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POLYMER INTERLAYERS COMPRISING SKIN LAYERS FIELD OF
THE INVENTION The present invention is in the field of polymer
interlayers used in multiple layer 5 glass panels, and specifically the
present invention is in the field of various performance enhancing agents
for polymer piEayBRSIBITERIARERS df@YeRigElyG SEaphAetiBRSuch
performance enhancing agents into interlayers. BACKGROUND 10
Poly(vinyl butyral) (PVB) is commonly used in the manufacture of polymer
sheets that can be used d’éﬁﬁ@% Wmlttmg laminates such

as safemaﬁ@@nmmiﬁmaﬁlmmﬁm@spaﬁa& ﬂtaﬂwpt&aﬁwﬁﬁ@wwﬂ
ranspar tlamlnat m risin iny! hutyr t dispose
?\?v panele, a8 9?? gf’éé ALYl SGRL ISR ar%rmme

WO paﬁes [0) ass SO en IS USE O pI’OVI

traheying ﬁzmﬁmﬁmem@@ia?m @aﬂmﬁmﬁ@‘ff@wﬁyggcqmmm gorh
fynetioniedeahsans aRetoisuaagaat caused by a blow from an

object, without allowing penetration through the opening. Poly(vinyl
butyral) is commonly produced through, for example, extrusion
processes. Extrusion results inBd-FaRGEd0f a continuous sheet of

Polv(VindiWas RS s aeasm Ao len incamABBd diaieiniaine

Iﬁ%é/vm%v f%%/%%%ﬁgg%g%{'%%g 2%&&”%'0“@%%&5%@;”0%0%

tloexiuium loolinates. SSudety; glavctypscaheoniostio desisphientienuinteoothgrising
t&é}%ﬁ%&@%@&@ FRAEAGISHISLCS 239 FREHIRHS

use of a c?fferent set of agents, aS| |f|cant amount of time and mone %

RS PR R BUE T A B HAHCHICRECIAPERIPESiOf

didwvidies booebemtpreogytinh %mmmmmaih@w,ﬁmmwwewm

PRIYRRE ?g{%@gﬁl HROGHeds production of polymer sheets, and
a

specifically poly(vinyl butyral) shee s, are needed, without adversely

affectingPtREBH: y%m&%ﬁ%%é%m# SR fpston
aothesken [Hdpeitie scaflttlie ttedoitndi@odyainyhibutyns Bhsttadprdyglagd. b6 ral).
SSH:MM&HQ kre Aﬁgnli}lyo%&%ecﬁy into the poly(vinyl butyral) in bulk prior to
extrusion. Agents that are incorporated into poly(vinyl butyral) in this manner are
generally dispersed throughout the finished polymer sheet, which is often not a desirable

_ tesult. Further, because polymer sheets having disparate characteristics can require the

use of a different set of agents, a significant amount of time and money can be lost
changing over poly(vinyl butyral) formulations in extrusion devices between production
runs.

Accordingly, further improved polymer sheets and methods for the production of
polymer sheets, and specifically poly(vinyl butyral} sheets, are needed, without adversely
affecting the optical clarity of the finished laminates of the glass or adhesion properties of
the resulting poly(vinyl butyral) sheet to glass.

SUMMARY OF THE INVENTION
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1 It has now been surprisingly discovered, according to the present
invention, that the use of polymer sheet skin layers or the formation of a
skin layer region in a polymer sheet allows the production of interlayers
having desirable characteristics without the need to distribute those

agents il BaRo kel FUTHsnEbY, Hsr dreb csquding o the pemppinioniwhat
TlntE@M&Q&Wsﬁm&:ﬂw@ﬁeﬁ%m@ﬁmwﬁl@m&ﬁww ViRWiekr
ong e {Eﬂodl roodf the RISSE eﬁ]ita'ré\r/{egg't'on avmg% Xcr&e.r sheeltﬁt%pth

layer gure P pTeaents a s SS Sectional view of one
e%@%ﬁ%%ﬂ%ﬁ?@é@%@%ﬁb@w@m fheBfmer sheet skin

layers. Figure 3 represents a schematic cross sectional view of one
embodiment of the tiQ gion.
DETAILED DESCRIEHENE e (oA b R red o
interlay éngural wepreisots s echimativltples keydenid vipvaof dugl asbetimsti afithe
SYsbLas ﬁk@gﬁdﬂgﬁ% g%@g@b@%@@@gns and automotive
wmdshll?d ications. Int ers of the present invention ipcgrporat
very i B, S SaR RS e SuAr S GHTERGS ¢
regyisenhitvéntosinyleg putypnbosh ebtetdirbvids. desirable characteristics

to the intgglayaryihont N NeeaRslY £ Q.0f AUHINSPH K ARCRiment of the
enhanmgl%%g}emﬁlém bulk to the entire interlayer. As shown in Figure 1,

varoae IBY8L B Mvention comprise a polymer stack

18 comprising a first polymer sheet 14 disposed in contact with a second
polymer sheet 16 to form aﬁﬂgﬂ%mmw described in detall

below, the polymer sheets can comprise any swtablerﬁ%lymerlc material,

such as PEIPTERRH BURHAR [ogrretadda infrelavprs theh oy PRty iR dayer
o@m@@%@m&ﬁp@mﬁwﬂmawmmmmw éa;lempmouve
PnCORRALYID P0G at&éﬁ#&t%ﬁﬁsm

Ieailgﬁ(%1 r‘f%‘?jﬁ?é“f\gg is a polymer sheet. A %r’ger stack can be as

iR 9516 ﬁt@t’%‘lﬂ’é‘@’% s BB i fesiagle
ppﬂmmwondmimmmm@W%mm&smw
PRbUBGRS PO HHRSEH BRLLAIRRVUBELS in bulk 1o the entire interlayer.

