab
P élgti) any f%l}e (Iillgfgxhences SV g)ggleg erlqléenglrffee c A betw eﬁyt\l/lg rﬁrst golymer

ﬁ@omdmﬁat@oﬁﬂpbliyﬁlepsment i nvention, tvvo adJ acent
pol yner sheets of the present invention have the

di f f eFPIrRyapInkes one pxesplgyenibrdinant syt be dast ppbiecr shesg with a
RRfMal hydroxyl content of 20%//second polymer sheet with a residual hydroxyl content

of 16%// third polymer sheet with a residual hydroxyl content of 18%. It will be noted
that, in this example, the third polymer sheet differs from the second polymer sheet at
least in that it has a residual hydroxyl content that is 2% greater than the hydroxyl content
of the second polymer sheet. Of course, any of the other differences noted herein
throughout can singly or in combination distinguish the third polymer layer from the
second polymer layer.

In three layer embodiments described herein, at least one of the polymer sheets
has a colored region in a gradient region.

In addition to the three layer embodiments described herein, further embodiments
include interlayers having more than three layers in which further low residual hydroxyl
sheets can be used, for example, iterations of polymer sheets having alternating

plasticizer contents with alternating hydroxyl content and optionally low or negligible
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further has a residual acetate content of less than 5
mole % less than 4 nole % less than 3 nole % | ess

WO bR/ 02778l e % or less than 1 nole % These recI/tsZND7/082530

acetate concentrations can be conbined with the
resi dual hydroxyl contents given above, in any
conbi nation, to formtwo pol yner sheets of the present

i nvent i o haV| he des i bed differences i

OB 45P Bt Ol T QLR GURPU APERYAT 2t fpinfor example, 4,5,
whirl® thaviingvidudtih@r§. 0 no residual acetate content.

Furt her enbodi ments of mul ti ple layer interlayers of

t he p@é@é penventienal nlatynr&, acdgdeown tﬂeﬂlleatyte ean ranrorgorstadanto the
1ng% f %10 p&?s%glt fcﬁvg OEggaer}ép “:fglolerér %@Zg stcrﬂt:)e(F in detail

61@@&1@6’1?& h@%lnl) e8ch atsh)’@[\ye&efﬁlﬂ& ﬁ&y(btﬁ?&nb F@éplﬂhdlﬁbﬁla%ng a metallized
less than 3 mole % less than 2 nole % or less than 1

troPle andnfratied rdecttrgptnskneintBergrripraanse dawsn denasiehihisan, can be
1n@ﬁidr9&i§et2v%¥n Qlfqh{v%elagg‘ﬁ %ggblgg]heeet %% &rﬁlﬂet ﬁgé]eﬂg #thtﬁltllosn For

é;hanﬁpje po laywe layshembodiayet, an @gedldysr can e fabirie@ecd wifkethe following
onstru t hat ha e foll ow ng. structure for

iR IPRJER SE rﬁragg? ¥ i el eE FUeT Ao Mt having a
ﬁ&f&ﬁﬁﬁ&e lﬁ%ry/ﬂglmp SR with r&18tivddP oW BEstRRe tontent. In general

wi threl ativel | asticizer content//Second pol yire
sdikiegnaiayhrsrod Itlmu‘moplaytlds; gich pls aehy(\anyléxutwdmthQSVeﬂ'ﬁlmd primer

Bl g RAERh rO o WoAdeR g HTahy RER ToyeE ARemGeR, d M present

b&eﬂhcfnf £66Ming tb M/ @dsired fesBhAg tHEqﬁFtﬁaula{r Bﬁpﬁcﬁhbﬁ‘

pol ymer sheet has the sanme conposition as the first

pol ynEer @rﬂé aiterlaper @rnb@fhwnmféhgpltemné enweav‘@r 1nl el Sy @ gr more
seé)tflrea:frega %rileFts are d1§%o ec&) ntcon?acy dth one ﬁn(%t er a‘nd sf%%sseguein(t)ly

alm na Ive

lhaﬁﬁizlted ﬁif@@&ﬁgleﬁﬁ&tlhidrngeﬂel’als% dﬂﬂti atpérﬁbdcﬁmaﬁt where a coextruded
|nterl ayer that is relatively easy to handl e and which
Bt layer is rﬁ%rareﬁdp bereuthgissae 1AYgT HRIGCRRIs PG es of the

Hg> o
fgﬁ%@ént ALK Sr% é’onﬁﬁi%%d% Bt ?&hfed%%&iﬁ@ﬁle ﬁgféﬁ gl?ééitt%}g\dtig‘ €

onposition’o e outer two polyner s
cortsaletalyemafipleHaycp’ msehityed. nventi on, or a conposition
t hat é&(s [ts in sim processi ng cnaracterlstlcs

(for fa tow%@rar@erts Sryadrdyereinhe prrarnt SR8 HPHalNe grovides

Hettlolig bf‘&dhélﬁg SIS 6?501§BQ§IB§% Bn 8piidlg |c§mbﬂ§1ﬁ% HRY&p of
the third polynmer sheet has a different conposition

disposingie the onind yiplshget glaspdnel vemgiifihgren obthciinterlayers of

osi t.ion between the third polyner sheet and the
EBREHBIHEE. < heet

The present invention also includes methods of manufacturing an interlayer,
comprising the steps of forming a first polymer sheet and a second polymer sheet,
wherein the two polymer sheets have different compositions, as described elsewhere
herein, and laminating the two polymer sheets together to form the interlayer.

The present invention also includes methods of manufacturing an interlayer,
comprising the steps of forming a first polymer sheet, a second polymer sheet, and a third

polymer sheet, wherein the three polymer sheets have compositions according to the
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can be any of the differences given above for the
di fferences between the first polyner sheet and the

wae@snsr7gol ynmer sheet. For exanpl e, one exenpl BEHUS2007/082530

enbodi nent woul d be: first polynmer sheet with a
resi dual hydroxyl content of 20%/second pol ynmer sheet
Wi th a residual hydroxyl content of 16%/ third

&?l %&ay?r %Eﬁ ﬁg{lﬁg}& %cn Se:qd qugeléjlg %{ é’lﬂﬁ?%&lﬁﬁﬁlé) &1 ]ﬂ%%oe polymer

PRLYTBEtshes Forth th @ftsrdyepm t he second pol ymer sheet at
least Tn that it has aresidual hydroxyl content that
i s 29d'be prgpent inveanon #eo hyhxd@&meﬂmdﬁ pemenghctihieg s gudinle layer
glg%l geciz Spér}%hngtlﬁrrnbn&%ﬁg L]?}? %% t%n ént%rleryers ofcqleh Slreg%%ﬁgvg{rl el CE&ween
ﬂﬂ](ﬁﬁglﬂgtﬂatﬁ;bat%ﬂﬁ)dnbls[ﬂ; POkoVed inl thy art, fuchas plass @%ﬁ;ﬂﬁ layers.
polyner | ayer. In three |ayer enbod| ment s descri bed
her ei hie BESeNS stentipipalsd inchidep BIujfAl laypraglpss NaR@ls.guch as

n
FRLSE SRR AR B A wl DL B b or e
@m&mdhm&nﬁsnlnclude |nterlayers having nore than three
| ayer fur | ow resi dual dro sheet s
can bél%?ég U gsvi P &YCF BIAFIAE PHHIS ﬁﬁﬂ?ﬁ WhRat arylics,

Gla(\’th&%uﬁhﬁlgMﬂa@n@lﬁ%%’fﬁi@ﬁﬁss?gﬂé@ nts with

al ternating hydroxyl content™ and optionally |ow or
negl i gx vireue smbu@tmeatsetf alueepremnt awventidm ae rtenjeyes cdnopmmses a

I 4 6.
o it VRAShe ERitE tign SonE Somt lasfisior e teRoref?
ROEYRIBPRMFIILRI t he art, can be incorporated into the

interlayers of the present i nvention. For exanple,

pol ymas up¢d hescipde dyperdilimy rd@mamreléﬂl\seémﬂﬂem énm@gléum}ymer layer
esters |ike ethy e

