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WO 2007/ 143746PCT/ US2007/ 070812 I N | ERLAYERS
COWPRI SI NG MODI FI ED FUVED SI LI CA FI ELD OF THE
I NVENTI ON The present invention is in the field of

wolhbd7pkead ayer gl azi ng panel interlayers Sangcr/iim@7/e70812

specifically, the present inventionis in the field
of multiple layer glazing panel interlayers
conpri sing nodified polymeric conpositions.

' the bttt COBENG b RIS AR

used as interlayers in light-transmtting | am nates
such as safety gl ass olyneric | am nates. Safety

or
gl ass often refers_tEﬂﬂlgpgﬁgﬁéﬂgﬁﬁngﬂﬂnate
conpr i §h 06 &nPihdiios iZE PRy by fnﬁullgleqwe)‘ %ﬁ%ﬂlgé&%@ﬁnteﬂayers
di sposed between two sheets of glass. Safety gl ass
ofnd margspesididaltyo thepossenténventiomissp the dield dfaniitiple layer glazing panel

at chi tural .an IV nipngs, Its main
F B 8 LRl BRndSe SRGREES. 1t Caused by
a blow froman object, 15 wi thout all ow ng

penetration through the eni t he di spersion of
shards of glass, thus ni%ﬁ“ﬁ%&ﬁg ge or injury to

the o chﬁ?@vﬁy@But?ﬁ[ﬁPVB W doRintbr® s & 08 fhndfa@8sc of polymer
Saf ety % ass al so can be used to provide other

behretithat gn ey ysed psinteglavess ndighttranseetigalamnigeieuseh as safety glass
Ot FM R S0 et fid $ftes LlaARAASH AindE S ffrising o
oplestiaigd polyGlimtl dntysa) pshsettdispbseartetyran tiva shicatslof glase fSalfety glass
i neapplications, in which the attenuatiQ f pnoise is .

o RS gt Pt YRt bk iy op UG i A pBgpines.
gltagmint fidd®n id oAbl PEr@, viich asBet asised Bf a blos from an object,

conposi t.i on changes that are typically.enpl oyed t

_amr@?lﬁ Loy gpgiaeon Paneh i lé‘ﬁﬁ%’ihﬁtdtﬂ’gfgmﬁe of glass,
| pue plidk &dthgB bt RRrh @VBe Bbje@B sl fg&sdﬁ@@sﬂﬂhﬁﬁantéﬁ@lbsédsarea.
| ess than desirable, making the interlayer either

ubafoivielass alsepanieceed oampdds ohersaclical sHags, such as to attenuate
2230P4d i t R &fdn0 i
CRARBIEA, 085 1 RO LS O SO g
t el avsttietic appeal ofiwofdowrgemingsior e of the conponents of
e B AP 7 P SR b e o atemtion o
| ndigy i dywired atchudien drewfatgdnu hatedretaivelly l®wgfaey tradsiyn Snperature.
handl i ng. of the interlayer while naintaining the -

S BRUSC ( ROPOTHOT PR a2 o i SPoTesB prefh & arn glass
apRlsitoatidrPReathd, MW B, DriQeS URP6BHHa08 a kehsTHERDEBEL that is less
and ot her applications. SUMVARY OF THE | NVENTI ON

than desirable, making the interlayer either unsuitable or undesirable for use in some

applications.

Among the various techniques that have been employed to overcome this problem
is the modification of one or more of the components of the interlayer having a low glass
transition temperature.

What are needed in the art are interlayers that are formulated to allow for easy
handling of the mterlayer while maintaining the sound attenuating qualities in multiple

layer glazing applications in which noise suppression is desired and other applications.



The present disclosure includes polyner interlayers
that are used in nultiple |ayer glazing panels.
Interl ayers of the present disclosure conprise a

WO HBI4ast i ¢ pol yner, a plasticizer, and aP¢HHEQL7/070812
silica that has been nodified to inpart hydrophobic
character. Interlayers incorporating such conponents
have i nproved tensil e nodul us, noisture resistance,
creep performance, -anticorrosion effect, glass
adhesion, and are well suited to a variety of
appl i cations, i nclSUBMM4RYOOF THEIINVENTI@Y t 0, acoustic
appl i caf . f] . , re d.s_...
o ovi oot 8% disclopure hltufhs bl Bl AEAGEL e WELEed T muipl ey
Hlagingpanelsc dntprlaysis nfjthe gresenbdisnbgshsomprisp o themeeplastinpilymer, a
funmed silica, ereipn said funed silica is_ allcylated
alracrE fgfaiy—@sl{l?ﬂ lhas Reen pgdified dwpas hrdrophaRicyharacter.
RRENIREs ifERSkating such compBndtsHRCORPrATH Gkile IBB@LFE‘S, bdisture

provi'ded an intérlayer "for use in a nultiple layer

g¥sibanag crasp peridrEmarey; amicprensiomefieetgless adnvion] anidrage well suited to
| y(viayl ..but | ) I Cik : . . fumed

Rt oF s i BRbEcifdeso Wblatip sppicuial®2

wher eilma §est hpéch therd iapevidelapnttdagar fomusein Mamtiple tayer glazing,

Hﬂﬁ ner. sheet, and wherein said interlayer conprises

a

OSWHEr sheet having a glass transition tenperature
of | easherhapasdOfclymer; and, In a third aspect, there is

e or Py e B e B s 8 e ver

comprivephers thad ofdojyame sheand, fumed silica,

wherein said funed silica,i,s allcyl ated and wherein _ .
St T S P 7 5 IRl BNer i R e o rgate eyor glazing,
sbpeiting: DETAI LED DESCRI PTI ON The present

i nvention inyolves funmed silica agents and their use
in in?B?VQ?é%@ﬂﬁﬁﬂ”ﬁﬂgiiple | ayer gl azing panel s '
conpri si ngpdeme bubik4),| ayers. As used herein, a
"mul tiple layer glazing interlayer" neans an
interlayerp*%ﬁ?mgﬁﬁ’be used in a gl azing having nore
t han oneI I &mﬂsiﬁé@wgaxia@m ﬁmeuwcafqamﬁﬁa@&aﬂiﬁmem\&éim
an inter]ayer therebetween. |nterlayers can consi st
of a SFHgY wlvﬁémﬁlﬁ%?ne&ﬂymﬁ{ tpqH agd Phgrspngsaid
mesBYeR eSmpristsiZioRehep sHeed Hivib g IBS tdssfitbn tdfernampl e, in
tonotiye w ndshields and architectura
%ﬂ Siﬁgaf‘f’ s. As is disclosed herein, nodified
fi NneR ashikd £pect, Theld 16 Proiaédd BEltip1D 1P&H B paneNRBDAsh A interlayer,
re_useful as interlayers - or as Jayers wthin
Yhgtedn Jaidh iferdayer qogprites’e” i n nul ti pl e. | ayer gl azi ng pane
applhgg&hﬁgﬁﬂmeﬁ?ﬂkggmpe described in detail bel ow,
pol yner sheets of the present invention can conprise
any sumedsiics. whearinsnid faed siligags glingdated apd vhereip siddpisrlaveyy
QA R Ran dhebypREr shget s conpri se pol y(vi nyl
butyral). n vari ous enbodi nents of the
present invention, nodified funed silica is disposed
in a polyner sheet that is incorporated in an
interlayer. In these enbodinents, the interlayer can
conprise only the single polynmer sheet or can be a
multiple layer interlayer conprising the pol yner
sheet. Enbodinments in which nultiple |ayer
interlayers are used include those that are known in
the art, and include, for exanple and w thout
[imtation, interlayers having two or nore polyner.
sheets | am nated together to forma single
interlayer, and interlayers having one or nore
pol ymer sheets |am nated together with one or nore
pol ymer films, which will be described in detai
bel ow. In any



WD 20071143746PCMJS20071070812 of these enbodi ments,
the nodified funed silica can be disposed in any one
or nore of the polynmer sheet |ayers, and the various
| ayers can be the sane or different. Exenplary

mul tiple |ayer interlayer constructs include the
follow ng (polyner sheet)fi 5(polynmer sheet/pol yner
film polynmer sheet)p -~ wherenis 1to 10 and, in
vari ous enbodi nents, is less than 5, and pis 1 to 5,
and, in various enbodinents, is |ess than 3.
Interlayers of the present invention-can be

i ncorporated into nul PERREERPESCRIEEONy panel s,. and,

in vari [ ale Lyeen two
| ayers @#igﬁgass %JBA%W]I %ﬁ@ﬁ‘g%ﬁ g‘h el U ucl%tgﬂayers and
i roiltiple leyat ﬂmmhg jmelmcnnipﬂmm ﬂisseantdﬂ@remh |Ambmhabm a “multiple

al di of

O HO R e Ry Enns e et Bl B EB a5 S et haPg more
rmﬁunfdne CﬂayfetJ R Gx Srinplle o PafesWF @lhsd Withard ﬂté@Ia?er tl{'&eﬂéﬁ?&n
her ei n, bilayer is a nultiple |layer construct

hé@iﬁﬂ@eas Gap @?Iw% ofrsiingle Bolygleltlﬁyeagr Bubiple layeryeamhtined, Glazing
Wipkhb1 @i B, AN RRarfbIS, @%&%%&m&s%hm%al

bllayer construct i's: (glass)//(po
s hppdtcpfionspol ymer filn). Bilayer const ructs include,

