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WD 2007/ 143746 PCT/ US2007/ 070812 | NTERLAYERS
COWPRI SI NG MODI FI ED FUMED SI LI CA FI ELD OF THE

WO DMENAI7T@N The present invention is in the fiePdr/vg2007/070812

mul tiple | ayer gl azing panel interlayers 5 and, nore
specifically, the present inventionis in the field of
multiple |ayer glazing panel interlayers conprising

poty (vt mR AL ERSAER RIS RE MERERE R ED spraca

manuf acture of polynmer 10 sheets that can be used as
interlayers in light-transmtting | am nates such as

safety glass or pol i OFITHHE RAVENTIGAf ety gl ass

often efers . to trans are am.nat r.i sing, a

o net ThFbE s ieBybh BIRRE G4 o} AN RyfURAME bAR Rutpyers
Live) nidre epeiffallg) S §res§ﬁf11ﬁfe)dt1@ﬂ1 &sif theofidl@df hﬁtltliﬁ@[ityéloglazmg panel
prOV|de a transparent barrier in architectural and

Hierbetsicompssigineiiicd pel¥mais FOMPERHINSN is to absorb
energy, such as that caused by a blow from an obj ect,
15 without allow ng penetration through the opening or
t he di spersion of shar dsBo\fCIgGRSBJNDt hus m ni m zi ng
damage or person thin_an

ur t he. obj ect S
encl ogelér(\argiutyyré;f%\@) b cqtnEno s Bsedah ﬂt?emaegactrra of polymer
Wi A% ok BE ﬁsé?iee@qﬁt'eﬁay%lrs ﬁtflfg%@ 'tr%nsrﬁM‘ﬁ{k l@ﬁuﬁa@es%h&l?@é"ﬁtf&y glass

acousti c nol Se, reduce WV and/ or
or poigmiess 1atrmnateén dBadety etdsantien telfiers apéptram@m@at lapiighte comprising a

PSP PV b e B CT Ein EshBHEof B ety sl

Bﬂ&l Atb&MéarbPle QftrandiRt®e bhSicHRSirE I cREA aAll L®Bmotive openings.
fornul ated to have a relatively | ow glass transition

{te mper Aingtien is t@elbseus encogy, sheh @dh@td@useud&y adhawdesn emabject,
1t%ﬂ%ty G a %% eggté Iyu tr%eougﬁ (t)l\%é%paelmnngaor ttlgei, ﬁhg%erelgn 8a§]har4 s,of lglass,

tha auamtlangldhaag@dmhﬁﬁfy tdat obfecls@ persbhanithiaSinfcablossd area.

nakgug the interlayer either unsuitable or undesirable

Pafiet @SSrahwsC@n@e@eedatﬁmr@‘eét piopsbengfipiabetfasts, fighias (@ attenuate
LSSRL S (IR R AR RPLRELE MUEEEOMR s Sopearance

endpsthetit spehl sheindotverpkaiyigs. having a | ow gl ass
transijti

erature re needed in the art are
i nter t%@rgarygr%t il ot PR O ingyhighdyy attggyiation of
h&odlsi dagirQf ark Bﬁeﬁ RirBful A EH h‘ﬁ@é Lr?elmew RWEIRG A8itiSR Y& perature.
attenuating qualities in nmultiple layer glazing
quzﬂursc: af thowempositapn dinnges thet we ppiedyicopliysd desitaied langlass
gansmonatp Btpera?ure qtowever interlayers can often have a tensile modulus that is less
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 interlayer while maintaining the sound attenuating qualities in multiple

layer glazing applications in which noise suppression is desired and other applications.
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1 WO 2007/ 143746 PCT/ US2007/070812 SUVWMARY OF THE
I NVENTI ON The present invention includes polyner

WO piognsxiyers that are used in nultiple |ayer PBUEEBING7/070812

panel s. Interlayers of the present invention conprise

a thernoplastic polyner, a 5 plasticizer, and a funed
silica that has been nodified to inpart hydrophobic
character. Interlayers incorporating such conponents

have i nproved tensile nodul us, noisture resistance,

creep performance, S@NHMARHTQFFNTEﬁﬁVEﬁMﬁONiaSS

adhesion, and are well suited to a variety of

appl | &he prssent mwv;cn@minﬁt}ldebmlym@t intqrhsiyens ghat ere wedirsmuliple layer
B P BT DR L S FaE 3 sgotmer

pRstiditeeS dndyefuteanica fhst hh@ﬂ)&nhm(ﬁﬁe(gﬂo&ﬁipaﬂ h@dﬂﬂ)@h&lc character.
conprising those interlayers. As used herein,
YRS 1IBCOTPRIERg @Jrcgz:pﬂ)@opqﬂtsehqvgy@prwﬁé mﬂ@ﬂlodulus moisture

%eﬁa%ﬁ%%é?{egb% rrﬁeﬁﬁe 2&1)?151931?&1&{]6@6& aﬁ?{{s’ ggl%&?cl R t[vﬁell suited to

arardigty ef hmeatlctﬂsemebﬂtn@ebm not ﬁniltretiw laayestis aplan:atm]msi st
of a single polyner layer or nmultiple |ayers conbined.
G azing panels can be used, for exanple, in

aut onoti ve wi ndshi el ¢szB006 15 BRSERED IR

applications. As is disclosed herein, nodified funed
si | i c&h¢ present arvsotian maolvies ﬁmﬂlqdmllicasdgeeﬂs snd theatusaneinterlayers and

f ul i nt.erl -
(Rt 5 €% BeR Brining Togs BEMRyds Rbschhesting “multiple
RYBELlaARP tﬂt&@dybpnﬁeané\%n\i\mbﬂlaﬁe tHAe&Ar bdedd iha gRbAhaving more
bel ow, pol yner sheets of the fresent i nventi on can

a,

thoment éeéyela rﬁtyr @My 0 panss ﬁﬁg a‘swh alp; ditguhasier theprbpetvyagn.

Pnt ria( \%Sncy? cantls(% oF ﬁ)smgfe npo?gn%rﬁﬁ%er 0 n%ué I?Tenat%rsocfon}bhned Glazing
p&@&ﬁmh belisé&d) tfmm,anms;i irf ingeimbtiveedlinglkhitida ahd architspaaed

In a polynmer sheet that is incorporated in an

pprlisAtiaiper . In these enbodi ments, 25 the interlayer

can CS&?W {h§<ﬁo§éﬂ'h>éreﬁﬁ‘ enctlife fnRQl VTN ﬁﬁSﬁa‘or ?dbl)l;hqerasheets

nul tiple T'ayer interlayer conprising t
theat usErbadntenyas Horabhlagbrs matlhm pitﬁldyalgse{ for use in multiple layer
[ rs are use re known |

: tél%rgﬁfvﬁéﬁah%tfe% SWH@ s ymet sheets of the

bllegéﬁt veRfon LM @l ANE hRy ﬁﬁfﬁ'bf&h@ﬂ’ﬁbp@efsﬁ@?(ﬁmﬁ? | h8®h preferred
Sheets |lam nated together to forma single

embedimayesy polamdr sheete cbmpusspdipivimg botyealbr nore pol yner
N F IR TR Y
disposed in a polymer sheet that is incorporated in an interlayer. In these embodiments,
the interlayer can comprise only the single polymer sheet or can be a multiple layer
interlayer comprising the polymer 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 interlayer, and interlayers having one or more polymer sheets laminated

together with one or more polymer films, which will be described in detail below. In any
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2 WO 2007/ 143746 PCT/ US2007/ 070812 of these
enbodi nents, the nodified funed silica can be di sposed