R Rn o R AR Rarp SRelng o PR AP R otymer

&Ie@@kas Bed Gther, upﬁ,iaf Mmeﬁﬁlnisaioa{ot ﬂ&mﬁlv*eﬁ ﬁrdvi‘t&rtﬁ@ﬁecessary
can be included between any two | ayers of F
BHWEELOFCSISIRBCHIKLA AT rPteYgn preaertl%ﬁo EREHip eelayqrrgl%?utwsmcture,

%ﬁﬁ%ﬁ%&%g@ rmaﬁ‘l%e hﬂ]gﬁ%&&ﬁé{rﬁﬁ sﬁ@l?asbﬁﬁfaf’ekaral'bg%ﬁgrr Watfter.

ayout : mer sheet wth re
Polgtetipl ast teephthalac) v most/copolonts tied af ialpol ymaorifiig. a

ARG N B ARG TR (-
b ble %‘gfﬁp%«relﬁe%debﬁo 0356 @50 PAhM( ¥ W4 tPHOY Frdh.) ThPR IV SeE BFm layer
can optionally be surface treated or coated to improve one or more properties, such as
adhesion or infrared radiation reflection. These functional performance layers include,
for example, a multi-layer stack for reflecting infra-red solar radiation and transmitting
visible light when exposed to sunlight. This multi-layer stack is known in the art (see, for
example, WO 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one
or more Angstroms-thick metal layers and one or more (for example two) sequentially
deposited, optically cooperating dielectric layers. As is also known, (see, for example,

U.S. Patents 4,017,661 and 4,786,783), the metal layer(s) may optionally be electrically

resistance heated for defrosting or defogging of any associated glass layers.
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| ayers, and hardcoat |ayers can be added to the
multiple layer interlayers of the present invention

W@ewsosli7sR) to the desired result and the partiRCI/ES2007/082530

application. For each interlayer enbodi nent of the
present invention in which two or nore separate
pol yner sheets are disposed in contact with one

iaﬂ? te p?\gﬁﬁl%oyﬂg q(}f %OM% fﬁ{nstﬂa{qceagr]i%g%?qﬁgﬁﬁ It%F%engmventlon

GARKLS HEleHbENhaY Saybntl 657970798 Eorh B3 Y i8S BNMBorlnddt&llic layers
arrangenent, which, for t he pur poses of the present

that/émtcm@hto refledt dnfeirebradintion “bémﬂmrn@tulgdﬁterfﬁtmpfpth@t can be caused
%% hggts and is considered a "nultiple |ayer”
her S V 1n addition to the interlayers provided

her ei Mhe pdﬂzmaf fiER Myct, My S6thé efbadifRnR 9vbaeslyrinbsuientdf.c.
reduci ng t evel of sound through an openi ng

eliagp pdineryt P%Slé? epthefaydr epols sgniprak ﬁéeeéld@hﬁhﬁ gyeof a particular
gl])gek}e hfokl r%ytﬁ ou hﬁ?esla 3 Hdm ﬁ%‘H?ﬁér%id%? a.?ﬁ%s@efllgtﬂaga greater, in

|nter ayer sent I'nvent i on.
smeﬁhbmhmahts elgnrﬁ:dautliﬁ greaet hodsle axiodmmuégﬁdlagsl afgomposition than

] s et ool T e
EMRpRRL ¥ MR PRSESmBRMEL. A ihbss ﬁ@%m&ﬁﬁ@fé‘%étét@eﬂ?ha\%?g suitable

descri bed el sewhere herein, and |amnating the t
popyiies ashyéins, pagetthencst acrfloesnpollyearbortaas| m/lwl,eﬁfrms.uch as

resent. i nvention a net h 0
RIS o bRl R sl o Gt Tnal sl fscpobymmsys apd copotymers
iR 1k Mike A1 Vdrvlus BRAbYBTIen&N8R ol yEn G ERANEyd? Qbmﬁgessfﬂeﬁ@ﬁals such as
and a third polymer sheet, wherein the three polyne

ghyetehed mmﬁmmlm@n@p@ groperticheviick @CHW@OIYeSters for
anrnpqe ?elp{g ?I%ﬂened[ﬁregfltlhbleﬁe anc? p%ieﬁl?yl@r%&grep%thalaf{eg g}ycoanPETG) In

amna e

{Yh®ous @h@bﬂ@y&ts p&i@ﬁbﬂpﬂ@ﬁe&@iephﬂhﬁﬁf&) I1sD|msed| &d, inn@lriedesmbodiments,
met hods of manuf act uring l e | ayer gl azing

@@rmbf(%thﬁl@mr teRshEhalatg) l@mbe@r blﬁﬁé ﬁffé?heé)ﬁ@ Fgpigye ﬁ‘ﬁ@lgth and has
Qée(ﬁarfegé staIN Satth Fb\}?&:et H@ggr rdhgfagteﬁlg rsﬁﬂ]tected to elevated
e e as glass ‘or

pan as are nomn |n t suc
aorpgldtaret Gyensss tﬁl'dmez% sleseape imbahdirostioak afier 3Jchimies at 150°C).
mul ti

e |layer. gl ass panels, such as w_ndshi el and
ar chi Doy chrting b ACE B e tﬁgl%qtmﬁ 1191 qﬂlﬂeihdl}éﬁ terephthalatc)
Filth @fak 8%EBe ®led Wit tRE BR8GM: ihVANERE hiRMisclosed in published European
Application No. 0157030. Polymer films of the present invention can also include a

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

POLYMER SHEET

As used herein, a “polymer sheet” means any thermoplastic polymer composition
formed by any suitable method into a thin layer that is suitable alone, or in stacks of more
than one layer, for use as an interlayer that provides adequate penetration resistance and
glass retention properties to laminated glazing panels. Plasticized poly(vinyl butyral) is

most commonly used to form polymer sheets.
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Al so included are multiple | ayer glazing panels having
pl astics, such as acrylics, or other suitable

woreaososass i n place of the glass panels. In var@¢ous2007/082530

enbodi nents of the present invention, an interlayer
conprises a colored region within the gradient region
of one or nore |ayers of the interlayer POLYMER FI LM

fi | ati
Chi - Thapogensss) shseiEyerny NiebRdRbone G Lfeorrd
BRbOAHRRN AR RINIANGHEE cbﬂ%ﬁées RN VBT bikt Ey%amys 18iah{ 8F ther om

pol ymer sheets as used herein,” in that polynmer filns
gobedments ofrths] me@nbm@vmtm given hﬁe@eélyépympemqlmvntyh butyral) as

elsiolo t aer}{:cecg%lg)d glrt 0%%h [ et ent I ur é qglﬁe{rtel 1rnen§ta1s 1nc18%ed in which

azihg provi
ﬂerﬁogmﬁem@ﬁlpbﬁm @Mﬁﬁ@@bﬁor csugbts a§sehm1rya5fqﬁ)l}i(b§19r wityAN. In these
character. Pouy et hyl ene, terephthalat is nos
@@h@ﬁ-}megytsu%d) ke warpépymsradditives disglogeghestig can be used with the

e A A
Butdlx o 0. 06 mMm The polyner f|In1Iayer can optlonally
be surface treated1%r coated to inprove ope or

pr opelt §eemRadupenisths gakyEIcs RhesF CoRPLSEs &dO Yérmrme&rpn partially
éc%fta{h%@& b ?(Vlﬂ—)tl%%hgl)@ Clyl a?iﬁﬁier %Bf)cﬁﬁﬁﬁf‘% ﬂo@%ﬁ&ssheet comprises a

I ncl ude, for ‘exa ., amulti-layer stack f
pafinec mkroged ﬁncbrnah& g@oup obmsisting dif at)llyb\nnydﬂxﬂltyrala,rrmdryltrethmtg:

Helpyiny eyt pelb R SRR i droigiogliRyes and the like. In
S%enah@odlm&ﬁ&h%&%eamée%o%pr%e& BRktidzetY B¢ Byl B al) In

can co for exanple, one or nore An%stroms t

rar e Smshe ke BETOT sheprepries Bl ey and one or more
%t% %o %Imgrs btger yn}&cgg haV1H$ a (Prﬂ%& \B;f]asg?l%lélg cafg]%:rity can also be used.