As shown in Figure 1, varions embodiments of the present invention comprise a
polymer stack 18 comprising a first polymer sheet 14 disposed in contact with a second
polymer sheet 16 to form an interlayer 10, As will be described in detail below, the
polymer sheets can comprise any suitable polymeric material, such as poly(vinyl butyzal).
As used herein, 2 “polymer stack™ means one or more layers of polymeric materials, and
optionally other layers, that are disposed in contact with one another to form a stack,
wherein at least one of the layers is a polymer sheet. A polymer stack can be, as shown
in Figure 1, a single polymer sheet, or, in other embodiments, a polymer stack can
comprise two or more layers of polymer sheets and polymer films (described elsewhere
herein), among other types of layers.
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30 herein), among other types of layers. 2 The second polymer sheet 16
comprises one or more performance enhancing agents and, in various
embodiments, has a thickness of less than 0.4 millimeters, 0.3
millimeters, or 0.25 millimeters. The first polymer sheet 14 can be any

St KO85 ibelnla QDAL 6 OB RIS Cllfing

polymer stack 18,"if any, an interlayer 5 10 is foame that Is of the ceswed
trAeRRR aad. TR eANS FREPHiePth kAt r bickarsbef ISt tanhdmillimeerss 0

mitietess, FheBrstiinlymer Thedtst fobanee @hki&i Mﬁ‘mé&wﬂm&tﬂe thickness
f
PELIRIN %p&?m%ﬂ%%nﬁ BiAdE Qiﬁer‘}sfe%‘o?%éggﬁé%g} alud E%(feﬁgi??st a interlayer

performance enhancing agents n various ments ymer

sHads fesmad Suatingf tisolesisad thickmess, The triskintealayershigiapess can be, for
pemﬁma,%e@mhlmﬁmﬁ&b &%?Mﬁbfﬁgﬁa&kaﬁﬂm%ﬁmﬂgmaﬁmpk 1o
wel er w t basis, In the confi n ure 1, an
e el B B ) B o e Rt Shancing

coBRERtARIHOBsErRo Aimente tha Az D ireg cheat T lars Suwes s lngaten %,

e tae Yeshaietharbihenee RYRMianA Ain HPnEQBceh Pp R Giler BReACEn a

enhancin throughout an interlayer. 15 As shown in Figure 2,
vg‘%#% E'(i{%'gielmeasfs of the present invention utilize a third polymer sheet

20 dispdsdiep wmmmm%ﬁm@ﬁmmaywmﬁﬂ&wamnﬁwmﬁm

.b . .h o th mpf&i?ﬁ 9‘?HliS i lym

abave, ever, the rs can,co rlse Q

Iayers a%%v}ée sufﬁe? fg)%rg“?ﬁ ¥ﬁre%aglgﬁ%§ﬁ%8 éﬁg ?%f‘leet
ZQM%MMMID@WWSMH 16, or it can be

dlffere ntad GRwhitd Pehrne W%@@%&S&’ﬁa@:ﬁy efbR gﬂ@ﬁr FORRES TS a third

aBS\?@ eg&ﬁ@g% h&ﬁi’%sﬁs? as the s ond mer sheet ]\-‘f%‘ gfﬁglve%?énts

cam@bmimmm nsemfsmm Bubmpmbrméma emiehhtintys abereshawever,
vm@&m&% yRLRURVRI S GHRPUNE.
ck 18 mp ona ormanc enhancm
S5 b i ik mﬁé 3 55%0 s
pé@ﬁiéﬁsbreb@snl‘f&, difetenia didie dmtbpﬂimmtsh@wjﬁalcadmmhefsame
PesiapmanaR A0 hAREIABIAGSRISIC0BR L-BHABRRNMMALENEEES WWIRIREER.
ponerAitﬁﬂCkg%%é ﬁymer stack 18 in amy of the above embodiments can comprise no
or substantially no petformance enhancing agents, in various embodiments any of the
polymer sheet layers in the polymer stack 18 can comprise intentionally added
performance enhancing agents in a lesser concentration than is found in the second or
third polymer sheets 16, 20. In addition to the intentional addition of performance
enhancing agents to one or more polymer sheets within the polymer stack 18, it is
-expected that some performance enhancing agent, after lamination of the interlayer, can
migrate from the second or third polymer sheets 16, 20 into the first polymer sheet 14
and/or any other polymer sheets in the polymer stack 18. This generally results in an
insubstantial amount of performance enhancing agent in the polymer stack 18.
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expected that some performance enhancing agent, after lamination of the
interlayer, can migrate from the second or third polymer sheets 16, 20
into the first polymer sheet 14 30 and/or any other polymer sheets in the
polymer stack 18. This generally results in an insubstantial amount of
performance enhancing agent in the polymer stack 18. 3 For the above

describdipithestheirn dereribed ehbodimentsiosshovardndizurkel ol P ére peloker
18:630 SRARIISS-ANYEP BYS/HARR! CaRf DOLARYE RoF QT HE,
and_,without Ilmlta%on, he oél%g%sta%iw ca}f ave the follow)n

o T AV B i IR T RO T AR 6 yogen
orépiteratidrie: B {poifioner st eetferdblylynicorshiéetitivalymer film),,

(polymer film//polymer sheet), (polymer sheet//polymer film//polymer
sheet), 10 (polymer film//polymer sheet#ﬁ% mer film), Of course, many

other arrangements are possiblé%%‘% scope of the present
invention, which includes €mbasinsbeti/ pobaneofidt)g the second polymer

sheet 16 or the second aqgnipmgrm%ﬁ;@gﬁgs}p, 20 into any suitable

polymer stack 18. 15 In addition to providing relativenly thin polymer sheet
layers, the present iSRS Fhegtd Slohmersieseis that comprise

a relatively thin agerpobaientie/sklpnay siea@imnerifilim)ihe sheet and
adjacent an exposed surface. As shown in Figure 3, a polymer sheet

having an agent region 24 and a non agent region 22 can be produced,
wherein%@“&&‘@n’?‘?@@i%%éﬁﬂ&ﬁ%@é%ﬂﬁg?’é iR e e el g

agentst Gveitian? Ok dichajesrmpodtitaasidaipating thelycone silydingsheet
G BPRMEL RIS ﬂ:ﬁ&*ﬁ&@ﬁi&? ghe%#? %%’ﬁt’&%&? Qm&%ﬁea%foﬁfﬂﬁg%%&i%‘.er
sheet can effectively provide a similar performarnce enhancing agent ]
concentPa et isrdepsevitiagelmiy syiamelanm ke e herprgemet imygation
cebodntiadiapaigrier shase ehartoaneingaagemiaiihis iy el fa(l e siadifar
FQLth i .in_Eiqure 3. the agent region 24 is.formed so
S B e hove
akPamsatheeihadusgn aeent region 24 and a non agent region 22 can be produced,
wherein the agent region comprises one or more performance enhancing agents. Such a
sheet can be produced, for example, by coextruding two polymer melts, as described
elsewhere herein. The resulting polymer sheet can effectively provide a similar

performance enhancing agent concentration effect as the multiple layer interlayer shown

