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WO 2008/057788PCT/US2007/082530 MULTIPLE LAYER
INTERLAYERS HAVING A GRADIENT REGION FiELD OF THE
WINNENTION The present invention is in the field of polymer iptaraysxs /082530
and glass panels 5comprising polymer interlayers, and, more specifically,
the present invention is in the field of polymer interlayers comprising
multiple thermoplastic sheets. BACKGROUND Poly(vinyl butyral) (PVB) is
commavily USEd I theymprMyfaE e vifealyrey t0sheels Hatioan heoses
as interlayers in light-transmitting laminates such as safety glass or
polymeric laminates. Safety glass often refers to a transparent laminate
comprising a poly(vinyl butyial) sheetitisposedvei@aen two sheets of
glass. Safet Ia s often is.used to {d trans arent bath
orchtedt Al SR ARt B S R B g penets
enenyysisachiamthattcdaped, layca Imlmw‘fp@ﬂﬁaalkybféctpmmmummumvwng the
penelafian-uanablve cpsning e ediseersian pl.sfacis of glass, thus
minimizing damage or injury to the objects or persons within an enclosed
area. Safety glass also can be used to provide other beneficial effects,
such as to attenuate acoustic noisg cfeegs sand/or IR light
transmission, and/or enhance the appearance and aesthetic appeal of

window BRERRELBEAR (R8I trROCHRSRISratE TOR SRBRSTEFRTEA O ks e
thesmaoplastic inteskayariiadhe saund ivrosrmisaiameharasieraline.figishedass

product. Generally it is desirable to use interlayers that reduce the level of

BLRIGEWEIS & AR St AnEhite St eTe ALEmAPCETIdrmIGRRAF ShigRSIsing &
polymeryshestrinteiayeripaiiashesn modiiedstonprrovesayndass often is used

erformance will usually have one or more physical characteristics
It if BPAR S S SR HE EFCRAS PRGN SR F Rk mein
thratigh the glassb @mgﬁnﬂmhalsaﬁﬁmmmaﬂ@ua:hia@mmdwmpen mrghout

ﬁ\ggf}l{lclye%% ] sgiIrl\ ther ﬁplasnc mers with Iow%aﬁ (tir tf h
taempe flires: Ing e ek é’rf%/efi’s ]fha? ﬁlas\‘?cr een orré%ulsa e 5> 1S
mprmvel@dmdagansmmom trearhoten stics fowevdrpane dyﬂmaﬂdyadam Chidtfety
lg henle AR AR IIGA DG FrmRaSHIONaAAatons {07 63005 scousi

ragmatically employe Recent attempts to improve soun
fraienitesiohl Crharces ABticahivinies aisel phaimdivi sgimedbe abiligr ofcthend
interlaye dmgpdpg%%qj%%i&gﬂgyltiple polymer sheet layers in place of the

conventional single polymer sheet interlayer. For example, two adjacent

layers ARHERNGBIASTRSSRHRT feavhereERwipRy bt wihermentsagdnteriayer is

have tiesimilan harpaieristico (988 ARempiedd BR8N 5:3:3AQi8RE: o use
and 5,190,826, and U.S. Patent Application 2003/0139520 Al).

ORISR Tacsdbe it Prﬁﬂﬁﬁ?é*‘?é&‘}’é?euFR@H’&JB}%S%‘%%%R@%H%%W A
w&msganca@glsIpatlﬁﬂaﬁﬁaélaaﬁiﬂa@bpaecm\r@mwaeﬁ@ﬁﬁﬁ@g e ldgfove sound

|nt ers For ex while incorporation of colored adle into a
ST BRI GhETo (5 s PG B RS Hor SOV i orde o

(sﬁmdﬂ@mmpt&g&lﬁnﬂﬁ@fm &, 3¢ 8 61&@.[511 3};55%91591 &)?,oth&ntlonal attempts at

incorpora |lon of a colored gradient into a multiple layer interlayer | |

B R D S S TR R s

ransrasulteinsubstand Srdghpdearance astabilint, lmndﬁmeglﬁssﬁawaeﬁmnmpmve

IniR0GH. IAMINgGd QIASSPIOAUGS v oy el %?EW% eEPé’?Hc ATPpsiliensand.

methods are needed to enhance the sound ning characteristics o
Fauifthslen dyepaghpsst panélyglaﬁf@pg@é@ﬂéawpwm@tlayév glaslo peihels
comprising poly(vinyl butyral) layers, while allowing facile processing and
without negatively impacting optical qualities. SUMMARY The present
disclosure 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 folining a colored region in one or more gradient
regions of the individual layers. In a first aspect, the present disclosure
provides a poly(vinyl butyral) interlayer comprising: a single poly(vinyl
hiitvvrall cheat inchiidina: a firet nlacticized nolv/ivzinyv] hiritvivral) laver havina



region and a second clear region; a third plasticized poly(vinyl butyral)
layer having a third gradient region and a third clear region; wherein
the amount of plasticizer in said second layer is at least 10 parts per
hundred greater than the amount of plasticizer in said first layer, and
wherein said first layer and said second layer each have a residual
acetatefeonténtiohtes othapd melpdroemmissiowhbieintthgtametnt afso

Icizer | | nd ris. at least 10.parts per hundred greater

e e A T e e
lyersandlsaidb§ oot iaysred oinbleve b residuatt acetdteccomentahiess two

n.2.mel percent. ' east.ane of said first gradient region,
l;%ﬂld_ s_e}corg{dggr(SiaI\{?JI['iﬂ_(-gﬂljlv[%ﬂi r é%%?ﬂgﬁg}@a}??ﬁ%ﬂ%%rg éﬁ%ﬁ %(?o“r%ﬁréesﬁéecla ored**®
(EgiBRH ardharacteriptisrdie s dit evtorels Fodidrerats & fot8l ciikalins titel, §iat and

iS at least4 'ﬁ;§a@§§j@@g}dp@9@m%§aline titer of the clear region of the

layer in which'it is formed. In a second aspect, the present disclosure
providSraoeRa T | et dyriint paltslcbrprisiag aype ewirephbedyirathe
iteRayen o ea@ieggb@ aingke POV Qb k) §l}%ﬁ%’ 193@[%?1@9523@ Sty
plasticized poly(vinyl u_tyra? layer having a first gradient’region and a first
EIEA SIS A SRRIBAEH ERASHA 7O By ARG bR Al isher Hanghppa lseponbiest
gradient Iegios:andAvagepRshrlemhd eaioTor dhird Mlasticizegd RAINYkes and

%IZ% ajjlé yer having a third gradient region and a third clear region; .
el é%amswa%fmagﬁ%ﬁwm&fadé%ﬁmaw@pﬁ |exastintyhres having
pes bundiedhgeates has dhecmouhal plasiiciag iRt iy st dayal a0t in
ngetrel sgud first layer a %}S&Id cond Ia%%r each have a residual

R R TP S ATAS MG e fbesiol, HERH P el ass

plagdticizer in said second layer is at least 10 parts per hundred greater

than t ount of plasticizer. in said third layer, and wherein said third
layer gﬁ%ﬁé%ll g %)6%861 R AR e%e%%%tféﬁ? ﬁeg%fgt‘&gﬂ}f‘éﬂf%f}]%§%md
thenp Smp Lhercentstics ofvheltégite a4 jeagtonpant saich firgicgrAciERtHRGION layer

' ient region a aid third gradient region comprises has
R N e B e enc
Yiidrotandgaay rdnsngagtars dessahaniitiestotal alkaline titer of the clear
region of the layer in which it is formed. In a third aspect, the present
disclosure provides a method of making a multiple layer interlayer,
comprising: coextruding Bdtasticized poly(vinyl butyral) melt to form a
first layge havingarflesb gradienksedion and &ILstGlea 16 'ﬁa%lie%??ﬁ Be used in

second plasticized polyvinyl butyral) melt to form a secon r having a

THEEHE gratRrBYIBh ETrBPYEEBARF STsregitis; drRlal hirebpidstiesantted
{peiEHN db%[%&hﬁ&eﬂs@ﬁmﬁa gﬂrg)iaym%g?ea%ﬁmrg eReientlayer 1,
na la

and a third clear region; wherein said seco yer is between saidfirst
JESRIE G S hhradiered by Y &P e e BT I atsisiAer i s differing
secsndtisyvenis riJeastd SoparisRenbungret gﬁﬁﬁlfreﬂr%@ﬂhﬁeﬁa}%% the

Qr% léiI%izer.in sald first layer, and wherein sajd first layer and said second

BT B ATH HRT/ECS e SRN A S RAAR BOIRA OO RS E8I2R 18 TSI apesneradiont

redieneiof the adividntiokplasticizer in said second layer is at least 10 parts
per hundred.greater than the amount of plasticizer in said third layer, and
wherein said third layer and said second layer each have a residual

acetate content of less than 5 mol percent; wherein at least one of
said first gradient region, said second gradient region and said third
gradient region has a colored region; and, wherein said colored

region has a total alkaline titer that is at least 4 titers less than the total
alkaline titer of the clear region of the layer in which it is formed. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 represents a
schematic cross sectional view of a méltiple manifold coextrusion device
of the present invention.



WO 2008/057788PCT/US2007/082530 DETAILED DESCRIPTION
According to the present invention, it has now been surprisingly
discovered that a colored region can be incorporated into a gradient

region of a multiple layer acoustic-type 5interlayer using, for , l
multiple et GEXSUSIOR BEOTEE: ARCISE Rerk K grabaqt gy
isitkheripgstionropEsipgtymer sheet that corresponds with the top portion of a

windshieldn a-finishedprrdushianabicharagignts are conventionally

formed. Gradient regions of the present invention can hav angés%itabl_e g
height thafiER edasEr gpA ERe it iERER)idaY oA R At PeH A LR &xEny "
toghesllOverydgipredge of an interlayer or it can be a stripe that is located

at the top of the interlayer t . regi i ;
region (S B P e N . acert
"gretiera e GiGeTeafereRd tA828p portion of a polymer sheet as it is

installed inygdinjshesvehiglewingdshielghansixieweed irmethieirinterioieof thayion
vehicle. In yarious embodiments, the gradient region of the interlayer 15
c@ﬂaﬁgﬁ@sc{sa{hrg%oﬁ8 centimeters to 26 centimeters of the finished
windshielcheTeie radienurégibnlbaticizenireatishatirpedavasédab prabitie rerts

shaded, qiadient that placksdpstiandpidbstsalar radiatiarsimpagingiupparein

that portion of the windshield. As used herein, each polymer sheet
AR R RERa5e RS & AR SeaTon, HRoR P MU BGTR ry Ba of oe

dewngidsofcofanatian, thereby rendering the gradient region 20indistinct

from the gealpder. of {16 A MEK AR dSHkRaHE 86 18 elArio ports

region. terlayers of the present invention include at least one colored .
repRomIIElRs SGRiaTeheralRABP W holyRsHIsikERtn R8I LE HRYSn agd Wheren
"colparireaips’ ind Raitirraidhe gradienhsegiandsidt lasatpig metentipeiess
or,other colorant tf‘{at results in a color or appearance that is distinct from
thg‘?@ &P orthe polymer sheet. In various 25embodiments, a pigment.

is used tovirapsant eblepsd the Bicaid fsgiciadieninroaitpuSArhBBERTeMadient
a plored g Qion Gk B?aﬁ?gm%_d%ﬁigﬂ@@ieﬂbﬁﬁ@i%ﬁlﬁ;tbﬁﬂlhe color has
consistent composition and optical character thro ut the gradien ,
region. Iﬁ”BfH@F‘e?ﬁB’o‘d‘ﬁﬂ@ﬁs@%%fﬁ?o %/c\’n?ﬁ’tc '%%Hléqee ?#%r unai%?mjig‘?gs’[ 4 titers
ndasenifenthmaha erliteliprotitacefdhgragmmeioh tHéhedaiidrikbighdffedprmed.
For example, & gradient30coulkbrangs-Hom&RALIR PaaUSsInaingdle layer

exponential, or discrete step change function, with, for example, optical
deHaryYaRIE FRRHAY TROAPIMY RS B (RtHIHHRY S mPrising:

