WO 2011/ 028394PCT/ US2010/ 045564 SOLAR PANELS W TH ADHESI VE LAYERS Field
This invention relates to a conposition useful as an adhesive layer in a
sol ar paneb.20Baekiysound Phot ovol tai ¢ sol ar panel CcTalSs@onessesred to
sinply as solar panels, are generally of two basic designs. One design

enpl oys crystalline silicon wafers connected together and enbedded in a
lamnating film The lamnating filmand the wafers enbedded therein are
typically sandw ched between two panels of glass, a polyneric material or
ot her suitable materialSOLAR PANEQhS W PPEECN IVE bAMERSJesi gn enpl oys a
sem conducting material, such as anorphous silicon, cadmumtelluride
(Cd-Te) or copper-indiumgalliumdiselenide, (commonly referred to as

"Cl GS"), mbidgch is deposited on a substrate in a thin film These thin film
photovoltaic materials are typically deposited on a glass substrate by a
nmet hod such aspinvedianiglatesitas sampapiben wehdss en edhasrved meritapolyapioe!.
deposition. The individual photocells are typically formed by a | aser
etching process, and are connected together by suitable circuitry. To

conpl et e Bdekgwandt ructi on, an adhesive is applied over the photovoltaic
material and associated circuitry, and backjng material is applied. The
backi ng mat er iPé10th§?tﬁ‘y°;§P@éP‘i“}Fng rﬂ\afig §e,felseﬁa o lyeisisplen pancss, ergsasiatlE obr  a
plastic mab&atitldesigns. O e%@éi%q eﬁﬁ[&&é% a8 %ﬁ%oﬁ%%&@%§nne%{%g 1St GngxPosed
to the el enents, |%51u3ing nd, teér and sunlight. VWater penetration into
sol ar pareitediabinkdemimting figmsTankimgptipgddnemd tHhwsfersvanboldsd ticteamptes have
been nade t.o reduce.th ter vapor transm ssion rate of the sol ar .panel
CWTR) - PSRN g R DSt o o AP F G ERSALY SnSIquRFRIC

sunl i ght ,whjigh may result in failure of the adhesive |layer. Wnd causes
obvi ous physi cal damage, and sunlight results in heating of the solar panel
and exposure tlheweeonghsobir prngl deyign amployb encmiconducti@p eraddriahgueleaper at ur es of

sol ar panel s _have. been asur a i as 110 C. .Ther | ast,i c. ,adhesi ves
S0t ton” ar el R S Rp R ks et (P 38 edlr-rgi RS TRRLAR L8 "S
suscept i kémidnisMefon@ddteds ek aich VRIdYodifde bAiRsabstiafginmmhir filad. STisué f er
from unaccept ably hi gh WTR One presently used adhesive is

et hyl ene thinrfjim phoseveltaicppyjals asdymealy depapifdiond glasssmbstegs by a pthod,

general |y I i e | - 1e-EMA. 1 S then
cured insﬁkggiﬁghagﬁgpggﬁgra gﬁe ?§Q?%§§ﬂ§%ﬁ§§ké@ﬁc% ggﬁﬁgghgpgﬁggpyength,
but suf f grhetdctitynara typataalyi fomhad by gasdetdRindSpuov@Essyand are connébed prgegenby

application is directed to a filmthat my be used as an adhesive for sol ar
panel s, suitable W@ﬂwe?eﬁtbmagfﬂ ihe SEDYRICHQN. AN AERISE 1p 8P%llegc9r¥ﬁlb tion, for

exanpl e ﬁﬂo%ﬁ&ik‘ﬁ@at&%ﬁﬁ& hdsbQRed %RE‘M&SAI{&% @ack&‘grﬁa&é&%% %ﬂﬁ%d. The
a- h d | a a

poly-alp I e functi

olefin resin having and an al koxysi
pol y- al phackiheimaterfrhis tapicallyt glasd, bet iy engehl,af cobg®sitd tranpl8E virarialThe
conposition h a nelt flow,index of |ess than 30. In so .

enbodi ment s, CHTITEUFIE PR Y 8°%oﬁfg¢.sa|a5%%@8ﬁ§ i demantiane A eyt
greater tas AQAGunlightS WReSHROFATIRNAS soldd BahIWh&IDESH Bllddgd®anding problem.

pol y-al pha-ol efin has a density according to ASTM D 792 of greater than

0. 85. Theltaiskexipss higarepts bae hognaradp & eduphthe ovagdrivaperetjansanseion rate e thice
strength of |es 1Q0, MPa. The l.icatign.is, also directed to a
anel corir oy WA EOIbRdel g id PrgBBR b S R oR PR 4 °3' Back
panel andualighok B nayiresuleih g4ilat of epadhbetoteeds. Wikd E4ueed othasiBlphagicalt he
back panel. An adhesive |ayer is between the front panel and the back

panel , wHisFBEe andsunliHie sesyls niatingehide salar prnct anshexpgaire o wlgayiotet fE¥ ik

panel , aqgi%ﬂﬁladhesive | ayer conprises a |ow crystalline poly-al pha-olefin
el ast orrer % ended wi th an al koxysilane functional polyolefin.

Operating temperatures of solar panels have been measured as high as 110 C.

Thermoplastic adhesives soften at elevated temperatures, causing creep in the panel, and
are susceptible to UV-induced breakdown. Many thermosetting materials suffer from

unacceptably high WVTR.



The photovoltaic material may conprises crystalline silica, anorphous
silica, cadmumtelluride, cadm um sulfide, or copper indiumagallium

di sel eni WD 2Br1/e839Descri ption of the Draw ngs Fi gBCe/UB2019/085564 0SS
sectional, exploded view of a solar panel using the conposition of the
present application as an adhesi ve. Figure 2 is a cross sectional,