in Figure 1 by concentrating performance enhancing 'agents in a relatively narrow region.
For the embodiment shown in Figure 3, the agent region 24 is formed so as to
emulate a separate layer within the polymer sheet, and can have a thickness of less than
0.4 millimeters, less than 0.3 millimeters, less than 0.25 millimeters, less than 0.2
millimeters, ot less than 0.15 millimeters, The non agent region 22 can have any suitable
thickness as desired to form a polymer sheet of the appropriate thickness for any given
application. Further, the non agent region can comprise an amount of performance
enhancing agent that is less than the amount in the agent region, or can have no
performance enbancing agent or be substantially free of performance enhancing agent,
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0.4 millimeters, less than 0.3 millimeters, less than 0.25 millimeters, less
than 0.2 millimeters, or less than 0.15 millimeters. The non agent region
22 can have any suitable thickness as desired to form a polymer sheet of
the appropriate thickness for any given application. Further, the non
agent region cgn comprise an amount of performance 30 enhancing agent
R R R LR RS0 HE FBGTgies S i Reesee rogion 22
péforthengaiongiantihiy sgendlyrihatsubsianlaty it QAR AEhon
capanapaRaril: ALBEIaR ARl ST ado el o

migrates into the non agent regio m the agent region B
g@%@%%ﬁ%?ﬂﬁ%ﬁéﬁeﬂﬁ?ﬁm@&éﬁbmm,m@ﬁﬁagem region 22
has lesdufiatha0bieias dite s Yolphte sheh 3Robihie FiBeHS TR MAREE as &

B A R G OR R L R

DEHERR WDE therrhumepsrhealevitéiagsnt Fgicsrdmipiecut solfmea fire

claydrénttilpasacvisg ieps:twegioh hic-Ra WHREsNaRis.aVith the agent
regionsyfaging to.form a three layer interlayer having an agent region
on each exposggI odimen ﬁ%?ﬁé?sﬁ%aﬂ%% SF fRRAE Seipns are formed
ifbeRebrnsnrbeste Bre agengiioRs ard formen|agdiiregigrolfmansivplt bytwo
ageRtrEg isa bR AR A AIBhEROIAbodR AT NUGRY A GOE K W ormed
ﬂfﬁ"‘iﬁc%%ﬁﬁee{ dnelts. In these ﬁgboiilmer%%ﬁ? second agent region Is

formed’ In the polymer sHeet or TRE TAE B SIS spentreripb et ehown
tﬁ‘éF_age*ﬁ Brisgism 24iaBlowelymer ijerthaviog Gireeacgiontatipoiymbieshe iyout of
hitviegbsae-eomiemhatgmtaignbendayRui-of e STNOHNS O, n

in E!g%égeh%bwhe ein.a ceﬂtér%%g%ﬁgﬁ%%é%glon is disposed_ 15 between

two agent reﬁ%%% Ted IS hs e aga rraigRs reT b thsame
tRE Pﬁ@torltﬁfwbﬁgen‘te?gbmh@ghm«égiﬁﬂémassdsm@& therdbigleiesses
afskeihadAbRUTHE HelRsariRpR AR VEHaE Uﬁ%ﬁ%&h@ﬁ%&‘hs e;ﬁglﬂ er
embegiments provide a single polymer sheet that advantageou S
performance ennanci ggﬁ%&%gﬁmﬁwmge@ﬁﬁ@§ dages

thehestoextrusion embodiments described herein, the non agent

region BPeasbekdkith Gissasss.fiamsial velthigk, f&{a?g?éﬂ{?@%%njzz can
various

R SR S5epld e 1o vy i o
example, 0.125 millimeters. In various embodiments, the non agent region 22 is less than
0.2 millimeters or 0.15 millimeters, and one or both agent regions 24 have a thickness of
between 0.3 and 0.5 millimeters or 0.35 and 0.45 millimeters.

Any of the embodiments described above and depicted in Figures 1, 2, and 3 can

be used as interlayers, or, in various embodiments, combined with conventional layers to

~ produce multiple layered interlayers. In particular, embodiments in which a single

polymer sheet or agent region comprising performance enhancing agents is used can be

combined with additional layers of polymer fitm or polymer sheet, as desired, among
other types of layers.
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0.2 millimeters or 0.15 millimeters, and one or both agent regions 24 have
a thickness of between 0.3 and 0.5 millimeters or 0.35 and 0.45
millimeters. 25 Any of the embodiments described above and depicted in
Figures 1, 2, and 3 can be used as interlayers, or, in various
embodiments, combined with conventional layers to produce m

layered TieFiaye FRhoimaeHE AETEHRSET R WHRHIAY m
Sh@ﬁbﬁée@@%ﬁlﬁ@ﬁi@ﬁ&@mﬂﬂ&w&eﬁ%ﬁlm%ﬂ&m GiTYeageNiade ps@ﬁm
mb d with additional | r f olym r polymer sheet,
ggésa‘l}q(e;% aPnolﬁn egf)geﬁg y%géco atsﬁ/‘grs Og%n var%%sgembodlments of

the present invention, an interlayer can be formed that comprises a

pelyrRIEsElaskimhmensoret sushasthat shown in Figure 1 and a
polymer, h=et wi ol egion as that shown in, Fi
55 PEEORANE BRI AL iy EOrd DR
m%'m?(fmﬂ'rﬁévmgmlsﬂﬁﬁtdf}@t aditﬁm%t@mpeg ehanitinmags \
'nEéHH&%'gHﬁ?ﬁh&éiﬁ%Q ﬁﬂj%&ﬁ@ﬁtﬂ?ﬁéﬁ RBQ%IRhes ﬁgéﬂ&é@ﬁﬂ%‘ BuE*.Y@fn@Ily fres

%gﬁﬁe}%g? é#yhereln %lt%’r?s acent polymer sheet or non agent region is

? K #dTmance enhancing agent. 10 As used
herein, éspemhmoe“emﬁanm aganﬁmagbﬁ’am beent ggudensimtin e
PRbiEs: Shegtihak &1&&% % ¥pigal, SPURR (25 RUEE of the
S

D P i 1 éﬁﬁan ihe S B Ao

a@bmmp@mmmmm perchsaretd tthnuadmmnaﬂwadde@d
p%féq{wm&ma@%ﬁw %&M%@Eﬂ&%&ﬁ&é@hﬂ%@&% 8 RRdual

alcoholséwrgl ripus embodiments of the present invention, other
cing agents can be included in the skin layer or agent
region Uut\mlbm theedippoentfHiblypeaensivetidom othagerforagion elencing

X3RRI CaPOIRNANE TS AL %ﬂﬁ’iﬂﬂ@?&%&hﬂ%’éﬁo ﬁﬁﬁf%{"‘iﬁ‘%&ﬂ%@%

agents can be included in one or more skin ayers or one or more 2

ageTit PEGSHRERITERAT: ther SHOIRING TORRRP SRS o fr Eht
remtfmuee suivsicing afiynfseendid hedeishin empefainmaside leplrancing or more
AG B BreRfofd) iR R FARMH 2 Bolymer sheets and non agent regions are

substantially free of those same performance enhancing agents, or where those agents are
present at less than 10%, less than 5%, or less than 1% of the amount of performance
enhancing agent in the skin layers or agent regions.