WO pooany37ehme or nore of the pol yner sheet | ayePGr/uszud7/070812

the various |layers can be the sane or different.
Exenplary nultiple |ayer interlayer constructs include
the follomﬁng (polyner sheet). 5 (polyner

et/ mer fi] m pql r eet en 1to 10

S ikl et BB Se £ 0cq Buekbedisherad gy ofe pEmore of
ﬁletpalﬁner@ﬁget layleRs, ¥Ad iheWariSiagirBMt So the Sath€88difRAMt. 3.
I nterl ayers of t he present invention can be

i ncor Beraplety linnktmlenlﬁmrulpﬂeéayeayemst@m@znﬂgde thamellayyingind,
in various enbodi ments, 8 |ncq&£§rated bet ween two
| ayers of glass. 10 A@p|l8 h&"t8t such constructs
i ncl ude aut onobigogyni¢rtsdiipelyaiser aime/ il hdrtsaedtyr al

gl ass, annnatothers I n various enbodi nents of t
t

pr esehhetedigrttp dA and.rip errieypesrabadimgits. ot legs Waedf 4r@opels l'to 5, and,
Luﬂ§$u§&5b&ﬂnﬁh tggggt$ﬂhpllayers As used_hereln_ a

ayer 1s a mu ayer construct having a rigid
su bSt Iratriyesldth@sreging i entioracanyteiingorpérhfed aito multiple layer glazing

|nt rIa er disposed thereon.. A 15 typical bil ayer
dn V%ﬂou(sg dymaonts, a’feyﬂ‘é‘?fp%ﬁar?éﬁ’ﬁ‘?f(eﬁéw T of glass.
f\;&wbt)ﬁaatloﬁé FRY%&h %Qﬁ'ﬁcrtéjﬁltcﬁlde 'a%hﬂ)@ﬁe WitshRX AR Grddctural glass,

hout limtation: (dass)//((polymer
s¢19eg§>thb1/s(pol ymer film)g (Qdass)//(polyner

var  oliov s el R hish Snrdogh gy P mgrBing modificd

aebd 5112&1 dr® umrlh BBy RTDAE L ERIMeSoin,| aSbi a%rslstahﬁnuéle 14yRr construct
further enbodi nent, interlayers as@gust descri bed can

b@fﬂ@@l@l sigid suberrse, shigfeasoglass or ﬁgnyilppiv alayﬂé@rlagﬁlacilsmed thereon. A
v&p%(‘ﬁl 1{129}16? c?r(]n%s ct 18 S(g%E%ﬁbo yqler slﬂ%%/l(]g@/rg% ﬁ lgn% qSllayer constructs

p@mab)fo&é}(mblyamwahe@tlwdt(opol ymer film)g (Miltiple
Layer G azing panel)//(polymer sheet // olyner film
25 where h is 1 (E&sg((palymer shechar(pg dinents is

less than 3, and @gis Okﬂgésggggﬁﬁ¥ﬂ%%%ﬁﬁh@nnDd|fled

enbodi nents, is l'ess’t
f umedwaeideitcia lits 10yqide al vayiohoembelit®nsgs kkgthan 3, and gis 1 to 5, and,
t enperat ure drolysis of chlorosilanes in a

HVH?@&%WPE%?@@ﬁ“fPé thapry resul ting particles, which

In further embodiment, interlayers as just described can be added to one side of a

multiple layer glazing panel to act as a spall shield, for example and without limitation:
(Multiple Layer Glazing panel)//((polymer sheet)n//(polymer film)),
(Multiple Layer Glazing panel)//(polymer sheet)n//(polymer film)

where h is 1 to 10, and, in various embodiments is less than 3, and g is 1 to 5, and,
in various embodiments, is less than 3.

Conventional, unmodified fumed silica is typically formed using high temperature
hydrolysis of chlorosilanes in a hydrogen/oxygen flame. The resulting particles, which
are roughly spherical and which comprise almost pure SiO,, sinter together to form
branched aggregates, which, after cooling, become mechanically entwined to form

agglomerations. Fumed silica produced in this manner will typically have hydroxyl
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are roughly spherical and which conprise al nost pure
Si 02, sinter together to form 30 branched aggregates,

wanioch437ad t er cool i ng, becone nechani cal |y entRETES200D070812

form agglonerations. Funed silica produced in this
manner will typically have hydroxyl 3 WO 2007/ 143746
PCT/ US2007/ 070812 groups present on the surface of

kBl sl ag P ncno! BR Rk YR SRPh FEGURE: Saracter o
imavieRkd Qimich s nodi fied from conventional funed silica

to inpart a hydrophobic character to the aggregated
parti Emasd SlMD@IDfTIhC ardsont iveantion ipmpdidied Fogseanyertippal fumed silica

80 PSR SORT 60 KERELA LR e EAR8 i so comors
mlh@ aIS)UmIltableQn@lnk ¥l cleadiipd ieddtSion kdrepRict Biidroyineepyeitthe surface
resent invention, silanes such as

e ﬁh@fﬁpﬁﬁ%ﬁb@%@h suirbleaey! isesanwtdsy iy aiqus gavbedingnts of the
gllelséng Qrp%g%&f ?nl %sa(ﬁ'ﬁll%ﬁl?ll(ﬁém&oglw?%an 'h&a(fl"f'etltlﬁdlsﬂéﬁhe or

silibstel fluide @lrefmactktydf[thiymeagmhumm fatrntahﬁodsﬁed ﬁm&dcsﬁhdahbat has
0O The resultin | at ed

ted t .
Pofeh B ol i Ohbbfﬁebﬂ@swsehﬁwée a5 o BeRregfshparticles.

HRE sl fing B IR/ MPB FyrSESHica Ha'gﬁrlﬁl‘dﬁoi)hBﬁl@%héﬁctgp Q\}Hléhs when used in
wi t hout unaccept ably 1 ncreasing the haziness

y eblyown elsst, afnptdves ‘pmlsdmmodlﬁh@mthoutmn@d;d@ptabbnbmdamths haziness

o Qﬁ{g a k%ql,fé %g&géglgﬁ)gptbgn uegﬁ p ted&;gtrhplaeggnlﬁoups can be
mﬂsﬂﬁﬂt’éd folr th ﬁgaidxgn oY st amREd B alkyR R 1n3RQféZMithout

and penty Theé ot al carbon content of the
h@@tﬂfl@lednefﬂwmhzh piopal, benzyh aneipgiiyl. per \NEI ght baS| s,

gag ?%Bea %otal caf%tgn fo 2t’en A of etilea mgdlffaégglrll’élacg §1?1ci1 at\ﬁelghtrpelg welght

B@Jis eéﬁﬁﬂ@htﬂeaSOOQ 4. 16aser) Gl o leddt 0.8 @r B.2m .0y @1055-1 0K Aoueiaﬁge
to 0.35 mcrons. Mdified funed silica is
eesipRA lengthyran bai PRSTAENHE.Oh -1 Ogpicesnandil 9.5 migsens. or 0.15 to 0.35

%@rgg%%gg@l?ﬁ %é&gl 19 g%?ﬁﬁnfgegagﬁfwaﬁkb Sﬁr qror%x% le, Cabot

nDdl iCa of the pr esent
'qummﬂomr(Beﬂmdae\/IMdc&xﬂsétm) as PAByOESIL T&BIO as

appropriate,. to produce pol ynmer. sheet copprising the
funed !5 Pegified g it g RESaHHRYRLION £ n sl g polymer
frdiresd ai’)blrdp?@teofo ﬁt’ﬁ@ud%rae;%@ﬁheﬂ &L MRising thé"ﬁl‘i’r{éacé'ﬂ%ae n various

into a pol yner el 0.1 to 10 parts per hundred
pabodmeats ihe (rﬂqmiafﬁetdsfup@d sHigndf 8 pressnnthventionhs )ncom@raled into a

Bl 13 10 G B S BB S B B or
0.1 to 15 phr, or 5 to 10 phr. Other amounts can be used, as appropriate, to achieve the
desired result.

