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EP 1164 167 Al discloses encapsulation materials comprising an ethylene-vinyl acetate copolymer
25 (EVA), a crosslinker and a polymerization inhibitor. According to EP 1 164 167 Al, the EVA has a

vinyl acetate content of 5 to 50% by weight. At contents above 50% by weight, according to EP

1164 167 Al, the mechanical properties of the EVA worsen, and it becomes difficult to produce

EVA films. With regard to the production process for the EVA used in EP 1 164 167 Al, EP

1164 167 Al contains no details. According to Examples 1 and 2 in EP 1 164 167 Al, an EVA
30 copolymer with 26% by weight of vinyl acetate is used.

EP 1 184 912 Al likewise relates to an embedding material for solar cells, which is formed from an
ethylene-vinyl acetate copolymer (EVA). According to EP 1 184 912 Al, the vinyl acetate content
in the EVA copolymer is 10 to 40% by weight. Contents of more than 40% by weight of vinyl



acetate are unfavourable according to EP 1 184 912 Al, since EVA
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Conventional enbedding materials consist of ethylene-vinyl acetate
copogwns\r_siti I, acetate content of <

A for.short. .30 with a vin <
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work would lead to failure of the punps. It has now been found that,
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To solve this problem, pellets of the type mentioned at the outset are proposed, which are used as
an embedding material for solar modules, the pellets comprising, as additives, at least one UV

activator and at least one silane coupling reagent.

Conventional embedding materials consist of ethylene-vinyl acetate copolymers, or EVA for short,
30 with a vinyl acetate content of < 40% by weight, based on the total weight of the o-olefin-vinyl

acetate copolymer. For the crosslinking, organic peroxides are used here, which are thermally

crosslinked in the course of vacuum lamination. The vacuum substantially prevents the formation



5 In order nevertheless to ensure crosslinking of the a-olefin-vinyl
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r eagent. The WV activators used are preferably benzophenone,
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ne, 260 2031 fht5hot BfsTérktiny 0&tGe&60. 28 phr-and 25 phr, especially preferably between 0.5 phr and

2.0 phr.
"phr" is a specialist definition and means "parts per 100 of rubber",

In addition, the silane coupling reagent used may be vinyltriethoxysilane, vinyltrimethoxysilane,
vinyltris(B-methoxyethoxy)silane, (methacryloyloxymethyl)methyldimethoxysilane,
30 methacryloyloxymethyltrimethoxysilane, (methacryloyloxymethyl)methyldiethoxysilane,
methacryloyloxymethyltriethoxysilane, 3-methacryloyloxypropyltrimethoxysilane, 3-meth-
acryloyloxypropyltriethoxysilane, 3-methacryloyloxypropyltriacetoxysilane, 3-
methacryloyloxypropyltris-(trimethylsiloxy)silane, vinyltriacetoxysilane,



vi nyl di met hoxynet hyl si |l ane, alone or in conbination. Silane coupling

" reagents fuNEt206h0BY74dhesi on pronoters, since they have bopPdi/BB2010/061287-
sites to the glass of the solar nodule. The&-content of silane

coupling reagent is between 0.05 phr and 10 phr, preferably 0.1 phr
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cor r ggpondigglyo R dhGRd j bl for exanple, to use

a-ol ef i n- Viggé/l ~acet ate %3646%?0?%%12}%?%?%%?,5?3: 18 dep Oflcr’rg%%)gaﬁ%?ﬁetpﬁﬁt‘ﬂcrm
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a-olefmis prée%’er g%ila&?g{eél @%{l Xe(‘{}ah?(??nﬁget g%gl? melygﬁ%eﬁaz? CRRIARE, ™ which case the
espedpal | y prepbritoarmd therehonomert wnite , bapdndre the, a-blefie e corasymdinglyl sgduced. Tt is thus
1- hexene, hent t [ (-1 -octene. Lt is also .
possi bl e t% %sbzaﬁ?rge%g?ﬁ ﬁ’otﬁo %Oé(égegggk ﬂ %éeétaée-% g Wpé%ﬁr%ﬁoéﬂe%gom = 40% by
a- ol eL ij ns nglhh@ Brobeweight ofivinyl acetas, a%ebmq:ilgﬂtyms 68% Hj)lnfciight(blf&fdldiﬁl and 0 to
may additiq t] eci a Cl-05-al kyl. . 2

radi cal s. Hg‘\%/el}\yé?e?&t@h%ﬁg%%%l Oél% ?‘%{s%%crogg’ ér% i1 Vﬁﬁgthﬁé?tgﬂﬁ?}mté’ﬁw&“?ﬁ?r a-olefn
subst i t uentend the furthdetiormopemeriis 10036 ppossighsl e t o use mi xtures of two or

nore different a-olefins in the a-olefin-vinyl acetate copol ynmers.
Howewvgr, itk §-odjes § ; ] es of different a-olefins.
Preferred a-ol ef néﬁgae?ggteﬂtg%teor%ée&an Sr@%%%%eq(’%yﬁ%rr 'ilsg‘tijfnﬁ?’%ﬁla% ?"Eh‘é'@ﬂ%ns‘ The
bei ng gi vef-alefinisipieferabliieslectad fioimeethens| pfopene hutbite especibBf nutehehd i-butene,
acet ate copgliMreSened -10 j ate_coppl r used with

pref er enceBi n the fnr%/% tv 1‘3%?%5{%@%& eor%Eeep%re%pe lﬁﬁ%%/ﬁ@ﬁgne-vi nyl
acetate copolynmer WO 2011/015579PCT/ EP2010/ 061287 - 5 - Typically,

t he et hyl effds #phpassiblede niedighensinyoiemuss ofitho-blefis mentiphedas etaiéfns in the o-olefin-

contents u i ) L opol yner.

Where the Tt el BhAALEIAR, OB S Lol T AHARER SR o et
t he A2t hyl edalsalavesaithe eplefihepElgbly do imiidea-any dithey bubglituare takédition, it is
copol yners

MSRL I .yl t.ate copol yners
5gener al | y have %E{e‘%ﬁ%ﬁ:ﬁ%g‘f @#ﬁxﬁo&@%ﬁfeﬁg&%ﬁ% Ehg @%%1%% agqtatq gepelymers.
and a | oadBgwever, if isnprefgfredinat do 4, mixtuséseaf aliffarert otadefBE. Préfesredvboludiys are ethene

viscositieg,d 1 : nerally 3 to.5 .
oref erabl y 4 Qg@g%éﬁw@%ﬁgﬂ%m]%ﬁbﬂg ége%Qo %Elgg gtgene as theya gleﬁn in thé u~olefin-vinyl
acetate copolymers.

30 The o-olefin-viny] acetate copolymer used with preference in the inventive pellets is therefore an

ethylene-vinyl acetate copolymer.

Particularly preferred ethylene-vinyl acetate copolymers have a vinyl acetate content of > 40% by
weight to 90% by weight.



The nunber-average nol ecul ar wei ght (My), determ ned by neans of GPC,
"is general IWORO3H053? nol to 800 000 g/ nol, preferably 100 BOOEBZ0MI061287
to 400 000 g/nol, nore preferably to 500 090 g/ nol. Particul ar
preference is given to using, in the inventive sol ar nodul e,

et hyl ene- viTypicaliic ethateénytmq:}@hylrmcrmtmmpbﬂynM£ mthrmﬁgi &irgl layetay @ohtaldk Qised with

for exanpl r [ r va m Lanxess
bout sonl and™ Bt a5 iR 8 STE oA aiere To oy’ o O PheraT b adtaes be
fillers, | isghtatesitbatiibbnoditie habparinadil shatd\bf stedWN zers), acid

scavengers, coagents or ageing stabilizers can be added.