E o(;lr agé%‘? %gfﬁﬁﬁ#@ggé@g@ghn%gg?m? 1s Wrated in polymer sheets
( ﬁaam)u&éf(lm lintemdycshesrtay hybds ﬁﬁmm&rlﬁydrﬂ% for use in multiple layer
odi ments is

to.10, and
|§§r§'%swa?f~‘sfspphag%9n@ Al %R@ g%ngﬂowmm sheets of the
e pRedit Rihfon dad cbBpSsetaBR Buidble thermopl!aﬁlc ﬁé‘g&ﬁkg ra:nd, in preferred

- enbodi ment, interlayers as just describe n
2 §@berimgnts,nolyses shasis camprise poby@inyblpsyralyl azi ng panel

o R ARl e o NP R A BB

S HEEQS)Ed irkppilym@arshéat |thll%as @Mokpqrqibémlaaylﬂeﬂ@eazﬂnm@:se embodnnents,

[,)// | he / whe
bl oGy e ineB el en sl & 2B 8 * inlploaer
aﬂﬂar@yd:r‘:‘coﬂnphﬁiné thc@:ﬁlir,mer sheet. Embodiments in which multiple layer

interlayers are used include those that are known in the art, and include, for example and

without limitation, interlayers having two or more polymer sheets laminated together to
form a single _interlaygr, and interlayers having one or more polymer sheets laminated

together with one or more polymer ﬁhns, which will be described in detail below. In any

2a
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in various enbodi ments, is |less than 3.

Conventional, unnodified fanmed silica is typically
formed using high tenperature hydrol ysis of
wohoerasihk@nes in a hydrogen/ oxygen flane. Thecruszo07070812
resulting particles, which are roughly spherical and

whi ch conprise alnbst pure Si02, sinter together to
form 30 branched aggregates, which, after cooling,

become nechani cal |y entw ned.to for | onerations.
P AR R B o TS S arbe AP SRy ey more of
oAl Qe Loy MO A0 BTSRRI SIS AHOAL 2ife DS

present on the surface of the particles, which

i mpar t Exemuplgry mephple layecinirlarar epnsgets Hisludg iedfodpwingy .

Funed silica of the pres th@yggg'on is nodified

from conventional fumed silrca to (hpart a

hydr ophobi ¢ charpaymer sheetipobynaeg dimfpatystr geeet)j cl es.

Modi fication n, £onprise 5 usi any. sui tabl an

or cheligan i RGBT pyariam SReIudi s gfu a1 to 5, and,
t hevaiond aakoddherttd és kbamgh 3ui table with suitable al kyl
conpounds, In ri ous enbodi nents _of the present. .

i nvent {8l Pgﬁ@ ETSEIR AN VERURY] Bt wcarper%f Bt FUHpledpgr elazing
he X by il SloL AZARRmSts, Bhd 6 PSralch BbidBen RFFlaf@a6t A8ks.
wth_ﬁnmd silicato forma nodified funed silica

t haeplisraignsyet fiph cistiugls inslisls pptomobide wordsiiglds eisdjqrchitectural glass,
9%&89 01ﬁ%rsthe surface of the aggregated particles. 10

The resulting nethylated funed silica has a

hydr ophoGirioucdratrodotants ofithé plesenivinsentios cidterlayeas pohyrisgng modified
sheet, .inproves. tensil e, nodul.us.w thout .unaccept.abl
MRt A LSRR b o TRt el e YRR B bonstrce
shegig a tigidetbseatecaiobds pasts acgliberithednkyierl@fed d3posedthereon. A
be supstituted for the hydroxyl gr . | es of
awaplglia@'arp@nﬁtﬂﬂ ﬁd@}aswfﬁnﬁ)&@%ﬁh?ﬁt%@fwm hgayer constructs

elde¥lde, BF le R@RANbut 1aRFatRENt yl . 15The total carbon
content of the nodified funmed silica, on_a weight per

wei ght basis, caflss)/dtpolyaessshat)y/(pelympefdsy).0. 5, or

at least 0.8 or N B e

aggregat e |engthqgﬁﬁ3%@?ﬂ$%?g%§§%%$8?ﬁ%$§@%.o

m cr onwher® his DtoSl Oy, anggrioos edbddbmems 3,185 thanc; emdbg is 1 to 5, and,
Modi fied funed silica,s comercially available from

£ B variots iR i S B8 5 on (Bel | eri ca

Mas s achUfaglidr $inbadindeABilerflytrs RSBl descrtiddren bdslided &done side of a
funed . silica of the -present inyention can be added taq .
a psl)en]@yer | t]l’g pggfﬁ é‘gﬁﬁtaﬁ)f’ p}é&l Yne?-:{) f(meém} . and Brga itation;
sheet copmiipleN Gyt GlakiHPBeheS)/((pSBmet She¥3) A1 mer film)),
enmbodi nents, the nodi fied funmed Silica of the present

i nvent i on(Mtipla& ey éHlasiegpanehE(palypsr shnsty/fealymer filgy) 1
t 0 10 : U 1 " e .
hundr e‘gﬁgrrégiiﬁf{%@, %ﬁlr: ?EV%%%E tétgf’(%@rlngﬁ% fsqgsis ttl%n?y 651%[ is 1to 3, and,

phrvaniGdrwembodimanty, & lesrhdpe3.used, as appropriate, to

achi eve the.25desir sult.. . .| aripus ..

eboar cehegigRt snmbSfed Bt sisa i vt BB g g tgmperatuce
Shydr6igsi 6f ¢hieodipa¢sdh atyaiogtiexygboiemgi Vieresulting particles, which

concentrations andlﬁlasticize&@is in orated into

. ( orp
t #& ToRBRpheria} qndgylugiscopeprise a St@ﬂegl%f@fe? fpegthr to form

CRRiHRA LA B st Phibh Qi ARGRS Alekdiie fnethahRR8Il &R fhed to form
silica. 2007/ 143746PCT/ US2007/ 070812
agglomerations. Fumed silica produced in this manner will typically have hydroxyl
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In various enbodi nents, polyner sheets of the present

i nvention conprising the above-described nodified
fumed silica can have a glass transition tenperature

Wb 20@ABANaN 40C, | ess than 35C, or |ess thapcgRSoobiivosiz
further enbodi nents of the present invention, the

pol yner sheets having 5 nodified funmed silica have
enhanced creep perfornmance at high tenperatures due

to the network structures built bhetween the_si
afEPUBB e Ay hesuisAe f he moeielasylich ity a@&%mﬂlﬂbec aracter to
Wit ¥ PRl ¥illes. sheets of the present invention have

i mproved noi sture resistance due to the hydrophobic

char actemedfsilicand theopfedentidvéntioe & Bedifighiomgpnisationst fimed silica

o5 W BBl 0 BB E RS, BWIRGSbAL omors
e nhiog hmgesuftshle pmhzgﬂmrch&hmeltrsawﬁn tdteplpweds,dmﬂ groepstanahe surface

C B il M8 R b P PR LS e b Birdrior the

19rel§ag anveasaakilaney subR ammtﬁy&mﬂdmsmﬁaaﬁctlﬁsememﬁaisﬂ&ane or
modul i can be combi ned with any of the val ues given

aBlbigencriridsy rggeacted aridh imen stighiodpar fimedtisd fgped silica that has
V@t gmﬁgmggtm& §or h%loxmegm@@ eeths s&?acte BPthE @g@@g&ed particles.

i nvention can al so have a haze below 1

y abt eaanléing mehlylagedt fivered pigicalns r&éwg@@hcv@ dtarewéermhldh when used in

€ g | %r?rle? %&@&Eﬁgﬁsqiﬁﬁs&é %&ge ﬁ'ﬁlrl(g}l'? ﬁhicc&gaﬂclf %fjeasqg% ic haziness

neanﬂloameﬁloﬁthe\pelmdr ket a]nd>t1re|r glmﬁoq:lmlegmmthdr a;kgt gr@lps can be

PORGHEIPt e BvPrA afoup o BB 1A e re et o

hﬁﬁﬁﬂaﬁou h&tﬂyh%thypqiwrbeﬁi)h mad gentyiot  t hensel ves
prOVIde t he necessary penetratlon resistance an

gl ass 1B el FERoLYBEEE o the mogiligd fimad e, %wmght per weight

9 hadd Qeh &t wabiy 2 at Rude orbhgNeaRl OF b2 Q). b6 SBNE EAverage
nprovenents SUC as |nfrare absorptlon character.