2008/0577 88 BIe pRUEZ00M082a 3 ergratdisciticiggon. Patterns and images

can also be formed. withi I i : iment

Colored 18q/oN DR B TR L et St T ey egron anc
regidrst Fiseeseaile, a colored region can be formed in a centered

subregion ofdbshgradieniizegigaithahias he-samecheightgsdhegradignsdient
region but only half the width, Swhich results in a rectangular subregion of
thESGIRRR FERFSRLYRY e &Sfration. Many other shapes and _
distributienhot collesttioervwithitvin subrbgioh lavepaasitdesa iy dvaRAd i region
scopg iiihe Aresenginyention. Black, white, and gray, as well as all other
colors, are included within the scope of acolo_rcjad recgign. A colored retgj{%npaﬂS

can be foREE h BRPEIRKIBIET RERHEFAMY ST ST do elc?glsment,
theeoturetteegiarisforanatidraa poty e Eejisizéa fingaekfrissiaising wherein
eoseé(lglfr?é?% L XN SI08 {@@&H&gi 1CChDIQNESH O EXAMPE oL CRSXBHERE of less
embodiments, for example, a polymer melt comprising the polymer resin,
pldkdei2erchB8E& dgents, and the coloring agent are mixed and

coextruded with a conventional polymer melt, resulting in a single polymer
sheet having a gradient region formed theigin in which coloring 15agents

are dispersed through the gradient region. Colored regions can be formed

in gradient regions of one or more polymer sheets in an interlayer. For
interlayers in which more than one polymer sheet has a colored region,

the multiple colored regions can be colored the same or different. If

different



patterns or colors are used, combinative effects can be created that would

be more 20difficult or impossible to achieve with a colored region in a

single layer. In multiple colored region embodiments, colored regions can

be the samhershape antbsize;fqridhiyicainbeadifferentd Fayeexamiplesd fitsparts

colred pRAa cane IR LA st Rele e Ll APERIES R unerein
[

tire gra region, and a second colored region can be formed tha

ocRAIPIEY % 3upragrbrest BREARGHTRHIIRIE & $eTgHa! F6RIAIR AL of less
25hhe Rahesianoh;multiple layer interlayers to glass is controlled through
the use of adhesion cor%trol a%?nts. dhesion.co trOI.axqents for exam le..
. wheraln at %}eas one ?ald &rsf radien re%;o sald sectn @"a ient
can be in'the form of sodium Salts, potassium salts, or magnesium salts o
carxy lindeield. tiid prefeneia thenpitinsios Rveldredradient #egions
haylng a\!r?%%?rds@ﬂ'%d%@trﬁb%%ﬂﬁ% lﬂéﬁéﬁﬁﬁﬁﬁ’n@%@ﬂ%ﬂ%@ﬂ 100 titers
adjacent clear r%%on, which is properly controlled to meet im

A I act . .
30erdhadbeda 8*%%@8&%@%&%‘?&%@%@%*%&&Bﬁi%@,‘%&fﬂ@ie‘*
Z26.01 ltenm YrémidaE6=848) [poseenadiseion enpheigeadie maibgibwicaraking a

S%ﬁ%ﬁgﬁé’ﬁ%éﬁgyg}aﬁggﬁ%ﬁ%%2008/057788PCT/U82007/082530

or delaminate from the‘interlayer in the event of an impact,
reSORHY NG Taliee slegicized Mty yldadyiRB sy defestiny sk 'gyfsthaving a
featsrepfidamisgited 4lass.irar dkamtsgose Mdhe psesantyreacten, tosviny!
adhesion of interlayer to, for ex le, glass, can be measured by pummel
PR, R TR P T AT ST L S oA R
delezobdtalenresioaprégichishdlasigadibnehdyion ubreferaplyteéyharthird

| RBRMELHUL-a thidd YRHRLS RmRogiments-af dRaipresent IMERIORaRI second

gradient re%;?cl')n having a colored region has an adhesion control agent
CORLRIME RROMSHLBRASTE PR R TR AGHBSORYSntrol agent concentration
in the rewairdier thEthenpalynfep stiedte trinvasidus=tOemibpeinsesitsc abe 10 paris

tobaéﬁﬁ’ﬂ h@\l%e?tt%?t&f ﬁ%%@dé%&%%ﬁa BIQ’%@E&%@% %ﬁ?ﬁ&%g}e atﬁ&axlxvherein

alkaline titer of the clear region of the polymer sheet. This difference can
besaiddifptdanre ey, $8idsearileatsy SRERMNG YR JERIBBRRIHIABAREIRTGRE ess
ortRzere ebihrmelts used to form the clear and gradient regions during

coextrusion. By, liering the relative concenuations plihe achesion, conrol,
agents in the gradient region, the aaﬁesmn_o_ the 1 g_raJyent region to, for
exprhplettaserecter feahbreaseaiint of plagifizes ErmpEdinienay Yt ansl wherein
presanhiveniPantharohesian 9fa gErdieRtLagieRigoaRHSING BsRionest less
reS%on is improved through the incorporation of an epoxy resin in the melt
udBANS fBAPRIESGFadient region. Any suitable epoxy resin can be used,

and, in prefersed @nmbodioents, aaic fiokygedipusitaris seidcseddrong(adient
enoxbfesins Z0GRMPLisIBYMARRReHS dighsidy!ethes.ofRisphenol-A; (b)

epoXxy resins comprising monomeric diglycidyl ether of bisphenol-F; (C}? )
epoxy reHH ORI SRR BT LRI WA e B @dras! (hjters
polsenaxidizedophiencline\indacs tife)dthapaxdtes dftipolyghrdnlehich it is formed.
alternatively known as an epoxy terminated polyether; (f) glycidyl alkyl

ether; and (g) a mixture of any of the foregoing epoxy resins of (a) through
(0. Further 25inforrHBI6R s el IR ¥ d KB eibisecia o

PolymefeGrignegraqsht eGanatagy MedyReRnkPGbwierSEIRNER manifold

Publishers, N.Y., pages 209-271. Epoxy resin can be incorporated in
CSAEERRAGEHEOP DB B It HdREePEPundred relative to the main resin
used (for example, poly(vinyl butyral)) in the colored region or Ito 5 parts
per hundred relative to the main resin used in the colored region. 30A
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 WO 2008/057788PCT/US2007/082530 class (b) is
EPON Resin DPL-862 and a hydroggnated diglycidyl ether of bisphenol-A
epoxy of class (c) is EPONEX Resin 1510, both of the latter available from
Shell Chemical Company. A polyepoxidized phenol formaldehyde novolac
of class (d) is available from Dow Chemical as DEN 431. A diepoxidc of
poly(oxypropylene) glycol of 5class (e) is available from Dow Chemical as
DER 732. A glycidyl alkyl ether of class (f) is available from Hexion as

Heloxy Modifier 116. In various embodiments of the present invention,
the Aaradieant reaion ic eavtended to a Aareater nronnrtion of the intearlavvear In
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10 "gradient to clear ratio", is 0.1-0.25. In embodiments of the present
invention in which the gradient region is increased, the gradient to clear
Wntihd9yr@aiter than 0.25, greater than 0.3, or greater than 0 BCTHEY® /082530
embodiments are particularly useful to applications that integrate the
windshield and a sunroof with a single laminated glass panel. In these
embodiments, the gradient region extends from the usual starting point at
the top of the 15forward viewing area to the sun roof area. Other
applications for this type of ' ' Q,lﬁ ithin the scope of the
present invention. Multige é\i{%ﬁﬁ%ﬁ%@%@ 0 "g%?é(\\{present invention
are preferablirformea psingraimvaitiple, mamifotdvdoextrusionidgvidéssoaired that a
%815*981 5‘5{%‘ N i@g%r&eltégsnﬁg QUL 1

i ?X(Eril : g?oatiéf%r%s tsglc?nearlla\éioeggt'c-t e
generally=at 10, an extrusion device has a first (‘flenz manifoldl 125 sécond .~

dieeriranifosen s4foa s 2anhrdediv ialaifold i€ d Aqerobeits isdisposed within

the firstdi ifold. Tk ‘obe 18 ha ifi ) i

B R Rt e
SABWRIACEHthedpe Ras By Shvdrareddsly exktrisindppuolyenét bRk eradients

fremogash-mamifold-12 1,10 dowatd the extuision: AReRing 20, Wher6ny
the 25mu|1é%lfe Ia%/er mterla&gr is extruded as a composite of three

HEHRAGAT I hat SprsatthitRpesst iy Besvared Byesffiretingethe drsmrierd to the
betvepndhe siadipgsatie exiresioRoPeRRaZA i ARIAbE £aRAISP8he
added to the second mapifold 14 and/or the third manifold 16- either in
UGS 0 Br f TR SOt tHER s ProbE S 6725 eBr dE R (Bt Usehtib e
ofdiheorcgiete oloadisegidogiwithin te-fidisheeinterayes 3 Moiheportion of
embodiments, an extrusion device can have 2, 3,.or more die manifolds,
R BT o B T A B Rl RACTRER e e e
becinsertatidntdi O J2008IOS7AB8BRIGTHUS 200 ¢188R258R gibe of throirefayer
ifalds. i r 10 form colored regions in ope or.mare of the, .
e B e R0t O SRR S Bt e
thadifohetionmbaedorcesoomd rhasmission theouln algidss padiekintiudecks a
ose-knann.in.the atk; _r_-%%q(]mg, imite t isclosed in
HJ&.S. Patent 5%90,.8%6, (]:)/%ﬁich té’acﬁg%gt%éﬂ ?uigéé%}égglﬂse Ic;}? gﬁ?gfr?r% _
carboreHERH 1sEpanEsE palfenenplicatibmanlagaiprcahes v Sadignérigion,
ABRNGANAR RO3( Q139520 Mliavhichiipachthe QENEBHRGhe gradient region
polymerization degree, and Japanese Patent 3,377,848 and U.S. Patent =
BAREEH MRt RO s B hesriirsleathienévere Bp af [@astchrar” region,

mole YiRrene9biveeadiacenisheets arREOMPASsHRAJOREfereRaayithin a
superior saund suppression charagcteristics,

In g.preferred e boﬂi{ment 1 r C

&5 BB TrIaRELoR ETIATE o e PRIRBIs by HUBFbRG 1 hRORIE of the
taydicintedayehintutheianels, ihkere dhetriedaya CamplBe stweolor or

EOl mer ngﬁt% }&?S ig ifferent plasti%;er ?gnceriltrations.vBy formulating
Joler Sheets to stably eontain ai é%.ﬁbf’éic% RV 5L MAtioNe as
ciebofliipethin deiginbereinthicoghoot; iphasddercdoumnd thatsound

trans ion through multiple layer glass. panels.can be reduced by, for .
e e S PR R TRt om0
imerestokuriae Kobeistrnseeniostinents srilinbctimee polymerhshedt gradient
J@Qﬁ%ﬁ (iﬁ%@@rfmgp &ﬁo"r%&!}{ Qﬂf‘%%ﬁg%qg %II %ﬁ%&ﬁl%gf{&(ﬁhmform

replacement for conventional interlayers in conventional processes,
Po@rayErs rthePisnt iHVEKtH A Beuababks inaaasappticatiwaéent
withorhrrauine amtdpdificaioniedhe-manufactiudng methag-ysadin:
the applications. For example, automotive windshield applications can”
irRios- théh der srareplsveRtieH AlspolpriaRe Trtaune frmeesnD s pabey the
with an interlayer of the present invention without altering the lamination
process used to form the finished windshield. 25As used herein, an
“interlayer” is any thermoplastic construgt 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. 30In various embodiments of the present invention, a multiple
lavvar intarlavvar comnricac two nolvvmaer cheete diennceced in caontact with
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WO 2008/057788PCT/US2007/082530 sheet comprises a thermoplastic
polymer, as detailed elsewhere herein, and wherein at least one of the

WOARAET'S#eets has a gradient region having a colored regioRCTHE20¢7/682536

thermoplastic polymer can be the same or different in each sheet. In these
embodiments, a sound dampening effect is imparted to the intertayer by
fabricating each polymer sheet 5 with a different plasticizer content, and
theditaminatimgRhectwoday érs fogeihail doHofmasingl@imbttipitayetsion. In
Reriaver T composition pline palymer shests,is such aknelo, e
migration of p?és[bcizer rom o po?ymer sheet to ancother'is neg%gl%loe or
zerdicthierghyn Mizin taining ¢he qlastitizerdifferdnti@litrd ariousatered subregion of
A DA B Nf PRee AL Ve D FORIICHON M ralf e i,
10gradient region of the multiple lay rlnter?a er can be’stably for uf’éte