rrc lay e

Bxanpfehe iécﬁonsﬁfﬂr@ﬂﬁn;wﬁlcﬁ]p?ef@ﬁéd Angdesd vA186s, 483D mbih@ds are given
metal | ayer(s) y optionally be electrically . o
pResificeln mbéw@a puyrabdfar s3pnpg. ¥1d Wishay é}ﬂﬁé“@lﬂ, fghplasticizers,

?xﬁf&&{eﬁ{aﬁéi‘c&'t?g? thidks s§esAﬂ1dazﬁweHc'te9ﬂﬂé _chi¥REin %fadﬁf?llv¥§5eﬁlose

€ use present 1 nvention
winpedalscsaphdy ovlicbeapplicatile, 3o tiRadtbertpobyn@¥ a8 polymenplehdsedisclosed

multitu of nonnetallic | ayers that function to
SF RSy HF?%DQH’OP%? 1t PIROGH %{ﬁ@ﬁ‘it creating

I'I'Etee{ofg)l&;/ é?rﬂeé‘&iflﬂh&?fng cgrf/lgrrlgﬁ% ?}ﬁggﬁgyl ke%lﬁtﬂﬁ,t) ahd | {)&’y V?tgﬁ fbatyral) can be
prodiieall Hyyknomarespahizatton(proesses that involve reacting poly(vinyl alcohol) with
butyraldehyde in the presence of an acid catalyst, followed by neutralization of the
catalyst, separation, stabilization, and drying of the resin, with the understanding that in
various embodiments, residual hydroxyl content will be controlled, as described
elsewhere herein.

In various embodiments, the polymer sheet comprises poly(vinyl butyral) having
a molecular weight greater than 30,000, 40,000, 50,000, 55,000, 60,000, 65,000, 70,000,
120,000, 250,000, or 350,000 grams per mole (g/mole or Daltons). Small quantities of a

dialdehyde or trialdehyde can also be added during the acetalization step to increase

molecular weight to greater than 350 Daltons (see, for example, U.S. Patents 4,874,814;
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obj ects adj acent one side of the layer can be
confortably seen by the eye of a particul ar observer

WO owR0sI88 hr ough the [ ayer fromthe other side)CT/ESZH07/082530

usually has a greater, in sonme enbodi nents
significantly greater, tensile nodulus regardl ess of
conposition than that of any adj acent polyner sheet.

A3 b4t AT RS Brocrefaf by B iy Welehe” means the

(VephiRRra%thélcfmierdights having suitable properties are
nylons, polyurethanes, acrylics, polycarbonates,

p ol yolfariitionaly wnvastumll pRyoSY shoats, arc ekl i eddition tot anyed the

g cflrrnh:t(r:s teéfjlctrl e%l ﬁtél neyalg h%\blllng rpllag%ﬁm%% lS%gF%O%@%geﬁlfc%S’ ﬂ}ot%% additional,
mivyﬂ@dnat bl@fideﬁy}%ts@@ﬁ'ﬁbmpﬁ& TRoI0I, 2 So 60JQ0 t&$0, or 10 to 70 parts
re stretched therm)pl astic films havi ng the not ed

phadiirazar ipeisonoandredingets gfeswdplyas (dcaurse gihceguamgfis can be used as

Rap YRR B e Eh SR B dn AtoD, HAEINLES She plagicizer has o
h)}&iry(&bdiydegmm eff fewhi thah 30, weisthas éfl, foeandthan h2 varfewwershan 10

odi nents, the poly(ethylene terephthal ate) has been
Bar 0 4Py stretched to i nprove strength, and has been

heat af lghlltdb&eﬂa&ﬁli%?soéﬁh% |d8¥¥1 Shhé P&@ﬁfer resins of the present

characterlstlcs en subjected to elevated
tnefnqnmnanuxrm t(é é)rgl thb pslynteh alreeBY o mticnkageed m tbophlymer sheets of

gﬁr ectians rH nut es fat 000) . Var| 0 {28 L
d’r%sﬁ’?trlaiéeél ?Péﬁ? fﬂéﬁlﬂ et GuelyRasic ahig g (aé}%f}]ygiﬂg alcoto
hiRbRPHHhbBAR! ZufblE pla@mlk@& ifeffdcbRr @)‘éﬁgplw tkiBthi, e ByREEdIL(2-

i nvention are disclosed in %ubl i sh Eur opean

ﬂbxﬁlbmyaqtﬁb ﬁlqtlmvlemgims 9i-(3el ylhéxaﬁqatebsérleﬂlybné ghyeelsdihgptanoate,

jpyenti.on e nd/ or .and

tI‘t'/le pglen? g yco O & fleé)? noagekﬁg q alalpf?l 10c‘iy? %&% ]SHEET
é‘;:‘cl(blﬁsﬁsilah@ﬁ% fhixtares POhopIRrand ey adifedsdiddyonyl adipate, heptylnonyl
thernopl astic polyner conposition forned by
adipatariibutietchesdts. Relymericmlastipiges sughas the gllgrﬁmlé% ghacic alkyds,

%@ﬁ%«tul% of @&#ﬁ%&anﬂfad 'Eeg sh cﬁwfoéeﬂ)ﬁ?U .S, fP%’E N> 8,83%,890 and

an i nter t provides adequate penetration
adapatss amh @s disdlogddaind).SeP&nNb of) 143¢ bwe and aﬁxttm:s landrcovabiedtions of

panel s. Pl.asticized Vi n aI )
?9631 reg%&ﬁo ther plasticiers iyt ﬁ%ﬁ? rarf‘s Sﬁl&dﬁrﬁ@m Cato Gy
SIRCEH cRN &1‘&'8%1'05@4 81ty §1@bﬁd’1§"a§ di%@ioXé&%U @nﬁat NB. £013,779, and
preferred enbdodi nent, T he pol'ymer sheet conprises
PotoyCvadipdte bstergraich as hexyangipgt. Thpreéaryddinedingents, thaglasticizer

E&ﬁs& eﬂégg’g&%ﬂgﬁ?ﬂy eeg(agoeatee)l n that conprise

Adhesion control agents (ACAs) can also be included in the polymer sheets of the
present invention to impart the desired adhesiveness. These agents can be incorporated
into the outer sheets in a three polymer sheet embodiment, for example. Any of the
ACAs disclosed in U.S. Patent 5,728,472 can be used. Additionally, residual sodium
acetate and/or potassium acetate can be adjusted by varying the amount of the associated
hydroxide used in acid neutralization. In various embodiments, polymer sheets of the

present invention comprise, in addition to sodium acetate, magnesium bis(2-ethyl
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the pol yneric conponent of the pol yner sheet, another
enbodi nent is included in which the pol yner conponent

W@ 2098031788 of or consists essentially of poly(VvP€CHIS2007/082530
butyral). In these enbodi nents, any of the variations
in additives disclosed herein can be used with the
pol ymer sheet having a polymer consisting of or

o ns I {«ﬂll}ﬁ & ?}B%tlglyl gf @g{zéﬁg_/(hp hgggat L a\b[?ﬂ fﬁ% can P included

Qlaa%eﬂn&ﬁu eﬂédtivelté YorRfeft b@hdstoRh PR YdlyhBydhedd e @h@k) s. In

anot her enbodi nent, the pol yner sheet conprises a
pol yméddiizbemppde frrcernordted gnt@th@ pobmedrsheéatdp erfhance its performance

ol ne, I l.orid
Bt Yook A BEint S T Binch Bt & kG REBr s Bres
pﬂgdlehﬁﬁsthbllﬁ@ers (eg. Qﬁlhafllo%ﬁbﬁﬂihﬁa@) SintidAi@arddq fMARre@RR@ts, other IR
conmprises plasticized poly(vinyl butyral). In further
ébﬁ@&&r%ﬁ@«@ lack @t pREbingkiert oltbernteering pdslifasi #d the like, as are
?M%X d one or nore other polynmers. O her

