1

- 1 - EVMpellets The present inwvention rglates to pellets of
a-olefin-vinyl acetate copolynmers with a vinyl acetate content of 40%
by wei ght, based on the total weight of the a-olefin-vinyl acetate

copol ymer, as 5an enbedding material for solar nodules, to the
production process therefor, to an adhesive filmand to a sol ar

nodul e, an&i@é_ﬁﬂ!@ﬁ production process and production apparatus

therefor. Wth the aid of solar nodul es which convert sunlight

direct !y t auehacl if@hidiNehY o ARl SIERAURASS:AE obthhd Bt bQn acetate
generate power. The nost inportant constituen of "solar nmodules 1§

sol ar cel | sont@tlo&=4fdy edgldr wsédr @ctbentdl yeigheo thma@dﬁtﬁdomyl acre&aesqopblmner, as
exarrpge on aQ%‘;nlbgdd S at:er k}l?f roslof%r %gul%s t %\0 pordgcsu%gt rcl)c@sstt (5 f%r tg an adhesive film
modul 8s t hérefore Have t ¢ M envI Fonment ar rn Fuences.

Si nce penetndtoiasglamobditle raed toa}ne god@tidnypradess dnd pradhaiohiapietdtmsehaéfot. he

solar cells and hence of the solar nodule as a result of corrosi on,

t he perman t r

par | cul ar oyt EPFAREHE QR GREEARI bR 1B BBl e nlgpLssources
cel | s nust atpentilipegiig aale@tﬁtpm@r tThe mesininpeytant @nsiitginnel sblansodiddsyis wilotls.

t he i nexpensi ve production of the solar nodules. A materi al

15f requent lgy; I r t

et hyl ene- V|S}r§>?r%§)glélfg g?ltgqgeogéqﬂg uSQJ fn E%?&g%ge%%l%e %ﬁp%r Sgﬁ Jﬂ% Th a%laersceus
t o arOessemtaselt fythe rsglnlspaqhéfmthqﬁféred@m tor beersteeiedh Eddiengiraratcatal mﬂpen_ces Since
which is f %?etr%{ gl?él%r Pa%r%‘éé?ﬁpﬁﬁgm ﬁlef]fﬁr:n ﬁi\é'sgfaﬁtcells' a%lat ﬁ&dof the solar
formed fro Ié{;mer conponent and a Cross | reagen e

pol ymer compdnle @At auesl od cororstbinnige w@mmc@@b@%@ﬁ' (@nsbep@eg)mfalhﬂ splar cells is of
et hyl ene-v 185

random 20elrD E‘yhgnes(? ?Cegggét)%l?t gﬁ%gg&] ‘%@‘EI’B %ugarterlrte q?lr om %%ﬁ&%’%ma P ! to the
of et hyl enemmgut a@%rwtammuglmendﬂe menmxpa@e@@@up@nus“ehb SR niodllm A Gifaterial
Al diijscl os i [

acet ate copof st R AlbrdR S LA SMPL S\ Ale S R cbbdbfers.
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EP 1 184 912 Al likewise relates to an embedding material for solar cells, which is formed from an
30 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 copolymers with contents of
more than 40% by weight of vinyl acetate flow readily and thus complicate the embedding process

of the solar cells. Furthermore, EVA copolymers with a vinyl acetate content of more than 40% by



5 with an organic peroxide, a silane coupling reagent and
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Convenfional embedding materials consist of ethylene-vinyl acetate copolymers, or EVA for short,
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
30 of air bubbles. Decomposition products of these peroxides penetrate into the vacuum pumps in the
conventional processes for producing photovoltaic modules, and as a result cause increased

maintenance. Failure to do this maintenance work would lead to failure of the pumps.
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The content of silane coupling reagent is between 0.05 phr and 10 phr, preferably 0.1 phr to
3.0 phr, more preferably 0.25 phr to 2.5 phr, especially preferably 0.5 phr to 2.0 phr.
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usef | k Afobbonalkgnyl or alkynyl, R =H aryl,
al kyﬁgryl %(Ietllggrl{rth %On%lmer ]II;O%/ ]Iywe or al koxy and R" = H, aryl,

al kyl , al I cylaryl, aI kenyl al I cynyl OH or al koxy. Further exanpl es
are al so 4Tge diopﬁehyﬂeﬁyxdﬁnwmf@ﬁwmxl pécté prpslyoferstised genbs all kfoommudlafins. The
6 - a-olefin is preferably selected from ethene, propene, butene, especially n-butene and i-butene,

pentene, hexene, especially 1-hexene, heptene and octene, especially 1-octene.