@M@V@@héséaméemmw@e&u@mé@wétmwm@ mamﬁr@m_cemtmn Many
buenehthe Relymes Shests B A.muliple davel IntsLayer. inciding H{{g within the

clear region in the polymer sheet in which the colored region is formed. In
veRTsUY dinpERRERiCBlithe Bladertiventibaranctolores rigdieiralnss, are

LRgracientraoien RbHe mulinielayendnterlayer can be stably formulated
to have a plasticizer concentration that is different from any of the

plastici2efOSRESRRATIGHE BE (RE RSy SHEaROT AT Fyepreferred
teddyecnineluding:tasclear kepieniineROBESBL el M WHIEH RS using
colored region is formed. In various embodiments of the present invention,
SOBOET ShESTRAR b EC&TE Iy S %?Hﬁfraf?é‘oei‘&rﬁﬁl?e et hembgdments.
tanoeniraticnpis wachrséle ebnvyhitonthe e ployectr egion puaigradienisdgionts, and
of the, multiple I@\Xerl%lte_rcljagle IS st{;lbcliy orm ulated to tha\( a []}Iasticiz%r sculti
COncentration that is ditlerent from the plastcizer Concentraiona G Re: resulting
pohsmet shaetseinbheding ihe cleadicegion dn thenpal yveri sheethiniwhititing

2 colore ion is for sed:herein, "plasticizer content" can
%) glﬁ?\%cgséucﬁgg%gésggg%é%pégﬁﬁﬁr%&%%%ﬁr{e%' 1'(I)zrf)'hr) parts, on a weight per
weightrisisdres exanaplbs fon et anmsasiqibstivirerds agdeditod polymer sheets
ﬁ%%&i}@?&.”ﬁrfﬁﬁé?}ﬁ%é%imtﬁﬁsﬁk%&%%&d{? B&@}%cﬁ}ﬂ% (§2U899, colgred

plasticized polymer would be 30 phr. As used herein ghout, when the
pesHeierieiiRarcefoagdoRsites snadrisdpven insprasiclzérephtdhdigorent
thatrarbedlasshestis detsnrinad with-3Qrefgrence 4R AhePRLAE more

lasticizer in the melt that was used to produce that particular sheet. WO
BT EERE IO §20958 2880 colgret Weadd bt sieolirchdaiepibele
esinteateiiennlasticizas.eonieni-car: prdaiapingd Mimawalchenisal or they can
ethod in which an appropriate solvent, or a mjxture of solvents, is used
BB L EE e EEr S 710 Eh BBy B L N IGRY Bp RS shee
sample:sheetaadithemwedightrofifhie exirastecdnsheet: thedplasticizer conteathat
(i)ré C%hgeqaans Ir5c:a|cu}%e}d. In Ih% case af a two gl mer sh%et interlayer,
one %o ymgr Sheet can %gr%(ﬁf;%lgg mgel%%r% %(39 rg%%%%tﬁeereﬁefore the
plasticiter stintert if eadhpof thgepoljerieysheetdds measturdtbd thrdogh the use of
iQ i f re ' ion, the plasticizer,content of
T e o B A B G of
wisunosph, ' 28iphy sAlbE ar matestwandiavd cobexdmpledo big 08 fhigd that
A9 1RuphY.01 20 @Qﬂ%gl@n\ée}{ég %m%gémf‘e%t&?{stQﬁﬂ&g%ﬁﬁl@tlevel as the

invention, the residual hydroxyl contents of the thermoplastic polymer
WrpemiiE B thieighigie FiSHRBS eV e BT msTEn MGRE So faraect impact
dabricatioafahacliswilh slablerlasticizar differencasy Rs usesh erein, iem 1

residual hydroxyl content (as vinyl hydroxyl content or poly(vinyl alcohol)
%%F}iéc&rﬂ&'ﬁf) FerErO o tacaHTTR ST Y8 mpam@-ymﬁﬁh@ s o
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 then4reacting 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 20converted to hydroxyl groups. Further, reaction with
butyraldehyde typically will not result in all hydroxyl groups being

converted to acetal groups. Consequently, in any finished poly(vinyl
hiitvratl theare will tvvnicallvy he recidiial aretate arorine (ac vinvl aretate
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25percent basis per ASTM 1396. In various embodiments of the present
invention, the residual hydroxyl content of the two adjacent polymer

waehieeveasediffer by at least 1.8%, 2.0%, 2.2%, 2.5%, 3.0%, BO% 5109652530

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 30residual hydroxyl content of the sheet with the greater
testduabinydiaxylicontéoin Hoy exataple ifiacfirstpalymemsheetbastig in shards

residual hydroxyl content of 20 weight percent, WO . . o
e OSSO Ao i ot e ey e ales
residudftwyiiegryirosntdribopiiianeightmperceht, dlenitheaesidual-drydrdixy|

of the two,sheefs differ wel rcent, . Foraqgiven typs . .
o Bl b R fesion
IEifbehp datet mihesioby ehie. fhptivorylacdnte e Pypiodllygadipiimgi buiyra ferably
@g@t&&qr%%@ﬁiggal hydroxyl content will result in a reduced plasticizer
compatibility or capacity. Likewise, poly(vinyl butyral) with a lower residual
hydrox}# ¢atitestwiodsitindnlineresss inplasicize Etshepatitsiig brving a
EaRRGIYe AL aSsRIPRAILGS CarhRE Ugert Q. Releel e hvarexyhepnigntnf

each poly(vinyl butyral ) polymer and formulate each of the polymer _
SAUSHS AT ANEW 187 ThECPropERr pastdiYercraiiy ahthtd ebamiy fawitalh tecus
&&@Eﬁﬁf@@%@, ijﬁdﬂ@@l@%l&@f.ﬁﬁ@élt@%flﬁw\g@@ﬂéﬂﬁ-@g@hﬁﬂ@ﬁﬁﬁé@ftﬁ-less tl?sﬁhi_ﬁle total
own in the art, residual hydroxyl content can be, contralled by controlling
pliilisntoh el b S A RORET I ok Va8 0e casily
moaiwtactit Rgpipkess. dieviarials einbesisentsithee@siditahcsomd melts

content.of the two sheets is as follows: first sheet less thapn 25% and I
L e LR A S S R SR S e roeve
shieehlessotirar! 21%]firstsheetidssthan 24 @mat se copdishkettbssithar the
éﬁ%% itr% és;h%% I?sse;(haan ?eoo/ﬁaz%nd se Ori}g: ghgg& less than 17%; first

eet less than 18% and second sheet less than 15%; first sheet less than
15% aitl wetordwhedinesss thiahdP¥sch mnynobthéke alinbodimbn tadiopt
RIG ValLGSHYENIIG RIGYIPHS R R Sorihedi il X
cogtrl\tent bHe%?vgee% the ?wo Iay%rs can géggé%d. J%%s %%i%%?gﬁigt}]e%é é%xy
Kraafksthe sacloriehigdostrehgaiasicatpeljener Sheatiskie inetaatn can be used,
magsHERdAReOLInsH e Mehod deseribedin N SKBLAl: dhY@sioMsy resins

embodiments of the present invention, the two polymer sheets have a =
feRYife Bre e RprasE awdyaify e fRisRlrmg vindkdirPthe firsop SRmBIIng
ﬁhﬁ@h‘i@ri@ﬁi@ﬂ?‘d’ﬂ@tﬁﬁi’ ﬁ&goaglmmﬁh : @E@g&%&%ﬁh@ doweriplasHeteEenated
ontent: first polymer sheet greater than ilograms per square .
o ?{oﬂéyﬁ%ahanam' ? BREEPIELLTRAREDO MRS G &R (BLf SRS of
penRiiineddy; firstpakynacmsiractgiaaianthannd bt ki oot asispanNsgyai®! alkyl

centimeter and second_pol sheet less than 135 kilg S per square

A T SO S aL B AR 108 KTOBTIne per Gt T urtr

cdotimetsr anthsecdnd@alymersheetdessdhart PEY kitodiams pardsticdn®logy,
imeter:oF first pok r.sheet are than_18Q30kilograms per square

s T, 4R ey o

POORIOBRISBROTIWE2007Y08 25 30esuprasqemtivedes orlitigeRellal then resin

o pRivIShe s iar In tenstls Ararkosibess Ryah 6254 3 KIOOIAMS ndred

per square centimeter. For the purposes of the present invention, the

wigEreriedlin SolnNg aHIAiIEsIBA (655 EREEEN a first polymer sheet

formedafron.eRrapRsition 4 mzﬁe@eﬁ?n@@%@w éﬁla%dshéﬂﬂmdoffams (a) is

compgsition (B) in a multiple layer interfaycr is detcimined according to the

Bt rom Rivet Hormi e it pespinet shelsridhsaphbiviy aoitictesof

of 0.7620 millimeters (30 mils) and composed of (A) and a second

polymer sheet (Sheet B) having a thickness of 0.7620 millimeters (30 mils)

and composed of (B). 10Determine whigh sheet - Sheet A or Sheet B -

has the higher tensile modulus (sec procedure elsewhere herein).

Laminate a 47 centimeter x 74 centimeter rectangle of Sheet A between

two layers of 2.1 millimeter thick float glass to form Panel A.

Laminate 47 centimeter x 74 centimeter rectangle of Sheet B between two

layers '
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150f 2.1 millimeter thick float glass to form Panel B. Determine the
coincident frequency of the Panel having the Sheet with the higher tensile

wingdekis 8ee elsewhere herein for procedure), which are deRigiaseoh ths2536

"reference panel" and the "reference intcrlayer.” Measure the Sound
Transmission Loss (STL) of Panel A and Panel B at the 20coincident
frequency determined in the last step with ASTM E90 (95) at a fixed
temparatu EPOIN B &6n DPTHA6diffarenedrinSewntdidnsiiNgsidnrlossisphenol-A

between two sheets jp a iple | interlayer is then computed t :
e E D R SR T e Bl P R
CotnuideAtdiregugnsyohyepms dive drelouen dyratwibichl ampanélexhibits al) is

IR t ission, los: ‘cqincident effect”, which can, be :
e B GR B oot of
ti@ptthverbaid e htyy IGhbaivarpUsEinbddimehts df thidprebent ! class (f)
loveniion.thecolncident iepsnenaiaparel is typically in the range of
2,000 to 6,000 Hertz, and WO 2008/057788PCT/US2007/082530 can
also beeEffitateerThofiachio AblkiBrehud tfpiaes Hayingdsethidaesss cxtended
eavaldodhe-combinest dlassihickness of glassdmihe sefarencemanel oM me

the algorithm 15,000 d where "d" is the total glass thickness in millimeters
il Fhdirighbriths gadad msieniodhe Beigd aéhadgureipabglaw it the
refereneepansl iswisayeferres taasthe draterenee b aeneiventidin which
%pical laminates with two outer layers of glass, the "combined glass

: /it two / >S, e ¢ °0 9 .