0 ners aving a proper plasticizing capacity can

al so Agents ddt sdlectianly abborbighsmahe oniblher ®ianinfrarathipedtrum can be

val ues, and/or nethods ar

E%@é% et t@ Reimopbtg POVAYT Shisty rf%ge}ltS(fg%trcagis%ifﬁ@gclaﬁa dyes and

WighRattsubi ﬁlﬁfu‘ﬂpﬁm okiE, d?lltl?r%&%nzcﬁﬁd% o RIM@RERhexaboride (LaBs).
per cent ages, t hi ck nesses and” char aCt eri stic-enhanci ng

add|tAmgsyudﬂmm@émdam@bsuaﬂSopambbqﬂwwhbmaxabgﬂsmubhennﬂnpb

th | .
herefr Bt e PRI e i ftieBn DS op o ity Ersspa mafing
ﬁ(ﬂ’? YIBy$al§ HERhbHMNE tHHRE YKiMEDM! thO U Y§ed! for ckdifple, U.S. Patents
g@§¥§V|nyl butyral ) can be produced by known

7 and 2.8%2, 2@c d8 98g emh imicply dloselvicabmeihag described in Vinyl

PPy CataR b i Br BB RREE TR SCPORRE

vamhey& tpag &EYFAF I, by B.BWRAd (2003 @R beaBel. dihinbheOémbddment,
resin, with the understanding that in various

hstsgusans mrashod deserifed thergrcan Pe vsesht RAY(Vigivl putggal) is commercially
9@5@1@'&1 @%@S@Qﬁéﬁ@%% %@@Wﬁd‘ﬁf Leisp Lo'u{k NﬂggoﬁH%s

ment s e polyirer s conpri sés pol y(viny
Butwiralrdsithavi ng a nol ecul ar wei ght greater than
30, 000, 40, 000, 50 .000, 55, 000, 60,000, 65,000,
70, 000 Ui, “To%w. BHIS toothe Belynnie (B svemplsmohyiayl butyral))

é&ﬂweﬁt Rt 19?&&%3)&0&%' thixBH Bt tsGfs Rbmhe 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,
salts, and alcohols. As used herein, “melt” refers to a mixture of resin with a plasticizer
and, optionally, other additives.

One exemplary method of forming a poly(vinyl butyral) layer comprises
extruding molten poly(vinyl butyral) comprising resin, plasticizer, and additives and then
forcing the melt through a sheet die (for example, a die having an opening that is
substantially greater in one dimension than in a perpendicular dimension). Another
exemplary method of forming a poly(vinyl butyral) layer comprises casting a melt from a

die onto a roller, solidifying the resin, and subsequently removing the solidified resin as a
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di al dehyde or trial dehyde can al so be added during the
acetalization step to increase nol ecular weight to

wQ@e@angErsgs han 350 Dal tons (see, for exanple, WE/US2007/082530

Patents 4,874, 814; 4,814,529; and 4, 654,179). As used
herein, the term "nol ecul ar wei ght" neans the wei ght
average nol ecular weight. |If additional, conventiona

Bt oAt Tt ol apists TS i) Fish oF BRI B the layer may
OBl 8 bl hefusitese stifR3s ofdidid &itaing (ﬁ%@\b%‘\tiﬂi@lg 8é>(tture at the
0

pol ymer sheet's can conprise 20 to 60, 25 fo 60, '
Boler grrfape. Ogher Geobaiquss 1or gentiadiinethe pasrer txeurp invbirdsdrarying

arts, of sin, (phr).. O course other ities n
BBl of P bRl cRpnPRO D S et ity s ¥t v

plaptidigaat the fheltltbmp & RIr Mixdeiule Rcsght ldieriltRatof ehez@ly®as1 butyral),
a hydrocarbon segnment of fewer t%an 20, fewer than 15,
piecaepbipafions pbthedprepeing parameieryo Fusthpsroratthadayengnp be configured
R0 Sy SRl R Bl A n 8 AP A0 RS o fuilitte the
pohiyimgrof shedeya.duRhg $dniaatzer moused afer ivhichphd yloedated temperatures
sheets of the present invention can.include esters of
%Pdfmwaféiogf g dRising PERSFSYRAHPS B ATUBHIONS tampihgito the layer,
Qkﬂ%?§mmﬁﬂﬁﬁﬁQ%ﬁu%h@ﬁﬁkﬁ'Zers include, for exanple,
triethylene glycol di-(2- ethylbutyrate), triethylene

gl ycoFaltica(i@r ef hyluhmtahgyatielerlayericen by bemwenpishabby using known

e i, S S RSB G  fSRleE RR L BRR oy mer shect, and
e L aRaxh 2HE PRt e sholisXb st s uﬁﬁeﬁh@??dﬂria&%nﬂ!@iﬁﬁé, such as pressure
adi pates, diisononyl adipate, heptylnonyl adipate,

ancbligag|to swbhe single, poltiphelayer ipicdgydrci zers such as the
oi | -mpdi fied sebacic. alkyds, and sm xtures.of ..
onosphar e oS rERR e AR ARG E AR iRentprscandigye roul

¥ackndss84df §A0oa@ntimaltineddrs . 516ch0 asllighdah, asETtol N7 dmBlimeters, and
Pat. No. 4,144,217, and m xtures and conbi nati ons of
pRdo fl oragbmatgrs @mbkr The individipbrelymengdiccts g a puiliiple deysr mterlayer

: . : Ll
ESRe PO RSP SR (R ) SRt o
IXothe Eot@l ¥BickTSs rangds Givtwalidscadlipatise s todies embudimeass, the
&?ﬁ%}!ﬁsgg ég&te E@e%q?qaﬁ{bﬁ&ff%%ggtgg (?ﬂ%l sti r;ltda to ‘Ehlgetotal thicknesses given
Msv62- et hyl hexanoate). Adhesion control agents (ACAs)

can al so be included in the polyner sheets of the

pr esehhe paramptersolor the poypaertshediacstabicd ebbvadipeli asevmkts any layer
i-lr-lhae r%%ltl%gee aglesr c%%gltrubc? 0% s %{rgsce)rrlta&l\?e(%ltion that is a poly(vinyl butyral) type
layer.

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

The clarity of a polymer sheet, and particularly a poly(vinyl butyral) layer, can be
determined by measuring the haze value, which is a quantification of the amount of light
scattered away from the direction of the incident beam in passing through the layer. The
percent haze can be measured according to the following technique. An apparatus for

measuring the amount of haze, a Hazemeter, Model D25, which is available from Hunter
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into the outer sheets in a three pol yner sheet
enbodi nent, for exanple. Any of the ACAs disclosed in

WQR®@s/oPasent 5, 728,472 can be used. Additi onal PgT/US2007/082530

resi dual sodi um acetate and/ or potassium acetate can
be adjusted by varying the anmount of the associ ated
hydr oxi de used in acid neutralization. In various

Bompia SR ATV ERb R U538 afcomatie PARCE TR LER T re-approved
%’S?S@r@ée’dﬁfeb&tdé[@ ELASRRNTE & andfd8ék 8CinE | WM& grees. In various

2-76-0). The magnesium salt can be included in an
embedimeetsfoé did resenbinyeiftanpperaeit dgron 1k thaned pdessriken 3%, and
Epe&ﬁnﬁg,glass. Addi tives may be incorporated into the
pSTyner %heet to enhance its performance in a fina
pr oduThe viSilhtragdeiiftinee san BEuaeificdusingb @ Votis-INIR1 t ed
to, plasticizers, dyes, pigments, stabilizers (e.%.,
gnecHaphoirragtestughiap thedyagbda 9P ingade b dieskin ElmgereCorp. by methods

nt. . . ti-
e R0 g I B AR Rpts e
asnsafigarco ohwougina pblgnar shecAgtht prasbratinsation id arddagt 60%, at least

orb light in the visible or near infrared spectrum
?&)’ﬂénéﬁ%%%”@o any of the appropriate polyner sheets.