In various embodiments of the present invention, modified fumed silica is
incorporated at the above-given concentrations and plasticizer is incorporated into the
polymer melt at 15-75 or 20 to 60 phr, in any combination with the ranges given for the

fumed silica.
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In various enbodi nents of the present invention,
nodi fied funmed silica is incorporated at the

W@bwva4ygwen concentrations and plasticizer i SPCT/US2007/070812

incorporated into the polyner nelt at 15-75 or 20 to
60 phr, in any conbination with the ranges given for
the funed silica. 4 WO 2007/ 143746 PCT/ US2007/ 070812

In va i ous e dlnen ol ets of the presen

| nveal e REBLIELS bRt T LB M nn ey Riarotrising the
hngvR A c§érited Fnddifle NRAYRRiIHa 388 hiveaNSlads teaMsHBARGHSIMLR: of less
of less than 40C, |less than 35C, or |less than 30C 1In
ﬂ@ﬂﬁﬁgf1@ﬁﬁ@ﬁtﬁ%ﬁt@ﬂgﬁthﬁéﬂbﬁesent i nvention, the

pol y eet s, hav modi fied f ned silica_ hav

Do han L RECEO R PR G TR CE ol R SRR havipe

odificdeftived kiligh haret dnh&sccldideh pBﬁbM«ﬁ@i@e bhigigh ltdnh]gfeaatafé@ due to the
pol y(vi nyl butyr alz Mor egver, |am nates nmade with

prpHest “@ﬁé@t il petren Breedliss and pPSKY nghbuiwieb- MeFeevsdaminates
\21?15? 40 i : ehgéfﬂ > Ot Hg glee]s&ﬁ utn% t191¥ 5%%%&%&{?&5@% febistance

I Ca. urt erno
dineetthe hit&bplid’mm)ch:am’c&tr@f red od gt dffuned sdich.i Emlmﬁ’mbhae polymer

RSB RHRTBB BRSO RBESIR o s b BBR FoEIopo s
Conp libvbul BfboARAR: AASAEF BREHRMH redhnt HIBRGY ddnffising the

can have a tensile nodul us of | east 8 nmega Pascal
a_l@)VﬁﬂtgachPadmaid,lﬁ@t fubzdrdga cﬁlahmwl g teasitt thddBes ofern ddabel rnega
can he conbipned th, an he, val ues
BRGHL 10 5 PR 10 Siter B B 30 b eSS Rp B e Gypbined
Q/'I't’ﬁ%ﬂ?z OB HeS/aluRe L KRR abSREBE §lad trdRioRtEHEhtukdW6EBFrh @Brious
can al so have a haze bel ow 1% 15 and a yel | owness

vmbwéntemt Ppb/nmﬁ @h%ﬂﬁsg@fdhta eteatntwwenboaﬁar\eﬁw herearhaze below 1%
et hat a funed si |

emf owness \Y ue thap 13 un(r:]hnang?d reija‘que t? an e(ilTEva 08t SEOTXhMt:"l:gcks the

UsSed her & n,

eldEtddvehyd titicn and ri gi d poI yner |ayer 20 that
functions as a performance enhancing | ayer. Pol yner
films differ frompolynmer sheets, as used herein, in

bBRY MERYTEKs fi I m8 do not thensel ves provide the

necessary penetration resistance and gl ass retention
propeAsiussl eocia, antpalyrptefilhdyecanghazlatigelg thinietdirigid pobter layer

r at rovi de performance. i rov nts,
that F%C% S LACHPIBHICE ARARCHgy ayerpg’% %ﬁ&feﬁmm polymer

Elf‘ere%PgBt ﬁl@h At R1n, iStHAPSS n%&u@mml db ﬁb?%n?s%lv%s BRJVY(IEBcﬁe necessary
In various e di ments, the polyner fil

pgyeg]atuma@satanm aidgdss rgtfent@mopl@pcmtﬁs t® a multiple layer glazmg 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-layer stack for reflecting infrared solar radiation and transmitting
visible light when exposed to sunlight. This multi-layer stack is known in the art (see, for

example, WO 88/01230 and U.S. Patent 4,799,745) and can comprise, for example, one
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0.20 mm preferably 0.025 mmto 0.1 mm or 0.04 to
0.06 mm The polyner filmlayer can optionally be

WG 00f7/a¢3546 r eat ed or coated to i nprove one or nRECEUS2007/070812

properties, such as adhesion or infrared radiation
reflection. These functional performance |ayers
i nclude, for exanple a nulti-layer stack for

é}g{fhlg}%c %gsg‘ohg&hltcﬂ éﬁ?l A d golntaeyr gr?ﬂ:q? nfgﬁ%{a%ﬁﬂ&wo) se&uentlally
0 X
g%(ﬂaotsited @ﬁﬁéal@g;@%ﬂ{_g?@%ﬂéﬁ%ﬁtﬁg%ﬁs&tﬁ eﬁ is j(s?gig&o%vﬁls see, for example,

tlan P@tﬁﬁtﬁr‘} ek, 6610%116164%&%@7@) thpmesl Wﬂ@mmq@mﬂy be clectrically

[Pl Bde R ool o7 Br GeC BT ARCRey el oo 1

de pOSA‘h%@dltﬁﬁﬁﬂ tgpé éﬁ/pdmﬁ@eﬂlat ﬂhﬂg:aﬂlb%hﬁéd Wwith theptescat inddntion,
is also le, U S. Patents

whighzs é@fﬂb‘?ﬂ:{ln $883t?@3(§797t’3‘9é ﬁg{l@msep awl'(lgl}ie ﬁﬁgyonrnetalhc layers
gﬁ# RABEM % @ﬁecg rﬁ?atréd &3 a!t1¥ v&lﬁl%htsétgﬂﬁ%lﬁ%?ftefe‘ﬂcé f¥at can be caused
ef 0oggi ng o

rosting assocl
bﬁy&ﬁﬁhcﬁyéﬂ addltlonal type of polyner f|In1that can

be us&ﬁ Wth t resent |nveg(§ E’
descr TBeROlyRey 45(8{ & POTRC F 90Nt s ﬁﬁf’l?aé dragsparent (i.e.
HHE&E E&ﬁg&n@Bn@ﬁﬂggf @k lldyer bLAYS SmbRably sHRCEy @B ¢y Oof a particular

[ ect” Infrared radi ation w thout creating
olmsteeret érolnpethtdugh tlmealaydjefmm tieadher ts;demmnd lubuadlyl lay e rgseater, in

Th i ments, i iy
e RRbS s i Y eyl T m R e syl comosition than
tHatlef fy ddRRehtBm&EIRehe IE OAF s aBLYink@ey) tHYpol Iereibh layer

of a particular ~ observer | ooking through t he 1 ayer

wr@ml&eh 8 ﬂéﬁtl’hiléplaéﬁlfl:i@)ltel’laln dAAmengtheymep]astiy ragteralehavipgsuitable
rogull'nﬁ% arreen 'l'reg‘t Izolgu Iarféec)s(r:rg tfl(%/ 51?1?3:1{80ﬂate%sﬁlg?slyollpﬁns such as
poliypohlen® Qe MiBse aiafaeés antl fridc@faite3USin@NdhdeH Pl Emers I@ﬁd
polymer filmlaye conprises_a thernoplastic
-, angipmbke. H@rVﬁﬁBF%@f{ﬂP%hlﬁﬁ@té’rth%P%IYH@VﬁH@ layer comprises

ﬁﬂ{etnl%@ sﬁcﬂ'gs rOREEY ARrdbHadt 'fﬁﬁ%fha{)ﬁg%&ﬁ&g@&%&me& which

acrylics, polycarbonates, polyolefins~suc
imluyip popyktensefor erbrhple poby(ab gicad eSepaﬂdtlettas)l aad @b@i(ﬁhylene

e b 00 DS . voE RS S pB Tof(F Rylape Crephihilate) i

GQAPEIS ?r?‘var{&g %ﬁl‘b@&l%l@%’féc ﬁle%l}r(@thﬂeﬁﬂe?aﬁ%alate) has been biaxially
thernmoplastic films having the noted properties, which

ptrattheddo poppes seength, fand hwlawplheatrﬁmbyl@mi hq p@wsie low shrinkage

tere ht hal at e ene 20 t hth

Boiae s s B S B T FORBeRy Fgnkese in
B@m@mﬁ&hﬂhahﬁﬂ30ﬁnmﬂ&ﬁﬂ&S@ﬂ91 in various enbodi ments,
t he poly(ethyl ene terephthalate) has been biaxially

st r et ¥Yhdguy Q@atln@myi/@r@w tagment eelnigees forerady(Ratene terephthalate)
n@?ﬂ cgn b R4 RV 'hg Sresgnw 11§Vré 't18§ 3Q%isclosed in published European

Application No. 0157030. Polymer films of the present invention can also include a