Exanpl es ofpyli gf&%ﬁgﬁ% | J.&$ W&f c(%% eﬁ u(gie gﬁ;&&xg% gt]?ﬁ?r%g/l?l@” ;H:gatet rt]:gpolymers

general fornula

al | cyAyl, Renerally haye MF,I valligsa(gll & myih), makskyed to EHO mmat 1902C|a8y BYdad oBB1 QN of 1
20al | coxy; &84 réf{? d R" = H aryl, alkyl, allcylaryl, alkenyl,

al I cynyl, P he Iight stabilizer is preferably

2- hydroxy 4- nethoxybenzophenone I n addition,

2- hydr oxy pHaMdsaew Gsaositiesh SINGB 52h g ket 4D0°Coraprnaraios 134D, preferably 4 to 40,
2011/ 015579 (ﬁ’ye ElO/ 061287 - 6 - may be useful, where R= H, al kyl,

aryl, al keny lcynyl, R =H, aryl, allcyl aryI al kyl, al kenyl,

al kynyl, OH or al koxy and R* = H, aryl, alkyl, al kyI aryl, aI | cenyl ,

al | cynyl , (e orumbiekaveyage Fueletwar wightplMw),adaeraied by means of GPC, is generally

ﬁ Gaﬁlb(r:)glemngW ?/Engiﬁo }:g/fn@lz pe?graﬁ$r bpﬁO#g@ &l ??I é 66“ g/ag}gflrp%rgrpgc%g{agly to

assi gned téo%p%{%&’m@ A further exanple of light stabilizers is that
of HALS reagents (H ndered Am ne Light Stabilizer) with the fornul ae:

OR >N< >N@afgkular preference is given to using, in the inventive solar module, ethylene-vinyl acetate

copolymers which are commercially available, for example, under the Levapren® or Levamelt®

trade names from Lanxess Deutschiand GmbEH.

15 Further conventional additives, for instance fillers, light stabilizers (especially UV stabilizers), acid

scavengers, coagents or ageing stabilizers, can be added.

Examples of light stabilizers may be 2-hydroxybenzophenones of the general formula

O OH
Tl
R"l RII Rl

where R= H, aryl, alkyl, alkenyl or alkynyl, R' = H, aryl, alkylaryl, alkyl, alkenyl, alkynyl, OH or
20 alkoxy; R"=H or OH and R" = H, aryl, alkyl, alkylaryl, alkenyl, alkynyl, OH or alkoxy.

The light stabilizer is preferably 2-hydroxy-4-methoxybenzophenone.

In addition, 2-hydroxyphenylbenzotriazoles of the general formula

HO R



10where R = H, allcyl, allcoxy. The tetramethyl pi peridine units can

" be bridged WO 28iHel5¥7%r oligonmers via R; R' and R". ThesePGI/EBP2010/061287
defined hereinafter as class 2. Preferencebts given to using Tinuvin
770. Preference is given to using 0.5 to 2 ph of class 1.

Particul ar nﬂﬁyéfeelsénbsfhﬁrsl?g?ﬁedkﬂoa:m, @Relt}d)oﬂ_albjhiyl R5arH] aphedfieiai| ylig| sikenyl,

to 0.09 to p fy _ i er.a 1 ph,
nmore pref erg%'%l QH(?EQ?(O’?}%H% and prgyﬁa@tﬁﬁ? ¥ %gogis%aﬁﬁxy WO
2011/ 015579PCT/ EP2010/ 061287 - 7 - Ideal ly, classes 1 and 2 can be
used ei t hedurthefiowirople drs/aler4,6-dighdnybydrokypheyiltcihzites o6 the lzenet farmulaf
class 1 to class 2 is preferably 3 : 2. It has been found that,
surprisingly, in spite of the presence of LN stabilizers, W
crosslinking can be ensured. The UV stabilizers do display their
protective function as a result of keto-eng 5 tautomeri smduring
the WV crosslinlcing. However, they are cted back to their
original formas soon as the W irradiati n bas ended. The WV
stabilizers effectively "scavenge" a pprtiofof the UV light, and

| ater release it again. They may therefore still function as W

stabilizers in conplete solar nodul gs. | ast he UV activators
are spent after the UV irradiation fpr t% nlcing. 10It is

therefore inportant firstly to use | hich are virtually
consuned for the UV crosslinking, En%
"L

8 UV stabilizers
which still have their UV protecti he W
crosslinlcing. Useful UV stabi Ri-Zers&are therefores Rf those which
have these properti es. In the case of the acid scavengers, it
is possible to use polycarbodiimdes (PCDs), in which case
15pr ePer abMper.Ro5 B alkgl opRlkoxyirandeR ' pridpedllghl y 0. 05 to 2 phr and very
preferably 0.5 to 0.75 phr is used. Conventional ageing stabilizers,
for exanpl q@g;gd be used. The anount for use is
0.05to gﬁ?ﬁq%rﬁ‘re%é’?gggﬁmo eg{%g&%ﬁ(rf and nore preferably 0.5 to 1
phr. The coagents are, for exanp triallyl isocyanurate or
1,3,5-tri a4 @% her exaraple of light fﬁfénlzzeu lﬁ@aqquHyaaents Gigdgradrdugine WighhStabidizer)

20st r uct ur @ithfd @EHudae:

7@ Py
10 where R = H, alkyl, alkoxy. The tetramethylpiperidine units can be bridged to dimers or oligomers

viaR’; R” and R’”.
These are defined hereinafier as class 2.
Preference is given to using Tinuvin 770.

Preference is given to using 0.5 to 2 phr of class 1. Particular preference is given to 0.08 to 1 phr
15 and preferably also to 0.09 to 0.6 phr,

The amount of class 2 is preferably 0.05 to 1 phr, more preferably 0.05 to 2 phr and most
preferably 0.05 to 0.4 phr.



O triallyl cyanurate, 2,4,6-triallyloxy-1,3,5-triazine (TAC), with
~the struct Wal20tgo¥aara WO 2011/ 015579PCT/ EP2010/ 061287 - &CT/BP2Y0/061287
0 NO O Trinethylol propane trinethacrylat® (TRIM with the

structural formula o 5 a-A efmcopol yners used with particul ar

pr ef er ence Idgaby,tchrgseetl laypd 2 pan-beiused eitherdndividuatiypotogehersinlvercirsaictthd atid 80class 1

Levanel t 43(801&1 %\égﬁ%*e%ab@ggg,z}evanelt(r) 456, Levanelt(r) 500,

Levanelt 6 eva Levanelt 700, Levanelt 800 and
Levanelt(r) 900 with 40 + 1.5% 45 + 1.5% 50 + 1.5% 60 1.5% by
wei ght of Vi ey beencfornsk that, spéprisihglYinlspiteed thdprehoed Y stalﬁﬁztem; AV ca&slha&ﬁg can

by 10wei gh got 2% of. Vv acet

i g concei vtggfiml¥%@£hg a bfiaebﬁléé% ks go 4P lrﬁ{%lroﬁrﬂgvhﬁ {ﬁ?.‘]yﬁsaf"erie%” 5 ketb-enol
anhyddi de m%mg BNy mmmEVMHoWa* M&RgreEV?ﬁe?ﬁdlbﬁmtto mylﬁ@ﬂapfom
to 40 part ot e

been f 8und%% atn i e adﬁgglfcéggn of © E‘%% I ee]?r{]én f?%gveé‘blsﬁ?veﬂ%?dﬂlp«gm(‘?ﬁﬁﬁhe
be i mprovedV lishD 20 14¢r04l657 GREHAERRY ir@&(ﬂﬁeif%}é' stﬂl Binetidnras mestzrzﬁlméttﬁh k6plete
of filns, ts&ﬁregloﬁtﬁglseo g%;c%lentrrfgs]f, etBé ﬁ%ct?v%torrrse thel s%re]%deifter %HEIUXK 1rrad1at10n for the UV

preparation of t
crosslinking,

10 It is therefore important firstly to use UV activators which are virtually consumed for the UV
crosslinking, and secondly to use UV stabilizers which still have their UV protection function after
the UV crosslinking.