Agent Bkt aBRBioRSaNBE Hlehﬁﬁédjﬁ%ogﬂt?gsto‘a}g@ foglirog{ﬂ?g‘feéhtﬁh‘&é? and

as indiumtin oxide, antinony tin oxide, ant hanum
wérlpninde! ' isageired tofryeis i tjadnitiéy aditekiod of apolyenanskebt tapglass,

i el S A BRI fetes aS B Rg i s TP plafhinate samples
gidipk @Rl @ PP SERERS alitdtla@kihiifatiRAl WhiiBNd. TRV IamiRhtks fc@ooled to
known to those skilled in the art (see, for exanple

thos! - BEE 0 apdz@mualy pememcizd2ash obeymer 9 bypak the glass. Al
SERPMAR g P AR AR BB e &

Ielr1]¥érnove&, and the
yners, ncyc Cl ence

da6hnIfeRys leBrdhedd td tid,poM@liuyELByrapagrs is3Gduadl9Lonpyred with a
B. E. Wade (2003) can_be used. In another enbodi nent,
pqhef sfgudedss hBe pardaadseoriepranditp @ sedln it which&vaprdrgydegrees of glass

. - Ll . .
FEAABA BURYAGL 3 TP Y AL LSy o
koo i glhdsss tefir ddhased Bothegro{t(minyt eginl) 1&grused paemedl standard of
" in" f to th I [ fo :
o0 afhe Blapyiedioy eBitpfette rovAtny P BB et Pe(viny!
Eltﬁgra'l‘j Xy 6f e ?Yes%ﬁﬁﬁllélﬁiofl rc%h&x}é,efd'il%kéimﬁl%,t @blyrﬁfn%l itk of

ubsequent neutralization of the polynmeric precursors.
Regwicen hiahd 1¢eneral | y have ot her

Tensile break stress can be determined for a polymer sheet according to the
procedure described in JIS K6771.

As used herein, “titer” can be determined for sodium acetate and potassium
acetate (as used herein, the “ total alkaline titer”’) and magnesium salts in a sheet sample
using the following method.

In order to determine the amount of resin in each sheet sample that is weighed, the
following equation is used, where PHR is defined as the pounds per hundred pounds of
resin including plasticizer and any other additives to the resin in the original sheet sample

preparation.
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conponents in addition to the polyner, for exanple
pol y(vinyl butyral), such as acetates, salts, and

w@keehsi788 As used herein, "nelt" refers to a PERUS2087/082530

of resin with a plasticizer and, optionally, other

addi tives. One exenplary nethod of formng a

pol y(vinyl butyral) |ayer conprises extruding nolten
pol y(vinyl butyral) conprising resin, plasticizer, and
additives and then forcing the nelt through a sheet
Gicfind $sif KR MRlLsandhl -G ARV sRGt dmMpeni ng that is
substantially greater in one dinension than in a

per pendi cul ar di mensi o}00 ARGtRIEO0exenpl ary net hod of
formng a poly(vinyl butyral) |ayer conprises casting
anmlt froma die onto a roller, solidifying the

r esi nAppfostirBatblsyeguaiediy in thoBNdch ghnifle isStht tatidtingds 168l tO estimate
as asheet, In either enbodi nent, the surface texture

e agounkel Yectwamplesp gkt with.owgh thagaleulaieg s ebrssign taggsheet

i ust. ces of i ' :
e SRRSO (1Rl AT AR i e e
techni ques for controlling the |ayer texture include

varyi ng paraneters of the. materials. (for exanple, the
wat or | Bomesrangte prewpbe Hlta%@ a}lhﬁuﬁf‘és Bl ag%h?g@z@ﬁ,begwé It may
BRE b LERRBAAIH e SR EulaTo MELHIeMlySitoRYH] ANbiRkic MR just

pol y(vi nyl butyral), or ‘conmbinations’ o or egoi ng
pathaneltierls) prdparcdnerioaler. Thesdnayle and blanbercoaplf titatce ovith

Lhcl ude ced projectiaonsg,f.hat define a, tenporar
b sdEastintt BEaRSRe B ShGTeleiiiy hdflr biriind) b 48 pH or2s.
Th&amav of MiTia08cd RMEaBRtheQBMPIAHE IBESlai 10eSbtR iaGM e is
el evated tenperatures and pressures of the |am nating
prosleds Tha bl titaies getojueed anserding todhe follewang he | ayer,
thereby resulting in a snooth finish. Fabrication of a
multiple |ayer interlayer can be acconplished by using
Koo Witet el 0100 WeH Ci/noGdesial £ 50xuetls aSHChstemsadeais byHCI blank)

produci ng three |ayers of polyner stgRblatedNGah§6fresin
| am nating the three sheets together under appropriate

condi tions, such as pressure and heat, to yield a

single, nultiple layer interlayer. In various

enbodi.nents,. the interl s of .the .present invention

can_ nE0EoEgEr asnersaLEig Bo R RERE Rt Eter o

0.2 t o % 5l ok pAetoeyosBuerdlution Jpréard frbmMet 8h%s ofimonium
0.3to 1.5 mllimeters (mm). The individual polymner

eewdsansk 3549. mis|of kpineoniyy dydiontdedilaied to eamlitsawéth meghanol, and 12
%ng;[@ls ?f Eﬂ?lﬁrro&)élméke’*‘ ?nd?&lflo%l aré Qd({:elfi & ﬁlseeoﬁantkha%td’eam et sample,
adde er, resu

oge
all of which have already been titrated with HC, as described above. The titrant is then

changed to a 0.000298 g/ml EDTA solution prepared from 0.3263g tetrasodium
ethylenediaminetetraacetate dihydrate, 5 ml water, diluted to one liter with methanol.
The EDTA titration is measured by light transmittance at 596nm. The %transmittance is
first adjusted to 100% in the sample or blank before the titration is started while the
solution is a bright magenta-pink color. When transmittance at 596nm becomes
constant, the EDTA titration is complete, and the solution will be a deep indigo color.

The volume of EDTA titrated to achieve the indigo blue end point is recorded for the
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in the total thickness ranges given above. O course,
in other enbodi nents, the thicknesses of the | ayers

w@ 20086087788 f f erent, and can still add to the toPEE/US2007/082530

t hi cknesses given above. The paraneters for the
pol ymer sheet descri bed above apply as well to any
| ayer in a multiple [ ayer construct of the present

vent is a | y(vinyl t

i sumnGr Mo O bt Rbresit e e
ﬁﬂ@mmﬁgn be used to inprove and/ or neasure the
characteristics of the polyner sheet. The clarity of a
pol ynidfagaerewn Saliddtepkastli >cu{ ample of rmglnys(lvmmylt pougrymakyin] =
| ayer, can be determ ned by neasuring the haze val ue,
which is a quantification of the amount of [ight
scat t g0002¥AN DDA (hels df EBAA fof s@rthplk henls 6 EDAL fob BRIk)
i n passing through the layer, The percent haze can be
neas utEnaetEraih ghqebs%%le} P $ORpPle EEHM § 0000
apparatus for neasuring the anmobunt of haze, a
Hazeneter, Mdel D25, which is available from
Hunt eFAss thdd RBlﬂS t¢tRedkadine tiv&) as tan 0B enals efladetute salt per gram resin,

accord ASTM 61 (Re-approved
a@w@ﬁeﬂ%wer gﬁ§1%ggowmﬁﬁlnant C, at an observer

angIe of 2 degrees. In various enbodi nents of the

present invention, percent haze is |ess than 5% |ess
TomhABginaided © S {ThtanofldtectTh@ v TstiabMeghesams fult Tamo e
can be quantified using a UV-Vis-N R spectrophot onet er
such as the Lanbda 900 nade by Perkin El nmer Corp. by

met hodge gesien bbb thial Mﬁ&lﬁﬁgrattaomibuabm@l @tder s9@um acetate or
9050: 1990. In various enbodi nents, the transmttance
POTATIIN 2eetife Icgfrrrbfr defpradinedoby fitse dgfereinme thatpsalriketing gteatas
Idee alsﬂge(fs 29) Ag tof 8 S['érrIl?lIQI% t&al aﬁk qlinee%ﬁtr §eshl(r)uct1; na\lkjsis on the

28 oh °¢an accor ng

p@lﬁjﬂlﬂt SHeet canrd p&’ﬁBfrﬁed EjdmmttlvdlﬁCb@;ﬁled PREmh Enkigdiéi Spdc@roscopy

uantlf adhesi on of a r sheet to glass, the

GIPP W%’@gt“eé RATMReacqndra %éﬂtp@tad@tl@r%dﬁe’% gRfspntration for
Jne; Ry glass laminate sanples are prepared with
standard autocl ave | am nation conditions. The

| am n&heslkalire t@toodtetbutablaosativm B0 i(s(aéﬁble(h]miein as the total

%&lf’nael tlt)e/r &ﬁﬂgﬁlef gy Vﬂe rgtloa [pr]]p%lngoecﬂunﬁppnrl esoa 1urt1[1|']+e pgrn potassmrn)]

The alkaline titer attributable to potassium acetate is defined herein as the total

alkaline titer multiplied by the ratio [ppm potassium/(ppm sodium + ppm potassium)].