FORIEAEH R b BT 1 HIEKABSE BT thE K 0 AHg & SR IR - o pcater
templaxdapinatesmith4hrBear inreilayers atglassulbg comphingthghsstions

ickness would be the sum of the three 10or mare layers of glass.
B S S SRRl s s
thebpdesentsirtize ntisheod mprisesataedstrovo polyme sshieéetpexhibitingtap of the

ifference. in sound trapsmission loss, determination.of whichis . ..
G R
meﬂlsi; alnel wgm mhén@qn@fér&wml@@etibmsm_igher or 8 15decibels or
higheray,1 1YRYEHS RIRRAIMERS ot the Rresentinveniian. W0 ARG,
polymer sheets of the preSent invention have the differing plasticizer _
‘éb‘r{?@}ﬁ B HEddssH el ater saeh furtierkad @ edidliareacktaté shown in
sarueRtiotisssdhapmimele %nless fhand MoleeileSRIam3sMolR Aic

less than 2 mole %, or less than 1 mole %. These residual acetate 20
BBREEHrktiGrsLaA B8 BRI d Witbrh L e arHtRNA conterts diven
alpyesd mra]nmmwh ' d@m@mgmétgéan T‘H@lﬁ@b@%{}ﬁbﬁ_ﬁ@rﬁid@%ﬂr%@(jawdth that is
invention having t escribed differences in plasticizer content an
?@fﬂﬁ@’ﬁﬁg’@%% & f%rﬁ??é‘%%ﬁﬁﬁ?i%%%ﬁ&?m acetate content.
FurtheTembetindntsofimiuliiplel layeniatdriayeisiahthaspresentinventian er

include interlayers havin re than twq polymer sheets, wherein one or
e B S B o Rt RS SRR sk coive
tesis thamfemole By class thad 4l amxoledbyess:thdth:3amotes ddy dbss ¢harSAeest
A. ] mole A. . Further emhodiments,of the present .
e e e B e R i

thiveipoRiner stadstcomddindre oflteid thits puigndershifeldldyendésults thial
Hhueg Y es conatiugt ihatbasdle folloywing sisturs iy inter! ﬁys-féic?&mmy the

a plasticizer differential between adjacent polymer sheets: First polymer
lgRaeWAOWE DBOBEPIB YT SEPET VYR 0T0BREBY irdtakively Low
plasticizesisantamiisiacand Rolvmes shastwith.relativelysnighRIasticizemifolds,

contentfiThird polymer sheet. This third polymer sheet can have the same

%ngﬁﬁ&l} 5aHe %{Hﬁﬁﬁ%&ﬁs‘f?@éﬁfgrm mepmelirdrabhes can be inserted into
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In various embodiments, the third polymer sheet has the same
composition as the 5 first polymer sheet, which provides a three Layer

wi{aptiasddanterlayer that has a relatively difficult to handle polyrnerssteatz2s3e

Laminated between two relatively easy to handle sheets, resulting in a
multiple layer interlayer that is relatively easy to handle and which can be
incorporated directly into existing processes that previously used a single

palysiefshegthaving thie corpesitonahthe Quiaeie PRIYREsSheels Ofhe

the intcrlayer Pf the present 10invention, or a composition that results in
coelitrude e t% . :
similar processing characteristics (for example, blocking tendency). In

other emboiiméenis utilizingthedehpglymen shegtsoin siNgleinted ayarc¢heund

hird polymer, sheet has a different.c osition than the first.polymer
R P S S R T s oA g ot
ﬁndtﬂdetcséwnd?ipdmmﬁﬁmarﬁ BeGgohtheldittetences giver acetals of
ahovefor #B%ﬂ@ﬁgﬁ{} %@@%@Mfﬂ&}bﬁéﬁ&&%@ £ 43%3% anghthe %g%%@d

polymer sheet.  ~For example, one eéxemplary émbodiment would be:

v et ame? SHEG WitAGArsichiah hyioshyl comebdif6ianosikenongition degree,
QQ&W@Q@@B’MH@% W%%%hbyt‘}'@ﬁy&%%%eﬁ@ééﬁ %’Hiyﬂi'fgagg l%r?ﬁge of residual

sheet with a residual hydroxyl content of 18%. It will be noted 20that, In

il dramnpleotist leavd BN meriarstaithees fisastheiedisond ponpraitional

ghestatdeast 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 othBt HRFERIACESHRACHNRBITRAFIET SHEW WRRTSHEY eharesHbiFatBe

digtingiash thelthidipaly mesklpyesirpmibesecand palymerUayarideyer into

tgphree l%ilﬁer mbodiments described herein, at least one of the p%laymer o
TR TS A TO I FEGROT fiY BRI STAERE RAIBRCT Shefis g it st plasticizer

threedaydoemBydicnentstdesesibadhdrein, iusthiar etbodimesis npludr i zer

interlayers having more than three layers in which further low rerséﬁ al
R CT SRR AT DL T80 By ARRIECHEPRHrc B S6heY G ksound

havmg‘sfaiterﬁaﬁnghaﬁpiast_éc_lzw(g}MEpbswidtbaaltermﬁhmgdmzsd riaxydxeanteninore
and ortonall:low o DRallols Ak 20080/ TBRRG I SANNIDI2330.

residual acetate content. Interlaye In'such a manner can have,
ORI, fw,v’s;gat;h@mwmlm Wdivitariayerss formOthed conventidnaindlcd
mq{%cﬁ%%@im@‘ﬁ%]H&éﬂ)%tﬁ%[c%ggn'@&%pﬁ@rtﬁ?éﬂtﬂltaﬁm%tﬁ'@é(frﬁrgéesses,
the present invention. For example, polymer films (described in detall -
%%%Wéfé HsraTay st & sBie8 Iy abreps R D BIER ISRE QEiephiridigts yequiring
Wﬁ.@c@ﬂ'&ﬂ@#iﬁ?@l&%@ﬁuﬁﬁﬂﬂfi@%{ﬂ@E&i&gﬁt@ﬁgﬁéﬂi%h@ﬁs. For example,

performance layer deposited thereon, can be included between any two
RO BY pOIITET SRR 1 RBS U BRI dRE R Pot exiFpienti eefwaeric
ilatséeramlafwmﬁrmﬁ wpwﬁflafly@ra@ﬁm@ﬁg‘ﬁ%rm%wﬂmhﬁv{/&/{@i ngthmﬁ altering
ut:. polymer sheet with relativ igh plasticizer content/polyester film
e A BREFRSRatTEd I8y R MER BB T atively low plastcizer
contenhd ngenerain additiondahiayeis of thermoplasticso suelcas palyfiaylsed in
butyral), polyester films, primer layers, and hardcoat layers can be added
R RS e e R R P R N BB e
w?esir:e@,resdlla amaltheeplapticulatcalpptication: Forkachtintcidyancd by combining,
&mhod 'mﬁma%gﬁ%&%%‘%%{?&&'%”o'&‘e;‘é‘(h'&%&W‘?ogésf%%r?w%5§ﬁ%%£%t%dividual
polyl%_er sheets are disposed in contact wit ond anothar and
@Hb@eﬁﬁe@ﬂvﬁﬁtﬁm@d%to a single interlayer, there also exists an
embodimenihesmaisaexitudertipterlaysris osmed igiiave H8 Samever

layer arrangement, which, for the purposes of the present invention, is
COHBIHE P S0P BE ToHiBErHT HURISIS IBolgnet stideesdirulisrcohsigisteach polymer
"multiple layer" interlayer. 20In addition to the interlayers provided herein,

the present invention also provides methods of reducing the level of sound
through an opening, comprising the step of disposing in the opening a

multiple layer glass panel comprising any of the interlayers of the present
invention. The present invention also includes methods of manufacturing

an inter-layer, 25comprising 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
nolvvmer cheeate tonnethear ta foilll the intarlavver The nrecent invventinn
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according to the WO 2008/057788PCT/US2007/082530 three layer

wemisedamsats as described elsewhere herein, and laminating tecttuee 082536

polymer sheets together to form the interlayer. The present invention
also includes methods of manufacturing a multiple layer glazing,
comprising laminating any of the interlayers of the present invention
hptwesmpives rgithrirapsRateRi panelss asaredknowninthe at, SHCRRSein at
lass or acrylic | yers.%he present invention also includes multiple layer
é%ts"ﬂﬁﬁgé?éi?i%%“ ﬁ%%ﬁ?él&@ﬁ#&%&?ﬁ?@& FAIRFIAGBIRECBIRsInG®
ahmtiplestayeslintedaye botibepieseatifayentianach sheetAlsotirglugdadodiments,
are multiple layer glazing panels having plastics, such as acrylics, 10pr
P R T R RE S b RS S R RS R pomer st
embedimentst of thie presentany ention; rahintertagah complises ogelored form a
regi ithi radient region of one or.mor. ers. of the interlayer.
S L S e B0 L et e
andreigia polynseriaydrabhzt fuhctionshas dopeddienanombalémeingro, thereby
%Xﬁ{taﬁf?xw films diffexfrom pojymer sheets, as used herein, in that
ms

polymer films do not themselves provide the necessary penetration
resistamts4ifdytaseorbrentbalpbeperiey to wrighiphs kejeregleding in the
SHG LI  DBR Gther RIS RAIGIMANGE: ROy SNEDIBSHeRAS IiAEMe same

absorption character. Poly(ethylene terephthalate) is‘'most commonly used
B3 BRI 2O1R %%sm%aémﬁ@a iFABFRE AN HEIATRPTiTRS RRJEPKAghgCts n a
thigkipess pf Gd:Sa pem 1o R BRI w8 cRrafergily 8.8250M0mte ShdeMAWwAlch the
0.94%3 0.06 mm, The polymer film layer can optionally be surface treated

6P QL SR8 IR Gne or more properties, such as adhesion or infrared
radiatidn vefieatiembbaesentunetivnplaeentanvanics |ayees inetudeidarin the

ex e, a multi-layer stack for reflecting infra-red solar radjation and

M G DS 6 A e XS CSest 18 SRS T Ny e
stagkcigckronmriin-theratttaise e farexdroplenWed B8/piLa30-andobk & tRatent of the
4,799 745) and.can rise, for example, pne or.more Angstroms-thic
e L R e S R e
plpticaily bodpdratirigrditesuicitalperscdAs is also known, (see, for example,

U.S. Patents 400100100 %ﬁsﬁ@j&%@%&%@l,'@ gl ; LRI b1y

be electrically 30resistance heate efrosting or defogging of any
Eysadnesd yhiss hyerne\no P08/ 05 TreBPERIS2Eb BlesR a0 e thegplored
%%%HQHQJ bpe ok Péé)ﬂﬂ%@%@ﬂ%éﬂ@@a?@r Gt WD Ne.BresSALIYEA ORave 2
which is described in U.S. Patent 6,797,396, comprises a multitude of
ATt RO rayRre tRathaherid Al ré et i dreetkigintiorr witeene iating
pusresence:thatsan Deicavsed by matallis javers-3h b8 pomerfilntolored
layer, in f';*,ome embodiments, is optically transparent (i.e. objects adjacent
BiROZidfe! BFRRE: layer can be comfortably seen by the eye of a particular
observas lonkingrthioughsthe-tayentam the oihesside), anduspallyndsa resin

reater, in some embodiments significantly greater, tensile moduylus . .
T B TR G HAof Thy S Gherl SORER Ehes e s added
teatigigrembolipients; therpdiymide fillstayess Hooamprizas adhieirngplastized
maslial amena heimoplestic materialsanng Slable.MORRIes &lficn ora

ylons, polyurethanes, acrylics, polycarborates, polyolefins such as
polypropiiene gelnldbe plesiatey amddniaetaesavieylhchicride polymersd with
g SoRalymetHARE s kG Ny ATious.eRbediments. fhg 1&8&{[@@{1{%mm
layer comprises materials such as re-stretched thermoplastic films having
$hechoted properties, which include polyesters, for 15 example
poly(ethylene terephthalate) and poly(ethylene terephthatate) glycol
(PETG). In various embodiments, poly(ethylene terephthalate) is used,
and, in various embodiments, the poly(ethylene tercphthalate) 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 150C). 20Various coating and surface treatment techniques for
poly(ethylene terephthalate)
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film that can be used with the present invention arc disclosed in published
European Application No. 0157030. Polymer films of the present invention
woai@lsgrimelude a hardcoat and/or and antifog layer, as are kgawiissthezs3e
art. 25 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 usc Bsr ahdftasibyenithat pr@gﬂeﬁér&@ﬁ%%t%%m@&@ﬂﬁﬁlﬁ&ﬁﬁb@”d
Oglass r tentlon rt|e to laminated glazing panels. Plasticized
'(mm b‘a‘ﬁyr Nl ﬂl%%‘@&%&%ﬁ?ﬂ%&ﬁ%é?é‘ﬁ@ét@r aeyture of
z@@@t@ﬁzgamwﬁwammﬁeﬁkex oukhe mlymetr IeRh&RMEIMRNISENI of the

%'E%oe?é)il ¥H1er a a pref ferre ({dﬁgmbo nt, the polymer sheet

rlses poly wr?y‘fB yra t ¥ nf}%? EnbY; %?ﬁ?%f%egﬁégm can be

|¢ﬂiemiatmi givehhere roﬁlaamqmbmm plady(vimyt by red): @sigheepglwae;raﬁ be

e er embodiment is inclu ed whi
% r?elpﬁ%ﬂ% r%%%ﬁ%@at%gfgssts OF OF ORI iy i 8‘?‘%‘0 V vﬁﬁl"%]m("r
Biggraly. Ivakesd. embodiments, any of the variations in additives
d'SC'OSﬁPJAB@JQ&%bQﬁﬂéﬁ%doW&Q ﬁl}&@ﬁly ?ﬁt% eel hafzIz' % JJ OIgr? fit of the two

consisting of or consisting essenti of poly(viny but
@%%@Tﬁ%ﬁﬁtbﬁ%@fwwmé §ﬁe8ﬁ>@@rﬁ9@@esfa pbtyﬁnﬁemak&uiwnz@ammw 25 phr.