Useful UV stabilizers are therefore all of those which have these properties.

In the case of the acid scavengers, it is possible to use polycarbodiimides (PCDs), in which case

15 preferably 0.05 to 5 phr, more preferably 0.05 to 2 phr and very preferably 0.5 to 0.75 phr is used.

Conventional ageing stabilizers, for example Naugard TNPP, can likewise be used. The amount for

use is 0.05 to 5 phr, preferably 0.5 to 2 phr and more preferably 0.5 to 1 phr.

The coagents are, for example,

triallyl isocyanurate or 1,3,5-triallyl-1,3,5-triazine-2,4,6(1H,3H,5F)-trione (TAIC) with the
20 structural formula:

O
\/\NJL

AN

O N

or

triallyl cyanurate, 2,4,6-triallyloxy-1,3,5-triazine (TAC), with the structural formula



2. the conpoundi ng of the polyners to give extrudabl e noul di ng
“materials aM@2110HE7Hr ocessi ng of the nol ding material s t oP@I/ER2010/061287
films and sl abs. 5" Conpounding” is underst®ed to nean the addition of
dyes, fillers, lubricants, processing aids, plasticizers, ageing
stabilizers, light stabilizers, flanme retard s, antistats, etc. to

the pol yner to produce processible polyners/fél astoners; this al so

i ncludes alloying (m xing, blending) with offher polyners or

recycl ates. For exanple, in the extruder,Qthe nolding material is

heated as pellets, powder, agglonerate or{ 10 m || base, m xed,

optionally degassed,. and then typicall uded at el evated
t enper at ures under pressure. Dependi ngpn the polyner, the hot
i i VJEQL/ a A4 1 ms or slabs of

extrudate is drawn off in theéigpnkgf

di fferent thickness, and calibrated.OThe Nxtr&iate~fhen runs through
a cooling zone, and is subsequently cut at the side and rolled up, or
stacked as slab material. Wth the inventive pellets, it is possible
to conmbine steps 1 and 2 in the filmproduction, and in this 15 way
to save costs and tinme. This is because it is conceivable that the

i nventive peimethyéolpropape trirestiororyirtr (TERIMY with thetsirveeral fommafla t hat t hey can
then be provided as a finished noulding material for the film
production. Adhesive filnms produced in this way have a high

weat hering stability. Mre particularly, the e edded solar cells are
protected fromcorrosion by barrier action st eam and oxygen.
20The prior art discloses a process for prepa i ng the useful

a-ol efin-vinyl acetate copolyners @Wth a V|nwE acetate content of ?..
40% by wei ght, based on the total gly of e a-ol efin-vinyl
acetate copol yner, which is performed by a |sol ution pol ynerization
process at a pressure of 100 to bar, prlefexably at a pressure of
100 to 400 bar, at tenperatures of to 15QC, generally using
free-radical initiators. 25Suitable preparati©®n processes are
described, for exanple, in EP-A 0 341 499, EP{A 0 510 478 and DE-A 38
25450. The a-olefin-vinyl acetate copol yner ] igh vinyl acetate
contents prepared by the solution polynerization process at a
pressure of 100 to 700 bar are notable especiall'y for | ow degrees of
branchi ng and hence | ow viscosities. In addition, they have a
randogl y honogeneous distribution 300of their units (a-olefin and
vinyl acetate). WD 2011/015579PCT/ EP2010/061287 - 10 - For the

production of }he inventive pellets, a conventional solution
pol ymer i zafi‘dfihCoRAbERCR ¥ ekith PBteRgiErene ysdke ctierceyinyltasetate copolymers

boi |'i ng pOlI_B‘Tranib‘it@tm EQJaﬁﬁHMSS hgwaﬁepmsbeﬁévah{aﬁﬂ 45@%&%51&m90d01e@£1ﬁe1t 600,

of the UV activator and of the silane cou feagent. The sélecti on

of the sui t-SARENLS0.JesTrmels 706 Lewmett Q0P gpd EP‘{j‘me . a%w; A6ry di Yl 4yt 1.6%es0 +
sol vent i s 1r5eq®eed1.5% by weight of vinyl acetate, 70 + 1.5% by weight of vinyl acetate, 80 + 2% by

10 weight of vinyl acetate or 90 + 2% by weight of vinyl acetate.

It is conceivable to use a blend of a-olefin copolymers and maleic anhydride grafted onto EVM
(MAHg-EVM). The MAHg-EVM content may be up to 40 parts by weight, based on the total
amount of the blend. It has been found that the adhesion of the elements for the solar module can

be improved.

15 A further invention relates to the use of the inventive pellets for production of an adhesive film, and

to an adhesive film for solar modules as such.



5 after the polynerization by evaporating under reduced pressure;

" this shoul Wa@P1HPKG7¢ enove t he additives added during the pooeppiliomd12s7
or workup, nanely the UV activators and si%ane coupling reagents. For
this reason, it is necessary that the boiling point of the solvent is
bel ow t he Botheiprgluganmif ilng, thrdeesadihl sfepsagay be mentioded| fahely addi ti ves
are to be added during the production, the selection of the solvent
shoul d 10l i;kewise hbe ki.ng_account of the boiling points of

t hese additi ves R0 r&gggﬂbﬁlﬁlyxﬁ%éy are not al so renoved. Preference
is given to using, as solvents, tert.-butanol, nethanol, benzene,

t ol uene, mét hy lthepompeanralingrof diealolymets tegivplannideléemﬁﬂémg nmekideRbd have
the I owest free-radical transfer tendency and can therefore be used

in the conti nu%gq &gggs&ﬂ%f ! E%H 151t is
| i kewi se conceiva '{?Je to pr ep%(?@h h%&?%lgg)rﬁ{?%% Sg“‘e lets in such a

way that the additives are added only after the pol ymerization or

af ter St he wepRpgmengt feundeisiopd éhmset theddition\of dyeshBiers, vlenivaits,nprocessing aids,
rel ates tophsG@led E&G’«J‘Lt&ﬁé& FibgS I AReAd e fil

formed from tshe [ n3ent| ve W 1%1% Dbk, ﬁ#]ﬁetre nve%’[ %L\?g{a%séb % toqhe B?lémer to
may be any P@P@Prmblepklmweta@tomm;s@sm linodyles ailoying (micting, Slsmdmgjl veith other
20sol ar nog rs%g.gec ntd oned below. In a preferred enbodi ment, the

i nventive so nodule 1s forned fromthe follow ng | ayers: i)a gl ass
substrate vvlth a front side and back side, the front side being the

si de faci ngor exaawie: iththesyriuden, theyaolding Elhfedalss)h%tedrmcmllas mwder, agglomerate or
trangpar entyRehee shiv&s, Bbﬁ&ﬂa%rﬁégaﬁg Ladd tﬂnﬁ t?ﬁggflgr ¢ b6l t%%l??ratures under

substrate; 25one or nore s e ad esive
iv) a furt ReFsus Msoprinemn thel helyinge thq hqmestppdmeesjdnavyntcﬁ@ngbeb garmo] fos example,

and V) a BiR &GlbYEr iB%Ek fthl%e@né}{dr%?ﬁbr%l:@s{ﬁe éﬁ%ﬁ{i}é ﬂ%&g nln? tﬁ:?f’%%%%gm% zone,

gl ass-glass | am nates, the sol ar cel elng e
t r anspar enendid ekspanenty quire, thesids and ollsfl up,ive stacked spedatemdteriadhesi ve fil ms
being forned at |east fromthe inventive adhesive film WO

2011/ 01557%%51%2@&%9%%811 is postble to &@nbaﬂévsﬁ‘egg | 4 SR ﬁ]ﬂpn;g%{hﬁ:twn and in this

preferably additionally has a connection socket and a con
ternitfal , ~ #A0 taFys COS“@/\/F\%UIF"@ This i hepaypelit dotameeivabiiuthet the inventiverpellets comprise

prefer abl Y céfipdthil BidiieR s0dH th& thdy@0Bthen be provided as a finished moulding material for the

film production.