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

POLYMER SHEET
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characteristics when subjected to el evated
tenperatures (e.g. less than 2% shrinkage in both

walrreasizens after 30 minutes at 150C). 25 VariRCBEUS2007/070812

coating and surface treatnent techniques for
pol y(et hyl ene terephthalate) filmthat can be used
with the present invention are disclosed in published

e PERE a(ePad S2lib S ebRne e St irer s Snéh arpflvinyt butyran

RdéL beanRdd &ﬂfo‘rﬁl I3 Shect A8 RE grés&ﬁ\’iﬁvénﬁoﬁ B&m?ﬁﬁm%_% modified
POLYMER SHEET 6 2007/ 143746 PCT/ US2007/ 0708

fttﬂlftdcﬁﬂiiwgie%rﬂleld@iﬁeﬂ’ésl@rhem@ the various materials,

such gs o nyl » that C

polyror Sutirghey nofdthg ek R iR RRonREF ph Bl blgposion
forfhictl bedny ﬁuim%@b ®kthbé antd emhllb}%d that sewheble aloae &rlin stAks of more
used hereln "pol yner sheet" neans_ any thernnplastlc

pen pretaven rﬁ@rwp £ g Intelayst hatpeyidanydegunte apneragien keséptance and
|
gggs%?eg{lmtl ﬁradﬁ@ﬁ%g tcf Bﬁ{mdt&% %I?hhggll&lé ﬂgﬁlmz%ﬂlpg{}réflh?ﬁgﬁyral) 18

one 1 ayer as ‘an |1 nter
pro@tvdod&ﬁorﬂylaqaaﬂbe“omepettymt Blastst esi st ance and gI ass

retention pro ties tq | anm nated gl ne
p| ast *¢ .%ﬁheﬁ%rly R ylre?eaa fathg P))IYF%@% %texegﬁ?@ﬁfwmle@tml»
%(ﬁfgm Q! ¥ MBhowlAGRIS the’q}ﬁlxﬁ%@ %al? BLsBIt from/tBS héld cﬁtﬁfygfs $nd

olynmeric (for exanple poly(vinyl butyral))
s:tdxsptpnehmeultthhzatlos of éreopodynémopnetireormi Resin evill Igenerally have other

lts, f at a
FERR s PR HOR o P G BB SalEh B ittty SR AR iang sy wsed
BABRL ahbly” RBNE 1P Rtlted MPIRRT RSN bvﬁth%(iﬂéshbﬁer 4, blsteonauy, other
polyner such as acetates, salts, and al cohol s.

Wﬁb@wwhereln "melt" refers to a melted n1xture of

;gz: ?I &po hly_nl_lgp lﬁlﬁese{s of tl%eﬁ%r;esaerﬁ inVFI% nfcaflr(]:oX%)rlse any [ suitable polymer,

hid enh pmﬁerﬁ@irbn@wmhbtﬁeasaﬁ)ém‘pUﬁéca%cﬁfeMb YOBimer sidtl cornprises

a preferred enbodi nent, as exenplified above, the

B@W%@f buped). ol esembasdisenis af {heruesgrianyention giyep herein that
BiphS AR (BIL L ALRIBESRE R ALY ROPALEP kot

ambg'dmrentns Goutpdudentvhodh the polpniey n(ﬁnp(ﬂfeﬁetqns'mtsoifh)e consists

nbodi | ud whi ch
OG0! ap DY EGHETED s 1D e SR RN 9 G5eHs (RRAGRS in

badidv ! ﬁlcluhﬁlgtﬂT%@l%lz@fﬁb@lgélﬂgéatlﬁrelﬁ B¥n E’éc usell ‘%vﬂhathb ﬁ&l‘yﬁfé? sheet
in additives, including plasticizers, disclosed
haneg apelameb eonﬁgeldg\mf phcansistipg bgsnmtlal]slhﬁ@'oly(vmyl 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), poly(vinyl chloride),
poly(ethylene-co-vinyl acetate), poly(ethylene-co-ethyl acrylate), ionomers of partially
neutralized ethylene/(meth)acrylic acid copolymer (such as Surlyn® from DuPont),
polyethylene, polyethylene copolymers, polyurethane, or poly(cyclohexanedimethylene
terephthalate-co-ethylene terephthalate) copolyester. In various embodiments, the

polymer sheet comprises poly(vinyl butyral), polyurethane, poly(vinyl chloride),

poly(ethylene vinyl acetate), or combinations thereof. In further embodiments the
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havi ng a pol yner consisting of or consisting
essentially of poly(vinyl butyral). In one enbodinment,

W@ b@7pad7yérer sheet conprises a pol yner based OPCT/US2007/070812

partially acetalized poly(vinyl alcohol)s. In another
enbodi nent, the polynmer sheet conprises a 25 polyner
sel ected fromthe group consisting of pol y(vinyl

Biltisateer SBna e A BbEeh prd Qe bt R aRGsrs Other
PblyRRFtHadtrgda sugbieoddsh z28ekiQSMith@BRt(rEBANIISS b Licd. 38 bl of the

copol ymer (‘such as Surlyn(r) from DuPont),
Eﬁ@h?@?t Iheybin e whishl yefetrod eamges oploky medior mediogls arstdieanespecifically

h dj
or rp@%ﬁ%’]%gﬁyb graﬁg? neeﬁlyrp% z}lt%d Wil p%utt Hn}lta 1%1)1 fg%%laTtl 17515 Fornponent
bércvandeoUhicRAEIEN, HM&I&radtéirﬁUBQnmﬁic)ﬁg&fddﬁfv%@t ﬂﬁ)@érmhgésezaso apply,

pon(V|nyI but aI) polyurethane pol y(
wheisrapgkgable, ﬁb&hﬁp gher ppRISTS Ao a et el dl&sﬁvsed herein as useful

In further enbodi mnents the 7 WD
%%%@%%ﬁ%fﬁ@8g%$$82%&b7/070812 pol yner sheet conpri ses
pol y( Vomyrhbdalimyiita b()mpndng)pelyonnymuu@rail) htee palg(vyinge Foatyral) can be
BN Db Gt 6t ot Prtra Ryt e sl ae (e

ﬁﬁ'r&érﬁpl'enU\@ 'Pﬁfénf%rzei@rdﬁdanﬁén&%%%)’ ain“cﬁx% err%@ﬂn%nt the solvent
hods are given specifically for poly(vinyl

bl@tlyodaiescr(bbd m ¥xgirpicetal Bolgmaist nokrcykclopidiaof BolynfeoScience &

ol art e Ge R ars SEP TR, NS LR Rt wed. 1n

AhciRerpMoMimenthBE 8 RBRE MeMBU Aesdr®eld R réh BT b M MPHE/(vinyl
and pol yner bl ‘ends di scl osed herein as useful

bepdnie semmicreipby apeEpbls ieearpus fymsdmyadonexample, Solutia Inc., St.
onpry,si ng. Vi butyral), the poly(vinyl

gﬁ@gﬁgﬁ§mghﬁg%é&mgr(ﬁﬂked by known acetal i zation

pr ocefs@fioud emBbEntenBMhetpR Iy SBect dsid &fn ﬂ‘sﬁé%l tnyl butyral
(see, 10101‘uormexan'pl e, Ler% Pat eents S2 282Ib : §vinyl butyral)

orpERsee 28 Yo 33 Wetﬁhép@rnms&wtr%) hydrorey] gesiupe mlcmterl o8 poly(mel

AT o0 A SO W
W@%fﬂyaﬁlyﬁgﬁﬁupsbgalcﬁlaﬁed M}’ (v2803Icolkddy bl pis@eer dhbet resin can

anot her enbodi nent, %he aqueous net hod descri bed

ﬁlﬁ@ﬁ@ilﬁﬂ%?dﬁssﬁbam%%‘d’t /Péffw eRjer Sroypsy bRy “psll wt. %0, 9 wt. %, 7 wt.
i lo Iy f

EOBTE 20 AUy B! REVE vt L R AR ol B pbfviny! acetate,

Bmhvhf&ﬂhme$bmgahmcmakp&ﬂsﬂﬁw&m@hﬂﬂdﬁ&pabhelbmhxnmnaﬂy

sheet sin copprising on Vi n but 1) .c i ses
ety %eﬁ"@tﬁpg;%%’é‘r?t m%lI¥ h%%é’i}&egﬁ et 3531 group
Es@ %}éssa%qﬂém RObadntismyly 9sabcohol) 13 to 30 wt. %

droxyl groups cal cul ated as pol y(vinyl alcohol), or
15 t olrarious embodiments, the polymer sheet comprises poly(vinyl butyral) having

a molecular weight at least 30,000, 40,000, 50,000, 55,000, 60,000, 65,000, 70,000,
120,000, 250,000, or at least 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 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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wt . % hydroxyl groups cal cul ated as pol y(vi nyl
al cohol ). The polyner sheet resin can 20 al so conprise