expl oded view of a second enbodi nent of a solar panel using the conposition
of E_he plresent(if&m}?e@ﬁv%?d %gleﬁgé bﬁmnzegmyl acetate (EWiAgLJrTée \{Psllsa?lp@}l%st )
sectiona v - i : e e
conpositﬁggﬁﬁgzgﬁg %f%%%%@géggﬁlggtpgn gs‘gﬁaggﬁ%g?$%; @%?%? é&hgggggiption
Iﬂe prefdmﬂgﬁ&ﬁkﬁdﬂ?kf@ohﬂxﬁbﬁ&@hﬁﬂ.rboﬁhnaﬂ?ﬁfﬁp&ﬂd¢mFﬁgi?ﬁﬁ@ﬂp?ﬁ?riSing a
ernmopl astjic polyolefin, such as a |ow crystalline poly-al pha-olefin
resin, aﬁH%%W IR&%?%?V%%B*%JNXF?onaI pol yol efin, such as an al koxysil ane
functional poly-al pha-olefin. The conmposition is generally greater than 35%
by weight, for exanple greater than 50% by weight of the thernoplastic
polyolez!&mgﬂ@mzexanpledapt!easf 70% by m§|ght. Inlsogﬁ enbodlnp?ps, t he
conposition ¢ ri ses additional, resins..For exanple the composition may
add addi t 1 onal |EQEPRBt HRVEHIPTS S5Feieh i BRI ™Y BRGFthaR BBENISE exanpl e
ol ystyr { gh densit ol yet hyl ene. In some enbodi nents, the
Eon%osytﬁgﬁwgggﬂ$gss t han é?quya téckifier, specifically |less than 1% and
in some enbodiFhermresenoapplisatianti directed to a conpwsiveint foFkesmnpladexdiiavric) of the
CONMpOsI t Ic%?né)loiiggﬁﬂnceﬁ%%}{lgl aelsogf gﬁ%‘&ﬁl&%@ B?IXNglrlthla%l? R da,vijnsg'gI o} 21];1I | m sanpl es
accordi ng - -I'n"so enno S, e i's=bel'ow 20, and in
The ML or The comear Tl oy s e e e, enbodi ment e | 655
than 2, &kl Gompepisien haca Brldrnisdesofilcsythiedd. The MFI is related to the
ndexof a consaertensoRiaRy el rial BERR, Spthoifo il G mbhG BBl ;O
In the pqg&aaﬁhapﬁkﬁchi&&numﬁmmmnaﬁpohékﬁ@msmhﬁMephbgﬂpmabkﬁﬂhssmsity, for

exampl e i p excess of 500,00 at 150C, he | ow crystalline
pol y-al pyf{én%}ryeichdfﬁgstoé%ﬁwg? %52 Bﬁgrﬁetemh@ﬂer%t T aﬂ@éﬂlfaﬁe zwog%am-mt s,
the mel tiphaBAbf na§ nl GNRASIOGRNZAGT I AskoM @OMAPA! | 1 ne pol y-al phaol efi n

has a crystallinity (according to a nethod such as that disclosed in ASTM
F2625- 07) of Thespptitmion30sbhiresedyota panel comxarnplge fregpantlaondsidinglan

ifi |l es, the | talli l.y-al pha: ol efin h
crystal | iHIRGH BRaied ¢ bigh rasdanf g phaleaiyie et g Peiyog e Niophienc!
embodi mening thd B klpauelC rarsidakiivial ¥ P Bkveah Bltar@t §hhdl ah@shetbadRpahdly Of
greater than 0.85 according to ASTM D 792. For the purposes of the

present appr¢indhd asihesise poryadiicrsh shofrerttipaneldd drodack ppsilyamd ke adhepve si ng a
cl ass of r . u ur ed t C | i,gonerization (i.e.
pol yrrer 1 20 SATPE e e ihe betg e e Rt ReaaIFY] BRa or'ef 1
(LAO nongistysilanties@ionyiotyiéih.r ange from 1-octene to 1-dodecene, with
1-octene being _a preferred material, although oligoneric copolyners of

| ower ol ef i ns Kigdthotpyolipigynasereal AKy ORBBYEeHEstatyC siied apwrphoag silicke| udi ng
copol yner : it i r |.ASy: - al -olefin may be

br anched %ﬁ@ﬁuéﬁ?%mih? Q’?ﬁlﬁﬁgg%lﬁafg’sorgtb %éégg(%lmﬁlggﬁg%% %sg e doubl e bond, such
as 3-net hyl -1 -pent ene. Useful low crystalline poly-al pha-ol efins

i ncl ude polynmers (including honopol yners, copolynmers and higher) of, e.g.,
pol yet hylmia.DeStxiptafdl F tRODyvdhgha- ol ef i n pol yners include, e.g.,
honogeneous, substantially [inear ethylene-al pha-olefin copolyners or

hi gher with a L | I L : -
butene, 1 p onEne 13 EhdsgthcondIRHIRIeE ik LA et th O Bl ort
4- et hyl -dftlpepteme apBicetitryhs dn-qubntiene, 1- octene, 1-decene, and 1-undecene;

honogeneous, substantially |inear propyl ene-al pha-ol efin copolyners or
hi gher wi th any conbi nati on of nononers including, e.g., ethylene,

1- but ene, 1‘pQQgﬁ@9&s§bﬁﬁ§E&#ﬁhﬂp&&ﬁﬂ%dV%W@@F@&%Oﬂ@éﬂ@&&ﬂkh{&ﬁﬂ&@ﬂe’

4-methyl - 1 -pentene, 3-ethyl-I|-pentene, 1-octene, 1-decene, and

1- undecemanclanthgght eompapriar ofshapicsent applpetigmes sn adhekivany conbi nati on of
olefins (e.qg., ethylene, propylene, 1-butene, 1l-pentene, 3-nethyl-I|-butene,
1- hexene, 3-nethyl-I-pentene, 4- nethyl-l-p entene, 3-ethyl-I-pentene,
1-octene, 1-decene, and 1-undecene). TH%‘ponaIpha-oIefins can be random or
bl ock copol yners. Specific exanples of the low crystalline

pol y-al pha-ol efin include those resins sold under the tradenanes ENGAGE,
avai l abl e from Dow Chem cal Co., and EXACT, avail able from ExxonMbil Corp.
I n sone enbodi nents, the low crystalline poly-al phaolefin is
non-chl ori nat ed.



The | ow crystalline poly-al pha-olefin is blended with an al koxysil ane
functional poly-al pha-ol efin. The al koxysilane functional poly-al pha-olefin
has a t erwOl2e119283agt h of | ess than 500 MPa, for exanpl eCiramsgowioaise400 MPa
and in some enbodiments |less than | OWa, even less than 2 MPa according to
DIN EN | SO 527-3. Cenerally, the al koxysilane functional poly-al pha-olefin
is between 0.1 and 10% by wei ght sil ane. The anopunt of al koxysil ane
for grafting on the low crystalline poly-al pha-olefin is fromabout 0.1% by

el ont, or - evensTear Aot ony!! ARERA o GO R SRR o ¢ e

| ow cr ystwsing the c@apysittdnpdtahopetbdn application as énydhkssioswn nmet hod for grafting
al koxysil ane onto the | ow crystalline poly-al phaol efin can be used
including, e.g., solution and nelt (e.g., using an appropriate anount of a
free-radigaldanarliptigt hods. Useful nethods of preparing silylated | ow
crystalline polyal pha-ol efin are described, e.g., in US. Pat. No.