Peggr(:&ﬂttmlyngh ean lesy éplexraplat )-110gniewss, lclofomrypny el 1340 0. 35

t
¢ RS g3t 1 SRR oo AT
p[]ef;@raﬂoh@ﬂleﬁ%hhmﬂmeuslamm sm[m-&w 0.06 nm

The pol.y nal | urf

{F eat eltross Binediast Bydrsrs e e aplile agotymer

S ukh, &Sppdbast,ad pﬁfduwi pétymer shadicainpOding Bt fi@séd Gica. In various
These functi onal performance | ayers include, for

eﬁlﬁhﬁl’é‘e’lt& th%llnf’ihﬁle%g@?eds?l&@b?fFlErPrfisé‘%tl"é‘{?flP%ls|"Fﬂ°FP<9F?§ into a
ansuskte! 4
aRoRingl ok 0. P RlYars pRAYh e #Bn 2k b bl sein or ph
kAdwn 15 nhlt, hieS tor 10 s e ©thet amownisieny| be UsAHOABBPONLBE, traghieve the
Udcssue@%t glgt 4,799, 745) and can conprise, for exanple,
)07/ 143746PCT/ US2007/ 070812 or nore
Angst r hineribin akbodhaits d)ﬂheplgseannhval,anodxﬁecéﬁJ@rfedrsiiica is
03|t tlca

tiall
%{?}B Pgﬁdﬁ%h’& EP ggl?’ilﬂ%c 9%‘21 OIS AN 'pgis% izep 1§06 orated into the

gmef 61t 8XBTH &@,20kb 80 phaitilySohbBiideBilh ﬂfédanges given for the
6 783) the netal layer(s) may optionally be

€8 |y resistance heated for defrosting or
defogglng of any associ ated gl ass | ayers. 5An
addi tional type of polyner filmthat can be used with
the present invention, which is described in U S.
Patent 6, 797,396, conprises a multitude of
nonnetallic |ayers that function to reflect infrared
radi ati on without creating |nEFrference that can be
caused by netallic |ayers.
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The polynmer filmlayer, in sone enbodinents, is
optically transparent (i.e. 10 objects adjacent one
side of the l|ayer can be confortably seen by the eye

wh 2007aa8d7hd cul ar observer | ooki ng through the plcaxgboor/070812

fromthe other side), and usually has a greater, in
sone enbodi nents significantly greater, tensile
nodul us regardless of conposition t han that of any

adjace ol eet. | n various _enbodinents, the
pol yrmel VAPRH PR g 8t Tire R RE HggraupEntion comprsing the

Mab@Jel @beribAHIGI fled Fhn PRl @Sdah Gavipd @kds dafsiB@VieR@erature of less
sui tabl e 15properties are é)%Ions pol yur et hanes,

adap40s 16898139&&%@%1%%@% )Fyol efins such as
pol ypr RPelﬁtﬁé}%g %aiuhéﬁksmeﬁﬁegeﬁ&ﬁ%nﬁeﬁ thd %&%&&hs 3 having

vi nyl chlori pol yners copol yners, and the
| moalziiqddumecesrm@chawe m@nchrceccpmegfmanm Mrhlgbetye.peratures due to the

Cﬁer s es ]111 f‘lbe%w enctne gﬁ%aha%d [yg‘él%)g Moreover laminates
Whiadé wnth (pblydﬁr mlewwﬂer;seseﬁtdnveeﬁaane 1mpioyécemb§$hﬁ@ﬁmstance

ORI P oL R A SRR S5y JORbyiob golymer

t SheRRhhd @ﬁc@hﬁ}até: ot FRE furddiithilidaldf WRIMa 0 En HFRANIARMnSe glass.
the poly(ethyl ene terephthal ate) has been biaxially

st r et cHigdrioes smbadgpents pplyAgt sheets 9fths Rscspriapyentin comprising the
mﬁ@&z‘elde%&%e& PholiARY 'ﬁ?d‘ied OMkaS35 hiNEB9EGE %{o?ﬁh‘é‘ Bffttléa%ﬁa mega
en subj ected to el evated i enper at ur es
t Hawalzw mhga, Pﬁsa@eori 12 thegatPastiat, end thesrstensile erod8l can paxoswined
50C ari gus coat and S ce trea# nt .
SRR E PP B BB oD Bt R b AR Plfiges
c aﬂﬂbdixh_mlelﬁe dPoliinbr dhiaets pf $is eriserit ﬁmemtﬁorman alse haveschaas Below 1%

in publjshed ur o ean ion No. 0157030.

pat fof"’FlF%%é’ a Agg“@ﬁ‘f ‘ﬁi"}‘i’\Y% H ?"o‘iﬁi“b"&}?n‘aft%%} that lacks the
iﬁ@hﬂﬁgﬁ@n&ﬁﬁMQpat and/or and antifog | ayer, as are
known in the art. 30 POLYMER SHEET WO

20071143746PCT/U82007/070812 The foll ow ng
POt v ERRGH! bes the various materials, such as
? :V|nyFﬁbutyral) that can be used to form pol ymer
s h eet sApfisetl herep, eépmivmﬁlnﬁlaﬁ‘tm@ns e signviclyi thig antl @gid polymer layer
gglé‘{d%“ﬁ% I g{s leilsnat,e gerformlac a d Sr?(];{n& %ger e{,?sllewh eﬁ]?nshcﬁt“fcer fpom ];';“Slymer
t fleenppluest he@ezp,ahym polgmepﬂlsnstdomm ﬁleﬁleélﬁacbr@yd@rhy necessary

sui table nethod i to a thin Iaéer that i.s s |taq
aPOBatioyresisfance apd glagyreispiion prARHALEHHR ajmpfiiple laygr glazapg structure,

aﬁut%ﬁhéﬂ}k&ﬁb@e@forﬁlﬁﬁdc i ?R:\(zbﬂ@ﬁs 3HGHA3A RarBENRbFAbA Blhracter.
resi stance and gl ass retention properties to

| Bolyisdvicge @I@Aﬂw@t@aﬁmogt copmpsly wsiee avl pygpen/dlay |

but
< Eeé tr :ﬂn)vahéus"gﬂ‘gﬁ)h ety ﬁ‘ley.pogé&g i) 1{}@1; ﬁgs{)agh%éﬁge@s 0f 0.013 mm to
pPOLY mew,ipeef¢bly Odilanpindo pa |r9rr(1y¢n0ﬁ4 th l@tOﬁrralln) )Thﬁ @olymer film layer

conpo rempved xture
Sy SR R ot T i b Abortcs, such as
nmhtmaﬂl bziafried r@ﬁaﬁoheeﬂmhwrerhe@e ﬁmetﬁ‘{ufasps‘rﬁ)rmﬁi&ﬁlliyers include,

eraII have %%ger co in addi.tion to . .
ﬁgfﬂﬂﬁérmu ¥t sack e resiepile s P solaradiaiong tensmitting
AﬁsMI%Q%hhﬁﬁéi SposdABb buntipBf ermss ﬂlﬁltﬂ&f@'&ia@gmrﬁn&w irth@rt (see, for
resin wth a g?ast|0|zer and, gtlonally, ot her

aer@mpioy $0 8§/41330 q@é@ﬁe&a‘mﬁé&?% ) ap¢h ganpgoEaEige, for example, one
i nvention can conprise any suitable polyner, and, in

a preferred enbodi nent, as exenplified above, the

pol ymer sheet conprises poly(winyl butyral). In any

of the enbodi nents of the present invention given

herein that conprise poly(vinyl butyral) as the

pol yneric conponent of the polyner sheet, another

enmbodi nent is included in which the polymer conponent
consi sts of or consists 20 essentially of poly(vinyl
butyral). In these enbodi nents, any of the variations
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25 pol ynmer selected fromthe group consisting of

pol y(vinyl butyral), poly(vinyl chloride),

pol y(et hyl ene-co-vi nyl acetate),

Wwehotgihy ene-co-ethyl acrylate), iononmers opcruszo07/070812
partially neutralized ethylene/(nmeth)acrylic acid

copol ynmer (such as Surlye from DuPont), polyethyl ene,

pol yet hyl ene copol ynmers, pol yurethane, or

pol y(cycl ohexanedi net hyl ene terepht hal at e- co- et hyl ene
té’f‘é‘ﬁﬁw‘éﬁ%&m&%ﬂa ?‘2@(‘3&%3“ dioRe QPP LT SHEBRIF FENssquentially

t h S038dD GHICARY ¢ &?a@ﬁngalena&h@ @a%reﬁoAX(té/élWho%t fﬁé@'f&r example,

ur ef hane, chl ori d ene
n§// IPatgnis dhatl éﬁGl md % Y&Sétthfbmsta]t lh bfﬂay Pﬁﬂ(fnaﬂf hetlectrically