In yet further embodiments, while at least one performance enhancing agent is
present in the skin layer or agent region but not in the adjoining layer or region, a

different performance enhancing agent can be distributed in both adjoining polymer
sheets or in both the agent and pon agent region. For example, in a coextruded
embodiment having one agent region and one non agent region, the agent region can
comprise performance enhancing agent A and performance enhancing agent B, while the
non agent region is substantially free of performance enbancing agent A, but does
comprise performance enhancing agent B.
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present at less than 10%, less than 5%, or less than 1% of the amount of
performance enhancing agent in the skin layers or agent regions. In yet
further embodiments, while at least one performance enhancing agent is
25 present in the skin layer or agent region but not in the adjoining layer or
region, a different performance enhancing agent can be distributed in
both adRSHESH FREAIIAS REET HrtiseTe w@ﬁ#ﬁrmemﬁiaw@a%
Fefiexamigr o aeaetAtsodiendiog iantRamilies datorga i

e%r;&lsa@%natbs%% gﬁ SAgR %g'oa%t%gpdlﬁg{gpgg F%n mance

g agent ormahc ancing agen ile’the 30 non
agent r %ﬁgmm%wﬁ%méeemwm ggene alkgipr
dm&&&m&@%i@&m&@%%ﬁmﬁ%ﬁw%&%&fﬁéwﬁm formate,

cing agents that are useful with.the prese entian include
a ((ﬁqe g%g?f gim en %%,)al\{}:’i Qh tgnvengongﬁé{ Etixﬁe% % {.nother

SIOI’] con inciu ng organom ICS, colorants

sgetredininin amsnasivndyesiesiliabeviiais fRmeds @M@@@xmwmer
0 anéqaﬁi G H!ﬁSd b&%ﬁfﬁ | BAREsIARGEMIRLAYCRISBGIHAG:- DIk RIS ate

I| to organic a I| orb5 aé@lme arth metal salts, such as sodium
€ at pu‘%assmm ace?a)t’e formate, calcium acetate,

magne%ﬁﬁ%@@@at@mt@ﬂm%@boeml@ﬁﬁmmwm thieilans tnupifne
el&@@ﬁ@“ﬂﬁ&&ﬁal&%@%&i&% <R iRt IS IGRRIgbxysilane,
OR%Z are.us ere alkyl % . In'various
d NS §‘i Hegf. ﬁ?ﬁ%ﬂﬂ}éﬂ S4) is used as an
ad hesioPedomnasica genciteagefis of dremiesant dnteotioy elstsmmivde nlthadiolet
vamﬁymfa%ﬂﬁaeo% K389 ﬁmp@ﬂ%ﬁm@&%@mm the

nt It th
3%%*‘39% R Xs"a% o o R amng2 28 s
5@9 nf&mmms@:ﬁmmm abaisbeiraged avilldepsodtpon the

a?%ﬂ&%%&ﬁ%@ﬁl&%@é%}%é@%ﬁ%&ﬁﬁ&%&%&%ﬁﬂ”ﬁém@?tdri ¥aipus
embodlg%ents the, 15 Hltr%wolet absorbs are derivatives of benzofriazole,

such asTRRIF ‘3’5%3 %sgﬁlanﬁﬁ%ﬁﬁﬁ ’?"L\*ﬁ"e @'ﬁ@ﬁ?l% 4pitssHieor
plrstisizenssataneoanhe o@éﬂﬁf’k@@rﬁm&ﬂm@s 109t 5 vamales

of useful |nffared absorblng agents include, but are not limited to,
derivatives o etetfacarboxylic drimide, as disclosed in U.S., Patent

6,737,159

Performance enhancing agents of the present invention also include colorants
such as conventional pigments, dyes, and combinations thereof.

Other performance enhancing agents include optical brighteners and fluorescent
whitening agents, as are known in the art. Examples of useful optical brighteners include
derivatives of stilbene, coumnarine, 1,3-diphenylpyrazoline, naphthalimide, and
benzoxazole. Preferred optical brighteners include, for example, Blankophor PSG.RTM.
(a stilbepe derivative — Bayer AG, Bayer AG, 51368 Leverkusen, Germany), Uvitex
FP.RTM. (a stilbene derivative — Ciba-Geigy AG), and Uvitex OB.RTM. (benzoxazole
derivative — Ciba-Geigy AG). |



lanthanum hexaboride (LaB6), indium tin oxide (ITO), antimony tin oxide
(ATO), 20 cesium tungsten (CsWO3), and organic IR absorbing additives,
such as the various derivatives of quaterrylenetetracarboxylic diimide, as
disclosed in U.S. Patent 6,737,159. Performance enhancing agents of the
present invention a n¢lude colo ts such_as conventlonal ments,
o A UGTBIFA FOHEURE ST, R R Ga e B IR Bgonts
incladimptiEskbpightdifizescdndaiitiagese entuddnteitingagents, zad aneanic

KRB0 S A xRS ARt LRl %Qi'ﬁﬂbﬁﬁ§ Q&%ﬁ%%%ﬂ&%ﬂﬁ% esters,

derjvatives of stilbené, coumarine, 1,3-d |p eny pyraz ine, haphthalimide,
aﬁH*%%??zB?JﬁEFédFﬁé‘f@ﬁ‘é’&“BBﬂteéiBﬁ@ Bt omEisioa thesrd among
5 Blath&sphawe RS ke 4a. stilbene derivative - Bayer AG Bayer AG,