It is also possible to use higher homologues of the a~olefins mentioned as o-olefins in the o~olefin-
20 vinyl acetate copolymers. The c-olefins may additionally bear substituents, especially C,;-Cs-alkyl
radicals. However, the o-olefins preferably do not bear any further substituents. In addition, it is
possible to use mixtures of two or more different c-olefins in the c-olefin-vinyl acetate copolymers.
However, it is preferred not to use mixtures of different crolefins, Preferred w-olefins are ethene
and propene, particular preference being given to using ethene as the a-olefin in the e-clefin-vinyl

25 acetate copolymers.

The crolefin-vinyl acetate copolymer used with preference in the inventive pellets is therefore an

cthylene-vinyl acetate copolymer.

Particularly preferred ethylene-vinyl acetate copolymers have a vinyl acetate content of =40% by

weight to 90% by weight.

30 Typically, the ethylene-vinyl acetate copolymers with high vinyl acetate contents used with
preference are referred to as EVM copolymers, where the "M" in the abbreviation indicates the

saturated backbone of the methylene main chain of the EVM.



-where R = H, alkyl or alkoxy, and R = H or alkyl. These |ight
'stabilizers are assigned to class 1. _s. A further exanple of

light stabilizers is that of HALS reagents (Hlndered Am ne Li ght
Stabilizer th-the for | kox
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Useful W g%%ﬁilrgﬁ%ﬁlgégﬁ% g&%%%ﬁgégﬁﬁ'of t hose whi ch have these
properties. 10In the case of the acid scavengers, it is possible to

use pol ycaFbakr corivagionglpdbsyes, foningiaagHillerslighp ﬁteblbﬁéﬁiﬁspe@alw Gtabiliggs), acid
mor e pr ef exablyeQ. QRedif of aftiMe BHiUE Un B Glaggably 0.5 to 0.75 phr is
used. Conventional agel ng st %) 't zer's, for exanple Naugard TNPP, can

| i kewi se be used. The armount for use is 0.05 to 5 phr, preferably 0.5
to 2 phr akdamReeofbekisEbiisery noy be 2-Hydroplhenzogivaonss afbneenced Hrmylay
exanple, 15triallyl isocyanurate or
1,3,5-triallyl-1,3,5-triazine-2,4,6(1H 3H, 534) - tggyone (TAIC) with the

structural forrmula: O R
Rlll O RII O R1

15
where R= H, aryl, alkyl, alkenyl or alkynyl, R' = H, aryl, alkylaryl, alkyl, alkenyl, alkynyl, OH or
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
/N\
N
——
Rn N
20 R

may be useful, where R = H, alkyl, aryl, alkenyl or alkynyl, R' = H, aryl, alkylaryl, alkyl, alkenyl,
alkynyl, OH or alkoxy and R" = H, aryl, alkyl, alkylaryl, alkenyl, alkynyl, OH or alkoxy.