B8 oY RO AT AP CT LSRN TR

po ymer s conpri §es po tyral one

o r nor An adldmwnap*qrby u’ép(ﬂymﬁﬂimrthapjohwmd kvathitigprasent invention,
éa:ﬁ q%%ﬁ;ﬁ ?ﬂ‘ {Jtﬁ chtlglté | f?’{bg é?gp gagrgytiuﬁésle r{% F@lﬁ F nc?n?netallic layers

pthaf RhEtRe t6 aligeSnfrairad HdfatioR Rekhewt craatinoiiterRi@c@ihdesin be caused
sggciflcally for poly(vinyl butyral) (for exanple,
afligd®¥e™ i i tation, for plasticizers, conmponent 5

per centiagRbymd: HiGHARS 3£ Som@Afbodiments, is optically transparent (i.c.
characteristic- enhanC|ng addi tives), those ranges

abBjectsirstopnt anp side ofihell4vsnernebe comfartiblyoetieby the ymesasparticular
a I

Cé%ﬁ%%é l>ré]\ &%ﬂ%ﬂa?%@gf%e Iaﬁlreﬂlﬁe)%ﬁld%ﬁ%g)&ms a ﬁ{eater in
cmmmrem;hoﬂgnqmm sy@uﬁcmmly pretigr, adnkile mbhéutpodeydrdiessydf composition than

ek b P BB T RSBt el ler i Lover

( &8prisdda fhermopraafiphaieribl. Jmbiat tBeH®pRstdtnateBals Bdlthg suitable
2,282,026). In one enbodi nent, the solvent netho

JRSRFiEHC PO AYlVurshaRes) adpdioyrrolisarbppatesy e%vleﬁ%soﬁush
gfa ﬁm)}yﬂ&fe c%‘]?lhfc‘)@@ Scebite@RH BRIOa%s, V%I(}JF cR8Hidd QlymMQhLayTe

, pages 9, by B.E. \Wade 3) can be used. In
asrpehererse ﬁlbbfdjﬁ hﬁmt In mh@usayu@du@nmtmmlm & beygr comprises
t ﬁg{eﬁﬁlg S acﬁrgls pe st&:?ti%g% IPHL& 1¥s‘u€¥i m? ﬁl%vﬂlgﬁég llgl(l)tg’%)roPertles which

comercrlal l'y aval various
eaigl polySadry) toraximple poS(ethﬁ&iﬁoeerhthd%ts}G@lﬂ polyéesthylene

But T in.

rtsbbps! Bed o Pl g VBOR RO B Sl B Edglar) i
1gkell canaanwamgiatenmam@ﬁts @%oly@&hﬂwﬁﬁ@&pﬁth@ﬁ@uﬂ§ been biaxially
cal cul ated as pol y(vin al cohol), 13 t

hSFEEHR 1O THPEYE St lb ml%b@&e% hesh W‘(ll}%‘iﬁ‘;ﬁf’ p&lnvaclfiﬂw )Shrﬂzelﬁage
%a?&te%&@é’%her(%ﬁ%%ﬁ% |ele9£t@é?¥é§1 Ahet @eRsEBan 2% shrinkage in
pol y(vinyl al coh r sheet resin can 20

abog d@@ﬁmn&@hﬂB%QEmﬁﬂﬁmli Cﬂﬁ % resi dual ester

g/or OUD ae fod }(‘}% g/%n%\i"urﬂ'gg trree/e?Strlng t chmé%legfoﬁédlﬂ(gﬂayf%ng\'{erephthalate)

cﬁlhacthhtadae te ascdpathytiie p@ebenanmzbmiom, araMlibdiogeién pablialndeEuropean

bei an ac p era ral deh acetal ,. but
oSenaden §5 08l REhERat S h R RE TR SE g o
ARRARS antlQF kel Clayd, B-208 Mydwiligxanad. group (see,

for exanple, U S Patent 5,137,954). 25In various
enbodi nents, the polynmer sheet conprises poly(vinyl
bt Y RIER g a nol ecul ar weight at |east 30, 000,
40, 000, 50, 000, 55,000, 60,000, 65,000, 70,000,

120, 000, 250,000, or at |east 350,000 granms per nole
(g/nmole or Daltons). Small quantities of a dial dehyde
or trial dehyde can al so be added during the
acetalization step to |ncreasg nol ecul ar wei ght to at
| east 350, 000 g/ nol e (see, exanple, U S. Patents
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304,902, 464; 4,874,814; 4,814,529; and, 4,654,179).

As used herein, the term "nol ecul ar wei ght" neans the
wei ght average nol ecul ar weight. WO :

wH Q344 6PCT/ US2007/ 070812 Vari ous agpeskaidroiosiz
control agents can be used in polyner sheets of the
present invention, including sodium acetate,

pot assi um acetate, and magnesi um salts. Magnesi um

salts that can be used with these enbodjnments of th

pr esenthd iNiewgsaction detsabes hetargue niarials fep é%ipqlii(‘fmyl butyral),
t g @anqﬂestﬁé@t%qgmﬁ Polltner shbdt fithe reded®intértionTeGtrififg the modified

I’THQHGSI um sal i cy at e, I’THQHGSI um ni coti nate, magnesi um

d ﬁm(tezi Sdmad@mm@dsmherqmgm@s i um

bUt yr a ?eg)f%rr%%bgl B&KI%? lrsgl)ce t's nun{)% ?@3@@@'@%%%@“% Qé’ﬂmosmon

v frinodiBy ennsbmiahte mteshodfintd Rehip iasethht is smmhtel abome} dren stacks of more
nesi S esium bi s eth but te). .

PR it Rube i) DR BP o Hre draeer RSB Jipipance and

S Eﬁ@reﬁeﬁmﬁﬂﬁl@ﬂﬁﬁesl th fardifat REERAR IPARR. PlastlcikddRIly(vinyl butyral) is

product. Such additives include, but are not limted

t@loswggnonbngﬁ%m@m@pwerﬁ%% (e.g., ultraviol et
st abi | kg gledherefit4 fe@i}‘l” fant §) th@PbiyRERE l‘fo@&%ﬁ&)fe poly(vinyl butyral})

addi tional I'R absorbers, flane fetard
cmcmanﬁ tbﬁss mfnowtbfnﬁm thegoixhuge ﬁzaﬁtesultsef@m thdoidisatalysis and

%uif)%équ%nt 2l hza (\)’}poftﬁ](i %oqymg‘{c rc%u?so¥sa rR %iﬁ%w%"’%ﬁg%ﬁ%% other

ner Sh °nv ent
pairmﬁmbnti Esmmoa te dr p@l;mrmr isneh Mcbiﬁte@,@aﬁlﬁ atdal6dhoR0 Asmsed

80, 10.tq,70, or 10 .to 100 parts ast CclLzer

B Ee et atdLe s et R L elafict S pRh hotegily, otter
f gaditke. particul ar application. In some enbodi ments,

the plasticizer has a hydrocarbon segnent of fewer

t han 2Bhe nobyaer sheparpf 1l PRIV eTHIQR carpcongnrise aeuitphig polymer,

1oh £ PRBrRES ?ﬁe ﬂﬂl@n@ﬁﬁo&@ ﬁeﬂb@% Il G&Red? Eomprises

adj Gsted to affect the g transition tenperature
(Rgy(vatyl budgrabolly (s afythe @@bcblunwwfjthsh@@qnt mwmtg:erwrealherem that

AR AT L P80 B 15 88, e

pﬁhbmﬁheﬂt&&nﬁl&dﬂf intwigchpthe pelpinet congohen monsmtmfdﬁ k:oﬂsmts

formt r Plast|C|zer use

e Selly eheaty i) Bitiahy e letenthy R TRy victens i
esddaives Qﬁcl@dlﬁg)iémgtﬁ:ﬁeﬁs 3i6¢18se@herin@h W8 Yiskd xﬁltlﬁih@ gblgimr sheet
anong ot hers ui tabl e pl asticizers_include,

eheing anolypereppsistaget g1 W&Sméﬁ espontiaby ek wy(swwmw
triet hﬁa E%mg&ﬁﬁlght e lp()%rm%} e@g{gﬂféﬁ a§%31y&1éﬂ tabdddnSAR;ally

gl ycol ept anoat &, tetraet : _
dada@bz@w(emybhlﬂéw% bzohnp‘@BEt;mbhd@mryJ thamlmmesheﬁemmpnses a