EXAMPLES

Poly(vinyl butyral) sheets having noted residual hydroxyl content formulated with
various amount of 3GEH (triethylene glycol di-(2-ethylhexanoate)), and their sheet
thicknesses are listed in Table 1. These sheets are either used to construct the interlayers
of the present invention or used as the reference interlayer for making reference panels.

In all sheets, the residual acetate contents are negligible and are less than 1 mole %.
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broken glass that is not adhered to the poly(vinyl
butyral) layer is then renoved, and the anount of
wQ@b@ses178§t adhered to the pol y(vinyl butyral)PCEYS2007/632530
visually conpared with a set of standards. The

standards correspond to a scale in which varying

degrees of glass remain adhered to the pol y(vinyl

butyral) layer. In particular, at a pumrel standard of
zero, no glass is left adhered to the poly(vinyl

butyral) layer. At a pummel spangdard of 10, 100% of

fhe aglass rennins adhered to the polv(vinyl butvral)

| ayer. Pol Rdsidodl yr ayer s of Chbr@ esent. Tensile

i tPogf( %é{ln doxyf Qr %Qkéim e§ PuFEEbn v a%ﬁfgfl?ﬁt break

EB%“EG uyrghd| 10nedngi $BIBY ealisiifelss can pdoclear | o

ddeen i Hegdtfof a (9 I'yrrer(PBeet SEd@nbrdlng to t [atio Kefom?

nnnnn P2 PN 11 C l/al771 Ac ad by o1 gcm

'JI UL uul C UCO I I IJCU I I JI I INUIT T L. \O| UOCU II-I Crr,

"thiter "PNBr bp d&8-ér nilneddf or| solfh un) aBlicat ¢ 4k 230

pot agsipippacef at gg §as |use@ helr ei g, theG;eeﬁm alg o5 230

akah-re—ttefF— and raghresium-sak-tsn—a sheet sagple

usi ng tHhéB{ol 0\/\/|1$1é mgt had. In ofder| t Bluget er -He t|he 230

anpunt WIrHKes| n eagh eet I ¢ t K3 hed,

the nt]EIer'\léué‘nn Qﬂ:\ljg'?! faYe |§}||e \Ahnrn &5 i ; ...e'.élgr‘.\.d 140

as trefﬁﬂﬁﬁds peiﬁﬂuncred9poundsﬁbf r eBiue i hclQRfi ng 160

| [ r offherycaddi T y4£S [0 e fesi 17

?h()z rr&g‘%&&_ghg@sa; 38 ébe @ng of dr]nci n 230

i 7 shedtVBanp| e £5.& ans sKeet| saitpl e (190 +| PHR) /190 140
pr QX 'y 50, rasindn fhe sheet ganple is thne

:‘L\% get rmc% llQpr‘l ‘0_edti &nsfp fhp6.'-1 lnfﬁnf Shee <110

sdanplle R\BSt art W.rh, (W t4 t hle cal EEIILatN@I nmpss (of <110

TeSHIT T tIE Seet. salpr e used 10T eacir treer

determnation. Al titrations should be conpleted in

t he sabBvah@iynal TherlsReeindsaapiptesios till ifgehy@dof Mk @redd invention
mlliliters of nethanol in a beaker., It may take up to

P
groibes i the Tahle % pdte sngieasiedsipadicatepthet Bioynterlaycrs arc stored

gtj e?tﬁgllbééogg tenﬁ% e?e!ﬁc@t% ktarﬁlp %ﬁy )l

In a

Ha@&%

nk are

mp SR PLARGI 0 23

wad zt]d&tm@mshandredtesl-iﬁht ths slmgt B refdroratkat.pH titrator
programed to stop at a pH of 2.5.

Table 2
Interlayer construction Differ- 3GEH content as Measqred 3GEH Measured
with multiole sheets . formulated in content in each sheet difference
P enS%m multiple sheet after 4 weeks (phr) * in 3GEH
mer content content
layer No. between
between sheets 1
Sheet | Sheet | Sheet sheetsol She | She [ She [ Sheet | Sheet | Sheet | and 2 (phr)
[+ 2 ger [ a0d2(%) | o1 | et2 [et3 | 1 2 3 *
! PVB
(conven- 1 38 38
tional)
2
(conven- PVB 38 38
. 2
tional)
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The amount of HO added to each the sanple and the

blank to obtain a pH of 4.2 is recorded. The HO titer
W0 200805881 ned according to the foll ow ng: HC PAI/U£2007/082530

[mMs 0.0 INHC /100g resin] = 50 x (ms of HCO sanple

- ms of HO blanks Cal cul ated grans of resin To

determ ne magnesiumsalt titer, the follow ng

sél ut| spR preperp@Bfrom 54 |gra chl o i de
(caygn-350; mi|s of |angori un? hydlr 8Xi one | iifer 0
| 894 et hanol , land 12 to 15]nj_s_ Black| T

i adi cla are edﬂ%i to the |pbl an ch shieet

(coizmmpl e??ﬁal | of |whjcCh tiisrated wti¥ 0

. have ﬂlﬁ%
opl |as ddscri Bed adove. Thle tiftrant is| thenl chanlged

te a |0.000298 d/ 1 HDTA solfutign prileparfed frjom 0.[32639g
(cblezt:ﬂi-asg\él?un? ryﬂé]?ﬁedi am neft egrjaaget as el dishydrat g, B 0
tivhal)nalt er, |diI'utjed tq one lifter W th nethanol| Thel EDTA

Titrat ppR || pyggasured by TT|ght ffransm tftance at_5o6nm
The %irangm #tgnce ifs 4% st| d8justed to 209% PaZthé’8 14.4

1 ol H o H " 1 H
Sallpl rethne (trtrrattr o S starjtea VViIIIC

S biank—ef
t he sor\ké]?i oh\z]%’s g\;%ri ghs glgemt a7pi nks cloboy .| Waen| 37.9 37.8
Lt ransim g s—lconsftant thel EDT

tiptrat PSR i BVEdnBYetle, and [t he [sok U|: kon wibl| besa degpl 395
i ndi go éollor? The3vdl ume of| EDTA tiltratled to achileve

sheet| sanpgl e. Nhgriesi ym'sal t tliter| i

t he ijndvgq PVmid end |point il|s_recarded flor, thle nk and
egch b m3% o2 ‘ '3§§ de%?nli ned 144
vVa

accor dbﬁg tpv]& ne t1ol|l ow ng: g [as 1

x910 [7 polle of |magndsi um sal B8 p 38 14
9-660298gHM—EBTAXT(m—s—ofEDT of
EDTA [f b bl}é]Yf]f’(s ]Oé]? ans eof rlessn| i X 35.0 36.0

220 2 0o Le EDTA x 10 0000001 Hromldhigl r ot al

alkaline titer, as 1 x 10 7 nole of acetate salt per

gram gesin,. can be | cul at ed accor di.n o th .