5, 994, 474 and e ptGsc00apphibatioBuis tabited examihesvofonpameionadipalsing@nor s

i nclude djacyl , peroxid ch as. dilauryl peroxide d di.decanoyl peroxi de,
oyt per bR ATl s i par e PO e R s E S RaR Y et b s such
as 1, 1- difsybinetirhRRhPPolyotefth, Sudt dsMRtdMdxG¥itdne Fen@id8alYoly-alpha-olefin.

1, 1-di (tertbutyl peroxy)cycl ohexane, dial kyl "peroxi des such as tert-butyl
cunyl perBxiaepoditipn ey ganataylly ereseqr didnd %a by whightnfpl cpermdx grgeter hana@bcal

d i | udi . 0. -di - - diph |
SRt et TEtaR e Rt paBoIRNE Ry SafhBAE IR BF iy nsome

( 2- acet oxffodpaaey, the con&positﬁh&ﬂﬁpﬁSeﬁddﬁidﬁ@Kﬁéﬁhb.aB@r dxampld B8 abmposition

pol y-al pha-ol efins are derived fromlow crystalline poly-al pha-olefin and a
si | ane sdudxald addistonpl gy Bavyag apoftenangoRniythaghm shag & Cnfor crenplge

honopol y nmers including, e.g., atactic

pol ypropﬁg}ﬁsgr&ge?éaqjc}%{?%a%gﬁgEPI&E%Q%%' and conbi nations thereof The | ow
crystal l i ne pdhyaipkarboleidnns theantpesitian desricsy thbh 6%dkofaapalificre sgecifldalier

sui table | ow crystalline pol yal.pha-olefin polyners include, e.g.,
hormgened_ﬁr“sS tg?}b.gzé‘ﬁfiinhﬁ tn E‘e’étt“*ézé%lfp phaol efin interpol ymers of
mononer s i ncl uljNdelt €1 IndRk AT EST8he dorRMsREYis %ér%z{l%?:e%th%i 30. MFlis

met hyl -1 - but ene, 1-hexene, 3-nethyl-I-pentene, -1 - pent ene,
3- et hyl - Imegsenteneg flncemehs acdordegdnd STah & 123 8 nbewermesmbamenty,shaMElne

copol yner.s.with other olefins (e, g..,.et en - but ene, 1- t ene,

1- hexen_e,lsB\éYIﬂ%(!t’z%’/F“-l N8HY ?nc%§ H%tlﬁﬁﬁw@él?ew ES_ Brelgeg‘??@)% c%‘?‘nf%% Ing propyl ene
as a mai enaRARAGREthe BIMLPIRUSNHBRAbY BES thad N BHReEoRd BhboEnkRtsdess

et hyl ene, propylene, 1-p entene, 1-hexene, 4-nethyl-|-pentene, 1-0 ctene,

1- decene thard2.tand in ppesiiiccesphagiimente | or ngs.e hlee M1 a8 tewited! todhponb ntscositypt

conbi nat i ereof Prefe efi d+ 1.0 r i .pol r

el ude. APSCyPBSHER L ShRE g hERCTURARI T IR 6T Sl B

pr opyl enahé¢ melitvéyeesisosfahytr®iposition. In thp pedstitappkaitiphalic 0dmpssidddsdsysi | ane
functi onal pg]%i/-al pha-qglefin are those sold under the tradename VESTOPLAST,
avai | abl digh esit EissatiRy Egiaaledp excessped 009 iPaatddPdngt h of the

al koxysi |l ane f i C&‘?@t ~al - i ] g@l&ﬁ

Vest opl ast 206 gé{wbeenaﬂr?rlg% Oul?g gtoq@ﬁ%ﬁgﬂgg ngg%ﬁﬁlé%%ﬁgf tggrgunb'gﬁ | in
accor dancemai entbodinters, 1Bm2lting Ipeint uaghaditistna30CE. @ [o80crystalhide pbly-dlphsi | e
rate of 200.nm m n. .. ter Vapoy Trapsm . ssio te ( '

measur ed AEELRH; ar@y%tﬂhaz\@rw%?tngwﬁmf‘dﬁ@ 1hgs gt Qfaegeade}l ﬁ%“@ﬁé& i ve

humi di ty @nds fsdinhh 3086y SO0 For kQOmSRABUSINS AN I GREARIMhpRY Ahe R € from
MOCON, Inc. The neasurerfents are taken, generally at filmthicknesses

bet ween IBystalin@polpialphaTefiviWasR afstalhieity oflcsy than 2ol fre cpahpledésphlznl ef i n (at

an 18 m | ghigck fil is greater tha /[ n2/ day. | n.sone enbodi pents, the
TR of . thiee) BacptyRaadindliS i louitoHalas oy b B B4 RS R ey day.
for eXa”F%r@at&rtﬁéﬁ €85 Lb@ndih toABTAABY792The WTR of the al koxysil ane
functional poly-al pha-olefin (at an 18 m | thick filnm is greater than 0.1
o/ B/ day. | n SomehomBDRiHE Rt Prashel ANDIFRLiSN. 4 hely A NGyISfin ke bl metial

pol y-al pha-ol efin | [ f xanpl reater. than 10
o7 b day, S AR Y R et A B o RS RRE  po .
films of those sold under the tradenane VESTOPLAST 206 (at a 20 m| thick
film have a WTR of 12.42 g/ n2/day whelr neasur ed using the test nethod
described in the Exanpl es section herein. In enbodi ments conpri sing
additional resins, the additional resin (at an 18 m|l| thick film generally
has an WTR of greater than about 0.1 g/nR/day, for exanple greater than
about 5 g/ nk/day. The W/TR of the conposition (at an 18 m| thick film is
greater than 3 g/ nR/day, for exanple greater than 5 g/n2/day. In sone

I Y Y~ " o " e




The front panel, the photovoltaic material |ayer, and the backing panel are
adhered together with the adhesive. The adhesive may be a continuous | ayer
or a di scwotonumss4l ayer. The backi ng panel provi des adecriuse@l/ogiseength to
t he sol ar panel and provides protection to the photovoltaic material |ayer.
Fig. 1 shows one enbodi nent of the solar panel construction 10. The sol ar
panel 10 has a front panel 12, a back panel 14 and otovoltaic materi al