[ 1 xt

DS B P S RO Mo Lot e
dpdly(tem;hlyleaeba@atyeacemd)ypmjf(emykehasdnemylzmﬁamy Gﬂ’iloﬁi‘.él'stdfpartlally
oi | -npdifie e asphat e
Elaret 5%365%&%@#%%’9@%@6%@1 (rt?]l“% ISgﬁyn l\%"m b“f"’m)
%&f&hﬁ&{}; %&gﬁﬂﬁiﬁ@@t ®Polshch, fSlyEeHehD 5191§Bljr(ﬁydlb}§xarﬁaimethylene

nd m xtures and conbi nati ons_ of

terephthalate-co-cthylene terephthalate) copolyester. In various embodiments, the
polymer sheet comprises poly(vinyl butyral), polyurethane, poly(vinyl chloride),

poly(cthylene vinyl acetate), or combinations thercof. In further embodiments the
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the foregoing O her plasticizers that can be used are
m xed adi pates nade fromC4 to C9 WO
2007/ 143746PCT/ US2007/ 070812 al kyl al cohol s and cyclo

vwzdﬂgllg;& al cohol s, as disclosed in U S. Pat pct¥@s2067/070812
013,779, and C6 to C8 adi pate esters, such as hexyl

adlpate I n various enbodi nents, the plasticizer used
i s di hexyl adipate and/or trlethylene gl ycol di-

et hyl hexanoate.. The paly v butyral ) po| yner,
pp@mﬁhf@ﬁomaﬁﬁrsaﬁvﬁawd%v and e BémPF?thLr%UHO[Yﬂ?fS Other
ng&%ﬁds &dvinD 9 sEiRMld JAK ?rgnélﬁﬂn‘}eﬁﬁ@r%ref (,%ﬁ msa ®6 %5&'1' ng aﬁﬁofthe

known to those of ordinary skill in the art
Omtlen«sémﬁuawvm Pm&rl@ﬁ raﬁl@?wﬁgesaarpmrﬂl@hwIafmt/%m@ﬁ()lﬁcaﬂy

S POE‘% ygvmg%i zﬁ}]& &t eirx E%ﬂ%{h%ﬂt gﬁl%lgﬁﬁ' ¥ glaptgéél&sa k()mponent

f pereénmges, hlﬁc}melsdes tahd o]m@ictmstlcent(aﬁang eddinypdsy thaxe dhinges also apply,

L e

Apgthientd th SotEATH sBEsts. et hod of form ng a poI y(V| nyI

"butyral) sheet conprises castin

a nmelt froma di
ont o a'¢rerbedimests|cPRPF§inH BOly ?égtwwl) gﬁ@oly(vmyl butyral) can be
ﬁgﬁﬁ&ﬁ%gtﬂléfwﬁ SO bl 6ccs @b, i fd 18 wh &S tHas@kilfed in the art (see,

vari ous embodi nents, the polymer sheets can
h@@xmmle,llhés@é@t@z 2823@;‘5{7 aast 3@&2@26)0 In opgerpbaliment, the solvent

e Bed e Ayl il ity Bejenc &

emmﬁomﬂu“‘chﬂmm VeldmalSopmres 881p39% bn B B Whdeg3003yar be used. In

anot her odi nent exi sts ere suitabl e, .wherei

et aeBogmasd g soyions el AgetpEl helR &k bEPES PR tviny
t bgyal)as SomEseAnY €$a1lﬁﬁle $tGd¥oflk 8%ind Grohid Y@ learhiple] Sidetia Inc., St.

rigrd plastics having a high glass transition

t baperMissnud, as Byfvag¥ a8l e above 60C or 70C, for

exanpl I

o AR AR MLl TR bG8y b

at(m‘m'lsleml(l f@éiSairekg]it poeet(wt. %4 l@drqubgruuimcbalcnlatddeas poly(vinyl

gth)r 1%&)6331{1 ?Wadlrrc?ﬁyztgxi%ﬁgs:cfa crubqrié) a8 é)op I(Vl%\gl%atlcoilolt) of 15to 22

I .80 hi@Bx dichsiip® S ellined @g poly(Ringlglcabonbi mapo@mer sheet resin can
The present invention als ‘ncl udes

n ds
R BT et B o hretibal s BIOHgs B GEuta L W%, 9 Wt %, 7wt
COMBISi,NGr ﬁgé/thgri 3 Whey, ikt RE] &¥e bioupf catlaﬂat&{ 85RMvinyl acetate,

i nventi on. The present invention includes nethods
oWlthﬁmjfa@@wbangan aeeieh peoferrnlly Rniyraddehy dawpcishbat eptionally

e Sjﬁ%s gl:%{ ?e%e{/ﬁgpc?lpgﬂm 4 ALSE LAY Of?f e)%hﬁﬁéé Igg neglfﬁg xaRhl oup

on usi ng any eet
otseé Hex emampanSi rutemts, I:ﬁﬁ'%é}:crl bed her ei n.

o e Jh g LR oL v

dsﬁﬁ)zdcbﬁfiwfn@nt aﬂmswotdmot m;oumy as,e(m, 55 nma;rmwoo 650N, 000,
clari tOngf | am nat ed Sﬁl ass conprising,a.p

s Ffb900, 23{1009e ot deastd SHOH0 gAnseiss TRl ﬁ{g/n@%owé%@%)aﬁa@ﬂ

V\’Qﬁﬁaglhtelés?og 3 @HARLHE bCARbIdYdeLad NS0 BCAlibLathd theRdetdM¥atfdn step to

increase molecular weight to at least 350,000 g/mole (see, for example, U.S. Patents

4,902 464; 4.874,814; 4,814,529; and, 4,654,179). As used herein, the term “molecular

weight” means the weight average molecular weight.
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WD 2007/ 143746PCT/ US2007/ 070812 contrast to the

i ncident |ight. The percent haze can be neasured
according to the follow ng techni que. An apparatus
WwohoiRasW | Ng the anmount of haze, a Hazenet epcrMag®biorosiz
D25, which is available from Hunter Associ ates

(Reston, VA), .can be used in accordance with ASTM

D1003- 61 (Re- approved 1977) - Procedur e A usi ng

I'llum pant C, at an observer an 2 degre n
vari ou¥a%%&ar%mf§ma? BHES e ?A rnm? qrélrrethrf@éﬁrsem

hazRntich, in%ﬁﬁmtg@%uﬁ%beﬂaﬁsl%tésﬁ@ﬁl 3WatcARH ﬂl@%@&{n‘ﬂ%ﬂml%

Punmel adhesi on can be neasured accordin o the

f ddgooivg salie dit cepules usgdwithidosecmbndinrents of the pesayt megntion
ﬁacﬂx%%,%ﬁ alte?u P L oY i@gNesI Bl ffud. P zgéﬁ{@ergsi'?f%hcﬂe%

glass,” t ol 'ow ng’ technique Is use et erm ne

p ureedsiuni vedicylhtg, @hgrﬁ:sruinamomaate m@mpﬁm di-R-ammobenzoate),

CBRBTeTone C TR Rar: tarae R en® et ST B it buspp chemical
( le_s):ra&.@ dumwuabw?@cmalveﬁowehfnmanﬂaaammmetlﬂedaﬁﬁa%nhbethe
gl ass. bhroken glass _that is not adhered to the

Hlla?](‘?ﬂuﬁwa I mpengs b ethys byttt r enoved, and t he
amount ogfer s@ss hktbe ﬁf&ﬁﬁbﬁﬁecﬁﬁtottﬂ@pcﬂ%ﬁ( s\ﬁle&)ﬁlj enhance its

butyral) sheet is Visually conpared a set of
s perfrrmengs, in Tiiiaaknrodusar Ywh eﬁlrle@p@ﬂ@ﬁer but&r%w lignifed to, dyes,