Further examples are also 4,6-diphenylhydroxyphenyltriazines of the general formula



NNZ , -

S mmeea- ",%--, ONO or triallyl cyanurate,

2,4, 6- al lyloxy-1,3,5-triazine (TAQ), vyiét_h the structural formula
0O NIN OONO - 8 - or Trinethylol propane trinethacrylate (TRIM
with the structural formula © O R’
R!
R N N OH
| ~
N
R’ R
where R = H, alky! or alkoxy, and R'= H or alkyl.
These light stabilizers are assigned to class 1.
A further example of light stabilizers is that of HALS reagents (Hindered Amine Light Stabilizer)
5 with the formulae:
ORI' R'II\N/RII'I
N
| N
R |
R
where R = H, alkyl, alkoxy. The tetramethylpiperidine units can be bridged to dimers or oligomers
viaR’; R and R*"’.
These are defined hereinafter as class 2.
10 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
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.
15 Ideally, classes 1 and 2 can be used either individually or together, in which case the ratio of class 1

to class 2 is preferably 3 : 2.

It has been found that, surprisingly, in spite of the presence of UV stabilizers, UV crosslinking can

be ensured. The UV stabilizers do display their protective function as a result of keto-enol



-5a-0A efin copolynmers used with particular preference are the

‘et hyl ene-vinyl acetate copol yners Levaneljfj) 400, Levanelt 450,
Levanelt 452, Levanelt(r) 456, Levanelt(r) 500, Levanelt 600,

Levanelt 686, Levangl.t 70 Levanelt 800 and Levanelt O.with 4
L5155 as apoprEREihe 6 bRUBNEL Sl ATt Y AR ek 00 oo fh) fom
1. 5% by weiagonaf theilfi lradipedralias en®d. TIRITY ytabizeghdifeofively ydvempt b avr@onnf the
90 2% by } of, . vi nvl acet at 101t .iS.CO i vabl e .a bl end

of aol of i 1 B Pt NiasB iabEh crosd ot 25 G AP RGP o b Veiiis i i
( MAHg- EVM) soldihenoliitig -l \dvhican ttba U Vraytiiaersu pre t spert Gafpa tlies UNy inadiatidit for the UV

based_on the tﬂ&ﬁl anount of the blend. It has been found that the

adhesi on ofﬂ?ﬂé efenents for the solar nodul e can be i nproved.
A further invention relates to the use of the inventive pellets for
product i onTiofs thevefacthiepoutant ffiritly) toarsd UNS koivatersadhiels areeviftadllgn conunsdlfar the UV

nodul es as h. . ln the uct i fo L) hn i.al steps..
oy bo. mentl ekt iR TRE R it e A1 IR% 870N koth Bfgon e
conpoundi nghedfV theslipplhgnmers t o gi ve extrudabl e noul ding materials and

3. the processing of the nolding nmaterials to give filnms and sl abs.

20" Compoung gy 17§ aHIRIEE §r§‘ﬂ%ﬁef{)r8 a{f%ﬁﬁloste%ﬁ&%‘é’imt{h@s@ fof L%?éE& fillers,
| ubricants, processing alrds, plasticlzers, agelng EUADI I'zers, |ight
stabilizers, flanme retardants, antistats, etc. to the polyner to

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

15 triallyl isocyanurate or 1,3,5-triallyl-1,3,5-triazine-2,4,6{1H,3H,5H)-trione (TAIC) with the

structural formula:

0
\/\N)LN/\/

O N/JQ}O

1

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

f
0
I“(g'\I
\/\OJ\N/ O/\/

or

20



.- 9 - produce processible polynmers/elastonmers; this also includes
alloying (mxing, blending) with other polynmers or recyclates. For
exanple, in the extruder, the nolding material is heated as pellets,
powder, ag Lonerate or nillbase m xed, optionally degassed, and then
typically extruded at el evated tenperatures under 5 pressure.
Dependi ng on the polyner, the hot extrudate is drawn off in the form
of , for exdmplethyldprbpape timetiaatyktedfTREV) Wit tha strgdhirdKoresiy, and
calibrated. The extrudate then 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 conbine steps
1 and 2 in the filmproduction, and in thi$ save costs and
time. This is because it is conceivable that The rrnventive pellets
conprise 10conpoundi ng additives, ch that tgey can then be provided
as a finished nmoulding material for\the film production. Adhesive
films produced in this way have a hfgh atlhering stability. Mre
particularly, the enbedded solar~cells are [protected from corrosion
by barrier action against steam and ‘oxygen.{ The prior art discloses a
process for preparing the useful a-olefin-vinyl acetate copol yners
with a 15 vinyl acetate content of .40% by i ght, based on the
total weight of the a-olefin-vinyl acetate r, whichis
performed by a solution polynerization process at a pressure of 100
to 700 bar, preferably at a pressure of 100 to 400 bar, at
tenperatures of 50 to 150C, generally using free-radical initiators.
Sui t abl e preparation processes are described, for exanple, in EP-A 0O
341 499, EP-A 0 510 478 and 20DE-A 38 25 450. The a-ol efin-vinyl
acetate copolyners wth high vinyl acetate contents prepared by the
sol ut Pon pOTSIRET conebingss b?fegc“é@sPaatm%ﬁrmr@“%rﬂﬁeear%ﬂhembylm -ViRYh apgite gpiolymers