16. In tH@Iﬁw&wﬁemlommplegulalrwetghép@éhetg) Qfdinear- ﬁpg?seWﬁnébA% | ayers, 18

and 19 o E e Ia er
o 10 IS 18100 Blcaliy Rl Plol PLLRE TR She S E8GENAIGRL 1€ | Y
Fi ? 2's hﬁ!?\fm’rgdh ﬁiatwfal,attb@fghmhgblnﬁhc Tchlml%mb?rof m@mloldﬁmsgcluiﬁ e:tbydelli.’ﬁf[)andThe

sol ar pane as on ane a bac a ot ovol tai c

mat er i 2| ey one raash@é? Beuwéyep uéelg. OPRlyMEY o @?%3@%\6%5@5%@ efibfateri al 26
and the %‘P}k al ﬁQ%lef%%amaﬁ‘éﬂeﬁ’bu{ 6‘nl§'~ﬂﬁt|ﬂe %M@HM'I&E% hd enPhQivol tai c

material layer 26 is forned on the front panel 22 usi ng known net hods. Fig.
3 shows dwotlheich essBaditmgnl-poftertche sol ar panel construction 30. The sol ar
panel 30 has fr pan 32, .a neI 34 and photovqgltaic materi al
e ®an_adhesi do iy er R BBRIu i fa bRt B Rest oo E Pl S and ¢ he
front paﬂ@mo?%lynﬁ@@%ﬁél Mers! dihd?n‘ﬂgmlr)a& @gbﬁgllyaﬁzlenetﬁﬁta@l@%gﬂﬂbh@bléﬁﬁﬁt eri al
| ayer 36 is forned on the back panel 34 using known met her
| ayers maplpecrs mslutged 2. bomhgensous, onbsésuaipdy eneaemﬂ?anlﬁtnue aﬂ}éfamieﬁli ve coating

f ormed bet he f.r.ont aneI h ho ter| yer, to
prevent W&e |So°nr hé helrr‘ivcom gcoglg)g aloﬁto Pmo%(ojm rSI Celu%% p1§l BYIG

Fabri cat I‘thlfbn@I 1-pesoha 3-angl-1 Hagnbe lbakeﬁélys ﬂﬁeﬂlbpd-pkﬂtem 4Lmeﬂ11_k91elqoeﬁtene

General ly, the adhesive is placed between the EhOt ovoltaic material and

ei ther t hecthybhpepaiell;octems. baesanagnddnetdecic; bompgusown surstaniakhbngr gur es,
and t hen t aic

mat eri al .pq‘ﬁ?’lés{%n%&eé oﬁﬁ Eeéﬁﬁgfﬂgﬁhe eggft\ggﬁf l:O#]flilrn Taﬂ(gnr QS)i}(:@%))lgaﬁq%rnked

Gener al | yincluthiag phgt etipleh@ilebdtence i -pahiche, lBamethiyb éibusmpar-atene) 34tr1athy|t+d+ vi dual
photovoltaic c r phot ocel Each of the photocells w have een
el ectri cdlh nen‘L sttwl: peaenep%p?%& |-apRicG lf%éenaeﬂﬁa%?neran@rieu

Such Confdtﬁé%ﬁ@&z' Sal Y copBlydidrd KRh ! SoMbIASSARNE | ept by those of
skill in the artc% CO@ pr esent |aﬁ§\,/entllon IS no% S|(§n%t ‘ed }t@églean

parti cul grofydens, d)fbupﬂmei bpcﬂttlaa,a methxelrl-huteh@;lelnexene 3-methjile] -pditesd, \4e may be

ol cace ITHEN LpUEGer - Soafisd] VRC e o Ry Sep iyt RGOt £ ud ng.

casting, d8atdBGas ARGeRYnNNS! bloBE bpdSmers. The adhesive is then placed
inrelation to the photovoltaic |ayer. Generally, the assenbled | ayers are

consol i dated (icpidicsramples ef tedpwicrystdline ifdy-#iphyg-oldfen ipelnde thovhessimghieldi ve
shoul d be, g glptlth ‘%‘r‘édé s TUEG S%a%ﬁble o?ﬁ’ B' d & %nca(ﬂrdmta{n A@%&cﬁ“ r pockets
or bubbl e meen e respec ive P ont d"back stuch air

pocket s awalatdbfrem E}ﬁd@nk/ﬁ)@d Cepf & édﬂﬂi@erﬁlﬁoduh@nts Cthalovii)a@@ﬂallin@ poBealpha- As
stated above,  the adhesive may then be crosslinked, especially if a
cat al yst Greﬁnem@@;@i%waw was added to the conposition. Cenerally, the

al koxysi | ane f"H{equckwfsltal@e %(%#’B,gﬂl&r 188 igb'léld&'i %rﬁ'a%l%ﬁ&‘ixﬁ&ﬂetfﬁﬁﬁ RHPOSi tion

i ncludes a crosslin esi stance Test
r esi st angwly-slphestotial. Hyleau@pemmmagﬁumtlghaisp@lﬁ dpbd-aksindas mtensﬁe strength c4f in x 8

in (speC|f|e | e. 4) ation oven where_one side of the
| ani nat i dFtsit a%ﬂéﬂd@?aefar Al Sy S}laflrIBQ#\’ﬁ%ea%B S gFbEYERENISIStS Y t he

other si deMPLevELIH thee? MWac‘efb{d%%% INEBNIISO 32768 BefLalff fiRched to an
outer side of one of the glass pane w th PV1000 adhesive (3M St. Paul,

M\) and tadlexysitinedtiectinasl folyrglpae-olkdinliSbetegred and 10heby erightslanc f t he

gl ass noves e than 0,125 i 8 hrs | isS co S|de il ure.
Ainosi onV e ToHE Amsthe Skt ee B oy BaSlael el Erpises -
in X 4 ifrdrRabaatol 109 b?@ve%g‘ilt@o st l@‘%%yl’ﬁélgﬁtl ﬁﬁm"db@hﬂl%xbyfv@dﬁglﬁ% Bpsut After
exposure, a fingernail or screwdriver is used tofﬁ)9 the g)@ass apart.

y

Failure |6£A>Me\r¢1ghﬁeor@lvars Fomeabolid %Atby|veeight tpabeut 3P4 by wejsht. deesd dnrtberdavhe
encapsul 6E@ystalhne poly-alpha-olefin.



OGoze and Void Testing Significant ooze is defined as the nelt flow ng
out to the extent that it reaches the |lam nator bed or flowng out to the
extent t O 2000/0d83sg defects |i ke channels are caused up@eaTasediongsed the
construction. "0" is no significant ooze, "1" has significant ooze on at

| east one side and "2" has significant ooze on nore than one side and nore
excessi ve. Voi ds are defined as bubbles, channels of air at the
edges, or ar ea%nmlétt%bme&hﬁé fiey exaféing loxuyikane apioyihe logr crystallias gokyrephat o4,

ffected,, 3% d
o1 oot o otedy MR GRAAL 200k 1 OASESULANL sASRRLSELEBRLAR PN
Melt fl ovﬁreendéml(ddﬁbb) nmhodneaEeﬁﬂdlefthmdmOf ptopusagiilydscdboocgstadine poASTM

D1238. The fil were ¢ into.l in x 3 in nd rolled to.fit into
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Preferred olefin-based low crystalline polymers include atactic polypropylene,
propylene/ethylene copolymers, and propylene/1-butene copolymers.