Adbesive films produced in this way have a high weathering stability. More particularly, the

embedded solar cells are protected from corrosion by barrier action against steam and oxygen.

20 The prior art discloses a process for preparing the useful a-olefin-vinyl acetate copolymers with a
vinyl acetate content of > 40% by weight, based on the total weight of the a-olefin-vinyl acetate
copolymer, which is performed by a solution polymerization process at a pressure of 100 to
700 bar, preferably at a pressure of 100 to 400 bar, at temperatures of 50 to 150°C, generally using

free-radical initiators.

25 Suitable preparation processes are described, for example, in EP-A 0 341 499, EP-A 0 510 478 and
DE-A 38 25 450.

The c-olefin-vinyl acetate copolymers with high vinyl acetate contents prepared by the solution
polymerization process at a pressure of 100 to 700 bar are notable especially for low degrees of
branching and hence low viscosities. In addition, they have a randomly homogeneous distribution

30 of their units (a-olefin and vinyl acetate),



Sui tabl e gl ass substrates are gl ass panes, preference being given to

" using singlV¥OBANKOS4TRty glass 5 (ESG. Al gl ass subst r atREI/EPIDMI061287
to those skilled in the art are suitable,-18Rd "gl ass substrate"

herei nafter should al so be understood to nmean ot her transparent

subst r at es Fof the pedurtibm op teyipmenbivn atltets, Eheonvgiltiass sslutiet paltaatizatiar erocess as
may |ikew (e rf . Sui.t abl e n en -
adbesi ve.f 1T oaPar Rl B Bk WA PHe b E580 of 7 SRAL ol LBOREHH e boitn
et hyl ene- vippipts o ghetli{ ectivaipoingétis silamdogting eagdnt.one adhesi ve film
preferably both adhesive filns, are formed from 10 the inventive

adhesive fi T o ve, .Suitable solar cells

are all solﬁgggeé%mg Bﬂ%g\%ﬁtat{}%%@ﬁ%zg i}ﬁ,ﬂﬁ%@% Sﬁ%“ ttls%ecea? .m‘%ﬁ’i tﬁ%%qq‘éengglrgpoved
cel | s3are gftpr the polywktizstionhy evepomtingyendeh radkedd pyasure;ehis shdui net-alsor remove the
pol ycryst al_ | S I e I roh il.icon, ol .
crystalli nghdgl |S%glr%d; auj@%ltﬁs%rﬁg%dgﬁ%nuéﬁ ‘%?ﬁmséln(ggl © et% gk&?@aﬁv s ﬁlflia)n? coupling
I1-VI seni cegehis tior thotearoncie Isl recds@ualiT éhat thke [bsiling GhiBt aftthé solfeno pietow the boiling
i ndi um di Sgbﬁﬁio‘?%e%diﬁ{? per indium 15 disul phide) or CIGS cells :
(copper indiumgalliumdiselenide); organic solar cells, dye cells
(Gatzel cells) or sem conductor electrolyte cells (e.g. copper

wdde/ NaCl Shofutheroadditives efecto drecasideds dgringethe tpoodustiang thei deleciion afethk Solveit should
i s pggsi bl Emade tati il b 0 _thos i.lled

o {hgart Tpas Ol mliERBah oFl: it G831 IRt IR ghare ot
anor phous @lsp removed.crocrystal line cells or tandem solar cells, which

are fornmed, for exanple, froma conbination of polycrystalline 20and
anor phous LNoiagoit kol C ht ssibl e 1,0

Gse {nin.1 SparoieTgRas R, &okOie o Biol St bhuckl RIS Byfiph Socu
cel|'s, or g&hidielkyb|salphaxide} JThese folvgnts dewetite baietsireckmdieal diranifen teniiénciy sand can
possI bl € { Grcttigre bl Goth B i Slithous Bl of i {ﬂglna@z-aié{,ﬁ?y! acetate
copolynmers used are - in contrast to cop ners typically used in
solar cells - elastonmers and are therefore particularly suitable for

use 195 i nltip Ekgqwisceconesivablede pieare thednventivediVM psllets intsheh aafvayr thatesing adaiiiivels are
sol ar cel | §4R68nKI8W IS So1iRABG K 'ahﬁ-Qhé ‘igor!ﬂ%?ofqﬁet so*uEXR]g&?l{nérX.’ the

i nventive solar nodul e conprises a plurality of solar cefls, which

are connected electrically to one another, for exanple, by neans of

sol der st r pErther ipyentingelates o asoler modipp eerauiting et lsast bre adhegivsfdmdprmed from the
adhesi ve fidvaRkivedORy. t abl e processes for producing the solar cells

are known to those skilled in the art. In addition, the inventive

sol ar nmodul e conprises a protective |ayer applied to one of the

trans- par &Rt IYEHESsolar mpiwle mayhe apy eplercpedpde kngyarto ithpse slBedain| the art. Suitable
weat her i Ngsd1aSheh, b breRiRliSehibvigwl ayer which forns the reverse side
(reverse side lam nation) of the solar nodule. It is typically a

pol ymer WD 201%3/ 015579PCT/ EP2010/ 061287 - 12 - film especially a

pol ymer coMfoRFieaet smbpdimet, thedaysstive oy medule isdrmmsd (fipm the folipwirgddvges;

e.g. Tedlar(r) from DuPont, or polyester and glass. The connection

socket prefjer ablglisubaRed wittds irbhtNR! dnd bhdk Sd2ethe MOENGidMRiEhetid BRIk Soward
n_socket with a freewheeling di ode or

is, for exanple, a connecti
bypass di ode. é‘é‘bmfﬂi‘ee&\?’i’@gﬁlﬁdn%@lebypass 5di odes are required to
protect the solar nodul e when, for exanple, no current is supplied by

the sol ar itpdub Gaiparantia@isssive fibh apiisdi@hObacR sitiaw the gthdd sasbdhiei on, the
sol ar nmodul e preferably has a connection term nal which enabl es

conngg ti CmiiBf E)xt]eeorsﬁ%lrea golarlrggfglagplgeﬁ toa th%g. %Eivg 8&‘?," plant.

iv)  a further transparent adhesive film applied to the solar cells; and
v)  aprotective layer; or another glass substrate in the case of glass-glass laminates,
the solar cells being embedded into the transparent adhesive films,

and one of the transparent adhesive films being formed at least from the inventive adhesive film.