Y"ﬁfgﬁ%o\égsr VIﬂ% sd(g%{ %ﬁfﬁlvfbflct g&eﬁéagﬁ aﬂ@gﬁagtgf%ﬁﬁfo@g %agts

p edvitidnabRaatdanbdrspfiarmercrdants, ginai:ssatloss betht facdvereedditives, and

t he .pol y(vi.nyl bu (r |) sheet. At a pummel standard
&i’% %% }‘% ass remai ns adhered to the

pol.y( Wnnmhoﬁuﬂnwoahherﬁhﬁqmynﬁ@ eheleemfrﬁaat;ﬁelsegrl mn@ﬁn@é Iﬁ)lymer

of the present _invention ment s hav
pﬁh?ﬁ%lcmeonéﬁnsP 204q 6% 25 43 0,24 5, 105? . é‘éé? lop 00 gatts plasticizer

| R3S 10 0uRE Ot'iigt‘ (bugr L5 c@lﬁp@&’éeﬂﬁﬁk%pﬂ%ﬁﬁat@ fcﬂlﬂﬁ@%cular

bet ween 8 and i ncl usi ve. | owness

i ppbirationf Tesques ymkadinenis theplestipiaerhaa g lhvér@cab@b&e@mmg of fewer

! fhah 96, (£ (M 1107 &%ﬁﬁ%r&%w%%ﬂﬁb St udls, PREYARlnt of
sheet cm thi ck, avli ng snoot yneric sur aces
whliagtivizar ezméxsadm;ied ltd g/ffq@t thn glaamiaxpamltetm;b gratarcdT fof thegoly(vinyl

T. d neas accor t 0 .ASTM net hod, D
16508, o AL bR G RER & usbBif e e 08 et the

of Pl aghy astablt bRl peSEmaphalan®tid wlyrh@itsins of the present

transm ttance |nthev bIe spectruym Val yes are

cBFFIEORdY ofdgr tp ferm #rnpe ghegls; Hga%éf‘éwsé 1y he pphyysr sheets of

t i %l‘e@&ﬁ%nvehﬁbnvﬁhllﬁdlédeeégi%dif%my%aﬁé a&&‘ Sr @ﬁcﬁ%@hc alcohol,

i nvention, a polynmer sheet can have a | owness

i #rieng ashers. 2Swtableepdasticizes meludader exgmpt, é"retm@s Llyrpkdi-2-

Y,
PSR AR RO Lot DR ARbIL BRI Bol diheptanoate,
9B Qastmdenclptydebdikeptatdane dihSoil pdipat) doctiyadipetehinsyl
descri bed,.in i nterna tan ard | SQ..1052 999.

B S i GRS B P 0 | S SRR T R Leyheptylnony!
g&cﬂp‘ﬁe ldeviityd aétRacits, pobasdtic thshyizas BjcR el tﬂégnlamécﬁﬁé’cﬂsebacm alkyds,
centi neter sg are section of lamnate to a

HRTRFCRPAATPEIIHER A0 BRE SHAtE OB (et &Wel’mwcﬁw 890,

TeBtatdunal ésQf"sc'l(ﬁe(fme@ ngatONo rmrﬁ 217 N Wit BRI a0E BB Hations of
i s measured periodi cal %ﬁ ks and 4 weeks) as the

dihs farpgoeng. rQthen Hestisges t 041111@ usadrﬂnqamleect #hpat® ngiie tfiwm Ca to Co
color is devel oped and extended with the exposure

time. Slippage is neasured by nounting a 15.24

centineter square section of l.amnate in a vertica
position and supported by onlf one of the gl ass

| ayers and subjecting the am nate to tenperatures of

100C for 100 hours or nore. Slippage at any tine

point is the distance that the unsupported gl ass

| ayer has noved downward relative to its starting
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10 position, and that is usually zero if two pieces
of glass are perfectly aligned when the sanples are
nmade. Tensil e strength, elongation, and secant

wodih s g € measured using an MIS Sintech 1/ gdrus2007/070812
uni versal testing instrument, follow ng the nethod of

ASTM D412. All the sanples are conditioned at 21C and
51%rel ative hunidity for 24 hours prior to 15
wesmamm

[algahgls a%@)gﬁﬂ%ﬁa tOrCeag ﬁ'ﬁomlﬁt RS ‘éls‘i}?%ﬁ’gilm Qr%B%&O 5,813,779, and

C eDiA adRfatellreds] sMﬁ' a9 BEx ﬁ leﬁs?fé GR M AR AnModind¥is, the plasticizer
acetate resi due of percent are m xed

et |98 ipats sk orretaying el By céy hexamoats
\?\/Iel éﬁ i ’Fﬁ o%;ﬂ%ﬁ%%%glh g%gt%l %ﬁa‘éﬁ&i&% &hd agy SRR s 5 BY thermally
ﬂotﬂsftd- dmdtcyﬂlﬁ@m{cﬁﬂtddheﬂ cﬁelbea"czmﬂmlgaa niethbd;/ Baddvmte st of

PGy SilfiehefFut E¥oMy 4 RelPE o Db oy gy Hup i sheet
painypmés &R eing hitaen pslypk&@d basrad) db@fph@ﬁg rest) 91a@m@iﬁdﬂ raad

is extruded to forma sheet at a 25 tenperature of
15evep Brfoscipg theanalt themmeb 2 #ied o sxample mydn Baing apsopening that is

IhutStinddy R AOYR BACAGSARM araepeaﬂﬁaleuﬁm‘ﬁieﬁgq&?a@%ther

hree m xtures are separately fonned by addin
1e>8=mp&ﬁry methodef fprmi qgeampé:sr(tfmm buayradp dlicket @mnmunﬁe@sfstlg 3 welt from a

( @%P{éraﬁéfger@ g%;/ {1 %911 %ﬁgsgﬁh%@g%"&% go?ih ﬁ%g resin as a

esdieem dedarioms émbmmhnm,etht pdymsmmts cathase ﬂﬂcknes‘;es of, for example,

DO 18 st ot ROvoars. 0 21 M AR md 03 0 13

pallymekrssheet and one of the test polyner sheets are
tested for nechanical tensil e properties. The testlng
condi thiosRachfesibodinesat si@ﬂweé@mvwm@?mszwge% er

r &Jﬂ%dﬁrﬂ&t UGk ddvﬁéfé suithBR RRLYABMmosRERE oIGAHP ps 'nﬁl%ﬂal is used in

furre [1ca ShOV\B an I ncrease intensil
mln@snsf ﬂ@fgla@@a E@%@m@f@u@dgm@n@a@@ﬁ umbldemml@tncabww high

}\ggs ﬁ%ﬁéd& g&gﬁ? %1] dxifple IBOR oGk 96C, Bk Ebe
polycarbonates and polyalkyl methacrylates, and specifically those having from 1 to 3
carbon atoms in the alkyl moiety.

Also mcluded in the present 1nvent10n are stacks or rolls of any of the polymer
sheets and interlayers of the present invention disclosed herein in any combination.

The present invention also includes windshields, windows, and other finished
glazing products comprising any of the interlayers of the present invention.

The present invention includes methods of manufacturing interlayers and glazing
panels comprising forming an interlayer or glazing panel of the present invention using
any of the polymer sheets of the present invention described herein.

Various polymer sheet and/or laminated glass characteristics and measuring
techniques will now be described for use with the present invention.

The clarity of laminated glass comprising a polymer sheet, can be determined by

measuring the haze value, which is a quantification of the scattered light by a sample in

10
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Tensile stress (Mega Pascal) Percent El ongation
Secant Modul us (Mega Pascal) 1 0 13.2 310 0.90 2 1.80
17.1 298 1.21 Exanple 2 The control polymer sheet

wodhehs9f the test polyner sheets are each bpafigBabeshosiz

contrast to the incident light. The percent haze can be measured according fo the
following technique. An apparatus for measuring the amount of haze, a Hazemeter,
Model D25, which is available from Hunter Associates (Reston, VA), can be used in
accordance with ASTM D1003-61 (Re-approved 1977)-Procedure A, using Illuminant 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%.

Pummel adhesion can be measured according to the following technique, and
where “pummel” is referred to herein to quantify adhesion of a polymer sheet to glass,
the following technique is used to determine pummel. Two-ply glass laminate samples
are prepared with standard autoclave lamination conditions. The laminates are cooled to
about -17°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) sheet is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) sheet 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) sheet. In particular, at a pummel standard of
zero, no glass is left adhered to the poly(vinyl butyral) sheet. At a pummel standard of
10, 100% of the glass remains adhered to the poly(vinyl butyral) sheet. For laminated
glass panels of the present invention, various embodiments have a pummel of at least 3,'
at least 5, at least 8, at least 9, or 10. Other embodiments have a punumel between 8 and
10, inclusive. .