51368 E%?E P.RTM. (a stilbene, derivative -
Ciba-Geigy an%@%ﬁ%&%&@az &Iég T |ve§m0 t

cllsaceing,pis apntiestionm Hrteadherinn romisoh agmis. SompepRlaagent can be
initentiomebiin ekt e mat@ma%:ﬁxmmmm HARARIB0QPLES, at

in@%g%ﬁﬁ”on ;%%gﬂ%ing %9{%%1{11§000mp&ua@ S(qu@mlng phosphorus,

silica, an B cones Bmlymer -clay

10 nanocoﬁ%@é‘ﬁ %eﬁmgs&ﬁa&mmpw@mms
asgie dNeveRsiadhetElic E@ﬁﬂrmaﬂﬁatﬁeﬁﬁaﬁiﬂﬁﬁﬂ%r&!ﬁxﬁﬁﬂe%ﬂ@béﬁed in
any appropriate amount e er ding_qn e ication. For adhesion
contr§ gegsearn\t %Srwenx%om a% (%611% (E m%%!’ﬁ%r%rt%g ﬁ?garkln layers or
agent regions at a concentration of at least 100 ppm, at least 120 ppm, at
lepsYAdepmrrEteast 150 ppm, or at least 160 ppm. 10 In various

15 embodi ents skin Ia e or a region comprises . an, ino ent.
or an ormgnome Ahe AgBnt T \gg?%ulslgémsoaéﬁrﬁ%wgp iR ‘% Fiipn
dorped by ay stsblioreibed tup adbintlazer ﬁﬂhﬁ@h@b&ﬂm, orin ﬂaghsexﬁmore
F;]%Ydﬂfleygzrﬁlﬁﬂs‘e% &%&@%&%};@M&IW | ; B&lethEH ma
the astic po r composition for } e m tho |nto a
B Peval & BARgHe P vt Bubral s st
commonly used to form polymer sheets.
20 The following section describes the various materials that can be used to form
polymer sheets of the present invention, for example those sheets shown as elements 14

- and 16 in Figure 1 and any additional polymer sheets that are optionally included.

In various embodiments of the present invention, additional polymer sheet layers

can be between 0.25 to 3.0 millimeters, 0.25 to 1.0 millimeters, 0.25 to 0.5 millimeters, or
25 0.3 to 0.4 millimeters in thickness.

The polymer sheets of the present invention can comprise any suitable polymer,
and, in a preferred embodiment, as exemplified above, the polymer sheet comprises
poly(vinyl butyral). In any of the embodiments of the present invention given herein that
comprise poly(vinyl butyral) as the polymeric component of the polymer sheet, another

30  embodiment is included in which the polymer component consists of or consists
essentially of poly(viny! butyral). Inthese embodiments, any of the variations in
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than one layer, for use as an interlayer that provides adequate penetration
and glass retention properties to laminated glazing panels. Plasticized
polyvinyl butyral) is most commonly used to form polymer sheets. 20 The
following section describes the various materials that can be used to form
polymer sheets of the present invention, for example those sheets shown
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an | Inec A0 yarious embodim of.t resgnt invention,
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e tstegnelpietbelanerwioyithseteyh) erombiniticirtherent) prisieas blends,
pabd/ihylietyral) as the polymeric component of the polymer sheet,
another 3Q.embodiment is included in which the polymer component
consists%%’gg%gen%%%%eggéﬁﬁﬁ??)m bR AS T RRLY (b bptyral) and one
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butyral), polyyrethane, polyvinyl chloride, poly(ethylene vinyl acetate),
combin T R RPREES SAE S BERLEhME ko R baal) o be
embduicdduitotive potatistion petcessmptiskiayuivp g bty anatnaonr
) S R R S R D B

0 ically Tor po

ranges, V%Iues 10 and/or methods are given speci (vinyl
bu?yra:é%ﬁo?%%t}}?p%‘ﬂﬁ, el SERAR A Srbite om ep b dmingaithe spBonent
percentéyesiols civediesin nesithardatefisiicthe phBaeinghaddilivesinthose
3GRGIAOuARRN coRBR ARG I (NG, Ol REPOL fﬁ@%ﬁ"%ﬂ%&m
blendf 'SCIIO e t}ereln as useful as Components in ogme eats.
as poly(viny! aicohol), 13 to 30 wt. % hydroxyl groups calcutated as poly(vinyl alcohol),
or 15 to 22 wit. % hydroxyl groups calculated as poly(vinyl alcohol). The pelymer sheet
can also comprise less than 15 wt. % residual ester groups, 13 wt. %, 11 wt. %, 9 wt. %, 7
wt. %, 5 wt. %, or less than 3 wt. % residual ester groups calculated as polyvinyl acetate,
with the balance being an acetal, preferably butyraldehyde acetal, but optionally
including other acetal groups in a minor amount, e.g., a 2-ethyl hexanal group (see, for
example, 1.8, Patent 5,137,954) .

oy

In various 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, 70,600,
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 g/m (see, for example, U.S. Patents 4,902, 464;



For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can
be 15 produced by known acetalization processes that involve reacting
poly(vinyl alcohol) (PVOIH) with butyraldehyde in the presence of an acid
catalyst, followed by neutralization of the catalyst, separation,
stabilization, and drying of the resin. In various embodiments, resin used
to487h8He HB1H2Y; dicsd! 100N prising! Inotyihy tduyad)compridasse i dans

3%1\4’%@[5 %EQME::@&WQ yI groups calculated 20 as poly(vinyl
alcohol), 13 tgo 30 wt. % hydro groups calculated as poly(vinyl alcohol),

or 15 to SB%4f B ¥aoRAvided, [ktaer skepiolsrign appbhwgetfinally to

peliditenshettmes shedbiposibiise:' 0pSdRNN ddih Mgy aF aflefesent
IrQURS;h3 Wt. %, 11 wt. %, 9 wt. %, 7 wt. %, 5 wt. %, or less than 3 wt. %

re5|dua| ester groups calculated as polyvmyl acetate, with the balance
being ary St pdhreiey ARGl s Dea1sadds
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D ua |t|es ial rr e can also be
c%gg%lﬁn i Cﬁ]o PR sﬁ%g 3% 5%’9 fehgraical
@M@é@%ﬂ@%ﬂp@dﬂs@eﬂh@mﬂﬂmms&mﬂmme

4@&@&3&%%@&&&%@4@@3& gjerm "molecular weight"
means mﬁx emo ular t: Any of the agents prowded
in this "poly mergnﬁlﬁ ?8ﬁa§ﬂc ° 83 ¢aHfg B %e%&ﬂm%ﬁly
sk fing) eraduest &uehmddmumb@d, ioutrate maymaaﬂmaetﬂmm'ag agents:

inusEBliRing ABGHS ﬂd&iﬁﬂ@& "%d QiR AReRIS),
ograge  Dresent |nvrent| |n sodlum acetate, potassium acetate,
MAgnesium sa &§§I§QWHF3§WB%§§H‘WHFF%WW“

efRbduifienes @ﬁﬂa@m@m avention include, but are not limited to,
those disGlasesh Bnbb@nfRAleRt pI AR ARG S HE AT AYDGRIK! rﬂm)polmer

sahlc late, ma nesild bC%nate magnesium di-(2-aminobenzoate
els Cari comprise 60, 20 to 80, or 10 to 70 parts plasticizer per one

hundred parts of resin (phr). Of course other quantities can be used as is appropriate for
the particular application. In some embodiments, the plasticizer has a hydrocarbon
segment of fewer than 20, fewer than 15, fewer than 12, or fewer than 10 carbon atoms.