Finally, the solar nodule - when it is arigid solar nodule - in a

" preferred &¥BEAlWRIFS7has a frame, 10for exanpl e an al umi ni (RGTHERTGIDA61287
frame, to increase the stability of the sdllar nodul e. The i ndi vi dual

af orenenti oned el enents of the solar nodul e .and preferred enbodi nents

of these ellbpemtestiva eolicrnmodule preferabdie additidriakbyl haaa tcheneatidn. sobk@ and a connection

inventive 9! Al | roduced. .by. cust.omar r ocess known .t.0

t hose ski l Fe %%ﬁghgrt%h‘%ﬁﬁ?%ﬁg glstéla% e"d‘éSr‘r%%%%é’feﬁa?ﬁﬁéﬂéﬁﬁwm profile
cl eaned gl &@mesubstrate is first provided, to which the 15

transparent adhesive film preferably produced fromthe inventive

pellets, i Lied. i I t nent adhesjve filmis c

to size be Sﬁ%?%%lg%iség%&?{gﬁ%lf’&y E{S%égqgf’gé%&éﬁ%sbf race’™ &B%%ﬁ%?’?%e sf‘% glass
sol ar 5cel | §E8(fe Adoglitsi substdtes hmnevre ta thasesgkiltedrit tiadive sievsaittild, rnd Agidsst fuBtrate”
are generak], y: n f mean solder stri.ps.to form

i ndi vi dual Ihé%%“!‘qﬁgs %E@ﬂggﬁuﬁéﬁﬁ%g%ﬁé%- g%aﬁpg%?ro?réns P B fof rghme
i ndi vi dual pslyedrbeyetet Bheoiglassqubsttates” Encimbyelidwise pbésess e amaentd onfasock et

are usually 20 positioned and optionally soldered. Finally, the

L ner & SR Rl GRESIG b PUEKETAD o KO LB LA vy
is applied ace&!i%g@qlmﬁm yud at keest pnoaddetive/fand, pnefarabilysbotipgihtsdet filflhere formed from
appl ilﬁati O'Ehe%veBP& .dﬂggi%ifﬁﬂ?l;mjcﬁl?ﬂge%eé Sdefﬁgixi é?)‘(’)\‘@d by a lamnation of

the inventive sol ar nodule. e [am nation 15 effected by processes
known to those skilled in the art, for exanple under 25 reduced
pressure afuitable elanvegtlearetalinglar atlisr lopige thosamjilled k0Betag. 2G@G)e. soBeclls are
the T ansparont nuac sy, frbicker LR @ordihieR iy SR7 BE MagSpEoots
the gl ass $&mpsphous siligerd or heystplliog eidicon)eIlI-Nyemicosiisse gukncels, (Gahts cells); T-VI
connect i ongyge | leds Ny le is framed. . ..

I the. convent, aaa” pAR EHE Gt IO E Rl TodiBA B g Rt indiom
adhedpve i dispiphide)donCIGS gl Swpprr yinditmhgalliuna Ridkelenide)s lorgakiedsdldnedeiin | dye cells

by free-ragdigal ' j | to t rel at | sl ow :
crosslinl c?t_lr}fé o éegl ﬂg& rE\gﬂaﬁ’éﬁ‘?{"gg%‘ftf‘@ﬁ% g%ﬁe(g'?\/%,%l) ff"ﬂh‘;)t)adal dt‘:*}%ﬁx?hﬂt%?é‘g pypigrence is
about 20 t eiveDtontisingtsdiop eellsni dipossible WOnR G X123 557ABRETLERRD#A/16 GibaBskiHed in
13 - The ppR ' iV i .or produci.ng. sol ar. .
rodul oo, | uorie S RAAE ol g JR BB BBl B G el Phigrogpytatin
| east one CEhllsae tindern gelangells,arhi¢hems formad; foi ¢xamplechHorp lzicombinedupaofipolyeastalline
consihger ab d&mﬁﬁ e cycle tine, which leads to a cost saving.

The sﬁorteLrllllyng 0 Ot(aﬁgédgycl e tinme becones possible as a result of the
absence of the thernally induced peroxidic crosslinlcing. 5The

process acBoeddifign tte think-lisiey easils, ot 1 opospibledtec usry tlin-daykia celisp choheenirstor cells,
charact eri ggd;deRentiPatyvk ' ' UVoo. . :
irradiation. II'ﬁe_e OViftra ?rzztgﬂll %‘Erggi?ggélﬁ dr? SC§ Ogegéeeﬁg%eygilﬁﬁddrlrté?né %P ?SSlble to
such that uiseflexdhlesolaerells. The umlefinadnd dicétato mopelymero is@hml - in contrast to EVA
i nfluences ANREDLIETE .S rforned. direct

after the .cg)r?lly_rllnatl . A‘{s Sgﬂjlrngsgsﬂuaf)?%dst ﬁ%gtﬁ%]g{ﬁl%g& ?{rgQgﬁrérfgrg ﬁg lﬁﬁgﬁ% 1%1%%15 for use
and &he di ifflpxibdmsolagcellsoThe structys aftthé sfatanreniiged gjlarstidchrokddawmetb khost skilled in
t he W 100{h9%13.| inlcing. The duration of the irradiation is preferably
bet ween 10 and 600 seconds, nore preferably between 10 and 180

seconds. The production of the solar nodules is significantly

short ened Awiepllyethglinventyenendarimodule granpsistsl @ pluoliti sheies eell, thidhhare connected
rel ativel yeib@Rcg Ol idlled dort & ' | 0884 20 Qfiard

conventi on?al EVAS;adhesi ve e{"i ? mx%g%e"’ ?%r#p%&a%oﬁd?}e&%f ?ﬁ%&%ﬁé}ewe embedded
i rradiati olitq the pruspaeniiaiiesmpliimso 200C. This can be achi eved by

30 Suitable processes for producing the solar cells are known to those skilled in the art.

In addition, the inventive solar module comprises a protective layer applied to one of the trans-
parent adbesive films. The protective layer is generally a weathering-resistant protective layer

which forms the reverse side (reverse side lamination) of the solar module. t is typically a polymer



preferably using the nodules directly after the | am nation or during

"~ the WV crod¥0i2B11¢01$§7%9 but this prolongs the irradiation ti mET/EP2010/061287
correspondi ngly. However, it is also capeeivable first to preheat

t he nodul es and then to crosslink themby nmeans of the UV radiation.
However, tHili, especaliyi & alolyeneo rbypasite rfilinh €orl exginplRt foffiedC ABMAOSolRGy] fluoride, e.g.
per f or med %g&ill @eqcoé{%ulbo%{ Qre 1t hf ' irradiation for technical

reasons. It Shou & Mo HEFEM4RS: for the optimal crosslinlcing

of the nodules, the irradiation tine depends on the power of the W

radi at or, dhe tdnaedios seoketepréfetible eresdnh addifidnniaeinatiedniventict dole maBEbisefor afshple,

on the irrgdiati N en UV stabilizers ar ded, i houl d
addi ti onal ?S& oﬁ%écﬁ%hsﬁcg‘% Vg \g]eﬁ‘gh?ep?%gio ?%ﬁmaf‘ Oges ?d???é‘%%%mglﬁ’f tpypass
t hat Sher e diodessart fréquirethto fdtedtithhioldranodileewidyl, fob @fdpld) kb RGrrers INAPPBLINEY, the
of the WV |Jj js venged: by t UV stabilizers, as described
above. Homéd\’}%{}%lociu?eas?%%%ugo %a%oo“{sgriaog#‘gt'for the person skilled in the

art to find the optimal treatnent tinme directly by various test

series. Inryiditpmotbe sdlarauaiatedirefgrably hhdecdnnseeing tenninhlswhidtednables @nnection of the
suitable f i of, sol ar nmodul es 30both with the

i nventive g@ﬁi@@&%@?ﬁ%%&?%@h conventional EVA filnms as the

enbeddi ng nmaterial, these conprising at | east one UV activator and at

| east one $inakw theoalsr medule e atemit is a D] R0dr biddd k5 HOPEEERL EARYIRHHR B = frame,