Specific examples of an alkoxysilane functional poly-alpha-olefin are those sold
under the tradename VESTOPLAST, available from Evonik Degussa Corp. The tensile
strength of the alkoxysilane functional poly-alpha-olefin sold under the tradename
Vestoplast 206 has been measured at 6.2 MPa at 23C using a dumbbell in accordance with
JIS K7113-2, the chuck distance of 80mm and the tensile rate of 200 mm/min.
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Table 1. dass to 3 ass Construction Adhesi on Encapsul ant Fornul ati on
Initial Adhesion Adhesion 24 hrs 85 C/100% RH EX1 + + EX2 + + EX3 + + EX4
+ + WO 2011/028394 PCT/US2010/045564

A solar panel includes a front panel closest to the sun, a photovoltaic material layer
and a backing panel, with the adhesive layer adhering the front panel to the backing panel.
Other layers may also be present in the solar panel construction. The solar panel may be
of any type known in the art which includes a photovoltaic material layer for generating an
electrical current from sunlight impinging upon the solar panel. The photovoltaic material
layer may include a layer of crystalline silica, amorphous silica, cadmium telluride,
cadmium sulfide, copper-indium-diselenide (CIS), copper-indium-gallium-diselenide,
(CIGS), or Group III-V semiconductor material.

The photovoltaic material layers including amorphous silicon, cadmium telluride,
CIS or CIGS are susceptible to intrusion of moisture. However, the adhesive disclosed
herein may be used with any type of solar panel.

The front panel may be, for example, ordinary borosilicate glass, low-iron glass or
a polymer film, specifically a flexible polymer film. The front panel should be a material
which allows light transmission sufficient for operation of the photovoltaic circuit.

The front panel, the photovoltaic material layer, and the backing panel are adhered
together with the adhesive. The adhesive may be a continuous layer or a discontinuous
layer. The backing panel provides additional strength to the solar panel and provides
protection to the photovoltaic material layer. Fig. 1 shows one embodiment of the solar
panel construction 10. The solar panel 10 has a front panel 12, a back panel 14 and
photovoltaic material 16. In the embodiment of Fig. 1, the adhesive is present as two
layers, 18 and 19 on either side of the photovoltaic material 16. Each adhesive layer 18 or
19 is active in adhering the front panel 12 to the back panel 14. Fig. 2 shows another
embodiment of the solar panel construction 20. The solar panel 20 has a front panel 22, a
back panel 24 and photovoltaic material 26. An adhesive layer 28 is between the
photovoltaic material 26 and the back panel 24. Generally, in such an embodiment, the
photovoltaic material layer 26 is formed on the front panel 22 using known methods.

Fig. 3 shows another embodiment of the solar panel construction 30. The solar panel 30
has a front panel 32, a back panel 34 and photovoltaic material 36. An adhesive layer 38
is between the photovoltaic material 36 and the front panel 32. Generally, in such an
embodiment, the photovoltaic material layer 36 is formed on the back panel 34 using

known methods.



EX5 + + CE1 + - Table 2. MOCON WTR data, Test Tenperature 50 C, 100% RH,
Ni trogen Flow 100 Encapsul ant Fornul ati on W/TR (g/ n2/ day) Fil m Thi ckness
(mls) Waveg/ar®¥sdday) (m 1) normalized for thickness EXPCH/UB2@9/01584

Other layers may be included, such as, for example, an anti-reflective coating
formed between the front panel and the photovoltaic material layer, to prevent reflection
of incoming sunlight out of the solar panel.

Fabrication of a solar panel may be by any method known in the art. Generally,
the adhesive is placed between the photovoltaic material and either the front panel, the
backing panel, or both as shown in the Figures, and then activated to adhere the backing
panel to the photovoltaic material. In some embodiments, the adhesive is further
crosslinked.

Generally, the photovoltaic layer will have been separated into individual
photovoltaic cells, or photocells. Each of the photocells will have been electrically
connected, as appropriate to the design of the solar cell. Such configurations may be
appropriately designed or selected by those of skill in the art, and the present invention is
not limited to any particular form of photovoltaic material layer.

The adhesive may be delivered in film form with a standard matte finish, for
example on a release liner. However, the adhesive may be applied by spraying, extruding,
casting, coating, and by other methods.

The adhesive is then placed in relation to the photovoltaic layer. Generally, the
assembled layers are consolidated using pressure and/or heat, forming the panel. The
adhesive should be applied in a manner so as to avoid the formation of air pockets or
bubbles between the respective front and back panels. As such air pockets or bubbles can
lead to failure of the solar panel in use.

As stated above, the adhesive may then be crosslinked, especially if a catalyst for
crosslinking was added to the composition. Generally, the alkoxysilane functional poly-

alpha-olefin is crosslinked and the composition includes a crosslinker.

Examples

Creep Resistance Testing

Creep resistance is tested by suspending a glass to glass 3inx 6inor4inx 8 in
(specified in Table 4) lamination in an oven where one side of the lamination is suspended

vertically from the top of an oven leaving the other side free to slide. Two wire or plastic
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ties were attached to an outer side of one of the glass panels with PV1000 adhesive (3M,
St.Paul, MN) and the laminate was hung at 10-15 degrees to the vertical. If the glass

moves more than 0.125 in over 168 hrs it is considered a failure.

Adhesion Testing

Adhesion was tested by exposing a glass to glass 2 in x 4 in lamination to 85 °C
and 100% relative humidity for 24 hrs. After exposure, a fingernail or screwdriver is used
to pry the glass apart. Failure is when the glass can be at least partially separated from the

encapsulant.

Qoze and Void Testing

Significant ooze is defined as the melt flowing out to the extent that it reaches the
laminator bed or flowing out to the extent that voiding defects like channels are caused
upon cooling of the construction. “0” is no significant ooze, “1” has significant ooze on at
least one side and “2” has significant ooze on more than one side and more excessive.

Voids are defined as bubbles, channels of air at the edges, or arcas between the
glass that are empty. “0” is less then 1% effected, “1” means less than 3% of the
encapsulant area is effected and “2”” means more than 3% of the encapsulant area is

effected.

Melt Flow Index

Melt flow index (MFI) was measured from film samples according to ASTM
D1238. The films were cut into 1 in x 3 in strips and rolled to fit into the MFI inlet
chamber of the TINIUS OLSEN EXTRUSION PLASTOMETER, MP600 version 4.04.

WVTR Testing.