Por ot miaftdmine R it O eRE S o e Gimbfes g bapinated glass
ohsistin®baintdYRGBI| SHitHinpb¥enddntLin)acdileiclPetfofRark rélBGve to the

total alkalinity titer attributable to either sodium
eduengeapels gt BevinumlgbletatheetananskeShyet & pigitheepfgggnee sheets. STL

. i otal. ) Lt er ‘
(A SRR EERLP A0S Al PR R s mrter
i dcedrdaskestithutipicablaatindtyd glassgonbthection. In Table 3, a single asterisk
designates glass laminates containing two panes of symmetric glass sheet (each of the

glass sheets has equal thickness), and “STL” refers to Sound Transmission Loss.

Table 3.
Laminate Interlayer construction Combined STL at reference STL difference

No. glass thickness frequency (dB) between sheet 1 and
Sheet 1 | Sheet 2 | Sheet 3 (mm) * shi:et sh;:et sh;:et Shgrthi::lcr;fggce

1 PVB 1 - - 42 31 0

2 PVB 2 - - 42 31 0

3 PVBI1 - PVB 6 42 31 - 31 0

4 PVB 1 - PVB 2 4.2 32 - 32 0

5 PVB1 | PVB6 | PVB 1 4.2 32 32 32 0

6 PVB1 | PVB7 - 4.2 31 38 7
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pol ymer sheet can be perforned by Inductively Coupl ed
Pl asma Em ssi on Spectroscopy (ICP) resulting in a ppm

w@omsestssat i on for potassi um and a ppm concent PEE/U82907/082530

for sodium The alkaline titer attributable to sodi um
acetate is defined herein as the total alkaline titer
multiplied by the ratio [ppm sodi unf (ppm sodi um + ppm
potassium]. The alkaline titer attributable to
otassium acetate js defined herein as the total

| kal i nerts t ¢yl [tiyidd £d by2t he [rad i|osd ppnre 8

OT 3SST BT PP, 5901 M 57| PPM, POT agSkIMy I, [EXAVPLES

AY chobht o havs A nat Al

?-FT oY =

~l L g1 At P2 o P PN
Ul y\ VAL 1 SANY Al } SQITCELE LU O TTAVI IIE LILAA% \"A% 1 QS0 U Aal
Hydroxy ﬁ%fﬁ 3&{}3% armul bt ed*wi t h [varilod® lanbupht of 7
JCEH (ty P e hylPERe |gl yco| di 4£2- etlhyl Hexanjpate) ), and

therr sheet thicknesses are listed 1n Table 1. These
sheets are either used to construct the interlayers_ of

the pr EEedit of st epndcoiations o be aghesion ef theedisntisgion of interlayers
, Q)tfﬁlrel A% til{w%ﬁti%é Elg)vxrnelfl S %Qlle%:sidggb a%{elrisﬁ@&f‘g'h%es that
t he .ré)5| ual acetate contents are negligible and are

| dagingthagoniaimiptogpadesialsymmetrCatnsesiteedAdl minhtceeH efytey gass sheets
and. ex | f the interlayers of the present
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t hi ckness), and "STL" refers to Sound Transm ssi on
Loss. Table 3. Effects of salt concentrations on the

dhesi f . di ent [ of interl . f th .
B esenE TSIV EHHT BHOAPEOSHeLGOR tdn 150 Br R rogie g Adhesion

10 SioNgHegraisdnefdofil ofl@RérGRak 88thk Ppadsent invention are shown in the Table 5,

15

where a single asterisk indicates that laminates contain two panes of symmetric glass
sheet (2.1 mm), i.e., each of the glass sheets has equal thickness, a double asterisk
indicates that magnesium salt titer is the same in all examples, and a triple asterisk

indicates epoxy — 1: DER 732 and Epoxy — 2: Heloxy 116.

Table 5.
Lami- Total Phr of Epoxy-1 | Phrof Epoxy-2 | Pummel adhesion | Adhesion
nate alkaline in Interlayer *** | in interlayer *** delta (clear
No. * | titer in both — gradient)
clearand | clear | gradient | clear | gradient | clear | gradient
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particular situation or material to the teachings of the invention without departing from

the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of
the appended claims.

It will further be understood that any of the ranges, values, or characteristics given
for any single component of the present invention can be used interchangeably with any
ranges, values, or characteristics given for any of the other components of the invention,
where compatible, to form an embodiment having defined values for each of the
components, as given herein throughout. For example, a polymer sheet can be formed
comprising residual acetate content in any of the ranges given in addition to any of the
ranges given for plasticizer, where appropriate, to form many permutations that are

within the scope of the present invention but that would be cumbersome to list.
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It wll further be understood that any of the ranges,

val ues, or characteristics given for any single
weuvposiest of the present invention can be useRCT/US2007/082530

i nterchangeably wi th any ranges, val ues, or

characteristics given for any of the other conponents

of the invention, where conpatible, to form an

enbodi, ne having defi ned val ues .for each of the .
CompofaN U e S RumBF Sy Db Ris AP TS o agalpineg arg for
PRI YBIe pRiRREs 630 aRE sHR RSt QBRI lik®SthélWRImed invention to
acetate content in any of the ranges given in addition

ey envypagticuldvembad gesnt ghapeninfasy figuast i ci zer, where

appropriate, tq form mn routati.ons that, are within
the. obigfSGre il drh LR REEPE R B0RalARY. foui o be

cunbeEsehRfdrénck] iatludinyg jbirgalrLticled, phRAG CapPplidRIS, Gid\bdoks,
wWthin the abstract or any clains are for illustrative
pieTpsisie et i I@W@ygﬁmwa%étbm@fe@aﬁ% ittt @yl i nit the
claimed invention to any one particul ar enbodi nent
shown in any figure. Figures are not drawn to scale
unl ess ot herw se indicated. Each reference, including
journal articles, patents, applications, and books,
referred to herein is hereby incorporated by reference
inits entirety.l claim 1. A polyner interlayer
conprising: a first polymer sheet conprising a

pl astici zed thernopl astic polynmer and having a first
gradi ent region; a second polyner sheet conprising a
pl astici zed t hernopl astic pol yner and having a second
gradi ent region; wherein said first polynmer sheet and
said second pol ymer sheet have a conpositiona
difference that results in at |east a 2 decibe

di fference in sound transm ssion | oss between said
first polynmer sheet and said second pol ymer sheet;

and, wherein one or both of said first gradient region
and said second gradient region conprises a col ored
region. 2. The interlayer of claim1, wherein said
colored region has a total alkaline titer that is at

| east 4 titers less than the total alkaline titer of
the clear region of the polyner sheet in which it is

f or med.

28



10

15

20

25

30

3. The interlayer of claim1l1, wherein said colored
region has a total alkaline titer that is at |east 8

WwWQ 2a08105778%ss than the total al kaline titer of P¢CEBUS1087082530

region of the polyner sheet in which it is forned. 4.
The interlayer of claim1l1, wherein said colored region
i ncor porates an epoxy conpound. 5. The interlayer of
glain14, wherein said col ored region incorporates an
H8%Y resin. 6. The interlayer of claim5, wherein
said epoxy is selected fromthe group consisting of an
epoxi de or di epoxi de of poly(oxypropylene) glycol. 7.
Thé polyreen iatedpyafeogipaismel, wherein said first gradient
regi on.and said second gr.adient.regi.on haye.a gradien .
o cl BATpaBl sFEEPLvE AL, BRbiGY e S B pdh R, B aving o
fifst gladidit degiomer ein said first gradient region and
sai d second gradient region have a _gradient to clear
rati od 83cogd eakyarer shpghcmprising a plastiqigaddpermipptaste pelygicrpnd

- i si,ng,.a third pol yner sheet di sposed
%ﬁ”%%%%gﬁﬁd%ﬁ@ﬁ%ggggggecond pol ynmer sheet. 10. The
pol ynmeheieit @id figgepolgiectiaicnant, saishec@idpaand sheet have a

| asticiz her mgpl astj c. po| ynmer_ of . sai d_second
R gRong reafig Pehicgu B el H%fﬂf%{é“? i sound
Q%S}‘rﬂﬁt‘iorpllfosss@été%éﬂl davd f}%@b&rl fer ﬁ{é@?&ndcsﬁfmsreb@rﬁi polymer sheet; and,

pol y(vi nyl butyral). . e polymer interlayer” of

cl ai mwhgrewhareairpotthef sarolimt gradliepd ragivh @ind eaid isecosdigdadient region
| asticized thernopl astic pol yner of said second