14 - ydhe i j . h t t di
Lo 1A abous cemEut AR TR e IRt upliy oL B S RRRREL [Per

types of solar nodules are known to those skilled in the art.
Exanpl es albe individvat afdreglentinped) tlawentsrofithk eslar mbdubsang| meferratinehbodnents of these
casting regjfels : : modul es in conposite safety
filmtechnol an?%%ﬁ%@%ﬁ%@%@%&%%%%gm nd glass or as a 5flexible
coating, for exanple on copper ribbon, concentrator nodules in which
sunl i ght i Shewierive pelarmodus is pxdatdddy webmary pedcksestirovntid éhosd kil in the art.
optics, ang, Ll MR 65 EHCEnGRELLEL ent..Lnvention further ..
provi des t hegappér atus §8r pﬁbgun%fa% cl%ﬁ%droéﬁrr%d%ﬁseégg l\ﬁhr}lgr?:trprg‘g rit%é@’cg the
UV r &8l at ofransparent adipssive i, rreferakly prodoendifencihe inveNive adicts, Grappladi Talibatly, the
for the UVyglBssliakd ; ' Of i l.ns_ar,
enpl oyed. Particular Is%ﬁéé%l%éog%%és&?%e ? ﬁﬁlgﬂ%ﬁ% \éh)%tgjra}s%s bﬁ%at%isﬁgﬁegu?ﬂﬁ’ the
i nexpensi veolapetiadrnpostoned v ghe trersairestoddhesiven i, eangrtbejuatei generally connected
appar at us. pdgbrehsdGNGE] b1 I alre )
exi sting serr_irgut ONAt | %ﬁ%??% ﬁfl%;d/sq%%ttgga | %ldl%dagllqsgn%? g%f]fcsz qi“%‘ﬁg%/ﬂ%s connectors
addi t i onal Whichicenneet thiy/indigiiuak srings Thpse amother aekleaitotthetonacctios sdoketadiel usually
i ncopyeni egliied LhE bl f exi st apparatus nor the
install ati gé]m 150f “a cgrlrégﬁ g?esf’idgﬁ‘éwﬁ%%ly ;}g us, el\}\%aréﬁ?arr?‘%taﬁéwgve film, preferably
consi der ablikevweseamestvies fzom bé immentivebellatdyandteagreallyi cuto size before application, is applied.
Subsequently, the protective layer is applied.

The application of the individual layers is followed by a lamination of the inventive solar module,
The lamination is effected by processes known to those skilled in the art, for example under
25 reduced pressure and at elevated temperature (for example 100 to 200°C). The lamination achieves
the effect that the solar cells are embedded into the transparent adhesive films and are connected in
a fixed manner to the glass substrate and the protective layer. Subsequently, the connection socket

is generally positioned and the module is framed.

In the conventional lamination process, the known EVA melt-applied adhesive is melted with

30 supply of heat and crosslinked thermally by free-radical-forming peroxides. Owing to the relatively
slow crosslinking of the EVA melt-applied adhesive, the cycle times are about 20 to 30 minutes per
module.



regard to the tine and cost factor. The UV radiator is preferably

" mounted di rEeEPY/HGAASt ream of the | anmination apparatus, fRCT/BRICAMOE1287
a vacuum |l amnator. In this case, the alr-éddy heated sol ar nodul es

are supplied directly to the UV irradiation. The irradiation

t enper at ur dhe grechsssacdertiingdad they invéngion dori pradicing, solehinmidulies, i rihd case of the use of
20r ef | ect ed 44,43 | | Lhventi v ar.at u

her ef or e Sy EupEny BpRARaRARS oF Bk B UFEul Rl ot FofRRELAN, Ruling gogert,
i nvent i ve a&8hexsisiderably|shertearitt eickehinconwingh iéadntal a dEstisabingrEheabortening of the cycle
enbeddi n ' | S I ne,. WV i vator an t
Toact one STt aRe i BT RS HIER oPR i of iR BBy Mo REL kU B B Tnbe

I nventive solar nodul es are used for stationary and nobil e power

25genér at i die PIPpiscardrging fotherinvestiagefor prattedng  selarsmbdule johenctgizadtn that the
W_h' ch conprigesodie 5§ L:QNE U%&Ltﬁo\ﬁ.eﬁé)b@rirr@zgﬁh %fosélfﬁks\'\éﬂé gltﬂbédgfn material,
i ght energy fromthe Sun Is converted to electrical energy, an &t

| east one eéhebdhatithesplar el are protected fifiveenyiremnental inflwenves.on t her ef ore

provi des a sol ar power plant conprising at |east one inventive solar
30nmodul e.  MORH; : : = ~1orhs o .
convert the dir eﬁ&gﬁg %%%%ﬁ%%%ﬁ%%ﬁ&&%ﬂ% gTea{?ﬂu?%tg) Sll gg g ?%Xlt’ e module s
al t er nat i nglready rrseheatsd an dhesdiffpsiem rat oB theeV dctiviter isiddpwiied @piialli il the UV
that jgol ar .RRURKLiR! ants which conprise both direct current |oads and
alternating current | oads are used. The sol ar power plant may
additionally be an island system which has no (direct) connection to

a 5 power Té? Aeratiorref theyimediaiearie prafeedly hetwagenil8 laahe00sspenmdmniose pryfsrabll bepween
buf fered i nohak 186 k&IndS TRO gfo%(ctﬁ% QOF gﬁ {0 Rl el 14 ﬂ%ﬂﬁ&ﬂﬁ)ﬁ éﬁoﬁgﬁedt £€a result,
present application). Suitable island systens are own to those

ski | | ed i nsipeit gyrossiblp tedisenscorith thiveelativels longevasslinking tims duriye the lamination of a
gri d- coupl eghrh@LBEV A RaMvERIcase the sol ar power plant is connected

to an i ndependent power grid and the electrical energy is fed into

this power grid. In 10this case, the load is thus the pover grid.
SuitdBle g rT%EI tespspstuae dpningthe U ieradipticaip sreferrdnA0Cotot200%e Thisi dah be aghieved by

the art. Thesirmieai Qﬂleirﬁocﬂu}els H?é&l?faﬁ& thO 186LRbh op%?g U9 erMinking, but this

exanpl es. Fornul ation_exanple for the inventive p
prolongs the irradiation time correspondingly.

However, it is also conceivable first to preheat the modules and then to crosslink them by means of
the UV radiation. However, this is advisable only when the lamination cannot be performed

20 directly before the UV irradiation for technical reasons.

It should be noted here that, for the optimal crosslinking of the modules, the irradiation time
depends on the power of the UV radiator, on the distance between the UV radiator and the module,

and on the irradiation area.

When UV stabilizers are added, it should additionally be ensured that the irradiation time is
25 adjusted such that there is sufficient UV light for the UV crosslinking, since some of the UV light

is "scavenged" by the UV stabilizers, as described above.,

However, it should be possible for the person skilled in the art to find the optimal treatment time

directly by various test series.

The process according to the invention is therefore suitable for the production of solar modules
30 both with the inventive adhesive films and with conventional EVA films as the embedding

material, these comprising at least one UV activator and at least one silane coupling reagent.



100 phr of Levanelt 151.5 phr of benzophenone 1.5 phr of silane Tab.