E@a«pe&e&z@ﬁm@lyévmylsﬁhqgﬂ@%@ {9 ROYREBRPSSIIRER!, {hePaymer

sheet comprises mer selected from the group consisting of
poly(vity WBU@H«aﬂmga vetitaH b pBIgeaRY IErBeR, (o lzsdryl dweviny contents
aﬁﬁa&ﬁh@@mbsﬁaweﬁéeﬁfp@{&mm B?;%@?Eife@%@%@%%n{h%hmh
g%mgr shezl Com rlse plast|C|zed on(V|nyI butyr f) In further

BSdith dr‘?{ ¢ PG h?é%%ﬂ%ﬁh% BB ahvel bise bprein.
mmbal?o@’daekﬂoiymeﬁs (:@thﬁ!’f ﬁ@l&meys doaving proRemHMasiseingry o)
ca a§§¥&al% be %s% Hl of the sections herein in which preferred
¥anges, valles, and/or wisthd 3@/ g%l%??%ﬁ‘é’@iﬁ@é‘f@l%?%ﬁl%‘%lon the polymer
butyralfifopexassiple imtdn;v]ﬂamuf‘dimvtaﬂ@me Jfeoplasiigi Z;ef%&pmpqnae nt

har cteristic-en ancin tive

?fr%%% a S%&gé}‘ﬁ%%ﬁ%ﬁg%o eﬁat%ett ej St gll)? ers%ﬂn %I? er'n Freacting

ﬁﬂ@ﬁ@l@@’@dbs@df@@h‘er@@@@Ek@hﬂ@ﬁ@&mqmmmlgmmy shetsprocess of
FRiGmBAdiMeRte camAsng AN DA e Pl 2?62&‘%?') can

be produced b%/ known acetalization pr cessest at involv

PO EUFA FalostiBt hare vrity FIcE iy des i oblere deneel dthar coidi eatalyst, not
fellowedibyneuializalipn of the.calahstsapamtion.iabilization, qn any

ggylng of the resin, with the understanding that in 25var|ous e bod ents

SBRAPALArE et hirow ddisnla Dag widkir peefastsepmian s vinyl

hereip groupko vadieusienbodinagntsothe F&@'WH?T %&wr&&;& side groups
(88'%%) butyr, % having a molecular welg% reater than 30

6‘@6‘”‘ GO0 EH BB G602 | s8eHas mww a weight
orans mmeieé@fmle% Daltons) Small quantltles of a 30dialdehyde or
trlalde? the. acctajlzatlon ste increase

de.can also e added. durn |
molec I%;.r WeIGHt 10 GrEXIAR Plan B BRI tBHE Ll s Eﬁfﬁg@d@@/‘ content of
Patentsda8F, BQ@mW@Q@E)SdﬁEHﬂ%mH%%@%OBBSﬁ@ 4%814,5293.0%,

7 t olecular t ea s the,
@6‘9 45%/1 17 5Q 1$b§§% e@%ﬁ@’ﬁ%{ hﬁn#l decf%na conven |o s11 tryﬁrigxtg the

weight avérage molecular weig al po
1ehidBed hirdr a&@@ﬂnmdnmhqshaﬁwmh@cémdmm ldesoribedbafeovéom the

RS NAYRGRISTICZRLANHERIHilfe @@ﬁ%@%@é@r@gg&ﬁ%%b ;ri]%F 901;?(8118t| For

polymer sheets can comprise 20 to 60, 2 60, 20 to
%ﬁﬁ@%&%ﬂéﬁf@?@é}%@@ desd ﬁwféuelrheém&ﬁmgn@mdiﬁ@evmﬂmpment
guantities can be used as is appropriate for the particular application. In
some embodiments, the plasticizer has a hydrocarbon segment of fewer
than 20, fewer than 15, fewer than 12, gr fewer than 10 carbon atoms.
10Any suitable plasticizers can be added to the polymer resins of the
present
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invention in order to foini the polymer sheets. Plasticizers used in the
polymer sheets of the present invention can include esters of a polybasic

wackisaslyhydric alcohol, among others. Suitable plasticizers/anecludens2536

for example, triethylene glycol di-(2- ethylbutyrate), triethylcne glycol
di-(2-ethyLhexanoate), tricthylene glycol dihcptanoate, 15tetraethylene

glycol diheptanoate, dihcxyl adipate, dioctyl adipate, hexyl
eyidlakexyfddipaiecmixiurassof Rejaiyd and:vepytasinates] tisememdrcent, then the

adipate, heptylnonyl adipate, dibutyl sebacate, polymeric plasticizers such
B S s e DY R an
adipatédsuciivas diselodSpldsincds, tRatohpati8dd, 890hand adipates sugk y{vinyl
s disclosed in U,S. Pat. No. 4,144,217, and mixtures.and combinations of
e e et Sy R S R SR e
mirble frontcCido (09! dkyicaldoholisEndityciolCa tor@iifedlpbiaolszascompatibility
' iny L t - ipate e , E
T o B win

ghyebliiapiephtd intiie)r Adnesibmicontrolzgents (AGAEPoani sisebee used

includedin thaRelmstshests.of ﬁk@y%@asg%ﬁﬁwm%ﬁgﬁ&aﬁa REH NG e cach of

desired adhesiveness, These agents'can be inCorporated into the outer
hctlyinca theets olmest Srndist Bipladiltdwize i esdingsiad insiabi yraintain the
AShsdisclosacin Adr SoMate Bt & 287 Atambamsed. Additionally,

residual sodium acetate and/or potassium acetate can be adjusted by

varying'th SRSUhtofhd assadialdt Hyarbd e R sanibaeqgirolled by controlling
Reutializatien rdacvar eds @Mbedimnenis caalymelsheatsted hendfRieseptrocess.

invention compyise, in additian tqQ sodium acetate, mesium bis(2-cthyl
R T R A I
ficnndiec 718902620, Thé magdesiten saltcar?besfalude et @r memalbt and
effective to control sipn of the polymer.sheet to glass. Additives may, ...
Bt T S R R B T s
ﬁmfalspﬁ@t_jlmti. tﬁmﬁ(ﬁﬁfaﬁﬂle@mwatb@qﬁaham b”fw stb:eplas_tidimerhg% and
?%%%d%ﬂ&%%@%hﬁ%@%%? € ct%‘s(@t‘ﬂ&ﬁ @99%1'2%?&531&1@95‘% Ifants, 12%. In
lame retardants, other IR aﬁ)sor ers, antl-block agents, combinations o
the foréguirgbadinges:. anyd ehéikal s areskriowrs iprarerparagrahgdatshe
hatssleclivelyARsPW lght i the.yisible.0n Aras iaedspectrum can be
added to any of the appropriate polymer sheets. Agents that can be used
include’dyss bt cIBpRIHENbEcek oH @S, indiems s BRI aithRe imen SxRids
gsfianthanurehexabaridedka o Anyauitablemethad sarde UsethiBious

produce the polymer sheets and the multiple layer interlayers of the
PrESSTIVERTOH, BBTEHS DY Litan IR E8L8aTEr iElRiPRY paIfR b cak stress
W@Bga@@tkewmmzé@p&ﬁeskiﬂeﬂeiﬁx@i@;@@t&ﬁg@;é@f iﬂ)@ﬁmﬂ@l@@lﬂ@- list is the
Patents 2,282,057 and 2,282,026). In one embaodiment, the solvent

RABATSE BRI N AR P er S PRIt F6F Bl ek’
Stierees§reT ephologyiBikeditior Mol yioier8 e pages| 3813399, A0y Bolgrams per
Wade (2003) can-be used. In angther embodiment, the agueous metho

B T P R B R e et
avbiadsiedipolanousornissfribam 106 éxanptes Bolsgeamcg®inkouidirst polymer
ME%%%H%@? (BHVAT MIp ?Aﬁlsﬁ%? %ﬁ?@dc?r?trf%ﬁgtexr gﬁ@scr%];?d’iré? & sheet less
polymieric (for example poly(vinyl gutyral ) component t%at IS T moveé

hepn! fHEkHfRiares thelt yesuRSFromalse atidrsaralysistandesgbuseniban 180
pesralizalio @c&fam%a@!m@ﬂ%@&mp@ﬁﬁ@ naY Q@@&{&J'Xdﬁy@o%!m@ per
components in addition to the polymer, Tor' example poly(vinyl butyral),

such as acetates, salts, and alcohols. As used herein, "melt" refers to a
mixture of resin with a plasticizer 25and, optionally, other additives.

One exemplary method of forming a poly(vinyl butyral) layer comprises
extruding molten poly(vinyl butyrat) comgrising 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 30exemplary 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
WO 2002/027722DCT/I 1IS2900N7/NQ2E20N
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sheet. In either embodiment, the surface texture at either or both sides of
the layer may be controlled by adjusting the surfaces of the die opening or

WOR@mNAUee texture at the roller surface. Other techniques fapcontBlings2530

the layer texture include varying parameters of the materials (for example,

the water content of the resin and/or the 5 plasticizer, the melt

temperature, molecular weight distribution of the poly(vinyl butyral), or
eqmabinatidns et beifosegeingRarameiis)r kusthe mraieinthe diRyQe SaRkRes by at
?aniiqgr]({a to includejsgnaceq 1Crg{‘?‘c’tions that define a temporary surface
ir‘?‘]é“’gularlfy@%afgéiﬁ?ét‘?eq e GEEIH bCBf the layer during Lamination

proces$es ifienhich tichelprated temperattire gidhd-pressures Ofthemission
laminating process cause the projections to melt into the layer, 10thereby
B e R e e R S g ymer
shrebaccd fiylistredpoyi tisingBknowmtdchirityes imdHeyartjssiickrased according
indepe, producing three layers of polymer sheet, and then

laminating the three sheets together under appropriate conditions, such as
pressufdranébhiaat motyieldracsisglet (Mutipte lyeniridhiapesd6ih.Vakidbus
embeAie s e jnterlayers &fdta@(&(rfaﬂﬂé @%@HH%I%ﬁ&lh&%%tt@ﬁLet B) having
thicknesses of 0.1 to 2.5 millimeters, 0.2 to 2.0 millimeters, 0.25 to 1.75
Ailliferesoldh 68 Brral Homeisiifd & ks [ pameaservad (B)- polymer sheets

of a mqﬂé@é@ﬂm@mw@w»cgné@memf%@a@pkedsataelzﬁ%ﬁm@lyiﬁ%@&ums (see
thicknesses that, when added together, result in the total thickness ranges

Gro8r L oREc BEEBIFEEMh other embodiments, the 20thicknesses of the

Layersicanibedifferestsang-earn stibadddetha tataldhicknaesses givem: two
olymer sheet described above apply

bove. The parameters for the
gaéf %%ﬁ’%éﬁ’i‘}?}é Fﬁ'ﬁtgl?ﬁtﬂﬁﬁfegq% o I8ABtHdBFbf'the present invention
that is aqoly{wiryl butynad)dypddayerirsdhefollpldrg Paragpapitscen two layers
dggqr@l%iyag%%ﬁe (t}[wiau S thtat gan lBge UFESd to improve and/or measure
the characteriatics of the ﬁo ysm%r‘os eet™ “The clarity of a polymer
sheet, Bxttpaintictiladyiacpbiy(Vinylhbuty kel }HaPen o duabeedbteSinietedifhythe higher
[ ' _ , ich ification.of the amount of light .
e e, DAL IE BT AE Jerence
W-ﬁﬁ}@tﬁﬁ%‘@@@‘@r@@nﬂﬁ@lﬂ&%&h be measured according to the following
technIqu@asﬁﬂ:@Q@%ﬁﬁaﬁmﬂmﬁmﬂ%gpﬁwgwmm%ﬁn&Mﬁéﬁﬁ]&ta{e