not abl e espeenait Y10b oL eVamiit d@lrﬁé‘uﬁm@ﬁ 435 anchmee” assl Lh;eﬂﬁat@I 0, Levamelt 600,
viscosities. In_ addition, thei ave a random y honpgeneou

di stri buti bAVAE3E; evanelt L00; hevsmeHisqo anblorngl %’@*{1&1‘8& lé%“q:éﬁ e, S0+

product i on 18k téhe: 1 posest wgﬁn@lvh%t §oetaae 90 BVENY, 9 RAligh® OF WhlIORetate, 80 = 2% by
polynerlzatlon process as descri above is used, wherein the

boi 1 i ng poiistshbef inybasskfe s Lobi ‘delB}é of sl 2cfaE t he boi ling poi nts
of the W activator and of the silane coupling reagent. The selection

of the sui t@BlcenceRhMER udeSe BIEndIGT d-blefih BépoSin@h ldGRNGE anh@)dﬁaé:gfhﬁé@ otid18VM
solvent is renoved after the&Pﬁécggrlzatlon by evapor ati ng under
t %

reduced pr &4&dieeE VL e MAteEY P 3YehfoR: %Par@dwa%s tj based g dsfotal

during the apb@dee tHeMenal It WY Hed! Found HBILY allkSiok)¥r A6 kicHBhtO Fst (RGb1aS inlcAME can
coupling rgagents For this reason, it is necessary that the boiling

poi nt of tRETYIPYFEANt is bel ow t he b0|I|ng points of the additives. -
10 -

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

15 to an adhesive film for solar modules as such.

In the production of films, three essential steps may be mentioned, namely

1. the preparation of the polymers,
2. the compeounding of the polymers to give extrudable moulding materials and
3. the processing of the molding materials to give films and slabs.
20 "Compounding" is understood to mean the addition of dyes, fillers, lubricants, processing aids,

plasticizers, ageing stabilizers, light stabilizers, flame retardants, antistats, etc. to the polymer to



A f Iurther additives are to be added during the production, the
'selection of the solvent should |ikew se ke made taking account of

the boiling points of these additives, in order that they are not

al so renoved. Pr ef.erence. i iLven .1o _using,. as, solvents, . .
Fert. - but abiuesparnar oo g gsry SEom s b el iR E s Begndipe g oter
sul phoxi de polfheser sojoleest s have the | owest free-radical transfer
tendency and can therefore be used in the continuous process of

solution p i.zation. i i .S i I r e

ovent i ve BN BEPTats t e ¢ SR SRR e bR R el L ERBLCal Gy or
after the pollyasgmiizal opionelly dfgheed, tahd theo tkugsllp fextrivied sodlemaiediemperatures under
pol yngrs. A further inventi lates.to a sal.ar dul