-1 Strengt ZWOMPR)OBS7&i n (% Uni zradiated 6.4 1114 |rradi atRe/ER2080/061287
660 Tab. 1 shows the stress/strain behawildur of inventive pellets
before and after UV irradi ation. The 20 exposure setting of the

i rradi at ed Banpleativeslad mitwlet m&y ha?he ssautgt eonipordinghe de@bowinedtdied Eimples

10 MM the 2k Houl e for
duration Ol[brgfsé%%f?&&ﬁ thﬂl St ance it © %%W@%?%@OW tp Zhpse Sk?']él%l inghe art.
Tine (s = doewnnl) aM lminatyd] SIS g{avEmotilnley, rateats-glaesdmddules in casting resin technology,
glass-glass modules in composite safety film technology, thin-layer modules behind glass or as a
5 flexible coating, for example on copper ribbon, concentrator modules in which sunlight is

concentrated onto smaller solar cells with the aid of optics, and fluorescence collectors.

The present invention further provides the apparatus for producing solar modules, which comprises
a UV radiator,

In this context, commercial UV radiators suitable for the UV crosslinking of the pellets or adhesive

10 films are employed.

Particularly advantageous in this context is the simple and inexpensive upgrading of conventional
solar module production apparatus. It is conceivable additionally to equip an already existing
semiautomatic or fully automatic module production line additionally with a UV radiator. This
requires neither a costly and inconvenient modification of the existing apparatus nor the installation
15 of a completely new apparatus, which means a considerable economic and financial advantage with

regard to the time and cost factor.

The UV radiator is preferably mounted directly downstream of the lamination apparatus, for
instance a vacuum laminator. In this case, the already heated solar modules are supplied directly to
the UV irradiation. The irradiation temperature is thus defined by the lamination, which is in turn

20 reflected in a time and cost saving.

The inventive apparatus is therefore suitable for the production of solar modules both with the
inventive adhesive films and with conventional EVA films as the embedding material, these

comprising at least one UV activator and at least one silanc coupling reagent.

It is conceivable that the inventive solar modules are used for stationary and mobile power

25 generation.

Typically, power is generated in a solar power plant which comprises at least one inventive solar
module, in which the light energy from the sun is converted to electrical energy, and at least one

electrical load.

The present invention therefore provides a solar power plant comprising at least one inventive solar
30 module.

Suitable electrical loads depend on the type of the solar power plant. For example, the load may be

a direct current load or an alternating current load. When an alternating current load is connected, it
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~ shows an i W¥PEAEE0I5379 he Mooney viscosity as a function of RCEEP2010/061287
irradiation tinme of the Levapren 400 in t-é-case of addition of 1.0

phr of UV crosslinker, which is irradiated by nmeans of an Fe@kW WV

| anmp fr om Whidcessary tacativert thecliredfoutént obtainedfromtige d0\ir hmdides © Bitérnatihg current by

Benzopheno rﬁ?eagso Qf Qn leé'te;. I% isﬁﬂéw‘?ste rp%gs%lg th(alvspcﬁgr p]EJ%v'cl4 pl]a'.gfs %vh}c% c%m%i'i?e both direct

current loads and alternating current loads are used.

The solar power plant may additionally be an island system which has no (direct) connection to a
5 power grid. The power generated in an island system is typically buffered in batteries as energy

stores (loads in the context of the present application). Suitable island systems are known to those
skilled in the art.

In addition, the solar power plants may be grid-coupled plants, in which case the solar power plant
is connected to an independent power grid and the electrical energy is fed into this power grid. In

10 this case, the load is thus the power grid. Suitable grid-coupled plants are likewise known to those
skilled in the art.

The invention is illustrated in detail hereinafier by examples.

Formulation example for the inventive pellets:

100 phr of Levamelt

15 1.5 phr of benzophenone
1.5 phr of silane
Tab. 1

Strength (MPa) Strain (%)

Unirradiated | 6.4 1114

Irradiated 143 660

Tab. 1 shows the stress/strain behaviour of inventive pellets before and after UV irradiation. The
20 exposure setting of the irradiated sample was 3 minutes. The sample was preheated at 140°C for

10 min, then irradiated with an Fe@2kW UV lamp from Hénle for the duration of 3 min, with a
distance of 10 cm from the UV lamp.

Tab. 2

Time (s = second) ML1 + 4/100°C (ME)

Unirradiated 18




3.0 Strain (% 754 694 631 513 371 Tab. 3 shows the change in the

" tensile str¥PRObEAESTDUr with different anmounts of WV cr ossPETRRIO10/61287
the case or irradiation for 1 mn. by neari$-of an Fe@KkW WV | anp from
Hanle with a distance of 10 cmfromthe W lanp. 10 Tab. 4
Irradiation|tésre (s = secondd)3410 20 30 40 50 90 Sirength (MPa) 14.1
15.1 16.5

60s 38

90s 105

Tab. 2 shows an increase in the Mooney viscosity as a function of the irradiation time of the
Levapren 400 in the case of addition of 1.0 phr of UV crosslinker, which is irradiated by means of
an Fe@2kW UV lamp from Honle at a distance of 10 cm from the UV lamp.

5 Tab. 3
Benzophenone (phr) | 0.5 1 2 4 7
Strength (MPa) 154 | 148 |159 | 6.6 3.0
Strain (%) 754 694 631 513 371

Tab. 3 shows the change in the tensile strain behaviour with different amounts of UV crosslinker in

the case or irradiation for 1 min. by means of an Fe@2kW UV lamp from Hénle with a distance of
10 cm from the UV lamp.

10

Tab. 4

Irradiation time 10 20 30 40 50 90

(s = seconds)

Strength (MPa) 141 151 165 |173 |183 |19.5

Strain (%) 835 817 768 738 717 713

Tab. 4 shows the change in the tensile strain behaviour with different illamination times of the

composition from Tab. 2, with an Fe@2kW UV lamp from Hénle at a distance of 10 cm from the
15 UV lamp.



17.3 18.3 19.5 Strain (9% 835 817 768 738 717 713 Tab. 4 shows

" the change WA 20W058¥5i | e strain behaviour with different PCT/EP2010/061287
illumnation tines of the conposition freid’?¥ab. 2, with an Fe@kwW UV

| anp from Houl e at a distance of 10 cmfromthe 15UV | anp. WO

2011/ 015574RMSEP2010/ 061287 - 17 - Clains 1. Pellets of

a-ol efin-vinyl acetate copolynmers with a vinyl acet ate content of 2.

40% by wei ght, pbasest &&e@ﬁgﬁ%ﬁ&!ﬁte ognﬁarso\}l d# Ji(;vm %tzrate o ‘Eﬂt Dy 4 40% by weight,

acetate copol yner, as an e I Ng IS0
charact eri zed baset hathetthel weibhtef shemewipfﬁn-slayl wstataddpdlym@sas aatelﬂbedtﬁlhg material

one WV 5acti vatgr I eage

Pel | ets accor dl%% SO&P 8?6 g %@Laﬁﬁ%a eri zeggl OH%F ¢ ﬁlg &#{P‘éeé’ﬁt\}%ﬁsto?ne uv
is sePected fr@mvb@nmaaﬁwee Sll@nmubylhglemoqahenone

3, 4-di net hyl benzophenone, 3-net hyl benzophenone,

4,4 - bi s(dhet hylgani ag), %&%9“? - nfbciclidY A B%Y BEGOPRENARE 1% sctecidd from
s[2 (1 - prop enyl)pheno

enzophenone, 4- @mzeph@po@rﬁm)m@mmmé ydinghpiberrgphenort)3-methylbenzophenone,
o 0 enon UL, ¢ SRR stz
di anhyt hi de, 4pwpehilphetiordbénzbrhenone) benz@(ﬂmmdmno)hﬁﬂﬁgﬁgﬁiwne 4- (dlmethyl-
R e G L TR
benzophenone 3,34 4'-tetraca.rboxy11c dianhydride, 4,4™-bis(dimethylamino)benzophenone,

acetophenone, l-hydroxycyclohexyl phenyl ketone, 2,2-diethoxyacetophenone, 2,2-
dimethoxy-2-phenylacetophenone, 2-benzyl-2-(dimethylamino)-4'-
morpholinobutyrophenone, 2-hydroxy-2-methylpropiophenone, 2-hydroxy-4'-(2-