Model D25, which is available from Hunter W

O8I PPty T0n P Adg D ShD AS StE ATEE (RESM RN AIS e eded
ieracsargangewith ASTM D1003-61 (Re-approved 1977)-Procedure A,

using Illuminant C, at an observer angle of 2 degrees. lii various _
embodireAtEGFRE Hraekt RSHSHOh BiePRAESE & et opulidels layer
than 3%, iandiessipard i LThe visible transmittance can be quantified
using a UV-Vis-N1R spectrophotometer such as the Lambda 900 made by
Perkin Elmer Cor th eSeri ini ional a O
9050:1990. In var?mzzbogr%g%@? tlggﬁrgngﬁmce??ﬁﬁ%fa%iﬁ/mer
sheet of the present invention is at least 60%, at least 70%, or at least

800/0. Hopumnses ai Hesivescainbethensiedrmidortingtonie’ folemsity
Pﬁﬂﬂ@%t@&}gcwta?&"@gﬁ%ﬁg dUF RSO NAGIRLOYANIRY AANCSION; jon

of a polymer sheetto glass, the following technique is used to determine
plitamel i g RIS THRTIH A sktepancd rEprapaigtefthostahiapgmission loss
ateclavedaminstion candifonsmiie laminaigss seniedio.aprutd BGention,

OF) and manually pummeled with a hammer to break the glass. All 15
KINYHSE5 TRAYTE Aot tiRdield e Hs i AryRBaRR 45 Pfeiis-ARdrlertz, and

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(vinyt butyral) layer. In particyjar, at a pummel standard of zero,

no glass is left adhered to the poly(vinyl butyral) layer. At a pummel

standard of 20 10, 100% of the glass remains adhered to the poly(vinyl

butyral) layer. Poly(vinyl butyral) layers of the present invention can have,

for example, a pummel value of between 3 and 10. Tensile break

stress can be determined for a polymer sheet according to the procedure
Aecerihbed In IR KAR771 2BEAc 11cead herain "titer" fran be determinead for
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Grams of resin in sheet sample = Grams sheet sample (100 PHR)/100
5Approximately 5g of resin in the sheet sample is the target mass used to

Westingay thie amount of sheet sample to start with, with the calciiedesh /082530

mass of resin in the sheet sample used for each titer deteimination. All
titrations should be completed in the same day. The sheet sample is
dissolved into 250 milliliters of methanol in a beaker. It may 10take up to 8

kentgdobiheishaet Sampiadonde @ampletely dissolvedsA PlRRKMMEBIUSto the

methano] is alsp.prepared in a beaker. The sample and blank are each

AR B LB AP S SRR e
programmed to stop at a pH of 2.5. The amawatof HC1 added to each the
sample and the blank to obtain a pH oV4.?”i§"§eTorded. The HCL1 titer is
determined according to the following: 15 HC1 The [mls 0.01N HC1/100g

resin] 2ME7R (fissdh et lsdaspi@ickars bryTElBrIRY el chkisd HFHEE of

resin 20k detasinermagnasien salf ditery brerfolenieg-ProsREW IS referred to
used: . _ 12 to 15mls of pH 10.00 Buffer solution, prepared from 54

grdhits B EiifoHiti@Rloride and 350.mls of ammonium hydroxide diluted

to one litetywith methanrelvahdul? dotdSeis-of Efichrome Blagknkdndigatarckness”

are added to the blank and each sheet sample, all of which have already .

B TR R HIC 24 et AbOVE e BPANE BT SR Gaari

thracth00029 8 gfra o BiEA, sbiutiontprepated fhorki2s3263d dékasodivnof the three
I traacetate dihydrate, 5 ml water, diluted to one liter with

%h ene laminet
r%el%[f%{%o y%(ﬁgr}%ga‘% titration is measured by light transmittance at
596nmiMreiosy andwditance i Rirsprasjusted:toid 0% inpledasamplerioyers of the

B@E@%P&@éﬁi@l?cﬂ%%@ 13 ]%tﬁritﬁgo\?)%ilgggesﬁ%@ x%ﬁ%l?i riaggt ference in sound

magenta-pink color.”"When transmittante at 596nm beconies 30constant,
DTt olilebrmpletsonnd whechohutioaribittsdsardespindigodslolcast 2

E@lﬁb\é@slHﬁ@r@ﬁ:@@?&%@tﬁa&%ﬂ&@,%‘ﬂl‘f}!@em&@g}?x@f@}‘é@ig@%&%'ﬁsj%r higher or 8
recorded for the WO 2008/057788PCT/US2007/082530 blank and eac

Qﬁ%@?@eﬁﬁbil%hq‘ﬂagnesium salt titer is determined according to the

following:vMagnesisouath kg ked0hvmale hmagnesivupsalPeets of
ram resin] = 50.000298g/m1 EDTA X (mls of EDTA for samligle - mls of
SPRYSH BRSARI GRS D redinT AR SampRYSeS 80T Gibte Iy ad cach
0:6000001a resifraimcthisas estléntettl alkabing titele 85, losd hanatenafe %, less than
cetate salt per gram resjn, can be calculated according tg the following:
B A B e T P < BRLE (1 08 TGP SRR
TaernTheaportiontefdheliotal alkhlihityditenathydrdabledoteitheisadibove, in any
cetate or potassium acetate can be detelmined by first.determining the .
R D S et T e
tit€croesty ic e anaty sienom thedolyidel shdetghrobepesfoimieding liitle to no
1odystvel frouRledh PIaama ERIBSIRN AREHARRARK (EELIRINING 1B e prosent
pm concentration for potassium and a ppm concentration for sodium.
TVEHIRAIRE tite HHeBFrabIaVI6 S et sl Siate tbyaufind echie rehvral thiee or more
H?{Q‘Jez%@f@lﬂﬂg I%TEWLHBB%%QV JRE AL JPRM-SQAIUTY (R @é@s%ﬁgi%ﬂilc %, less
m potassium)].
Phgn mole %, les]s 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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- The alkaline titer attributable to potassium acetate is defined herein as the

total alkaline titer multiplied by the ratio [ppm potassium/(ppm sodium +

wpprpatassium)]. 25 EXAMPLES Poly(vinyl hutyral) sheets havingsioteg2sso

residual hydroxyl content formulated with various amount of 3GEH
(triethylene glycol di-(2-ethylhexanoate)), and their sheet thicknesses are
listed in Table I. These sheets are either used to construct the interlayers

QNS BRERANHIBYRAHAN OXtHSed @2 M6 FRfRISNIRINEHAYSAAQEIMBIING asticizer
reference panels. 30In all sheets, the residual acetate contents are

ﬁg@ffé}@i@@%pg}@%gg%n This i) pajyeger sheet can have the same composition as
2008/057/188RGTHHIS200 82586 drakle 1 PVB Sheet No. Poly(vinyl

butyral) sheet Residual h ydroxyl content (%) 3GEH content (phr) Sheet
ok S i BPAERGHo  aR 5r H E Rpdag o he

Kglemmniymer sheet, which provides a three layer laminated interlayer that has a relatively
difficult to handle polymer sheet laminated between two relatively easy to handle sheets,
resulting in a multiple layer interlayer that is relatively easy to handle and which can be
incorporated directly into existing processes that previously used a single polymer sheet
having the composition of the outer two polymer sheets of the interlaver of the present
ivention, or a composition that results in similar processing characteristics (for example,
blocking tendency).

In other embodiments utilizing three polymer sheets in a single interlayer, the
third polymer sheet has a different composition than the first polymer sheet, and the
differences in composition between the third polymer sheet and the second polymer sheet
can be any of the differences given above for the differences between the first polymer
sheet and the second polymer sheet.

For example, one exemplary embodiment would be: first polymer sheet with a
residual hydroxyl content of 20%//second polymer sheet with a residual hydroxyl content
of 16%// third polymer sheet with a residual hydroxy! 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 altemating

plasticizer contents with alternating hydroxyl content and optionally low or negligible
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PVB-1 18.5 38 30 Blue 0.20 230 2 PVB-2 18.5 38 30 Green 0.25 230 3
PVB-3 18.5 38 13 Blue 0.40 230 4 PVB-4 15.9 52 40 Blue 0.24 140 5

WO 2008/657788 POE/US2007/082530

residual acetate content. Interlayers formed in such a manner can have, for example, 4, 5,
6, or up to 10 individual layers.

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 mfrared reflecting stack, or other performance layer deposited thereon, can be
mcluded between any two layers of polymer sheets of the present invention. For
example, in a two layer embodiment, an interlayer can be fabricated with the following
layout: polymer sheet with relatively high plasticizer content//polyester film having a
performance layer//polymer sheet with relatively low plasticizer content. In general,
additional layers of thermoplastics, such as poly(vinyl butyral), polyester films, primer
layers, and hardcoat layers can be added to the multiple layer interlayers of the present
invention according to the desired result and the particular application.

For each interlayer embodiment of the present invention in which two or more
separate polymer sheets are disposed in contact with one another and subsequently
laminated into a single interlayer, there also exists an embodiment where a coextruded
interlayer is formed to have the same layer arrangement, which, for the purposes of the
present invention, is considered to be formed of multiple polymer sheets and is
considered a “multiple layer” interlayer.

In addition to the inferlayers provided herein, the present invention also provides
methods of reducing the level of sound through an opening, comprising the step of
disposing in the opening a multiple layer glass pane] comprising any of the interlayers of
the present invention.

The present invention also inchudes 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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PVB-5 16.0 49 45 Blue 0.26 160 6 PVB-6 18.5 38 30 No 0 230 7 PVB-7
1595230 No 0140 PVB-811.2 756 No0<.1109

WO 2008/657788 PCT/US2007/082539

three layer embodiments as described elsewhere herein, and laminating the three polymer
sheets together to form the interlayer.

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 mvention also includes multiple layer glass panels, such as
windshields and architectural windows, comprising a multiple layer interlayer of the
present invention.

Also included are multiple layer glazing panels having plastics, such as acrylics,
or other suitable materials in place of the glass panels.

In various embodiments of the present invention, an interlayer comprises a
colored region within the gradient region of one or more layers of the intertayer.
POLYMER FILM

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
sheets, as used herein, in that polymer films do not themselves provide the necessary
penetration resistance and glass retention properties to a multiple layer glazing structure,
but rather provide performance improvements, such as infrared absorption 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
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-la'yer 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
exarnpie, 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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PVB-9 10.7 75 6 No 0 < 110 Conventional interlayers and examples of

the interlayers of the present invention 5 are shown in the Table 2, where
wa singleasteiisk indicates that the interlaycrs are stored at eitlyer golds7/082530

temperature, typically 10C, or at room ternperature, typically 20 to 23C

and a double asterisk indicates that the sheet is a reference sheet. Table

2 truer- | ayer No Interlayer construction with multiple sheets Differ- ence

in  OH ganRtRAtbEINGSN FhRSIsiand 203G E FlLomentasformulateinion,

nt&t,ti le sheet Sheet I** Sheet 2 Sheet 3** She ' )
which is described m U.S. Patent 6,797,396, comprises a multitude of nonmetallic layers

that funetion to reflect infrared radiation without creating interference that can be caused
by metallic layers.

The polymer film layer, in some embodiments, is optically transparent (i.e.
objects adjacent one side of the layer can be comfortably seen by the eye of a particular
observer looking through the layer from the other side), and usually has a greater, in
some embodiments significantly greafer, tensile modulus regardless of composition than
that of any adjacent polymer sheet. In various embodiments, the polymer film layer
comprises & thermoplastic material. Among thermoplastic materials having suitable
properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as
polypropylene, cellulose acetates and triacetates, viny! 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
Application No. 0157030. Polymer films of the present invention can also inciude 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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The polymer sheet can comprise any suitable polymer, and, in a preferred
embodiment, the polymer sheet comprises poly(vinyl butyral), In any of the
embodiments of the present invention given hercin that comprise poly{vinyl butyral) as
the polymeric component of the polymer sheet, another embodiment s included in which
the polymer component congists of or consists essentially of poly(vinyl butyral). In these
embodiments, any of the variations in additives disclosed herein can be used with the
polymer sheet having a polymer consisting of or consisting essentially of poly(vinyl
butyral).

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

For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can be
produced by known acetalization processes that involve reacting poly(vinyl alcohol} with
butyraldehyde m 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, 250,600, 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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4,814,529; and 4,654,179}, As used herein, the term “molecular weight” means the
weight average molecular weight.