Films were tested for water vapor transmission rate (WVTR) in accordance with
ASTM-F1249-06 at 50 °C, 100% relative humidity and a nitrogen flow of 100 sccm using
a MOCON PERMATRAN W 3/31 WVTR testing system commercially available from

-9.-



24 211 CE1 20.9 16 334 Table 3. Lamnation Conditions and Results. 3 in x
6 in glass | am nations. Encapsul ant Heat Tine (sec) Press Tine (sec)
Lam nat i gORemm2€39@oze Voi ds PCT/US2010/045564

MOCON Inc., Mpls., MN. Film thickness varied between 15 mils and 40 mils. The
WVTR was normalized to 1 mil by multiplying film thickness in mils by WVTR.

Example 1

0.5 g of di-n-butyl tin dilaurate (CAS 72-58-7) 95% (Alfa Aesar, Ward Hill, MA)
was mixed with 49.5 grams of "ENGAGE 8842" pellets (commercially available from
DOW CHEMICAL, Midland, MI) in a plastic bag until the liquid was evenly spread over
the surface of the pellets. 3.5 g of the pellet mixture was added to 21 g "ENGAGE 8842"
pellets and mixed before charging the mixture into a Brabender PE 2000A with measuring
head type REE 6 for 2-5 minutes at 190 °C and 75 RPM. This was followed by the
addition and mixing of 10.5 g strips of "VESTOPLAST 206" (commercially available
from EVONIK-DEGUSSA, Essen, Germany). The strips of "VESTOPLAST 206" were
made by heating a 55 gallon drum, unloading with a drum unloader onto an aluminum
pan, cooling and storing in a desiccator for at least a week and finally cutting into strips
with a scissors. A 0.018" film was prepared and tested for WVTR, creep, adhesion and
MFI. Melt flow index (MFI) was measured to be 0.54 g/10 min @ 190 °C/2.16 kg.

Example 2

Example 2 was prepared as in example 1 except that di-n-butyl tin dilaurate
catalyst was excluded. 24.5 g of "ENGAGE 8842" was added to the Brabender at 190 °C
followed by 10.5 g of "VESTOPLAST 206" strips. A 0.018" film was prepared and tested
for creep, ooze and voids, adhesion and MFI. Melt flow index (MFI) was measured at 190

°C to be 7 g/10 min @ 190 °C/2.16 kg.

Example 3
0.5 g of di-n-butyl tin dilaurate (CAS 72-58-7) 95% (Alfa Aesar, Ward Hill, MA)

was mixed with 49.5 grams of "ENGAGE 8130" pellets (commercially available from
DOW CHEMICAL, Midland, MI) in a plastic bag until the liquid was evenly spread over
the surface of the pellets. 4.0 g of the pellet mixture was added to 28 g "ENGAGE 8130"
pellets and mixed before charging the mixture into a Brabender PE 2000A with measuring

head type REE 6 for 2-5 minutes at 190 °C and 75 RPM. This was followed by the

-10-
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addition and mixing of 8.0 g strips of "VESTOPLAST 206" (commercially available from
EVONIK-DEGUSSA , Essen, Germany). The strips of "VESTOPLAST 206" were made
by heating a 55 gallon drum, unloading with a drum unloader onto an aluminum pan,

cooling and storing in a desiccator for at least a week and finally cutting into strips with a

scissors. A 0.018" film was prepared and tested for creep, adhesion, ooze and voids and

MFI. MFI was measured at 190 °C to be 8.4 g/10 min @ 190 °C/2.16 kg.

Example 4
0.5 g of di-n-butyl tin dilaurate (CAS 72-58-7) 95% (Alfa Aesar, Ward Hill, MA)

was mixed with 49.5 grams of "ENGAGE 8842" pellets (commercially available from
DOW CHEMICAL, Midland, MI) in a plastic bag until the liquid was evenly spread over
the surface of the pellets. 4.0 g of the pellet mixture was added to 22 g "ENGAGE 8842"
pellets and 6 g "CHEVRON 9640" polyethylene (softening point of 121 °C, Chevron
Phillips, The Woodlands, TX) and mixed before charging the mixture into a Brabender PE
2000A with measuring head type REE 6 for 2-5 minutes at 190 °C and 75 RPM. This was
followed by the addition and mixing of 8 g strips of "VESTOPLAST 206" (commercially
available from EVONIK-DEGUSSA , Essen, Germany). The strips of "VESTOPLAST
206" were made by heating a 55 gallon drum, unloading with a drum unloader onto an
aluminum pan, cooling and storing in a desiccator for at least a week and finally cutting
into strips with a scissors. A 0.018" film was prepared and tested for creep, adhesion, ooze

and voids and MFI. MFI was measured at 190 °C to be 0.54 g/10 min @ 190 °C/2.16 kg.

Example 5
0.5 g of di-n-butyl tin dilaurate (CAS 72-58-7) 95% (Alfa Aesar, Ward Hill, MA)

was mixed with 49.5 grams of "ENGAGE 8842" pellets (commercially available from
DOW CHEMICAL, Midland, MI) in a plastic bag until the liquid was evenly spread over
the surface of the pellets. 4.0 g of the pellet mixture was added to 22 g "ENGAGE 8842"
pellets and 6 g polystyrene (ALFA AESAR M.W. 100,000 lot 10102396) and mixed
before charging the mixture into a Brabender PE 2000A with measuring head type REE 6
for 2-5 minutes at 190 °C and 75 RPM. This was followed by the addition and mixing of 8
g strips of "VESTOPLAST 206" (commercially available from EVONIK-DEGUSSA ,
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Essen, Germany). The strips of "VESTOPLAST 206" were made by heating a 55 gallon
drum, unloading with a drum unloader onto an aluminum pan, cooling and storing in a
desiccator for at least a week and finally cutting into strips with a scissors. A 0.018" film

was prepared and tested for creep, adhesion, ooze and voids and MFI. MFI was measured

at 190 °C to be 0.49 g/10 min @ 190 °C/2.16 kg.

Comparative Example 1

A 0.018" film was prepared from 100 %"ENGAGE 8842" pellets and tested for
WVTR, creep, adhesion and MFI. Melt flow index (MFI) was taken from Dow Chemical
trade literature as 1.0 g/10 min @ 190 °C/2.16 kg.

Comparative Example 2.

24.5 g of "ENGAGE 8402" (commercially available from DOW CHEMICAL,
Midland, MI) was added to the mixing bowl at 200 °C followed by 10.5 g of
"VESTOPLAST 206" strips. A 0.018" film was prepared and tested for ooze and void.
MFI was measured 12.2 g/10min @ 190 °C/2.16. Shrinkage was observed after
lamination as the sealing sheet cooled. Oozing and voids were evident as indicated in

Table 3.