The amount of plasticizer can be adjusted to affect the glass transition temperature
(Tg) of the poly(vinyl butyral) sheet. In general, bigher amounts of plasticizer are added
to decrease the Ty Poly(vinyl butyral) polymer sheets of the present invention can have a
T of] for example, 40°C or less, 35°C or less, 30°C or less, 25°C or less, 20°C or less,
and 15°C or less.

Axny suitable plasticizers can be added to the polymer resins of the present
invention in order to form the polymer sheets, Plasticizers used in the polymer sheets of
the present invention can include esters of a polybasic acid or a polyhydric alcohol,
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magnesium di-(3-hydroxy-2-napthoate), and magnesium bis(2-ethyl
butyratexchemical abstracts number 79992-76-0). In various
embodiments of the present invention the magnesium salt is magnesium
bis(2-ethyl butyrate). Additives may be incorporated into the polymer
sheet to enhance its performance 15 in a final product such additives

inalticle; dihérer eSiiaiblisplatdact indakioyfin @wsmmmmws
Y. e li r t stabilizer.
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po er sheets of the entl nc ave f for example,
erE éﬁHSE f e@i@%@t&y %Qg‘gddg ¥fess, and 15C
or Iess Any MMQMméMQMMmM oEtingrofdite

D@%ﬁﬂ&@ lﬂé(ﬁﬁﬂ'@l!‘bﬁtﬂg BRI ot NERAY WU G byriSHE RRER A RS

t#; heet present invention can include esters of a
b TR G D 1 L R 20 T cme

pl asﬁ:o;ﬁemnﬁm stdyduirresthod plesctitethin eyl YoshiddZmeth)itoBtysaiadedia of
tn@ymﬂfagaéxse@ré@aﬂsw%e&ﬁ VIREY e el %Bewmaé@m

te er d|he tanoate, dmexyl adipate, dioct Iadlpate hexyl
R 35%@ OSSR AR e AoHoP U ke Sl i can

adipused. m@mm etendibiylis ebdbate ;jp@iylmrfcrmaﬁﬁﬁizﬁns
L&Qﬁlﬁé%ﬂiﬁmplfﬁ%&g%@% apg-#nixtures of phosphates and

adipates such as disclosed in U.S. Pat. No, 3,841,890 and adipates such’
as disclIDEPHy(yisylbubrrRlbpolyraer, PiastisirerAndaddistemeeobathemmaiis of

processed and configured into sheet form according 1o methods known to those of
ordinary skill in the art.

As used herein, “resin” refers to the polymeric (for example poly(vinyl butyral))
component that is removed from the mixture that results from the acid catalysis and
subsequent neutralization of the polymeric precursors. Resin will generally have other
components in addition to the polymer, for example poly(vinyl butyral), such as acetates,
salts, and alcohols. As used herein, “melt” refers to a melted mixture of resin with a
plasticizer and optionally other additives, for example, performance enhancing agents.

One exemplary method of forming 2 poly(vinyl butyral) sheet comprises
extruding molten poly(vinyl butyral) comprising resin, plasticizer, and additives — the
melt - by forcing the melt through a sheet die (for example, a die having an opening that
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the foregoing. Other plasticizers that can be used are mixed adipates
made from C4 to C9 alkyl alcohols and cyclo C4 to CIO alcohols, as
disclosed in U.S. Pat. No. 5,013,779 and 10 C6 to Cs adipate esters, such
as hexyl adipate. In various embodiments, the plasticizer used is dihexyl
adipate and/or Methylene glycol di-2 ethylhexanoate Any suitable method
caﬁsbbsmédlbom@mdlp@meﬂauee siiemiiondmalimansiontiginother
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for example, performance enhancing agents. One exemplary method of
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Shee't ALY gARe feRiN20d Subseguenttamoving e Sordiiied Jesinegs 2
Poly(ethylene terephthalate) is most commeonly used as a polymer film.

Polymer films used in the present invention can be any suitable film that is
sufficiently rigid to provide a relatively fiat, stable surface, for example those polymer
films conventionally used as a performance enhancing layer in muitiple layer glass
panels. The polymer film is preferably optically transparent (i.e. objects adjacent one
side of the layer can be comfortably seen by the eye of a particular observer looking
through the layer from the other side), and usually has a greater, in some embodiments
significantly greater, tensile modulus regardless of composition than that of the adjacent
polymer sheet. In various embodiments, the polymer film comprises a thermoplastic
material. Among thermoplastic materials having suitable properties are nylons,
polyurethanes, acrylics, polycarbonates, polyolefins such as polypropylene, cellulose
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5 Performance enhancing agents of the present invention can be
incorporated into polymer sheets by adding the performance enhancing
agents to a melt and mixing the melt prior to formation of the polymer
sheet. For embodiments in which an agent region is formed in a polymer
sheet, performance enhancing agents can be added to a first melt which

isacefeies etk tipsittatasseiophehiovide nolvaresiratitecopapmersrald thadikior In various
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ﬁlms that can be used with the present invention are disclosed 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.
The present invention includes methods for concentrating a performance

enhancing agent near the surface of an interlayer, comprising forming any of the polymer
stack/polymer sheet constructs of the present invention, laminating the construct to form
an interlayer, and, optionally, rolling or stacking the interlayer.