The “yellowness index™ of a polymer sheet can be measured according to the
following: transparent molded disks of polymer sheet 1 cm thick, having smooth
polymeric surfaces which are essenﬁally plane and parallel, are formed. The index is
measured according to ASTM method D 1925, "Standard Test Method for Yellowness
Index of Plastics" from spectrophotometric light transmittance in the visible spectrum.
Values are corrected to 1 cm thickness using measured specimen thickness. In various
embodiments of the present invention, a polymer sheet can have a yellowness index of 12
or less, 10 or less, or 8 or Iess. '

The visible transmittance can be quantified using a UV-Vis-NIR
spectrophotometer such as the Lambda 900 made by Perkin Elmer Corporation by
methods described in international standard 1SO 10526-1999.
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10 between two panes of glass and tested at high
tenperature and hum dity. The glass | am nates are
exposed to an environnent of 50C and 95%rel ative

v{;ﬁjg@(,%hy“for 4 weeks. The edge whitening banﬁcﬁhsjﬂﬁrg(]70312
a

mnate, which is caused by noisture penetration, is
greatly reduced in the |am nated gl ass incorporat ed
an interl ayer conprising nodified fumed silica. 15
Sanpl e Wei ght Percent Modified Fumed Siljca. Ed
Wi t enfdeg vBdarng Al arileps lapinateds paspesdiby sukj ﬁ@g’@r"’g‘P i fgatimeter

\é%g%%é&%]r} %g %grflége gﬂ % hdt TR RiidfvirBicc 5%PE Yh$)5% rQative
humidity. Test duration is 4 weeks or more. The whitening band is measured
periodically (2 weeks and 4 weeks) as the distance from the edge of the laminate that
white color is developed and extended with the exposure time.

Slippage is measured by mounting a 15.24 centimeter square section of laminate
in a vertical position and supported by only one of the glass layers and subjecting the
laminate to temperatures of 100°C for 100 hours or more. Slippage at any time point is
the distance that the unsupported glass layer has moved downward relative to its starting
position, and that is usually zero if two pieces of glass are perfectly aligned when the
samples are made.

Tensile strength, elongation, and secant modulus are measured using an MTS
Sintech i/GT universai testing instrument, following the method of ASTM D412, All the
samples are conditioned at 21°C and 51% relative humidity for 24 hours prior to

measurcment.

EXAMPLES
Example 1°

100 parts poly(vinyl butyral) resin with a vinyl alcohol content of 10-21 weight
percent and a vinyl acetate residue of 0.54 \;xfeight percent are mixed with 30-75 parts of
triethylene glycol di-(2-ethylhexanoate) as plasticizer. 0.25 parts by weight of the
Tinuvin 326 (2-tert-butyl-6-(5-chloro-benzotriazol-2-yl}-4-methyl-phenol — available
from Ciba Specialty Chemicals) are added, and the resulting mixture is used to form a
polymer sheet that is used as a control. The mixture is extruded to form a sheet at a
temperature of 180°C from a Lab extruder.

The same components as given in the above paragraph. are again combined and
three mixtures are separately formed by adding 1.2, 1.8, or 2.0 weight percent of a
modified fumed silica (CAB-O-SIL TS-610 — available from Cabot Corporation (Bellerica
Massachusétts)). The three mixtures are extruded to form three test sheets at a
temperature of 180°C from a Lab extruder.

12



Exanpl e 3

The control
of the test polyner sheets are tested for
visible light transmttance,

haze,

pol ymer sheet and one
per cent
and yel | owness.

w@Rihalesdnaze bel ow 1% is 20consi dered hi gh ¢gtiu§abre7osi2
clarity. Sanple Wi ght Percent Mdified Fumed Silica

Percent Transm ttance Lam nate Percent
Yel | owness

0.5 0.45

Haze Lam nate

WD 2007/ 143746PCM52007/ 070812 1 0 88.73

" The control polymer sheet and one of the test polymer sheets are tested for

mechanical tensile properties. The testing conditions followed ASTM D412 method

CTH (21°C/50% relative humidity).

The polymer sheet comprising modified fumed sﬂu:a shows an increase in tensile

5 stress of 10-30% compared to a control sample lacking the modified fumed silica.

Weight Percent . Secant
. Tensile stress Percent
Sample Modified Fumed . Modulus (Mega
Silica {Mega Pascal) Elongation Pascal)
1 0 13.2 310 0.90
2 1.80 17.1 298 1.21
Example 2

The control polymer sheet and one of the test polymer sheets are each laminated

10 between two panes of glass and tested at high temperature and humidity. The glass

laminates are exposed to an environment of 50°C and 95% relative humidity for 4 weeks.

The edge whitening band of the léminate, which is caused by moisture penetration, 1S

greatly reduced in the laminated glass incorporated an interlayer comprising modified

fumed silica.
15
Weight Percent Edge Whitening Band in Edge Whitening Band
Sample Modified Fumed millimeters (2 weeks in millimeters (4 weeks
Silica exposure) exposure)
1 0 3.5 6.0
2 1.20 1.0 3.0
Example 3

The control polymer sheet and one of the test polymer sheets are tested for

percent visible light transmittance, haze, and yellowness. Laminate haze below 1% is

20  considered high optical clarity.

Sample

. Weight Percent
Modified Fumed
Silica

Percent
Transmittance

Laminate
Percent Haze

Laminate
Yeliowness

13




2 2.0 88.69 0.8 0.46 Exanple 4 Pumel tests are
perfornmed on the control polynmer sheet and one of the
test 5 polyner sheets. Results show excellent gl ass
“ﬂgﬂﬁﬁhgﬂmfor t he pol yner sheet conprising nmogifi€do7/070812

fumed silica. Sanple Wight Percent Modified Funed
Silica Pucmmel Adhesion Reading 1 3.0 2 2.0 8.0

1 0 88.73 _ 0.5 0.45
2 2.0 88.69 0.8 0.46
Example 4

Purnmel tests are performed on the control polymer sheet and one of the test

5  polymer sheets. Results show excellent glass adhesion for the polymer sheet comprising

modified fumed silica.
Sample Weight Percent Pummel Adhesion
P Modified Fumed Silica Reading
1 .0 3.0,
2 20 8.0
Example 5
10 Slippage tests are performed on two laminates. Results show excellent slippage

resistance in the polymer sheet comprising modified fumed silica.

. 24 hours 140 hours .
Weight Percent . . 220 hours Slippage
Sample e - slippage Slippage
Modified Fumed Silica (mm) (mm) (mm)
1 0 45 16 21
2 20 2.8 11 : 15
15 By virtue of the present invention, it is now possible to provide interlayers, such

as poly(vinyl butyral) sheet, with modified fumed silica having improved physical
characteristics without an unacceptable reduction in optical quality.
While the invention has been described with reference to eXempia:ry
embodiments, it will be understood by those skilled in the art that various changes may
20  be made and equivalents may be substituted for elements thereof without departing from

the scope of the invention. In addition, many modifications may be made to adapta
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Exanple 5 10Sli ppage tests are perforned on two
| am nates Results show excell ent slippage resistance
in the polyner sheet conprising nodified funmed

whhiosAsz7nanpl e Vei ght Percent Mdified Fumedpgiikfnromosiz
24 hours slippage (mm) 140 hours slippage (mm 220
hours.SIippage () 1 0 4.5H 16 21

particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed as the best mode contemplated for carrying out this
~ invention, and that the invention will include all embodiments falling within the scope of
5 the aﬁpended claims.

Tt 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 mvention,
where compatible, to form an embodiment having defined values for each of the

10  components, as given herein throughout. For example, a polymer sheet can be formed
comprising modified fumed silica in any of the ranges given in addition to comprising
plasticizer in any of the ranges given, where appropriate, to form many permutations that
are within the scope of the present invention, but that would be cumbersome to list.

Any figure reference numbers given within the abstract or any claims are for

15  illustrative purposes only and should not be construed to limit the claimed invention to
any one particular embodiment shown in any figure.

Figures are not drawn to scale unless otherwise indicated.

Each reference, including journal articles, patents, applications, and books,
referred to herein is hereby incorporated by reference in its entirety. 4