15 hydroxyethoxy)-2-methylpropiophenone, 3'-hydroxyacetophenone, 4’-ethoxyacetophenone,
4'-hydroxyacetophenone, 4'-phenoxyacetophenone, 4'-tert-butyl-2',6'-dimethylacetophenone,
2-methyl-4’~(methylthio)-2-morpholinopropiophenone, ~ diphenyl-(2,4,6-trimethylbenzoyl)-

phosphine oxide, phenylbis(2,4,6-trimethylbenzoyl)phosphine oxides, methylbenzoyl

formate, benzoin, 4,4'-dimethoxybenzoin, benzoin methyl ether, benzoin ethyl ether, benzoin

20 isopropyl ether, benzoin isobutyl ether, 4,4'-dimethylbenzil, hexachlorocyclopentadienes,

alone or in combination.

3. Pellets according to Claim 1, characterized in that the silane coupling reagent is selected
from  vinyltriethoxysilane,  vinyltrimethoxysilane, vinyltris(B-methoxyethoxy)silane,

(methacryloyloxymethyl)methyldimethoxysilane, methacryloyloxymethyltrimethoxysilane,

25 (methacryloyloxymethyl)methyidiethoxysilane, methacryloyloxymethyltriethoxysilane,
3-methacryloyloxypropyltrimethoxysilane, 3-methacryloyloxypropyltriethoxysilane,
3-methacryloyloxypropyltriacetoxysilane, methacryloyloxypropyltris-
(trimethylsiloxy)silane, vinyltriacetoxysilane, vinyldimethoxymethylsilane, alone or in
combination.

30 4, Pellets according to Claim 1, characterized in that the content of UV activator is between 0.1

phr and 10 phr, preferably between 0.1 phr and 3.0 phr, more preferably between 0.25 phr
and 2.5 phr, especially preferably between 0.5 phr and 2.0 phr,
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the silane coupling reagent is selected from
vi nyl eri et Hoxy Sidhesie, filingigd splai medesx yairiaing peliatsdctariliag fo3Claitsoxs et hoxy
) si | ane, (nethacryloyloxynethypnethyldlnethoxy5|lane
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%! ?%EQW)II yi)t{ﬁ@ lhl:t§l ording to Claims % EIN b %?’Iie B %lm/r pjepns of

25( et hacr yl oyl oxyme I et xyS|Iane ne
i et hoxysi | ane, aso ut10n polymenzatlon process at a pressure of 100 to 700 bar, characterized in that the

e [aseyl oVl g BBl bf BRGNS lob i e THRR YoMLY BERF BKAdoF o Ot e
3- nethacryloyl@%@@P@H&F&ﬁﬁﬁ@étoxy5|Iane met hacryl oyl oxypropyltris-
(trlnethyIS|ony)S|Iane vinyl triacetoxysilane,

vi nyligi met Roxy FRlcB | Sdot o clifAnse *ﬁd‘ma

according to C1a|n1f 0&1aracter|zg%hrﬁﬂ% at eE%%ﬁFeﬁgﬁgg%bvﬁgwmonmon
activator is between 0.1 phr and 10 phr, preferably between 0.1 phr

and 3.0 phd% rrcheeﬁﬁraé$<eﬁilag)lt<3/ Clséirn R shargsterigeg i thahthe ZoBenstis ferebapaml, ahétyanol,
preferably betygg b R Zeelitd g Iohoxi :
2011/ 015579PCT/ EP2010/ B P fecthi it gialkluiohonide, ng to daimi,

characterized in that the content of silane coupling reagent is
bet ween 0. 05 phFocesidormoedyping themeles spsprdingde (ains D 3, Whieh amadrepared phmeans of

nore preferably s@lﬁﬁ&ﬁﬁd?y@er%@ﬂdﬁ r@d?:gs & a5p1'951§m‘e %? @ﬁ?{oa’}doybglp rcﬁgr%ta?ex in that the

between 0.5 ph and 2.0 pell ets accor

the precedi ng Adifves aﬁeéﬁdeﬁ@gﬁ"&? P@mwzafemewﬁe tlh wcrrlmmftm@éwpxyeoimnn
for solar nodul es, conprising pellets according to Clains 1 -5. 8.
Process fonzpr Séiluﬁﬂa&ﬁlléébﬁlpﬂﬁh% 8ili8asP&R QAIHs R filrR adebRAid¥Bo ElaimF, Whi ch
are prepared by neans of a solution polynerization process at a

pressure of 108 to 700 b characterized in that the boiling point
of the sol vént FTo55f &&Pre wgtaﬁelabepthlw weiterized o thitrke solargeadnlpds ebjected to

and of the sil avenedistidn, he 2RSS Ak cobRisBE ACIRRS 0RO L&l ivaGr b a@iébt%&ﬂane
characterized in that the solvent is renoved by evaporation.

Process accor dFf§ ™28t m 9, characterized in that the soIvent is
tert-butanol, nethanol, benzene, toluene, nethyl acetate or diallcyl

sul phoxi del4. Process according to Claim 13, characterized in that the UV irradiation is preferably

bl

performed directly after the lamination.

15.  Process according to Claim 14, characterized in that the duration of irradiation is between 10

— 600 seconds, preferably between 10 and 180 seconds.

16.  Process according to Claim 15, characterized in that the irradiation temperature is preferably
25 50 —200°C.

17.  Process according to Claim 16 for producing a solar module according to Claim 12.
18.  Apparatus for producing a solar module, characterized in that it comprises a UV radiator.

19. Apparatus according to Claim 18, characterized in that the UV radiator is preferably

mounted directly downstream of the lamination apparatus.



11. Process for producing the pellets according to Cains 1 - 5,

" which are pvepatEAIYS neans of a sol ution polynerizati on prECEER2MBD/081287
pressure of 100 to 700 bar, characterizedipn that the 15additives are
added after the polynerization or after the worlcup of the solution

~ pol ymer 12.20Sol Agmpamms adoerdirgrep IClAinng f@tprddesiag 2 edle nsdiRSbo6Rdihd foM0laim 12.
according to Claim7. 13. Process for producing a sol ar nodul e,
characterizgd in,that the solar. nodule is subjected to UV _ .

i rradiati oflz,ei' t hsgﬂaéa%“éesr ipyaélt ) ) ?ﬁsg?nﬁgjOl&'im{"g‘zesatCC(Hhﬁg B8 1 at or
and at | east one silane coupling reagent. 2014. Process according to
Claim 13, characterized in that the UV irradiation is preferably
performed directly after the lam nation. 15. Process according to
Claim 14, characterized in that the duration of irradiation is

bet ween 10 - 600 seconds, preferably between 10 and 180 seconds.

16. Process according to Claim15, characterized in that the
irradiation tenperature is preferably 2550 - 200C. 17. Process
according to Claim16 for producing a solar nodule according to Caim
12. 18. Apparatus for producing a solar nodule, characterized in that
it conprises a WV radiator. 19. Apparatus according to C aim 18,
characterized in that the UV radiator is preferably nmounted directly
downstream of the | am nation apparatus. WO

2011/ 015579PCT/ EP2010/ 061287 - 19 - 20. Apparatus according to Caim
19 for producing a solar nodule according to Caim112 21. Solar power
pl ant conprising at |east one solar nodul e according to Caim12.