Cormr 51 ng PP Repeuhs'oihe bV, ol ExligR L §afp 3E' G R of for examote
pel | ets. THidms onstehs ofubifealt drickmed dng catibyatise Tangxtmddtathempastheoulgh @ wopling zone,
t hose skill ed. i h r i tabl | ar I re nentioned bel ow.
o pr of erfei b Bkt « ARG Bl B BB R O e T r om
the follow ng | ayers: a glass substrate with a front

si de and ba&¥¢kh he theentivheelfetsoittis igde raionpineeps] el X ia¢henfgmtpoedcton] Bidhe this
sun in the fini . =X a [ Y I I :
o the back i arofh et EHITE et AR R ERka A ekl AR Lifprine
appl iléd t o cothpouading sddytevef,ishaly thatwheygarf thet heprovidedrs pdmeshtd mallidsg wmetefiallfonthe
applied toghe solar cells; and v) a protective |ayer; or another

gl ass substrate I n the case of gl ass-gl ass | am nates, 20the sol ar

cells being enbedded into the transparent adhesive filns, and one of

t he transpaydbesivealilims siroducéd imthihwindateor dridli witatlicdng stabitipmMdre particularly, the
i nventive I i T i i L3k . I

add 11 onal 1y opeed S e icl B 0t ook el iRE i R B g oxyeen
also - when it is arigid solar nodule - a frame, fpreferably an )

al um ni um ghepiiereart disgiases DBSeAst b Peepgfingsbe vighs vrodafimeving eceifitaepolyssesgvith a
pref ggence ol Bgd bafnt & Y5090y B T RANG BALERH WePhASSiné ES@hin-vAlyl scetat
gl ass SsubstTat es no.wnrfto thoseysg%g‘}’ea in tEe_oart c%Ilrle sd%tagl)ﬁg, lﬁjrllacetae
"gl ass subsepodireer, whickiinatfemed by epletiosopdhanagireimnsirerses aloa PEfrrorHAPO to
transpar entoSPRSILELES af § ProsEXATRbE 1 PRINGALONA Rured B30 1G136°€ 1ly usi
substrat es” ﬁer’_gﬁrrr_ay.ﬁl?iakeg/iege pOSsess a Struct ﬁérrearesurface. Shitable
t r anspar entreadhdics] ipdiatorst ns are a-ol efi n-vinyl acetate copol ymers,

especi al Iy ethylene-vinyl acetate copolyners, and at |east one

adhesi ve fighiRbiPbrefaehioR b ciflsAralie By Gorf dkhiiBle, iR ED_A @5ELbofl ERM ¢ 518 478 and
i nventive adhesive filns which have been defined above. Suitable

sol alcel | PEap883F#5&ol ar cells known to those skilled in the art.
Suitabl e solar cells are 5 silicon cells, which may be thick-Iayer
celI's (monghe @LoldIRALNB1 Wsdtat bpdByntedd Wih hh il RedtAY @6nt&Rd hiSpdr@ By RRQURtion
silicon or crystalline silicon); I1]-V sem conductor solar cell’s

(Ga- As cel Pglyimerizalion poests dohatrews olsi9Pdp 78 Pirsarg upiatde gwrtiglly, fogjay degrees of
cel I's (coppemciiffiddMeécSIBl QMtcE i) InGABMASH, theydiaWm %&Mﬁl?*ﬁbﬁl@%en@éus@'is@fbution
cells (copper indium Pal | i um di sel enide); organic solar cells, dye

cel I s (G attfBrir guifs|(@plefp avdyifdgpitieh or el ectrolyte cells (e.g. copper
oxi de/ NaCl solution); preference is

25 For the production of the inventive pellets, a conventional solution polymerization process as

described above is used, wherein the boiling point of the solvent should be less than the boiling

points of the UV activator and of the silane coupling reagent.

The selection of the suitable solvent is of particular significance. Typically, the solvent is removed
after the polymerization by evaporating under reduced pressure; this should not also remove the
30 additives added during the production or workup, namely the UV activators and silane coupling
reagents. For this reason, it is necessary that the boiling point of the solvent is below the boiling

points of the additives.