WO e®3/1431ah 15 wt. % resi dual ester groups, 13 RET/US2002070812

w. % 9wm. % 7w. % 5w. % or less than 3 wt.
% residual ester groups cal cul ated as pol yvi nyl
acetate, wth the bal ance being an acetal, preferably

but yr ehyde acet al but o tlonal i ncl udi her
acet al E}P‘b%%@e?ﬂn gonfal 8%6 %%‘ Si‘ tg of e resent
ArvehtvA, i dodellrR Yiktatl %ﬁ)@assﬁlﬁf a&mh@ mah&iurPadIgnt
5,137, 954 I'n various embodi ments, the pol ymer

Mragaesiun m@its tb@tspap @bya(i@d with these gmbedimsatsiofighe present invention
t 000 »000
Bl e Bt e o B0 3 968! 538 Bosucti

Alagh®@ash sa§1alh) thagh&im PefotifiBk embGicRbediar- afﬁﬁhblﬂﬁﬁb)ate),

Smal | . quantities of a dialdehyde or trial dehg e can )
HRgResHEN SHeby Ho¥Y-Adgaptheatgh éfl%\maga@sa% big{ &pthypbutyrate)(chemical

I
PR RG] £ 2o L9 Vhi0 ool 5 Byt iRhfion the
magﬂe%ilﬁﬂéaltﬂrﬁhgﬁeﬁm blgm{éthyaﬂbﬁt&ﬁa,té)m) As used herein,
the t "ol I th t
e R N
YardfacaHNEnR Pro "hlch AGERLS FANABDuHERhol MLl VTR,

sheets of the present invention, iIncluding sodium
axgateatse$talp1b2@rséﬂ g laeeiot st;abﬂumdrs)mgn@sdm satibleck agents,

alts that can be use i.th es . ..
R I EE R s, SRRt RS oF A Gensoing:pdigivgs. and
f}@tm&elmg@gﬂ&@n inthegs. di sclosed in U S. Patent
5,728,472, such as 5 magnesi um sal i cgl ate, magnesi um

ni cot imeareus pmgadisicatn qupotyzneaiﬁhmw pakesynt mwmgméhmmlymer

3- hydr ox t n n
e At SR AL . 28R 2036 RorREP Dot g ot lasticizer
piad. | U et qanttBicotat beugedas &dppidpeand fodthetgagticular
rraﬁnem umsalt is nmagnesi um bis(2-ethyl butyrate)

SALIQM dintspine $MpRgingrats, Hhegl pickerbpsi afhxsirqqaéooacﬂewﬁm of fewer
b fegfeg ﬁrig,?glvv%§ thafIIQZ p&r fgﬁ Eﬁ: €0 cﬂb@n fa‘ﬂo l The aglount of
C a , u

pro uct itives inclu t are not
plastidyesan bpadjoeed &, afficathic Igﬂase trsns(ltﬁmgtempafahrra(/l"gc) Ioéthe poly(vinyl

tabilizer ant i dant s, tiblock agents,
BTl S Sf% &e%%loﬁlgb?rsam% NaSSP AT gdéed to decrease the T,
combi RaY, 's&%l@ﬁla;‘;tﬁ@ze@soéa%%' a!'dGedaQ)dth@ b¥§ther ARfhs of BR present

i ke, a5 are known in the art. In various enbodi nents
vaemmrylmd@h@élrm the polysep s@&tPlamemsumd intthe polymer sheets of

ﬁlg %ﬁentl%%e?%lsogg‘% as)t}.c t%?qfdtspg) %gltc%fngig(%r az(ﬁso%)tg}ydnc alcogol
among others. Suitable plasticizers include, for example, triethylene glycol di-(2-
ethylbutyrate), triethylene glycol di-(2-cthylhexanoate), triethylene glycol diheptanoate,
tetracthylene glycol diheptanoate, dihexyl adipate, dioctyl adipate, hexyl
cyclohexyladipate, mixtures of heptyl and nonyl adipates, diisononyl adipate, heptylnonyl
adipate, dibutyl sebacate, polymeric plasticizers such as the oil-modified sebacic alkyds,
mixtures of phosphates and adipates such as disclosed in U.S. Pat. No. 3,841,890,
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 Cy4 to Co
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phr. O course other quantities can be used as is
appropriate for the particular application. In sone

werivod#itent s, the plasticizer has a hydrocar boPCHENMBTI070812

of fewer than 20, fewer than 15, fewer than 12, or
fewer than 10 carbon atons. The anobunt of plasticizer
can be adjusted to affect the glass transition

t rature (T f. the pol y(vi 20, b l)..sh
PRI P e aBahdt s Mhstort 24P Maashl 1479, and
deed easfpdthestdid; suchay h&yil E@l?ht@ R @ﬁbh§érﬁ€6cﬁm@ﬁ‘t@ B8 plasticizer
added to the poI nmer resins of the present i nvention

isedas dlélpxxladfp@mnﬁhé tlp@hylm glypalati2 ctipjlbgsenedteer s used
: Eclt Eghg lxg?%yl%?l 12 8? ?asaélezgre grtrld gﬁ]y"a?q?ﬁtlhv%g I@gﬁ'ﬂ fe thermally
?n‘o@@d@@dl and @ﬁﬁlggre@tlﬂtersﬁeet&urﬁ adtbalipd mhetﬁbaﬁt@mrtaltme of

or exa triethylene glycol di- 25
n‘ﬁ,uafh@)art tQIpeeﬁqup&% n@tl}péi(gf forrmng a poly(vinyl butyral) sheet

gdrﬁégse?egt%(n&é(ﬁl%ﬁ@ﬁ g&l{yf‘]&ﬁqﬁ%ﬁlﬂx%ﬂg Q&F%Mﬁélresm Blatsté(‘:izer, and

tanoate,” tetr ene tan
ddldmmlbyafdrqnag the nabiltabtoykh adlllep(éfd)IGexah@i(Q{ la dle havmg an opening that is

cycl ohexyl adi pate, m xtures of he and
%}ﬁa%{l@x&y gf&?tlﬁglélrﬂiﬁ m%(emlf% Hh?éb%%/% 3%%% Another

g}ké?ﬁ‘ﬁl rgrrﬁﬁﬁ’@(?@ﬁ BrmfQ! W(‘vﬁlypb%fdlféh%&ro%nﬁ%@& c%§t1ﬁé']§melt from a

i fied sebaci ¢ al Kyds,” m xtures of phosphates
dmd)naldat pﬂbes%ohdléymg\ﬁledasn | apg sdbsequdntis. relﬁat/mglﬂm solidified resin as a

841,890, 30 ates, such as disclosed in,U S .
Rt i aigous omBiBaNE Ind P0G SRR RETk fihRes Ginfor cxample,
001629 MUHmMSXRE 0.20b 250 MEliZRYSs, tom@tto qars ARIiMSRss, a6€0.3 to 1.5
m xed adi pates nmade from C4 to 9 WO 2007/ 143746

Paiimgs2o07/ 070812 al kyl alcohols and cyclo C4 to C10
al COh? agsem%{)glme fgescm{)]e(f'J 4pove corﬁg 1511['1g a &lass féger fu’lotﬁer

C6 to € esters suc

&’rﬁbbdiﬂﬁnﬁé‘f@ﬂdlmf’é ﬁntabl&?wﬂbr%ﬁia ﬁ‘dnzglﬁss g.l@ﬁﬁig type didbaiay ks used in
adi pat e and/ or trletgylene ycol dj-2 ethyl hexanoat.e.
& plothy elashyExamples off spc glamg Aaycpy igghude Flg’éirplasélﬁﬂ hayipe a high

gﬂ?g rd ‘éﬁﬁmqg\ﬂp&ﬁm&h % lc aboRE ﬁ&?éﬁﬁb"é“ ?or%Q?ﬁiaQ“r ed

Nto sheet m accor ng to net nown t o se of
polgcarbonatskint Ipol yalkyhenctratryl 4Dewe amk grepifealty thekdbavind from 1 to 3

formng a.pqly(vinyl butyral) sheet conprises
L?%ﬂ%ﬂﬁ ﬁgpt 1&%1 S¥vinyl butyral) conprising resin,
pl ast WgozgEud RN thegdidak Yrﬁi%nt%’n $105&ER%BRs FBldy of the polymer

through a die (for exanple, a die having an opéning
shivats and intsitlipsraofithabieyerny ieaneen {lscloswl hirene nsarmpomﬁamtlon.