If additional, conventional polymer sheets are uscd in addition to any of the
embodiments described above as having plasticizer content differences, those additional,
conventional polymer sheets can comprise 20 to 60, 25 to 60, 20 to 80, or 10 to 70 parts
plasticizer per one hundred parts of resin (phr). Of course other quantities can be used as
is appropriate for the particular application. In some embodiments, the plasticizer has a
hydrocarbon segment of fewer than 20, fewer than 15, fewer than 12, or fewer than 10
carbon atoms.

Any suitable plasticizers can be added to the polymer resins of the present
invention in order to form the polymer sheets. Plasticizers used in the polymer sheets of
the present invention can include esters of a polybasic acid or a polyhydric alcohol,
among others. Suitable plasticizers include, for example, triethylene glycol di-(2-
ethylbutyrate), triethylene glycol di-(2-cthylhexanoate), triethylene glycol diheptanoate,
tetraethylene glycol diheptanoate, dihexy! adipate, diocty! 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 Cy to Co
alkyl alcohols and cyclo C4to Cy alcohols, as disclosed in U.S, Pat. No. 5,013,779, and
Cs to Cq adipate esters, such as hexyt adipate. In preferred embodiments, the plasticizer
is triethylene glycol di-(2-ethylhexanoate).

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. Additiorally, 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-ethyi
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butyrate)(chemical abstracts number 79992-76-0). The magnesium salt can be included
m an amount effective to control adhesion of the polymer sheet to glass.

Additives may be incorporated into the polymer sheet to enhance its performance
in a final product. Such additives include, but are not limited to, plasticizers, dyes,
pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, flame retardants, other IR
absorbers, anti-block agents, combinations of the foregoing additives, and the like, as are
known in the art.

Agents that selectively absorb light in the visible or near infrared spectrum can be
added to any of the appropriate polymer sheets. Agents that can be used include dyes and
pigments such as indium tin oxide, antimony tin oxide, or lanthanum hexaboride (LaBq).

Any suitable method can be used to produce the polymer sheets and the multiple
layer interlayers of the present invention. Details of suitable processes for making
poly(vinyl butyral) are known to those skilled in the art (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 vartous forms from, for example, Sclutia Inc., St. Louis, Missouri as
Butvar™ resin.

As used herein, “resin” refers to the polymeric (for example poly(vinyl butyral))
component that 1s 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,
salts, and alcohols. Asused 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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sheet. In either embodiment, the surface texture at either or both sides of the layer may
be controlled by adjusting the surfaces of the die opening or by providing texture at the
roller surface. Other techniques for controlling the layer texture include varying
parameters of the materials (for example, the water content of the resin and/or the
plasticizer, the melt temperature, molecular weight distribution of the poly(vinyl butyral),
or combinations of the foregoing parameters). Furthermore, the layer can be configured
to include spaced projections that define a temporary surface irregularity to facilitate the
de-airing of the layer during lamination processes after which the elevated temperatures
and pressures of the laminating process cause the projections to melt into the layer,
thereby resulting i a smooth finish.

Fabrication of a multiple layer interlayer can be accomplished by using known
techniques in the art, such as independently producing three layers of polymer sheet, and
then laminating the three sheets together under appropriate conditions, such as pressure
and heat, to yield a single, multiple layer interlayer.

In various embodiments, the interlayers of the present invention can have total
thicknesses of 0.1 to 2.3 millimeters, 0.2 to 2.0 millimeters, 0.25 to 1.75 millimeters, and
0.3 to 1.5 millimeters (mm). The individual polymer sheets of a multiple layer interlayer
can have, for example, approximately equal thicknesses that, when added together, result
in the total thickness ranges given above. Of course, in other embodiments, the
thicknesses of the layers can be different, and can still add to the total thicknesses given
above.

The parameters for the polymer sheet described above apply as well to any layer
m a multiple layer construct of the present invention 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 1s 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 measuored according to the following technique. An apparatus for

measuring the amount of haze, a2 Hazemeter, Model D25, which is available from Hunter
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Associates (Reston, VA), can be used in accordance with ASTM D1603-61 (Re-approved
1977)-Procedure A, using lluminant C, at an observer angle of 2 degrees. In various
embodiments of the present invention, percent haze is less than 5%, less than 3%, and
less than 1%.

The visible transmittance can be quantified using a UV-Vig-NIR
spectrophotometer such as the Lambda 900 made by Perkin Elmer Corp. by methods
described in international standard ISO 9050:1990. In various embodiments, the
transmittance through a polymer sheet of the present invention is at least 60%, at least
T4%, or at least 80%.

Pummel adhesion can be measured according to the following technique, and
where “pummel” 15 referred to herein to quantify adhesion of a polymer sheet to glass,
the following technique is used to determine pummel. Two-ply glass laminate samples
are prepared with standard autoclave lamination conditions. The laminates are cooled to
about -18°C (0°F) and manually pummeled with a hammer to break the glass, All
broken glass that is not adhered to the poly(vinyl butyral) layer is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) layer is visually compared 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(viny! 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.

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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Table 3. Sheet 1 and Sheet 3 are the reference sheets. STL 5of these

sheets listed in Table 3 are obtained when they are used as reference

interlayers in accordance with typical laminated glass construction. In

Table 3, a single asterisk designates glass laminates containing two

nes %symm ic glass sheet (each of the glass sheets has equal

tHIERHeEs) h g™ %W SAREIS ToSgnRalerLAETSion Loss. Laminate No.

Table 3. Interlayer conset101 Gombirgd glass thickness (mm)* STL at

reference frequency (dB) STL difference between sheet 1 and sheet. 2 at

reference frequency (dB) Sheet | Sheet 2 Sheet 3 sheet sheet 2 sheet 3
Approximately 5g of resin in the sheet sampie is the target mass used to estimate

the amount of sheet sample to start with, with the calculated mass of resin in the sheet
sample used for each titer determination. All titrations should be completed in the same
day.

The sheet sample is dissolved into 250 millifiters of methanol in a beaker. It may
take up to 8 hours for the sheet sample to be completely dissolved. A biank with just
methanol 18 also prepared in a beaker. The sample and blank are each titrated with
0.00500 normal HCI nsing an automated pH titrator programmed to stop at a pH of 2.5.
The amount of HC1 added to each the sample and the blank to obtain a pH of 4.2 is

recorded. The HCl titer is determined according to the following:

HCI Titer [mls 0.0IN HCI/100g resin] = 50 x {(mls of HCl sample - mls of HCI blank)
Calculated grams of resin

To determine magnesium salt titer, the following procedure 18 used:

12 to 15mis of pH 10.00 Buffer solution, prepared from 54 grams of ammonium
chloride and 350.mls of ammonium hydroxide diluted to one liter with methanol, and 12
to 15mis of Erichrome Black T indicator are added to the blank and each sheet sample,
all of which have already been titrated with HCI, as described above. The titrant is then
changed to a 0.000298 g/ml EDTA solution prepared from 0.3263¢ tetrasodium
ethylenediaminetetraacetate dihydrate, 5 ml water, diluted to one liter with methanol.
The EDTA titration is measured by light transmittance at 596nm. The Y%fransmittance 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 1s 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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blank and cach sheet sample. Magnesium salt titer is determined according to the
following:

Magnesium Sait Titer [as 1 x 167 mole of magnesium salt per gram regin] =

0.000298g/ml EDTA x (mls of EDTA for sample - mls of EDTA for blank)
(grams of resin in sheet sample) x 380.2 g/mole EDTA x 0.0000001

From this result, total alkaline titer, as 1 x 107 mole of acetate salt per gram resin,

can be calculated according to the following:
Total Alkaline Titer = HCI Titer of sheet — (2 x Total Magnesinm Salt Titer)

The portion of the total alkalinity titer attributable to cither sodium acetate or
potassium acetate can be determined by first determining the total alkaline titer, as
described above. After determining total alkaline titer, destructive analysis on the
polymer sheet can be performed by Inductively Coupled Plasma Emission Spectroscopy
(ICP) resulting in a ppm concentration for potassium and a ppm concentration for
sodium,

The alkaline titer attributable to sodium acetate is defined herein as the total
alkaline titer multiplied by the ratio [ppm sodium/(ppm sodium + ppm potassium)].

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
thickﬁcsses are listed in Table 1. These sheets are cither used to construct the interlayers
of the present invention or used as the reference interfayer for making reference panels.

In all sheets, the residual acetate contents are negligible and are less than 1 mole %.
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Table 1
PVB | Poly(vinyl | 9% | agpr | gheet | €007 | udine | Temsile
hydroxyl . region break
Sheet {  butyral) content | thickne = to clear
No sheet content (phry | ss(mil) ratio stress,’}
' (Yo} ' ' kg/em”®
1 PVB-1 18.5 38 30 Blue 0.20 230
2 PVB-2 18.5 38 30 Green 025 230
3 PVB-3 18.5 38 13 Blue 0.4¢ 230
4 PVB-4 159 52 40 Blue 0.24 140
5 PVRB-5 16.0 49 45 Blue 0.26 160
6 PVB-6 18.5 38 30 No C 230
7 PVB-7 15.9 52 30 No 0 140
8 PVB-8 11.2 75 No 0 <110
9 PVB-9 16,7 75 No 0 < 110

Conventional interlayers and examples of the interlayers of the present invention

are shown in the Table 2, where a single asterisk indicates that the interlayers are stored

at either cold temperature, typically 10°C, or at room temperature, typically 20 to 23°C

and a double asterisk indicates that the sheet is a reference sheet.

Table 2

Interlayer construction | Differ- 3(1’53;; c;z:;an;tnas ‘ ,Niiafied:g E;{ y Me: zisured
with multiple sheets ence in fuaied an cotlent m each snect | difference
ol multiple sheet after 4 weeks (phr) * m 3GFH
Inter- o content
1 . conient
ayer No. hetween hetween
heets 1 sheets 1
Sheet | Sheet | Sheet | Shee So She | She | She | Sheet | Sheet | Sheet | and 2 (phy)
pee 1o 3w | and200 gy fern | ers | 1 2 3 -
! PR
(conven- . ‘ 38 - 38 - -
tional)
2 PVE
{conven- 5 - 38 - 38
tional)
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Table 4, where a single asterisk designates that laminates contain two

panes of symmetric glass sheet (2.1 mm) (each of the glass sheets S5has

equal thickness). Table 4. Lamlnate No * Total alkallne tite in intcrlayer

L)ILIE[EI celr Uld.l dl lEQIUII\_
2
{conven- ?\1 B - - 38 0
tigmal)
4 PVRH PVB
{conven- 1 - - G 38 - 38 38 - 38 G
tional -
3 PVB PVE PVR
{conven- | 6 1 0 38 38 38 38 38 38 0
tional)
6 P‘I’B P‘;B . 26 3 | 52| - | 378 | 522 | 378 14.4
7 TR P\‘;B 73 38 1 75 | 38 | 379 | 757 | 379 378
7 P;{B PEB P\;B 78 36 75 36 359 75.4 359 305
8 PVB | PVB 1 26 38 | 52| - | 378 | s22 1 - 14.4
6 4
9 ?\GIB P‘;/B - 2.5 38 49 38 38 52 38 14
9 P\;B PYETYE L s 35 [729] 35 | 350 | 730 | 350 36.0

Conventional laminated glass (reference panels), and examples of laminated glass
consisting of interlayers with improvements in acoustical performance relative to the
reference panels are shown in Table 3. Sheet 1 and Sheet 3 are the reference sheets. STL
of these sheets listed in Table 3 are obtained when they are used as reference interlayers
in accordance with typical laminated glass construction. 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.

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

No. elass thickness frequency (dB) between sheet 1 and
Sheet 1 | Sheet 2 | Sheet 3 (mm) sh;ict sh;et sh;aeé: Shg?qi;g;%gg;w

1 PVB 1 - - 42 31 - 0

2 PVB 2 - - 42 31 - 0

3 PVBI1 - PVB 6 4.2 31 - 3] 0

4 PVB i - PVB 2 4.2 32 - 32 0

5 PVRI PVB & | PVRI 4.2 32 32 32 O

6 PVB1 | PVB7 - 4.2 31 38 . 7
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7 PYB 3 PVBRB S | PVB3 4.2 32 40 32 8
8 PVB3 | PVBY | PVB3 2 32 | 40 | 32 R
g PVEH 6 PVE 4 - 2 31 38 - 7
10 PVB S | PUB 5 - 42 31 | 37 - 6

Effects of salt concentrations on the adhesion of the gradient region of interlayers

of the present invention are shown in the Table 4, where a gingle agterisk designates that

laminates contain two panes of symmetric glass sheet (2.1 mm) (sach of the glass sheets

has equal thickness}.