10 given to using silicon cells. It is possible to use all types of
silicon cells known to those skilled in tF& art, for exanple
nonocrystalline cells, polycrystalline cells, annrphous ceIIs

m crocryst e Lls or tand

exanpl e, f?gelfrﬁﬂgercoa% TNGTY rFOtH(E})ofaedfq)%)clsycr fst?‘aIpfolsdHcetwnh%'easfcrfl;)"(r?tl HoUs l%é?l“"“‘ should
I n addi ti onikévwoisd be wkdel talyieg accednk sf the boilisg pasts obthesetadditises, inhirder ltlay éey are not
cells, concentrat or cells, 15 electrochem cal dye solar cells,

organic soP&P "P8FS or fluorescent cells. In addition, it is possible
to use flexible solar cells. The a-ol efin-vinyl acetate copol yners

used are - Pirerferctmatisr gisdn b siEl/As copaity Mﬂ’-bumlthi oethdngl, herezeing, tohmod:,anethyl acetate
cel | Sg el aStdla spl ﬂg ':%‘hts%esrof\;egtlé Ghald a'ilteI l% I’flré/e-ra atI qrans delfllgye ahci1 can
flexiBle sofar 8%IP£ ructures of ‘the afof enenti oned sof af

cells are mnmﬁhebeu%hmemes&ﬂmh@mpunm$hémmnmnpa@mmpmuaiIy, the

inventive solar nodule conprises a plurality of solar cells, which

are connec t )

2 2 oML AE BRI f BEyRTRENRE o B AT B IR
adhesi ve f wﬂdvsl onSutﬂtlabft Ealpnﬁzrtzetgmex afieytheprakiupcdtitiee sohospdlanergel | s are
known to those skilled in the art. In addition, the inventive solar
modul e CO”EIfuﬁﬁéflﬂthHo%t %ﬁ&:& & &ﬁ)‘%mﬁ@?&ﬂ;ﬁfémﬁt NS o dfn&ﬁle%xﬂ?&msd £3m the
parent adhesive e protective er s gen ner al

weat HBr i ngiwrvestivetaliats. pr ot ecti ve | ayer which forns the reverse side
(reverse side lam nation) of the solar nodule. It is typically a

pol ynmer fi i I

From pol yviol Py e ofuib Ao BElanf URIFRAR. Lokt 1Rke SIS LRt SRor
gl ass. TheS@@Hﬁ@@kﬁéwrﬁm@weﬂbépeferably present additionally in the
inventive solar nodule is, for exanple, 30 a connection socket with

a free“heemiQﬁeﬂh&@&n&ﬁnﬂ%@Q&ﬁnﬂhﬁ@ﬁkaHﬁ%ﬁeEG&%%Q?&hhHQ&ﬂBwQ&E@&%

di odes are required to protect the solar nodule wh exanple, no
current is supplied by the solar nodul e as result of shadOM/or a

fault. - 12 - 2ehsaddpiatonith ¢ Fentsdfeand m@e {5 dioat sids Bringhe gide facing toward

conngstion ter menah intMd ShisiRAshhGsodarnnect i on of the solar nodule to a
sol ar power plant. Finally, the sol ar nodul e - mhen it isarigid

solar nodule - in a preferred enbodi ment has a frame, for exanple an
al umi ni um e? of m’frénswraﬁéidhttswe il pRpdigd torthpbagk sigy Pﬁ theelats sphsateo| ar
nodul e. 5The i ndivi dual aforenentioned el enents of the solar nodul e
and preferigd embadthdresils celis dppiesiac tkadmeisfimi:e known to those
skilled in the art. The inventive sol ar nDduIe i s produced by
customary processes known to tho the art, In general,
the correspdnd? qebtéﬁé?aéff“f 9dh8’f”ée EbapB{ ?ilstg tl?ﬁﬁlélf‘fﬁgf &g first

provi ded, to which the transparent adhesive film preferably produced
from the i Ryentipweecped bhgdrsor ahnchapkd @bstrakyiptteahdey glatyeglasl Gminates,

t ranspar ent adhesive filmis cut to size before application to the

gl ass,subs ubseguer e positioned on the

Pt andBar enteatRber B R RR s bAG el g te Tt ebnnect eq

bef orehand by neans of solder strips to formindividual strings.
Subsequent lyg orzrod §s-tpuspar st adhassivathilrohbetrgrinmed at least ol the idvealivesadhesigdilm.
to one another and lead to the connection socket are usually