The present invention also includes methods for concentrating a performance

enhancing agent near the surface of an interlayer, comprising forming a polymer sheet
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films having the noted properties, which include polyesters. In various
embodiments, the polymer film comprises or consists of poly(ethylene
terephthalate), and, in various 5 embodiments, the polyethylene
terephthalate has been biaxially stretched to improve strength, and/or has
been heat stabilized to provide low shrinkage characteristics when

shbyég adytoféte\gtat rrginpeat agsi(egiote sesrite @Bérsinsmidagptionditth
d%ﬁﬁg@&%ﬁ&é%‘ﬁ&% 8420C). In various embodiments, the

polymer film can have a thickness of 0.013 10 millimeters to 0.20
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sunligh hi multi-1 S inthe art (see forexa e WO
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88/0123 can compris ﬁle one

oﬁmﬁﬁﬁgﬁﬁéﬁ% éq%hmayefg m @m%mm@mmmﬁ!@mm)
sgquaiwaﬂyedeposned optlcally cooperatlng dielectric layers. As is also

known xam 17 6 nd 4,78 3), the
metal IaEyer ma;}n gg’f%na %lca % resPécﬁé%néa ﬁ‘eglé‘tég )? or plass
twgﬂ%&wwémyfa&mwgﬁghqmt iraeion.cuidiing
a&@hﬁﬁﬁ%ﬁ&&%ﬁﬁ@ﬂwht w&e&%&%ﬁ%e@g&mmwﬁﬁﬁmﬂh@%k
other iims that can be Lse esent invention are
dlscloge in pu%q%eaﬁjgropeanyﬁpe?ca?oﬁ?@é T%‘?é’lﬁ?fn% Hﬁ@ld
0 ﬁ@qs@@émm@mm@mmwwam@wmmw
|ghipAge Aty B OMEINAR® A bxdRe] REIRIBSSNEIBYE UGNV iNdehonsih ads

for concentrantgﬁj agderformance enhancing agent near the surface of an

matlérfayer com |S|ng mm&any of the polymer stack/polymer sheet
construdtarensinelpres shedraraynidaminateid giig dhreactsristiescibrieasmriag

ingesaiees i noRtiRRIMBEY 1936 SackiDg-heniniadayst. The present
enhancil SOSH PP AEE e oo RO 1?9 APy g e
péferaisth b meduring the haze value, whmh is a guantification of light not transmitted
through the sheet. The percent haze can be measured according to the following :
technique. An apparatus for measuting 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 Mluminant 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 adbesion 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
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having any of the agent regions/non agent regions described herein, and,
optionally, rolling or stacking the polymer sheet. Also included in the
present invention are stacks or rolls of any of the polymer interlayers of
the present invention disclosed herein. 5 The present invention includes
multiple layer glazing panels, and specifically multiple layer glass papels
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embodiments of the present invention, percent haze is less than 5%, less
trrsyd i dees® heia®s. Pummel adhesion can be measured

accordiijotdtipecialleminasteniuicuding tethey fisllewipg tachulgees efdyasaised and

helRIR R AHanUN-RARGSIPR Q-2 PREMEh 6k a ! AiRmwing technique, which is
a measure of “peel adhesion.” Two rectangular filmstrips are cut and placed together in
cormpletely overlapping pairs. The top sheet of each pair is adhered to a piece of tape of a
corresponding size. The film pairs are placed centrally between two steel plates and the
assembly is subjected to 69 kilo Pascal pressure at a temperature range of about 7°C —
25°C for 24 hours. The strips can then be peeled apart in a 90-degree peel test by a peel

testing apparatus at a peel speed of 84 inches per minute. The blocking force is
quantified in pounds per linear inch (PLI). In various embodiments, polymet sheets have
a blocking force of less than 2.5 pounds per linear foot (PLI), less than 2.25 PLL, less than
2.0 PLL, than 1,0 PLI, or less than 0.1 PLL
By virtue of the present invention, it is now possible to provide interlayers having
- one or more performance enhancing agents distributed advantageously at the surface of
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laminate samples are prepared with standard autoclave lamination
conditions. The laminates are cooled to 14 about -17C (OF) 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
ofag|Eseriskradiiéreah wabipolpte afficloutysa P Spreforisavisumiiein ppseics
wmmmb@mgﬁ@agaeémg%%wgﬁam %}3:,?.,50?'5 in WT)iCT]
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a%gg?%a, of e invertion. | dnadition, waey Fodifiretiesaamidn Héfé@rﬁ‘é?ﬁé%&ve
a patisniel simbtioe or Soaiatialio ﬂﬁ,téacﬂi@g/a? fhé ewyﬁdimaﬁmmpﬁhﬁé &om
p%@&&ﬁ&%@%@%&ﬁeﬁ&é@&%ﬁ? Eﬂé%ﬁ Hﬁ?tﬂé’%h%vé’}ﬁ%%h”g{‘&e%&%{éh to

molded disks of palymer sheet 1 ¢m thick, having smoot polilymenc

s Ferarbpdinentstisalospiaidha heshapdraonrapbriehior vringextits

miaaentien atdbatibgitocATobiviil ettlad Rl kDAmdiBtandans.g estiietaeebi® of
Y@{@gﬁgmdlém.ex of Plastics" from spectrophotometric light
transmittance in the visible spectrum. Values are corrected to 1 cm

thicknest Wl heprdarsioed it ann it smens. vahssorahnsmtiristinssiven
offthenyrésglacimenioneHipasnat Breainand by el IsHoNARRRIRORNCiny
Lafleod 950008 B QIR (R OEKI0.E 0 S, e su R AECUTN
to the following technique, an%l, as'used an Fefered 1o nererm, verion,
"R tedoikvanaratbodimenithevisasifmgdaehnidorcadhnfiiies a
tﬁmﬁﬁ,"ﬁm‘vﬁﬁ!i@a@' thfr;o‘u?gmfeqtamwﬁ_ k ﬁl%l@ﬁlﬂ#@ﬁ@%&%ﬁ%h Riaced
0] : rapping.pairs. , LOp Shee eac ajr IS
AR Y e B e B R e e o
pﬁé%&%@h%‘%%éﬂ%é‘ﬁfﬁwm estbaresvaiintthe saepseoh Biy poesers favaation.
t2046h9 knmmbwem%sem@amm%%ag%az&@%@ tf)or
our s can then be peeled apart in a 90-degree test
n pel R P e R My DT

bR5E8HAE, tobekeiris hereby incorporated by reference in its entirety.
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quantified in pounds per linear inch (PLU). In various embodiments,
polymer sheets have a blocking force of less than 2.5 pounds per linear
foot (PL1), less than 2.25 PLI, less than 2.0 PLI, than 1.0 PLI, or less than
0.1 PLI. 30 By virtue of the present invention, it is now possible to provide
interlayers having one or more performance enhancing agents distributed
advantageously at the surface of 15 an interlayer. This can result in more
wetfigignt use of performance enhancing agent as well as more efficient
changeover time between production runs. While the invention has been
1. deseiibedwithreiessncmexnriyamhadimanisndwilladndestood
by those skilled in the art that various changes may 5 be made and
ex@04dvalenis mavae substitviaddonelesme aitbererl withauh e RRILARss of
from the scope of the invention. In addition, many modifications may be
lesnade tpiagﬁmiﬁee&@gtm@bﬁi&a@@fﬁm%ﬂmﬁaﬁ&é@ﬁhﬁn@ﬁg@ Qhthguid
invention without departing from the essential scope thereof. Therefore, it
poigiendge taptdhedoyanien ekbenkimited, tor Shry @@fﬂﬁ%ﬁﬁ@%ﬁﬁﬂiﬁlﬁ@&

disclosed as the best mode contemplated for carrying out this 10

10

15

20

aghyention, but that the invention will inciude all embodiments falling within
the scope of the appended claims. It will further be understood that any of
the ranges, values, or characteristics given for any single component of
the present invention can be used interchangeably with any ranges,