Table 4.
Laminate | Total alkaline titer | Difference in | Pummel adhesion | Adhesion delta
No.* in interlayer total alkaline (clear — gradient)
Clear | Gradient | 01°F botween 7o o T Gradient
region regon clear and region | region
£ A gradient & &
regions

1 23 23 0 47 2.5 2.2
2 24 20 4 3.8 2.8 i
3 25 15 10 4.0 4.1 -(.1
4 23 8 17 4.0 5.1 -1

Effects of the incorporation of epoxy resin in the colored region on the adhesion

of the gradient region of interlayers of the present invention are shown in the Table 3,

where a single asterisk indicates that laminates contain two panes of symmetric glass

sheet (2.1 mm), i.e., cach 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 | PhrofEpoxy-2 | Pummel adhesion { Adhesion
nafe atkaline in Interfayer *** | in interlayer ¥*%¥ delta {clear
No. * | titer in both - gradient)
clearand | clear | gradient | clear | gradient | clear | gradient |
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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. 15

ga;gsro [ e, + a{flllgeﬁ’lln; tf@gﬂ b%’ﬂ‘lnté?%%r *Iﬁ?%}?‘;"n terr%%}g? o

&Ita1 (clgar gradient) ] o 0 66 N ;
2 12 - - 0 2 6.8 6.5 0.3
3 20 0 ] - - 5 3 2
4 20 i) 2 - - 4,7 4.7 0
3 17 0 g - - 4.5 3 1.5
6 17 0 2 - - 5 5 0

By virtue of the present invention, it is now possible to provide multiple layer
interlayers that have gradient regions baving colored regions and that reduce sound
trangmission and that are casily handled and readily incorporated into multiple layer
constructs, such as laminated glass panels for windshields and architectural windows.

While the mmvention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substitated for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the imvention not be limited to
the particutar embodiments disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include alt 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, a8 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 grven 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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Any figure reference numbers given within the abstract or any claims are for
iltustrative purposes only and should not be construed to limit the claimed mvention 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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Claims:

1. A poly(vinyl butyral) interlayer comprising:

a single poly{vinyl butyral) sheet, including:

a first plasticized poly(vinyl butyral} layer having a first gradient region and
a first clear region;

a second plasticized poly(vinyl butyral) layer having a second gradient
region and a second clear region;,

a third plasticized poly(vinyl butyral) layer having a third gradient region
and a third clear region;

wherein the amount of plasticizer in said second layer is at least 10 parts
per hundred greater than the amount of plasticizer in said first layer, and wherein
said first fayer and said second layer each have a residual acetate content of less
than 5 mol percent;

wherein the amount of plasticizer in said second layer is at least 10 parts
per hundred greater than the amount of plasticizer in said third layer, and wherein
said third layer and said second layer each have a residual acetate content of less
than 5 mol percent;

wherein at least one of said first gradient region, said second gradient
region and said third gradient region has a colored region; and,

wherein said colored region has a total alkaline titer that is at least 4 titers

less than the total alkaline titer of the clear region of the layer in which it is formed.
2. The interlayer of claim 1, wherein said colored region has a total alkaline
titer that is at least 8 titers less than the total alkaline titer of the clear region of the

layer in which it is formed.

3. The interlayer of clatm 1, wherein said colored region incorporates an

epoxy compound.

4. The interlayer of claim 3, wherein said colored region epoxy compound

is an epoxy resin.

5. The interlayer of claim 4, wherein said epoxy resin is selected from the

group consisting of an epoxide or diepoxide of poiy(oxypropyiéne) glycol.
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poly(vinyl butyral) layer having a third gradient region and a third clear

regION; 11, The interlayer of claim 1, wherein said second layer has a residual
hydroxyl content per weight percentage that is at least 8% lower than the residual

hydroxyl content per weight percentage of said first polymer layer.
12. The interlayer of claim 1, wherein said second layer has a residual
hydroxyl content per weight percentage of less than 17.0% and said first polymer

layer has a residual hydroxyl content per weight percentage of less than 20%.

13. The interlayer of claim 1, wherein said first layer and said second layer

each have a residual acetate content of less than 3 mol percent.

14. The interlayer of claim 1, wherein said first layer and said second layer

gach have a residual acetate content of less than 1 mol percent.
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wherein the amount of plasticizer in said second layer is at least 10 parts

per hundred greater than the amount of plasticizer in said first layer, and
wherein said first layer and said second layer each have a residual

acetate content of less than 5 mol percent; wherein the amount of
plasticizer in said second layer is at least 10 parts per hundred greater

than the arhduhbfipierdtis fin'alid thivdesser saifd WHsEs TegiRn thirgaid entire
layeyand saishrecond layer each have a residual acetate content of less

than 5 mol percent; wherein at least one of said first gradient region,

said second gradient region and said third gradient region has a colored

region; and§. Thavhertipesaitioctolorédviegion beis adotalakeilinesitesitbiatriion of
IS aléggg%trgdgﬁﬁé@gﬁthan the total alkaline titer of the clear region of the

layer in which it is Tormed. 2. The interlayer of claim 1, wherein said
colored region has a total alkaline titer that is at least 8 titers less than the

total alkaling titee elctheneleaeregorobtitie yehdnavhiehdifirsifgraneht region has
3. Tg%ém%r&a%%{ %f claim 1, wherein said colored region incorporates an

epoxy compou 8 ' 4. The interlayer of claim 3, wherein said colored

region epoxy compound is an epoxy resin. 5. The interlayer of claim

4, wherein gaidepoxy e i§ selpstedframthe grovec-eansising @l @bion has a
epoxiqe or diepoxide of poly(oxypropylene) glycol. 6. The interlayer

of cfaim 1. Witerein said first gradient region, said second gradient region

and said third gradient region have a ratio of the height of said gradient

region, in the layeriinanbieh Brisfarmedy i tbe Reighief hedlsareeiathng said
below it of greater than 0.25. 7. The interlayer of claim 6, wherein said

first RIS A PE50Te9I00 EBYOAAGraRRIGESRHPANd said third gradient

region have said ratio of the height of said gradient region, in the layer in

which itis formal, e Reioht ok herCGRCrepionReIR! GLAIEAISE AN has o
0.4. 8. The interlayer of claim 1, wherein the amount of plasticizer in
saicFSEEBRECRIGRY is at least 15 parts per hundred greater than the amount

of plasticizer in said first layer, and wherein the amount of plasticizer in

said secongl, layer is at.east 15 parts per hundred greater than the amount , .
o plasticierr e i SRS R B MRS Mo satc
saicbseeoharrijerttiagiarvesriua e droNgred e per weight percentage

that is at least 2% lower than the residual hydroxyl content per weight
percentage of said first layer,. . 10. The interlayer of claim 1, W%e e _
St secont oo KL Vel PRy cr AP R weRGRER A g racion
thatrepaineash 4%y toaver!thien warsidual hydroxyl content per weight
percentage of said first polymer layer. 11. The interlayer of claim 1,
wherein said second layer has a residual hydroxyl content per weight
percentag@that T HPIEAY Hod FSi0Er AR BRETRESEGAT RIS CohtEat igriayer
weighirpeitamntage of said first polymer layer. 12. The interlayer of

claim 1, W'%%'ﬁ@giﬁ’éﬁ},@@%% r has.aresigdyal. hydroxyl content per

weight percent .0% and said first polymer layer has a
residual hyaifsstypasteedied Midmhpbicorages bR e fHpt snegient region and
13. Thesinteskaygiiaf claim 1, wherein said first layer and said second layer
each have a residual acetate content of less than 3 mol percent. 4.
The interdb o o s e O CAA SR 110 s DAL anasega Cradent
eaclaavneaacr esidoether@iecdsttent of less than 1 mot percent. 15.

The interlayeref gliNckaNhssSRiaNbeRIAIEIRRI PR §ald: Bt §radient region
gradient region, 16. The interlayer of claim 1, wherein said colored
regi?)'ﬁdié §%§85&&f8ﬁ*8?said gradient region 17. The polymer n

erlayer of elaareib, ivhererushif fifstiriadients@diondoas degetosed tegivriO parts
16, Jen gAY Qi Al nw BRIGIRSaic see0nd GrRCenf agIR 138 A wherein
colored region. 19. The interlayer of claim 1, wherein said first

gradient region and said second gradient region each have a colored

region. 20. The interlayer of claim 1, wherein said third gradient

region has a colored region. 21. Thg interlayer of claim 1, wherein

said third gradient region and said secon(] gradient region each have a

colored region. 22. The interlayer of claim 1, wherein said first,

second and third gradient region each have a colored region 23. A
miiltinle lavver alazina naneal comnricina 2 nolv/(xzinv hiritviral) intarlaver



wherein the amount of plasticizer in said second layer is at least 10 parts
per hundred greater than the amount of plasticizer in said first layer, and
wherein said first layer and said second layer each have a residual

acetate ,Gon (?nt of Ie h nb mg ercent; " wherein trz:i %% &I
plastidiger i &4 &8 secon ENSHS é% ELEPTh R EP RiTRbRSG gl sRaient of less
thantti#e amisuinesfeplasticizer in said third layer, and wherein said third
layer and sgidcserond layelsashiaurddenidial celale 50BIenteidess 1o parts

than 5 mol percent; wherein at least one of said flrstﬁradlent region,

said %%’dawad%&faﬁf%%% R FOGH TP GEHRGRE fogRIA K RrsSsangiwherein
a cokaddmediopeamad] said wherein=saideoloregdsegiosihas actotad alkatbneof less
titer m% is r%‘%%%é‘h lters less than the total alkaline titer of the clear

region of the layer in which it is formed. 24. A method of making a multiple

layer interl¥/@? B mprigath ccsestradifdiEstigiopigstich@ampaip@ingrond gradient
butyre@lcmeslhwsmrthacﬂ@sémrrbgm@Myﬁ@a@&am@a Raba: el

clear region, and.a se sticized polyvinyl butyra to for ,
second Iayerhha?}f}lsaags%ocg% gr?géi’ ecjﬂgreéloﬁ%ang( %é'gg)ctrc? eta? %gﬁ?@ﬁ? 4 titers
and gshitepplstitaia @ salyetitgr biitheat)areiegioforiifetisydrayehishving farmed.
third gradient layer and a third clear region; wherein said second layer is
between s irst layer and said third Iayer wherein the amount of
plast|C|zeraé1 A Pé%%a IE\AE AL 6 e BRI R B 5T e
thanctexandonnt o §l astitiziee th sy fivgt tayes) ame vciein sdicsfitsyer having a
averiand said secoihiaver sarh s adasidualaceleanianlplies

gnolyvmyl
than 5 mol percent: wherein the amount of plasticizer in said seco

layePiVaR le 81 (Pp &8 R IRGRBFe YRR AR TNaA FREGATLGRIEENt region and a
plasﬂemfdimlsafdébiﬂﬂx Iayﬁraandd/\m@seﬁwaiﬁdwddwantm st seeenda third
'aye{ g&ﬁ??dd ‘?t?‘ gontent of less than, 5 mol pereent, .+ second
Wher nat east one of a|d |rst radlent region, sald sé;corid rag

regidRy@n balwerneyedirneyegron sais éhé”@ldﬁ)é@f region; and

wherein saighealgiedsegiontas pirtrlialkalingibtesibalinatleast 4H8$0 parts

I han th | alkaline titer of the clear region of the r in which it is
fgs;Dt daﬂu &ré%tgréalaal‘((éar th%rE 1;t%e(?amount p[asq}az:er in sagg)ﬁfst layer, and wherein

said first layer and said second layer each have a residual acetate content of less
than 5 mot percent

wherein the amount of plasticizer in said second layer is at least 10 parts
per hundred greater than the amount of plasticizer in said third layer, and wherein
said third layer and said second layer each have a residual acetate content of less
than 5 mol percent;

wherein at least one of said first gradient region, said second gradient
region and said third gradient region has a colored region; and,

wherein said colored region has a total alkaline titer that is at least 4 titers

less than the total alkaline titer of the clear region of the layer in which it is formed.
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