posi ti oned 0, I I re

Banesi vo. Rtz dod AELEMTLRlony %y LiklRh LEAPARELBhection
pel | ets, atimgehendhlsy —cultentibissi ngd lselhomedupplai fezanel preferibdy appluingdum profile
Subsequent ly, .the protective layer is applied. The application of the

i ndi vi dual ﬁayers is followed by a |l am nation of the inventive sol ar

nmodul e.
25 Suitable glass substrates are glass panes, preference being given to using single-pane safety glass

(ESG). All glass substrates known to those skilled in the art are suitable, and "glass substrate"
hereinafter should also be understood to mean other transparent substrates, for example

polycarbonate. The "glass substrates" here may likewise possess a structured surface.



-The lam nation is effected by processes known to those skilled.in the
art, for exanple under reduced pressure apd_at el evated tenperature

(for exanple 100 to 200C). The | am nation achieves 20 the effect

that the s cel | e i e tr nt.a iyve filns.
and are. costutEEmfeat FuediPRiE e bBnl i 1o A0 R e B iy
pr ot ect i ve atedateropoBulsseendenichst on¢ fiheg enileg prieferebhomikieddhesvefémeraad foymed from
posi tioned ,and t he dul e-is fr d._ln. the conventional |am nation
process, tﬁ%lgﬁgaﬁ”g@fnﬁg??ﬁg%%ﬁﬁ%ﬁbgHHggpﬁg%Pginelted wi th supply of
heat and crosslinked thermally by free-radical-form ng peroxides.

Oni ng to teeitabdd salirnwslly aiz54dll soler celbslsiovnip nigpse fskitlére inENi arte Bitablsplolag dells are
adhesi;ve, e td I t 0 m - T
proceds acchedl ot yhiehany NeduRotith: S sfods F faHESRaREE IRV fin BV col
t he case of(amhdrphays eiliobn adheysteNige Filicerg; URYcsmiwnpicigesoht célba$i-Anellsly 11-VI
activator : (o] L h-Aan 0 [ nt iderahly,.
ahor t on t ho i ubE 3 0 SARREHER RN cB [ARE Mo A ERUP oF RO rdhun
of the cycldeulpbideirer KdGDmels frgpirbhdumsgaliune slisekenidé); tongan@bsoém eellnfdye cells
the thermal by, j e | di i.nking. . The pr ceor di :
to the i nvéér}l%élﬂgfr}g#g)r &psfg'géfgké‘!“g!é’p gﬁgstgcﬁ}gé C%égl"em}gercoﬁggg\%? 2?? %tgé’f’ipﬁer}geme s
t hat 10he sgivan tanmihg sflides celisblt ecpossible ¢o WY allrtyrsd ofisiliam. cellhigioly to those skilled in

irradiation c | i [ L&l hat. t sol ar .
cells are %%eof{”g? eelcli‘gpf&rﬁ (e)ﬁ}?’g%c\%ﬁagﬁ%e‘%ﬁsaE&&(ﬁ%tﬁgfﬁeﬁeﬁg .g’%{o@us- p@ﬁe&ﬂ%crymnme
i rradi at i orelissorpargéresalbt gellperifidr are dorohed, dart dxpmplet £om talvembmatianatfipolycryAslline
a result, ;s al ready preheated and the diffusion rate of

the W actitagg?ngsr)rg}?gsuggd}%ljsted optimally to the WV crosslinking. The
duration of the irradiation is preferably between 10 and 600 seconds,
mor e pref elabidgitibet e thick-18yet (cellndit 180pasaiblontbs useT anpayed welis, araneshtratbie cells,
sol a!’lgmdmeﬁgtrdcﬁerﬁfcg%g Eﬁ?r%hé{ ortdRE E&E&—ec%u §rfﬂ10¥e§§e'ﬂ][ %e:lls.% g&cﬁttulmt itlisspossible to
possi bl e to di spense th the'relatively Tong crosslinking tie