in a endi cul ar. dlnens 1 exennl ar :
ot hol 6P Eral vSGUa Hot PRy P itBEGRE) yrdnBScam o fnished
ERPRE ipPRRicERBhIphTing 2P bf tlicerlﬁﬂéﬂélyerﬂbieth@ PEQer® iiRnti6h.,
solidifying the resin, and subsequentl renDV|n%gthe

sol i dith¢ peesens éiventien wclughemethofnolmpnufaiudnnviraasand glazing
é&)}%}%ﬁ%@p@%{ng%ﬁﬁﬁ@ aﬁqﬁ]telti%ye? of Elagllﬁg %ﬁ&eq df ‘fﬁe prés%{lt 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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0.1 to 2.5 millineters, 0.2 to 2.0 mllinmeters, 0.25
to 1.75 mllineters, and 0.3 to 1.5 mllineters. 15

Wo-0007880M6 enbodi nent descri bed above conpri si NRCHU§I08%670812

| ayer, another enbodi ment exists, where suitable,
wherein a non-gl ass glazing type material is used in
pl ace of the glass. Exanples of such glazing |ayers

|n | ude haV|n hi h Ia transiti

S et BB A2 oy B et m o ot Ri o B
Rﬁio%ﬁﬁg Renayes AndpRedtiatds )ﬁeaﬁﬁ‘tﬂ'g&ﬁé )ﬁln@{uﬁ%f hand a Hazemeter,
specifically those having from1 to 3 20 car bon at ons

Modtehlé2alw<lych woivetlable Epmdlumen Aspeciaten (Resons Vedegrn be used in
I nve t|on al L s oOf
aqeQrgance, \hv %12\?1 ?%1;)@% LSl é aﬁgrob/F% 2%79 Cijr%cegﬁ¥eo 8 1¥smg [luminant C,

i ScdbRsSEeer eh@lfﬁd)fﬂz ddprény Ie oaiyul @kibeBimentd & thé Fidt invention,
i nvention al so i ncludes w ndshi el ds, wi ndows, and

B hergis dese dhagl oi oy thbifectns! lewrih#n Song any of the
i nter bayalfa @fes@ﬁ%aﬂ? B? %%g&rééwc%mdl 0 the fon&%mpgr %%ﬁ"tﬂﬁue, and
nc cturlng

i nvention i es ne
Wlhbler“lp&mmeﬂi” ancfegtdm ngein pagedmsife adipsioniofig pbbmindr shiccaro glass,

|nte r gl azin nel .of the sen |nvent|on
ﬁ@. f Wéﬁ;ﬁe il &S H Jvar BB PYTEEL Owﬁﬁég lapylaminate samples

gﬁéﬂaﬁr&f‘wgﬁ SGhiRE gutB@l%@é RBmiYRlonQeRdiRBhY MBE 15h8les are cooled to
n | am nat ed gl ass characteristics and neasuri ng

alsoih nl 740 eEQ"F\)n dnid Hmwabjeputamtadbadl i bammsetqmrbztk thaglass. All

BiRE Ploss B ol heredan 6 0ol Fainoh b e EPPie fepyfemSYed. and the

BRBSMII Rths g dalﬁél%d‘(@{ﬂé%)olﬂbﬂn?hbdt?ra@ sHba vlfsuaq do@pafdd with a
the scattered |ight a sanplfe in 10 WO 2007/143746

FePf 832@@@ oTb% &tzndaéqur@gpoqddo wtyealp mwh@htvamlwdegrqqs@f glass
? SIS R ere Polm@nw"i%ﬁ%élraﬁgshe £ OIIh Hg:uiar at a purnntler% standard of

OW ng tus or  Heasur|

ad¢ro i glads ib Hafteadhareﬁlad &{&qioei(mnyl\/&dﬁal)[ﬁ@et \M‘tlaqimmrﬁel standard of
avallgble from Hunter Associ ates (Reston can be
4Q @0y rof the ssprgmaansidherchtorie pe 811b1’(tR‘é ai fﬁto%dammated

%@gs e[%angfs%(fgr% eﬁt 51‘&%1'1‘[{}91 %ﬁd‘i{@eﬂ%ﬁm%ntéha@% rnrnel of a least 3,

ver a egrées. I'n various enbodi nents
athleasp Beastéefﬁst 8,rav &kt Yoy 10 pOtiee einbhdinentsshave 8 putningh bSt%een 8 and
| ess than 3% and |l ess than 1% Pumel adhesion can be
ﬁ@dgﬂP%Heaccordlng to the follow ng techni que, and

wher eT}p um'wneéssin&é%f’ & %%lﬁﬁ’er@ﬁé& lchh Bé)m%k%%d afdéordlng to the
adhesi on of a pol yner sheet” to glass, the | ow ng
{adlomming) trnisirent evhldas dsksext plyenap siare I cmﬁhukph@vn@ gseoth
{)glr}pm%lalg gur%ac”?w%wh are essentially 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 less.

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 ISO 10526-1999,

11
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10 are prepared with standard autoclave | am nation
conditions. The |am nates are cooled to about -17C

W@ 0My/1437d6 manual | y pumrel ed with a hamer to bPEEKS100B070812

glass. Al Dbroken glass that is not adhered to the
pol y(vinyl butyral) sheet is then renoved, and the
anount of glass |eft adhered to the poly(V|nyI

ot anabes e i Jemitsie BEpu et bY Bufect@'s f 24 comtimeter
Mr']li'a@ehseﬁﬁéﬁ/ bNEMEREE RashRfan@hasid diviloBARKIHIBBNEC LA relative

oly(vinyl butyral) sheet. |In particular, at a
b §testnﬁla¢twnd$ 4 wegkoor m@reg Iﬁswhl@ningfhanémwdrqdo

tﬁ_%%(ﬁﬁgg’ :W%yﬁ ¥y all%%%sat 5 glsta&]ﬁeé %ut?m Ei%eséfe}ﬂg ?amlné)[e that

palty colonil deb@lbyédadn)d &hodbd withrthd pop@t eighe. gl ass panel s
of the present invention, various enbodi nents have a

pummePlipagg s meapyeddy mg@nt}n@éls]tS X copfimetes squage segpon of laminate

L:fvc'v\%tel(gal gltlé“lq atécgll%g&tgdrﬁgf 9'%% %ﬁ_ﬂw%vgffasg &éwn 1 éi subjecting the

landeaté tcofen@emhymff 109hE édr I@rholnes areacur Sﬁppagetar gl ynigme @oint is

the, follow ng trans arent nol] ded di sks of mer . )

dRditange AT Wupm? PSS BT has %Wﬁféwneva %lcyséo its starting

%1&&1 %ﬁ@th%§ﬁ%ﬁélﬁ} Je¥o BRH %1&@90 ﬁﬁlalr@%;clrf&ﬂ aflgﬁéaexghen the
he 1 ndex is neasured accordln o AST

$ﬁmﬂ¢smSMaﬂdard Test Met hod for Ybllommess 25 Index of

Pl ast | ctrophotonetrjc lLi,ght transm,tt.ance

o haSTe PR BEG GRT Sh g ARl S bR bR R M
ShitckNeST uiicnd] RBRSUHGHRAR CloBRingthe kiR ofIASTM D412. All the
vari ous enbodi nents of the present invention,

wglpﬁe&re spheditionegrpt Bhteand 3180 r@m@dslmlﬁmjefor@ﬁ h1>2rs mior to
%aﬁﬁm%o or less, or 8 or less. The visible
?1ansn1?%ance can be quantified using a U/-Vis-N R 30
spectrophotoneter such as the Lanbda 900 made by

Perkin El mer Corporation by nethods described in
EX?dYIRBES onal standard | SO 10526-1999. 11 WO