Comparative Example 3

0.5 g of di-n-butyl tin dilaurate (CAS 72-58-7) 95% (Alfa Aesar, Ward Hill, MA)
was mixed with 49.5 g of "ENGAGE 8407" pellets (commercially available from DOW
CHEMICAL, Midland, MI) in a plastic bag until the liquid was evenly spread over the
surface of the pellets. 3.5 g of the pellet mixture was added to 21 g "ENGAGE 8407"
pellets and mixed before charging the mixture into the Brabender for 2-5 minutes at 190
°C and 75 RPM followed by 10.5 g of "VESTOPLAST 206" strips. A 0.018" film was

prepared and tested for ooze, voids and creep.
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LAMINATION

After mixing, the melts were formed into 0.018 in sheets within 15 minutes of
mixing using a Wabash press at 330 °F. The process to form the film took less then 5
minutes. Films were stored in a desiccator until testing. The films were then vacuum
laminated between two pieces of glass using a "SPI-LAMINATOR 350" commercially
available from Spire Corporation, Bedford , MA. The bottom piece of glass had two short
and one long piece of 6 mil metal backed tape placed roughly in the shape of an “I”. The
short pieces are arranged to be 0.5 in from the top or bottom edge and cut to length so that
the ends of the tape are 0.5 in from each of the long sides of the glass. The edges of the
long piece of tape cover the short pieces of tape such that all the tape pieces are connected
in the shape of an “1” with the long tape off center by about 0.25-0.5 in. Table 3 details

the lamination times and temperatures and ooze and void testing.

Table 1. Glass to Glass Construction Adhesion

Encapsulant Formulation Initial Adhesion 24
Adhesion hrs 85 °C
/100% RH
EX1 + +
EX2 + +
EX3 + +
EX4 + +
EX5 + +
CEl + -

Table 2. MOCON WVTR data, Test Temperature 50 °C, 100% RH, Nitrogen Flow 100

sccm

Encapsulant Formulation WVTR Film Thickness | WVTR (g/m”/day)(mil)
(g/m*/day) | (mils) normalized for thickness

EX1 5.1 39 199
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Tabl e 4. Creep Resistance Data Encapsul ant Movenent of d ass (lam nate
size) Tenperature CEXL1 O (3 in x 6 in) 105 EX2 0 (3 in x 6 in) 85 EX3 0.06

in (3.9 iwoxoin/@sim) 85 EX4 0 (2. 75x5) PCT/US2010/045564
EX2 2.4 40 96
EX3 9.4 27 254
EX4 10.1 18 182
EX5 8.8 24 211
CEl 20.9 16 334

Table 3. Lamination Conditions and Results. 3 in x 6 in glass laminations.

Encapsulant Heat Time | Press Laminating | Ooze | Voids
(sec) Time Temp °C
(sec)
EX1 250 30 145 0 0
EX2 250 30 145 0 0
EX3 180 120 160 0 0
EX4 180 120 160 0 0
EXS 120 240 160 0 0
CEl 250 30 145 1 1
CE2 250 30 145 2 2
CE3 250 30 145 2 2

Table 4. Creep Resistance Data

Encapsulant Movement of Glass Temperature °C
(laminate size)

EX1 0(Binx6in) 105

EX2 0(Binx6in) 85

EX3 0.06 in (3.9 1n x 7.8 in) 85

EX4 0 (2.75x5) 105

EX5 0 (2.75x5) 105

CEl 0.351in (3.0in x 6 in) 85

CE3 1.25in (3inx 6 in) 85
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105 EX5 0 (2.75x5) 105 CE1 0.35 in (3.0in x 6 in) 85 CE3 1.25in (3 in x 6
in) 85 Various nodifications and alterations of the present

i nvent i orw@i2bi1/d2839eme apparent to those skilled in the act/useeloouises
departing fromthe spirit and scope of the invention. Wat is clained is:
1. A conposition conprising: a low crystalline poly-al pha-olefin resin
havi ng and

Various modifications and alterations of the present invention will become
apparent to those skilled in the art without departing from the spirit and scope of the

invention.
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an al koxysi | ane functional poly-al pha-olefin having a tensile strength of

| ess than 500 MPa, wherein the conposition has a nelt flow index of |ess

t han 30. WO 20h@28position of claim 1l wherein the wher @Cm/usediv/ofiidsew i ndex
is less than 20. 3. The conposition of claiml1l wherein the wherein nelt
flowindex is less than 15. 4. The conposition of claim1l wherein the
wherein nelt flowindex is |less than 10. 5. The conposition of claiml
wherein the wherein nelt flowindex is less than 7. 6. The conposition of
claiml1l wherein the conposition has a nelt viscosity of greater than

500, 000 cP at 150C. 7. The conposition of claim1 conprising a catalyst.
8. The coWpasiktlaonedik: cl aim 1 wherein the | ow crystalline poly-al pha-olefin
is non-chlorinated. 9. The conposition of claim1l wherein the |ow
crystalline poly-al pha-olefin has a nelting point greater than 20C. 10.
The conmpogial i RRhRtion! dhipritingherei n_the | ow crystalline poly-al pha-ol efin
has a density according to ASTM D 792 of greater than 0.85. 11. The
conposi ti on ofa lowairpstdllindpolgiatphakedefal teorytsivingreadf unct i onal

pol y-al pha-olefin has.a tensile strength | ess than 100 a 12. The
Romosi L1 on of NGk oR? b-SReseySninat b ate gheth of toss fan

pol y-al phepoalipfin has a tensile strength of less than 10 MPa 13. The
conposition of claiml wherein the |ow crystalline poly-al pha-olefin resin
has a WTResingheemmepositivarhas a guakflabajndgk ogless than 8Ai ckness of about 18 mils
at 50C and 100% RH. 14. The conposition of claim1 wherein the | ow
crystalline poly-al pha-olefin resin has a WTR of greater than about 15

g/ n2/ day AtTha chmpRitibti 6kagigs]1 dheomt wiBrdih hiltdlowoideandesk@Rde 1. 15. The
conposition of claim1l wherein the al koxysilane functi onal
pol y-al pha-ol efin resin has a WTR of greater than 0.1 g/nR/day at a film

thicknes S, %e %91913551&&1 6[? éla’s,inf’if W%gtglmg \x;lhgpeo{ﬁ aélt flow index is less than 15.

4. The composition of claim 1 wherein the wherein melt flow index is less than 10.
5. The composition of claim 1 wherein the wherein melt flow index is less than 7.

6. The composition of claim 1 wherein the composition has a melt viscosity of greater than

500,000 cP at 150C.
7. The composition of claim 1 comprising a catalyst.

8. The composition of claim 1 wherein the low crystalline poly-alpha-olefin is non-

chlorinated.

9. The composition of claim 1 wherein the low crystalline poly-alpha-olefin has a melting

point greater than 20C.