2. vAEhdasRlaGhasacianisticeivan faranvahiee Rifprcompasaniseliher film
invention, 15 where compatible, to form an embodiment having defined

disfRISIREHARaE 9] HoeKOMRANGNES a8 iNE BANE ERIM IO paRattr ER¥et.

example, a polymer sheet can be formed comprising agents in any of the
ranges given in addition to any of the ranges given for plasticizer, to form
many permutations that are within the scope of the present invention.

3. Fgyresas dndeisiapd s aeib et peicionsealccuniesnin dicatad selected
otherwise. 20 Each reference, including journal articles, patents,

fraxpplications:anikineks adelersad taharaivrishsehynincarporatedibybrbers,

reference in its entirety. 16 We claim:
and IR absorbers.

4. The interlayer of claim 3 wherein said performance enhancing agent is selected
from the group consisting of adhesion control agents, infrared absorbers, and

pigments.

5. The interlayer of claim 1 further comprising a second co-extruded poly(vinyl
butyral) skin layer on the surface of said poly(vinyl butyral) sheet, opposite to said
first skin layer and having a thickness of less than 0.15 millimeters and containing

said performance enhancing agent.
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1. An interlayer comprising an extruded poly(vinyl butyral) sheet having a
first co- extruded poly(vinyl butyral) skin layer thereon, said skin layer
having a thickness of less than 0.15 millimeters and containing a
performance enhancing agent, and said 5 poly(vinyl butyral) sheet
containing less than 10% of said performance enhancing agent. 2. The
interlayer of claim 1 wherein said interlayer further comprises a polymer
6. ttl dis Hosed égvee |d CO- ex&rud d skin Ia r and salg extr%Jded

STeln Sal r rma ce anceme a 15 selected
ymer S he |nFer1ayer%ef claim Whereln salcppeg‘Formance

ncm ent is selected from the grou conS|st|n adh§§;o control

fl‘Oﬂlrtlla égmen%és%iygeo Oélo% Iél%‘é)q %ﬁiﬁ?pl 11'}6 SY% .I%SOI%GI‘S
&1}?{ of clalm 3 wherein said performance enhancmg agent is

ar

rom the group consisting of adhesion control agents, infrared
absorbers and pigments. 5. The interlayer of claim 1 further comprising a
second co-extruded poly(vinyl 20 butyral) skin layer on the surface of said
Ibutyr Cl[ sheet osite {0 said first skln layer and havin
eSS S i e ?‘ﬂacoma.n.ngls%.d»plﬁr Sisied
ncm ent 7 6..T |nterla fclalm S e(? Iperfo{gmance
froin the nSistl of apficsign fc G RN soltiz
enhan eme agen fs8lettd egroup consisting o agnesion
control agents, pigments, dyes, UV absorbers, and IR absorbers. 5 7.

i %lﬁe mterlayer of claim 6 wherein said performance enhancing agent is
selected from the group consisting of adhesion control agents, infrared
absorbers, and pigments. 8. A method for making an interlayer,

omprising following steps:.10 a) extrudin iIs oly(vinyl butyral) melt
5 o PR e ﬁ?ﬁ%ﬁ%féfogspggle T oyiny
utyr ) melt.to for f|r tlgu ral) skin layer on the,surface of
said F?of;?v}ind)}fl%u tyrra ](F\;{)eur nygﬁ )[0 k(orm Y pol?zlavmyisbutyra?) Leet,

b) co-extruding a second poiy(vinyi butyral) melt to form a first poly{vinyl
butyral) skin layer on the surface of said poly(vinyl butyral) sheet, wherein said
second melt contains a performance enhancing agent and wherein said first skin layer

has a thickness of less than .15 millimeters and wherein said first melt contains less

than 10% of said performance enhancing agent.

9. The method of claim 8, wherein said performance enhancing agent is selected from
the group consisting of adhesion control agents, pigments, dyes, UV absorbers, and IR

absorbers.
10. The method of claim 9, wherein said performance enhancing agent is selected

from the group consisting of adhesion control agents, infrared absorbers, and

pigments.
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15

second melt contains a performance enhancing agent and wherein said
first skin layer has a thickness of less than 0.15 millimeters and wherein
said first melt contains less 15 than 10% of said performance enhancing
agent. 9. The method. of claim 8, wherein said performance enhancing
agent is selected from the group consisting of adhesion control agents,
pigments, dyes, UV absorbers, and IR absorbers. 20 10. The method of

115@2%%&’@5@'0 asalg%j%ﬁi[tt%rmc%nmc%e{lhancmg agent is selected from the

1 £ 11008 .
roup conS|s?|ng Of adhesion Comro a%ents, infrared absorbers, and

pigments. 18 11. The method of claim 8 further comprising: c). .
b R et NER R S PR

skin layer on the.surface.qf s ii oly(vin Ia_tl)s)ut ral) sheet,. opposite.to. said
Sk D T L R S R Lt e ppeors i i s SR
12 g mell 5 eoniains said erformance enhancing sgent, 12
e metnoaor Claim ,wnerein sal per ormance en anCIng agen IS

selected ,from the group, consisting of adhesion control agents, pigments,
cORAS T SRSRG SFIK BB &8RBErs. 10 13. The method of claim 12,
wherein said performance enhancing agent is selected from the group

consisting of adhesion control agents, infrared absorbers, and pigments.

IZ;L%h]égmethod of claim 11, wherein said performance enhancing agent is selected
from the group consisting of adhesion control agents, pigments, dyes, UV absorbers,

and IR absorbers.
13. The method of claim 12, wherein said performance enhancing agent is selected

from the group consisting of adhesion control agents, infrared absorbers, and

pigments.
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