? é@43746 PCT/ US2007/ 070812 Edge whitening of a

l'am nate i s nmeasured by subjecting a 15.24

cent i h@d partsgeplavmys bty tabresih withm ﬂayleald:cmoacmmt afid0-21 weight
hum d envi ronment o d 9596re|at|ve

RSt and arith agdaty r%ecgas P00 rovaehtpRECkATe am< %ﬁ@rﬁ parts of
tﬁeﬂ{‘y‘@éh%tglf&é %{2? étﬁ?ﬂh@?dnloxteg 8 ﬁ!ﬁﬁl&%e@ ng 2§ ;%efﬁﬁt 5he

di st’ance e of the |am nate t
¢oiugm 32 @evtibopdd-@ ﬂdillmtb@nm;damlﬁwl) Hﬁnﬁlx]dqﬁlqn@l — available

I me.., Sl e.] S neasure ntin 24 .

b inecePieRiohan EERTHEReY pfiardhik AR s usd to form o
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
Massachusetts)). The three mixtures are extruded to form three test sheets at a

temperature of 180°C from a Lab extruder.
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in a vertical position and supported by only one of
the glass layers and subjecting the lamnate to

W ewpasxisaur es of 100C for 100 hours or nore. SPCPPsa7/070812

at any tinme point is the distance that the
unsupported gl ass | ayer has noved downward relative to
its starting 10 position, and that is usually zero if

t j f ol f [ d t

G anrpr 8BS S aliRE Rl B Gl S ne R At atedied for
FREIUM calMREA diSropérficTERRUE & thgbdh Ao A fdMbwed AN &34 12/rfethod
uni versal testing instrunment, follow ng the nethod of

ATEM2DAY30%0Aklativhbumilafiypl es are conditioned at 21 C

and 51, % rel ative hum dity for hour.s prior to 15 . .
roas ol B P B ot frtGhS BelHe% shipdag n tnsite
bredsy Al (-30es édinpdréditodn sonfyl sadhit oking @it @odifiedl fleddilica.

wei ght 20 percent and a vinyl acetate residue of
0.5-4 weight percent are m xed wth 30-75 parts of

t mrethytemewgiore PércBht ( 2F €Lyt exanoat ) as Secant
pl| &atiptd Zermodlfiebriaed s by TSUEIBRIeSt | hESCPMuYinydake (Mega
(2-tert-utyl - Gilich- chl or p- Ba92858FF3z 0] ERNIPYOY . net hydcal)

preno1l -l availabl e from C ba ? ecially m cal s) e
added, and the resulting m xt UPé is used folma ™
pol yner isheet t{]@i s used as1r?11control. e m'xtur?21
ig extruded to Forma sheet at a 25 tenperatur¢ of

180C from a Lab extruder. The sane conponents as given

In the above paragraph are again conbined and three
Frenpieds are separately forned by adding 1.2, 1.8, or

2. 0 W gbn(REPEERIcr AccPand Tl iAok L YBRAN S hEGare cach laminated
(CAB- O SI " TSID6§AC}{6}r avai | able from Cabot éorpo?raeteia%n ammmate
bBelktretwapanch/hf glashansetdta) t.highhtemipbragee ek humelityade glass

xtruded to formthree test s S 30 .tenperatuyre
Bififaficare gt Fsin RtoumER: o1 oD e SBagvaRimiaty o weeks.
P L4200 N0 of TREam Rt Fhidhak ¥AREd BPeRfist@R bR ation, is
of the test polyner sheets are tested for nechani cal
peonty redupwbipah lesnatThelassas cimeratrdnaiintcdmet Comptvies modificd
ﬁ\lST%y E]4Claz met hod CTH (21C/ 50% rel ative humdity). The
pc?i1 mer ““%sheet conprising nodified fumed silica shows
an increase in tensile 5 stress of 10-30% conpared to

a_contraol Qﬂﬁp| e | acki ngt he modified funmed silica
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

considered high optical clarity.

Weight Percent
Sample Modified Fumed
Silica

Percent Laminate Laminate
Transmittance Percent Haze Yellowness

13
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Wei ght Percent Tensile stress Percent Secant Sanpl e
Modi fi ed Fumed Modul us (Mega Silica (Mega Pascal)

wWEb@ng#t7eon Pascal) 1 0 13.2 310 0.90 2 1.80 RGI/USAYG070812

1.21 Exanple 2 The control polynmer sheet and one of

the test polyner sheets are each |lam nated 10 between
two panes of glass and tested at high tenperature and
hum dity. The glass |am nates are exposed to an

envi rdmmsm of 500 and 95% reBaf8ve hum diotdy for|4 045
1

VCCI&D. IIII: cugc V\IIII L CIII LLLY) balld Uf t IT I =101} Ilal <, V\IILII L,h
|s callsed by noistlre pengtrabp6h, is gréftly reducethd
. Tt IIB I am mat BU gl dsSS I ITCor pUI at BU drll I et I dayc

conprising nodified funed silica. 15 Wi ght Percent
Edge Whitening Band in Edge Witening Band Sanple
Modi fied Fumed millinmeters (2 weeks in millinmeters (4
@6%34& lica exposure) exposure) 1 0 3.5 6.0 2 1.20
1.0 3pQm
of the test pol yrrée @?ﬁeg? gIgfégn?gs%aﬁfﬁ&%gpaggggﬁ%@ﬁle test
polsnief gheokisg Restltsashewi dxtalhome glabsaibesiam torytied palymessheet comprising
g}pﬁgt 3@1 bel ow 1% is 20 considered high opti cal
Hi ?lglﬁ‘l‘ Percent Percent Laminate Laninate
San'pl e I\/bdlfl ed Funed Transmittance Percent Haze

Yel | owness Silica 13 WD 2007/143746 PCT/ US2007/ 07081
1 0 88. 7§hn%le5 0. 45 Weight Pei@8nt69 0. 8 0. Remmiek Adhrisiong
Modified Fumed Silica Reading
1 0 3.0
2 2.0 8.0
Example 5

Slippage tests are performed on two laminates. Results show excellent slippage

resistance in the polymer sheet comprising modified fumed silica.

Sample Weight Percent iIIl ho:r: IS‘II? hzu:!s 220 hours Slippage
P Modified Fumed Silica ppag Ppag (mm)
(mm) (mm)
1 0 4.5 16 21
2 20 28 11 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 exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from

the scope of the invention. In addition, many modifications may be made to adapt a
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Pummel tests are perforned on the control polyner
sheet and one of the test 5 polyner sheets. Results

WG b/ 1€vdel | ent gl ass adhesi on for the pol ynerPGHES1007/070812
conprising nodified funmed silica. Sanple Wi ght
Percent Punmel Adhesion Modified Funed Silica Readi ng
1030 22.08.0 Exanple 5 10 Slippage tests are

B SRR RO bRl B PURSRae BER R SRR G B om
Rds{cnadl opelebt | TRorefdfe, RAY rterkid tH@ HeSinwvaiBh Qot be limited to
Wi ght Percent slippage Slippage 220 hours Slippage

therpartiovtsd icmbedi scBpseil gatherhestmpdelcoptembated fariarrging out this
12 'Vgnt%o'n8 a&cil th]a? the}sve%%/i Y Iwrlﬁ HRl1 %fe.ahhe%lq%r Fﬁi’eenr‘gg faillpnv eleItllmq e scope of
Int 'S hOwW pPOSSI bl e 8 provi c}le I'nter yers, SUCgh as

pelappsidaylclads.yral ) sheet, with nodified fumed silica
havi ng i nmproved physical characteristics wthout an.