10. The composition of claim 1 wherein the low crystalline poly-alpha-olefin has a density

according to ASTM D 792 of greater than 0.85.
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16. The conposition of claim1l wherein the al koxysilane functi onal

pol y-al pha-olefin resin has a W/TR of greater than about 5 g/n2/day at a
filmthi ckoessl/s39about 18 mils at 50C and 100% RH. 17 PCThiS2@iofmssd t i on of
claiml1 wherein the conmposition has an WTR of greater than 3 g/ nR/day at a
filmthi ckness of about 18 mls at 50C and 100% RH. 18. The conposition of
claim1l wherein the conposition is greater than 35% by wei ght of the | ow
cryst al | i HeThorgmpesition ¢fecdqi, 1 whereinthe alkewyrelane fupstional pplaratphi-QlaBn Bash t he
conposi tion. i 0 b ght of the | ow crystalline polyolefin
resin. 26ﬂ9$%%S@%ﬁ%ﬁ??%?%ﬁé%ﬁbgﬁﬁ%ﬁ11 wherein the conposition conprises an
additional resin. 21. The conposition of claim20 wherein the additional

resin has a R of greater. thap apout 0.1 g/ n2 _per. day at fil hi ckness
of about I%TM%THB‘?S“%@%&E%}%QWQ’&YRH the gifox H%B%B%Iia? boli-rhecelsfinsn
wher ei n the, additianakidesiah 16agpa WTR of greater than about 5 g/ n2 per
day at a filmthickness of about 18 mls at 50C and 100% RH. 23. An
article conprising the conposition of claim1 adhered to a second film

24. A pangl . conpri si.ng: f.ront . panel conprising a transparent .barrier; a
back pandr: THE EROPGVE offttiiral WA e O BhsR R Ao prUPREBRAR SR { e
back panelyyange %eat@ldthsxss\gﬁnii/@%e& aFREVVBRRNER S hbst 8 PARS 5800@nd heohack
panel , wherein the adhesive |ayer adheres the front panel to the back
panel , artHt he adhesive | ayer conprises a | ow crystalline poly-al pha-ol efin
el astoner bl ended with an al koxysil ane functional polyolefin. 25. The
panel of claim24 wherein the adhesive |ayer is adjacent the front panel.
26. The panghc eémpdsiiidh ddlamer @hdreinte N eskbtinepgi-albba-altfiaceyih hihe back

panel . 27. The panel of clain1242conprising,at | east two adhesive | ayers.
WVTR of greater than about 15 g/m“/day at a film thickness of about 18 mils at 50C and
100% RH.

15. The composition of claim 1 wherein the alkoxysilane functional poly-alpha-olefin
resin has a WVTR of greater than 0.1 g/m*/day at a film thickness of about18 mils at 50C
and 100% RH.

16. The composition of claim 1 wherein the alkoxysilane functional poly-alpha-olefin
resin has a WVTR of greater than about 5 g/m*/day at a film thickness of about 18 mils at
50C and 100% RH.

17. The composition of claim 1 wherein the composition has an WVTR of greater than 3

g/m*/day at a film thickness of about 18 mils at 50C and 100% RH.

18. The composition of claim 1 wherein the composition is greater than 35% by weight of

the low crystalline polyolefin resin.

19. The composition of claim 1 wherein the composition is at least 70% by weight of the

low crystalline polyolefin resin.

20. The composition of claim 1 wherein the composition comprises an additional resin.
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28. The panel of claim 24 wherein the adhesive | ayer is continuous over the
surface of the back panel. 29. The panel of claim24 wherein the adhesive
| ayer is worniwieeass over the surface of the front panel PCTAB2010l0e55panel of
claim?24 wherein the elastoner is |owcrystalline poly-al pha-olefin. 31.
The panel of claim 24 wherein the front panel is gl ass. 32. The panel of
claim 24 wherein the backing panel is glass. 33. The panel of claim 24
wherein the front panel is flexible. 34. The panel of claim 24 wherein the

backi ng pﬁnﬂle E@ﬁés%tpéfec'laigl%o \;\I/_H&elﬁqgf %1d(9{i01{:a_ll ?E!s{ﬁl lgaé W & %thfr th?n .
photovol taic nmaterial conprises crystalline silica. 36" ‘The nel" of claim
24 wher eiabotith®1 phot v by ai <filmatieckingbs afaibpnt Sagilaaiothalisl 924 REla. 37. The
panel of claim 24 wherein the photovoltaic material conprises cadm um
telluride. 38. The panel of claim 24 wherein the photovoltaic materi al

conpri se $C @H?r]:a ?sgt:lcfﬂ (qeclaim% wHOEIRAD gcidiﬁ)(gna‘? %&lnnﬂa%% WRATREH LN thzrb

phot ovol tal c te conprises copper 1 ndiumgalliumdiselenlum . The
panel of abbai he/2ef pehdreiana file ththnexysf dbanel § mils i HaindpH0ys RFbha- ol ef i n has
atensile strength of less than 500 MPa. 41. The panel of claim 24 wherein
t he adhesive layer has a nelt viscosity of greater than 500,000 cP at 150C.

23. An article comprising the composition of claim 1 adhered to a second film.

24. A panel comprising:

a front panel comprising a transparent barrier;

a back panel;

a photovoltaic material layer between the front panel and the back panel; and

an adhesive layer between the front panel and the back panel, wherein the adhesive layer
adheres the front panel to the back panel, and the adhesive layer comprises a low

crystalline poly-alpha-olefin elastomer blended with an alkoxysilane functional polyolefin.
25. The panel of claim 24 wherein the adhesive layer is adjacent the front panel.

26. The panel of claim 24 wherein the adhesive layer is adjacent the back panel.

27. The panel of claim 24 comprising at least two adhesive layers.

28. The panel of claim 24 wherein the adhesive layer is continuous over the surface of the

back panel.

29. The panel of claim 24 wherein the adhesive layer is continuous over the surface of

the front panel.
30. The panel of claim 24 wherein the elastomer is low-crystalline poly-alpha-olefin.

31. The panel of claim 24 wherein the front panel is glass.
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32.

33.

34.

35.

36.

37.

38.

39.

The panel of claim 24 wherein the backing panel is glass.

The panel of claim 24 wherein the front panel is flexible.

The panel of claim 24 wherein the backing panel is flexible.

The panel of claim 24 wherein the photovoltaic material comprises crystalline silica.

The panel of claim 24 wherein the photovoltaic material comprises amorphous silica.

The panel of claim 24 wherein the photovoltaic material comprises cadmium telluride.

The panel of claim 24 wherein the photovoltaic material comprises cadmium sulfide.

The panel of claim 24 wherein the photovoltaic material comprises copper indium

gallium diselenium.

40.

The panel of claim 24 wherein the alkoxysilane functional poly-alpha-olefin has a

tensile strength of less than 500 MPa.

41.

The panel of claim 24 wherein the adhesive layer has a melt viscosity of greater than

500,000 cP at 150C.
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