20
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2 2.02.811 15 15By virtue of the present
invention, it is now possible to provide interlayers,
such as pol y(vinyl butyral) sheet, with nodified
fumed silica having inproved physical characteristics
wi t hout an unacceptabl e reduction in optical quality.
Wiile the invention has been described with reference
We clfigt: o enpl ary embodi nents, it will be understood by
1. An idd@BgerShd st Rch tultipld Ry@rdazingadompasih@us changes may 20
be nmade and S ui val ents may be substituted for
e PEHFERPRla IR BYREBET % hout departing from the scope of
t HgmddnMBa! WBerein| sRidaflled kilita israGYatiDGdf Wit edid im@laylecomprises
made to adapf a WD 2007/ 143746PCT/ US2007/ 070812
p T Lo e PAMPEEYSn or material to the teachings of
the invention wi thout departing fromthe essentia
2. Tth'S mC opép]ﬁeifqtr gﬁ rcﬁg{l 1 b‘g] &%iﬁs&é%@%} sfi % llﬁlg:atecin gflj g%m gntt 0% Qteleast 0.5 weight
percer@mbodi ment s di scl osed as the best node contenpl at ed
for carrying out this invention, and that the
invention will include all enbodinents falling within
3. Thelierl5eo@R10hH 1 Swhdé@n aiprnde dilicd i@ mdthylated. It will
further be understood that any of the ranges, val ues,
or characteristics given for any single conponent of _
4. Thel ierl Pl sRMim i1 WRdkih 64d Giitd RRicUER Gn bWrek ahaagedblgh of 0.15 to 0.35
. with any ranges, values, or characteristics given for
MCTo%ny of the other conponents of the invention, where
conpati ble, to form an enbodi nent havi ng defined
val yes for each of the 10 conponents, as given here
5. They Rt BL i PO 1Gma DU HRerh SHFSi2E aReAelenett oF 02 10 0.3
microfsOr med conprising nodified funmed silica in any of the
ranges given in addition to conprising plasticizer in
any of the ranges given, where appropriate, to form
6. The/ TR ayRe bMAMIRL T, misreﬁﬂgaﬂ iﬁtﬁﬂaywi &dﬁ%pgsdts) hq)og@n%p gheedf haling 10 to 70 parts
resent inventi.on, af_ wou e _cunbersone to, ..
per HuEF Fea 9 49 eGP P A ol S AT RS BUGT G e o silica
abstract or any clains are for 15 illustrative
7. Thetp]ﬁ ! H%fégg egrln?/]ﬂ srggrpﬁlg%ﬁlngteria%tﬁr %ﬁ@%geg?a:[{ogzg}%gtfh%etl ﬁa\r!}nfg 20 to 60 parts
per hufdrB@ L IR NEaiBHIOBizérAn@0Y td | @phite per hundred resin of said fumed silica.
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Figures are not drawn to scal e unl ess otherw se

i ndi cat ed."’ Each reference, including journa
articles, patents, applications, and books, referred
to herein is hereby incorporated by reference in its
entirety. 20 We claim 1. An interlayer for use in

a multiple |layer glazing, conmprisjng: a thernoplastic
5. Thgy et O G OREY B1Y oD BB RS e PR Egeed fom
the grogp abrslid 6l papE i Buial, pallyeridyh eBlotidd) polg@MiPlehsasvinyl acetate),
po e BB, Do b e, A B ey i

copoly@nt RRfeth9fendtpolye@lenOccpotpBic g NpolardthaBl and pdly(choPhexanedimethylene
interlayer o? erein said fumed silicais

claim1,
terephibgiptsrostte e teﬁphgﬁ]éte? gPP¥Sfer of claim 1, wherein

said funmed silica has an average aggregate | ength of
0.15 to 0.35 mcrons. .. The interlayer of claiml,
9. An ipfrelaysr fordisg ig aF‘i‘J‘rCIrtélge @Y?riggé‘“ﬁﬁmaﬂs‘%ﬁler age aggregat e
Ig@gymmgmagcangqm%;S mcrons. 6. The interlayer of
claiml1, wherein said interlayer conprises a polyner

sheet RAVVHY B ®Y 70 parts per hundred resin of said
pl asti giag@izendgd, 0. 05 to 15 parts per hundred resin of
said fumed sjlica. 7. The interlayer of claiml1, .
wher ei fineed; gliGen el gaid ?lﬁ ‘Sﬁ]ﬁ'&t%ﬁqda?ﬁ]g&“ said interlayer
havi ngc&ﬁ)pﬁs@s BOrePRAL %n@@élyﬁlb&ﬂﬂfeﬁg afd®&hdteiaf saBlaintbriayer comprises a

plasticizer and 0.1 to 10 parts per hungdred resjn of
sai d f BARSECISNPGt baying a gass IWOHE%FH%%? Ofg'FSS aﬁi“ﬁﬁ,
wherein said thernoplastic polyner conprises a
10. ngg*%rgagfghgsﬁe&%%:%eg@%ef%mﬁt @{r\%{i (ﬁ) F:)a Eq%{]ag(!ra{t I@)nc’%ntgrgt of at least 0.5 weight
percerROl Y( €t hyl ene-co-vi nyl acetate),
pol y(et hyl ene-co-ethyl acrylate), iononers of
partially neutralized ethylene/ (nmeth)acrylic acid
11. The HRRHaySrRI clai0d, ek QRIEumBOsiNatiykERcgopol yer s,
pol yur et hane, and pol y(cycl ohexanedi net hyl ene
t er epht hal at e- co- et hyl ene terepht hal ate) copol yester
12. THR inté¥laybNétedidiAVe whbRin dafBfubied 3ilitd hdsi #al aRera@y Rlpreghta 2dndeh, of 0.15 to
conprising: a polyner sheet conprising: poly(vinyl
0.35 migeRsr al ) ; pl astici zer; and,

13. The interlayer of claim 9, wherein said fumed silica has an average aggregate length of 0.2 to 0.3

microns.
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fumed silica, wherein said funmed silica is al kyl ated
and wherein said interlayer conprises nore than one
pol ymer sheet, and wherein said interlayer conprises
a polynmer sheet having a glass transition tenperature
of less than 40C. 10. The interlayer of claim?9,

o ST 3 BT i RS B B et o 70 s
per hu@dirad fesif of WEFISitiBiz&and 0 DEItEd paid peg Auidsedredinyd satddidined silica.

12. The interlayer of claim9, wherein said funed

silica has an average aggregate length of 0.15 to
15. THR.id&rlafbrCot @A 9, Widrei 6 inRElgfet ay@irisafa wianansket MRREED Mo 60 parts

said funed silica ha n gverage . aggregate.l engt h, aof
per hugdhof s T st e 0.1 o PR P pBRAEER: S o S i
wherein said interlayer conprises a polynmer sheet
hayi 10 to 70 parts. per. hundred resin of .said .
16. A B iel o gk et B R o B AT ISt HOhaIeEE o STy
sakitrhep®c sdlith&and, 15. The interlayer of claim9,

%&ﬁ&ﬁg‘g? {gv er%gtsgia:fﬁégc[)gﬁgaﬂ% :?hhsy 7 draaélﬁlm ege?r{ §a§ gl%rlayer comprises
more tRhGk ipbly@eFshastd 0.1 to 10 parts per hundred resin of

said funmed silica. 16. A nmultiple [ayer glass pane

conprising an interlayer, wherein said interlayer
17. THOSHREN FQSaim A 6t haewMMHamiStuined POky BB 4 cabeh content of AtUBH0.5 weight

silica, wherein said funed silica is al kylated and
perceifherei n sai d i nterlayer conprises nore than one

pol yner sheet. 17. The panel of claim 16, wherein

said fumed silica has a carban content of at |east
18. The papelfichi | aphessit said fuped gt HmEBNASE. ¢\ ai m 16

wherein said funed silica is nethylated. 19. The

anel of claim16 rein.sai.d funmed silica has_a

19. Thg\pgr}eéa claj egfhcfrgihpwﬁ edoslihsce hasan, gyergeageeragate lensth oF 0.15 10 0.35
micronrd0. The panel of claim 16, wherein said funed silica

has an average aggregate length of 0.2 to 0.3

m crons. 21. The panel of claim 16, wherein said
20. TheHafdl loB¥RIm C6) WHck®e SaidfuRt ¥iRs hah@elveldgd hfi@erh@ Hpth/6F 0.2 to 0.3

) arts per hundred resin of plasticizer and 0.05 to 15

mlcrOIEarts per hundred resin of said funed silica. 22.

The panel of claim 16, wherein said interlayer

conpri ses; a pol ynmer sheet having. 20 tq 60 parts .pe
21. THE G GG} B! ek T2 SSPst: 3 PR D i o 70 parts
per huldtBhe§ifl of MSstiBiz&Tans ai0sl tf RS Sdr hingiRed redBof shiidupedglicaof

claim 16, wherein said thernoplastic polyner

conprises a polyner selected fromthe group

22. Thé %lﬁﬁl _ssg t1Righ 04, lvslzh(@}em'(q éé}dWM{erlb;%P Yoriprises PPdyigda shydt having 20 to 60 parts
chloride), poly(e ene- co-vin cetate .
per bupspd fedit ﬂ@ﬂ%ﬁ%&l—%&!@?ﬁw (e peindgored o ALl e stcn.
partially neutralized ethylene/ (nmeth)acrylic acid
copo r., polyethylene, polyethylene copol rs,
23. g B GTatiAB: WIEFER B e BB ECF e R s selcted from the
group tRhaRREhat pHEEEEA ebliyhignpoll @i P hkalial golytapdtnsesivalyl acetate),
poly(ethylene-co-ethyl acrylate), ionomers of partially neutralized ethylene/(meth)acrylic acid
copolymer, polyethylene, polyethylene copolymers, polyurethane, and poly(cyclohexanedimethylene
terephthalate-co-ethylene terephthalate) copolyester.
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