unacc Eptidiehe dguaeersiof thap pry ehihe ganees.tviplucyyqr charpgfgristics given
: . : . ; ‘
LENROMLEN dSRRoRER b RSP M S rE AR ik anecablyin any
sdaigkd, @aluky) ot biearastéristioapiveaforang of hengks compon&@fds bethe invention,
de and equival ents be substi ed for el enent
gﬁ@rﬁéamxﬂ?lﬁotetafo% B%Pg%@nﬁ%ﬁ*ﬁmﬁefi%@&g galgfs topgach of the
ESMEMchRNas dilePRGLh tRBuoRRY FHRMafip&ath i8R %h TR e SalBARrmed
{0 adapt a > 14 WO 2007/ 143746 PCT/ Us2007/070812
pemprisog sroddgiet danedslior innmtyenfitled ran gestgrecnt isadditiog$o ofmprising
the.i.nvention. W thout departing from the essenti al .
S REPORT SRt B Sekd oty P e mutations that
hiR\“@FHiA B Sa6he HRhé proséd nveRtion, HAt BRF Wb RIcumbersome to list.
enbodi nents di scl osed as the best node contenpl at ed

f or canyyigat rsfarenchingmbprngdyan vwithin dirgebistiagt or ey claims are for
Lpvention wi Ll incl ude | .enmbadi.ments..falling.within,.
{1 ug&agt%:vg Fpélr%%ses %nly ﬁué(lil glb%@% Hoet(e})ecclogsi;t%a t0 hm% tlhe cglme({ 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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It wll further be understood that any of the ranges,
val ues, or characteristics given for any single

W@ ovposssmé of the present invention can be useRCT/US2007/070812

i nterchangeably with any ranges, values, or
characteristics given for any of the other conponents
of the invention, where conpatible, to forman
gpb di ment haV|ng defi ned val ues for each of the 10
6H§ fflents, as given herein throughout. For exanple, a
pol ymer sheet can be formed conprising nodified funed
silica in any of the ranges given in addition to
toAprintstlayer fon wstin & imrdiiple teyanglashgt demnrisinges gi ven,
mhere <ﬁm° Bhﬁ;%) to.fo of m many pernmutations that are
wi t hi fi SPNIHAYr esent | nvention, but t hat

woul df@ﬁedcsﬂrmcgmeﬁml $aid funsdd. silivayis hikglake. r ef erence
nunbers given within the abstract or any clains are

for 15 illustrative purposes only and shoul d not be
SoTEb oL LR SO AP Lo, L APt

0Stwdglawwerdent. scal e unless otherMAse i ndi cated. Each
reference, including journal articles, patents,
applications, and books, referred to herein is hereby

B NGRE RRE X@{doibé{alfnef QUIRNGE shifl fithsd %‘IIEA fsqﬁé’thylgf%dl5 WO
2007/ 143746 PCT/ US2007/ 070812 W claim 1.

interlayer for use inanultiple layer gla2|ng,

| ast i | yner : d, 5 f d
§PTRE eer ot tiBE] PR 8 P TG nf Rl MBSt length
bhd &5 kv es nafrogtai m 1, wherein said fumed silica has a

carbon content of at least 0.5 weight percent. 10 3.
The interlayer of claim1, wherein said funed silica

4. Th |nterl
ge té(r aler O:q clalrn agheéer% ga\lllgr ag%d 3] Il}laa} iéabsaatn aVFraﬁe %gre%e%te length

QfastéosQnﬁﬁn@]crons 15 5. The interlayer of cIa|n11
wherein said funed silica has an average aggregate
length of 0.2 to 0.3 mcrons. 6. The interlayer of

8' %E‘"hr"terl ‘%%F&l n?f”\%éﬁélh Sl aYEAa P OS5 Sk SeSaRRANT 8L kgl

S|n e polyner
polymer sheet.

7. The interlayer of claim 1, wherein said interlayer comprises more than one polymer

sheet.

8. The interlayer of claim 1, wherein said interlayer comprises a polymer sheet having 10
to 70 parts per hundred resin of said plasticizer and 0.05 to 15 parts per hundred resin of

said fumed silica.
9. The interlayer of claim 1, wherein said interlayer comprises a polymer sheet having 20

to 60 parts per hundred resin of said plasticizer and 0.1 to 10 parts per hundred resin of

said fumed silica.

16



20 7. The interlayer of claiml1, wherein said

interlayer conprises nore than one polyner sheet. 8.
wab@7iiea7es | ayer of claim 1, wherein said interPelE82007/070812

conprises a polyner sheet having 10 25 to 70 parts

per hundred resin of said plasticizer and 0.05 to 15

parts per hundred resin of said fumed silica. 9. The

(ot BT Ssts R PaD Ry rises o polymer
BadE BRomaBd Prodp c§1@§1ﬂmg|o@§bly@\hﬁﬁfb ?}Ql) Opoly(kzﬁlizi-@hlﬁﬁﬂé)s
per hundred resin of sai d l'i ca

2@0(75‘#11134@1?@4@ -Ray) s00,77dy@Eyene1o- ethl}ﬁ @criy&ﬂt@r joageersoff partially

neuz%ra? z%ieet glrlef“?gm?tlzglcrglhtghgrd ch% I?Ifc’ntgl n%snre é n?[[lylséges
@@ol/ﬁrﬂér@)ﬁolﬁﬂét}dﬁ@d hnd F@b&@ﬂbﬁ&ian@&lhﬁhyfﬂ@)e ;terephthalate-co-cthylene
]§éet hyl ene- co-vi nyl acetate

heda4S) copelygyeiet hyl acryl ate) i ononers of
partially neutralized ethylene/(neth)acrylic acid
copol yner, pol yet hyl ene, pol yethyl ene 5 copol yners,

pbl yuaristhayee forand ipo hy(tiple lagteK ariegli dcoetphigingne
t erepht hal at e- co- et hyl. ene terephthal ate) copol yester.
11. ARPPIYEE PREFEFOTRISIREe in a mul tiple layer glazing,

conpri3|ngp01gnﬂﬁh%ﬂgm)sheet conprising: 10 pol y(vinyl
butyral); Vast|0|zer and, funed silica, wherein
sai d funedpbmmnna,mslalkylated and wherein said

interlayer ri.ses.a pol r sheet .hayi a glass. .
transi £ onWRTEHGE HEedr A Loenthiiica inalky(es 2pd Whefgin said
{ndreiybeosRiprks & balyMet Q-hee‘l!\ﬁﬁﬁl‘?g Dok GardsHBRdempbratde HRASss than
a cafbon content of at |east 0.5 weight percent. 13.

TH€-interlayer of claim 11, wherein said fumed silica

is nmethylated. 20 14. The interlayer of claiml11l,

wherein said funed silica has an average aggregate
ﬂfe.nﬂiehnterlayer of claim 11, wherein said fumed silica has a carbon content of at least

0.5 weight percent.
13. The interlayer of claim 11, wherein said fumed silica is methylated.

14. The interlayer of claim 11, wherein said fumed silica has an average aggregate length

of 0.15 to 0.35 microns.

15. The interlayer of claim 11, wherein said fumed silica has an average aggregate length

0of 0.2 to 0.3 microns.

16. The interlayer of claim 11, wherein said interlayer consists essentially of a single

polymer sheet.

17. The interlayer of claim 11, wherein said interlayer comprises more than one polymer

sheet.
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of 0.15 to 0.35 mcrons. 15. The interlayer of claim
11, wherein said funed silica has an average aggregate

WO 20vgts7425 of 0.2 to 0.3 microns. 16. The i nteCT/HYWO7/070812

of claim1ll, wherein said interlayer consists

essentially of a single polyner sheet. 30 17. The

interlayer of claim1l, wherein said interlayer

conprises nore than one polynmer sheet. 17 WO

2007/143746 PCT/ US2007/070812 18. The interlayer of

¢8. AT ihior| apbies il imSHll, & hicire §ai @REr] 58NEInh d{%@s‘és a thiémeet having
re

sheet having 10 to 70 parts per hundre sin of sa
b0 &sTQ partsarer Awerod oBinted sl phesticigepand Bty bidpar@snehhu@fred resin
mﬁyndﬁnﬁ?ﬂnﬁkJ'ca 5 19. The interlayer of claim 11,

erein saird’interlayer conprises a polyner sheet
having 20 to 60 parts per hundred resin of said
glast|0|zer and 0.1 to 10 parts per hundred resin

i &he inhestayey ofidaim hlp whgreinsand Interiiver poprstseyh aoymss ﬁleqet having
gg E@;(ﬁ(? é q)e?ﬂlfl%cﬂ&ﬂésﬁ%’ Stsald%%ﬁlgfz@r S ¢ 'tcpi(?gergsypglg P}n(l:dar’ed resin

; and
vhei e fumcladilitaf uned S|I|ca i's alkylated 15 18

20. A multiple layer glass panel comprising an interlayer, wherein said interlayer
comprises:
a thermoplastic polymer; and,

fumed silica, wherein said fumed silica is alkylated.
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