GIRIEP 2 SREETY °81°8t | east 10 parts per hundred greater

than the anount of plasticizer in said plasticized

t her nopl astic pol ynmer of said first polyner sheet, and ,

dhéheinteriaegof dlaigy 1, pdhoyera said ielorechisgion diag a saelgigpline titer that is

ROLTR VB! gRRG Dt PR St R RSBl Rlgncerin

@hathm ik forkedr ei n t he anount of plasticizer in said

pl astici zed thernoplastic polynmer of said second

pol yner sheet is at least 15 parts per hundred greater

ham 1. " o : N g ' '
U IR LS Lt 4 PLASHL b
diHeaspBltiyareiess thiae theatped alkhlind @enoflthe wieer eionsditiet gégmaerckheet in

RRINTEL sl hes @ residua

4. The interlayer of claim 1, wherein said colored region incorporates an epoxy

compound.
5. The interlayer of claim 4, wherein said colored region incorporates an epoxy resin.

6. The interlayer of claim 5, wherein said epoxy is selected from the group consisting of

an epoxide or diepoxide of poly(oxypropylene) glycol.

7. The interlayer of claim 1, wherein said first gradient region and said second gradient

region have a gradient to clear ratio of greater than 0.25.
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hydr oxyl content per wei ght percentage that is at
| east 2% | ower than the residual hydroxyl content per

waweioghs77ger cent age of said first pol ymer sheet PCT/US20071@82530

pol ynmer interlayer of claiml1, wherein said second

pol ymer sheet has a residual hydroxyl content per

wei ght percentage that is at |east 4% /| ower than the

resi dual hydroxyl content per weight percentage of

said first polyner sheet.15. The polyner interlayer of

8! ah&nkerldyBes R AN Bivwhcet @R QM RQ! Y aBENt$EBEA aktBShidsecond gradient
resi dual hydroxyl content per weight percentage that
fogicathave a praddont toolerr retianl gigeter den@dlal hydr oxyl

content per weight percentage of said first polymer

sheet. 16. The polyner interlayer of claim1l, wherein

saiTde sreyer POIMAET, fEhREcopsisiag ebird pallymidy sheekdikposed in contact
content per wei ght percentage of |ess than 17.0% and

wih gaifiseeandgwiymgshefieet has a residual hydroxyl

content per wei ght percentage of less than 20% 17.

The polyner interlayer of claiml, wherein said first

p@| Yhepolgherintalagesaicthisel; ovidrgho baidprastdiest thedadpldsav eolymer of

a.residyal, acetate content of |ess than.3 | percent.
yd serpad peiviive ?hqeh%rzéir%agﬁﬂlﬁstweé|t%mom@sww@q0@nﬁrp o st
M&ﬁkrQR%M&%&n%@%%B&%H?HﬁR%QDSecond pol yner sheet each

ave a residual acetate content of |less than 1 nol
percent. 19. The polyner interlayer of claim1,

erein said co]ore egion.is.said entir radi ent .
S oTEhPolSGer nfdlaghr et T B wioui AR B eid,
plabteigl tﬁérﬁﬂ)_F[a@ﬁé Plyhir 8f SPRRbAd polyRibr SRbdis af REtQ0tparts per
region. 21. The polyner interlayer of claiml, wherein
Buridded greater Gen dhcemmoune of plasticdaep 1 sed plasteatedrtbermoplisppolymer
Bt R BV L BT L LR YOST ldhoelelog oty

Jieet @ehnaws a tdidanl ayarte @htdak af Weslthanb eficiporcgad. d fir st
gradi ent region and said second gradi ent region each
conprise a colored region. 24. A nultiple |ayer

i e , o
00400 A0k TB USHIR 2 LT 4L
plastiditecl th@chophmstiopgllyast osapbéegomd palptheheheenig aalchstriStparts per
grﬁpufnt re%joqi C . .

undred greater than the amount of plasticizer in said plasticized thermoplastic polymer

of said first polymer sheet.

13. The polymer interlayer of claim 1, wherein said second polymer sheet has a residual
hydroxyl content per weight percentage that is at least 2% lower than the residual

hydroxyl content per weight percentage of said first polymer sheet.
14. The polymer interlayer of claim 1, wherein said second polymer sheet has a residual

hydroxyl content per weight percentage that is at least 4% lower than the residual

hydroxyl content per weight percentage of said first polymer sheet.
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a second pol ymer sheet conprising a plasticized
t hernopl asti c pol yner and having a second gradi ent

WO 2@9B/os7788%herein said first polyner sheet and BEI/US2007/082530

second pol ymer sheet have a conpositional difference
that results in at least a 2 decibel difference in
sound transm ssion | oss between said first polyner
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E?(ﬁfgk RbnteBOHP Qve@glﬂ'@éﬂcéﬁﬁ%@th"a‘@ﬂs Qf REstSeY1dWbr tiR- théyesidual
of maki ng mul tiple |ayer interlayer,

hyﬁrpxyl§pnfgnt Resevei ght dFegntagd ot seid fiist potemernsicet.
conprising a plasticized thernopl astic pol ymer and
having a first gradient region and a second pol ymer

$61€€he pSINMES Bitdtlyer ¢fl chefitnl IG iR ebih bed H&I@hd@blyﬁneﬁ @lhe)éﬂﬁzis a residual
and having a second gradi ent reglon wherein sa

hydroxylsenipiner syeieht Paisantags of §@dbﬁai7pgq/wérsw§rf€é&pqlww sheet
[ thnb t
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between said first polymer sheet and said second
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cofiprising: a first polyner sheet conprising a
pl asti ci zed thernDpIastlc pol ymer and having a first

g% aﬁlqegélyr@a ?]geékﬁgpqsfg)i S"gﬂl me?“i ﬁasef‘ %ggeselg glgdo%éd second

86136 Heef &@h Bhve él\fb@fd@hlrhc@ﬁ% Qntda@bN e themil eadlipesbnt.
gradi ent region and said second gradient region

conprises a col ored region.

19. The polymer interlayer of claim 1, wherein said colored region is said entire gradient

region.

20. The polymer interlayer of claim 1, wherein said colored region is a subportion of said

gradient region.

21. The polymer interlayer of claim 1, wherein said first gradient region comprises a

colored region.

22. The polymer interlayer of claim 1, wherein said second gradient region comprises a

colored region.

23. The polymer interlayer of claim 1, wherein said first gradient region and said second

gradient region each comprise a colored region.

24. A multiple layer glazing panel comprising a polymer interlayer comprising:
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a first polymer sheet comprising a plasticized thermoplastic polymer and having a
first gradient region;

a second polymer sheet comprising a plasticized thermoplastic polymer and
having a second gradient region;

wherein said first polymer sheet and said second polymer sheet have a
compositional difference that results in at least a 2 decibel difference in sound
transmission loss between said first polymer sheet and said second polymer sheet; and,

wherein one or both of said first gradient region and said second gradient region

comprises a colored region.

25. A method of making a multiple layer interlayer, comprising:

coextruding a first polymer melt comprising a plasticized thermoplastic polymer
and having a first gradient region and a second polymer sheet comprising a plasticized
thermoplastic polymer and having a second gradient region;

wherein said first polymer sheet and said second polymer sheet have a
compositional difference that results in at least a 2 decibel difference in sound
transmission loss between said first polymer sheet and said second polymer sheet ; and,

wherein one or both of said first gradient region and said second gradient region

comprises a colored region.

26. A polymer interlayer comprising:

a first polymer sheet comprising a plasticized thermoplastic polymer and having a
first gradient region;

a second polymer sheet comprising a plasticized thermoplastic polymer and
having a second gradient region;

wherein one or both of said first gradient region and said second gradient region

comprises a colored region.
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