duri ng t he ubafiexibleisolar gfllsa Too nsadefin-omd | aceyia capidlpméry erséd hun - in confFime to EVA
t enper at ur ' b rradiatdon i - TR
can be. ach o Bg B el 8tk Bhl-OddublyEh LR thoerbid b yiag SIS use
| ami nat i on iroflexdble safay cellve Th\stmetors bf thk kioggmebiianed kiler cellQarp kioivwmrig thosdekilled in
irradiatiogtinme correspondingly. However, it is also conceivable

first to preheat the nodules and then to crosslink them by nmeans of

the UV radi ati on. However, this is advisable only when the | am nation
cannéf be pgepitglymid Wiantye bajarpuddyiecaninsis¢sTa/pluralidphsdlasreels whicdhcarn icerpected
reasons. : :

Cr sl piki f°eF DG o gl FRaRplert] Hitons DAL B TR pellsare ppodded
power of t o thy tiepgprnigdhesyn e di st ance between the UV radi ator and
the nmodul e, and on the irradiation area. Wien UV stabilizers are

added, it Sheihd,addct ko?Bﬁhha{n%%ﬂe &J?a%léélﬁ%rélt}f%ntt@ﬁoéefskﬁl@& %@h&&.“ me is

adj usted such that there is sutficient UV Iight tor the

crosslinking, since sonme of the UV light is 'scavenged by the U/
st abi | | zer $ adgitiofe Sheripysativeatstay anodpisreomauess a nreteaiys davgr mrplipd kspns) of theprans-

t _he R§rson p§1161.1t| .’!lcﬁgsi\irenﬁﬁﬁ%.e THE !pr(;té?:tit/é [hgert Qegeﬁaﬁlimlwéa{h%%ﬂgtaﬁtiﬂl’aective layer
directly by various test series. o o
which forms the reverse side (reverse side lamination) of the solar module. It is typically a polymer
film, especially a polymer composite film, for example formed from polyvinyl fluoride, e.g.

Tedlar® from DuPont, or polyester and glass.

The connection socket preferably present additionally in the inventive solar module is, for example,
30 a connection socket with a freewheeling diode or bypass diode. These freewheeling or bypass
diodes are required to protect the solar module when, for example, no current is supplied by the

solar module as a result of shadow or a fault.



-The‘ process according to the invention is therefore suitable for {he
‘production of solar nodules both with the %nventi ve adhesive filns

and with conventional EVA fil m; as t he entl) dding material, these
onpent . ST e 0GRS AN el oo Boim gl P SRRRALNGr e
cor respondlsﬂgrmaﬂuueheaablmqmmﬂplamned exanples or else a different
structure. Further types of solar nodules are known to those ski I I ed

in the art 'Fn%ﬁaqﬁ)e S M gulI amh@r?‘ tt(i!sda Igglg osIarQno%SI% qIPE(lj urI R dgm Sds it s-a, frame,
nmodul es i n-Cast’ FPELOHME o ST I 5 T8 PRE NP K 4 AL < % ate
safety fil rfmﬁeemhple)hmgymmﬁdm proﬁmfmmenmdudr@se thehamhty@fﬁlsSolalrmcamlea

flexi ble coating, for exanple on copper ribbon, concentrator npdules
Ialnde(;FCgpts :’tglslr%l?‘}ld af fﬁ%?ngeg gog%%gelggqf 8{-]{116 SO%EII’ mOC?U:I_C an%l Hrefelir% en%ao\é‘m%ents OQ%‘ICSC
commer ci al eldvientadicdnowstoghest slbllel ih dre arthe UV crosslinking of the

pellets or adhesive filnms are enployed. Particularly advantageous in
LS, Cont eshe kielie S Rh AN LA RSB ALL G Bl 1 HNELIAA s art
sol ar nodule duct Ion ap {Us 'S erv | tiona 0
equi p an allr ead:yal,ebhc spncsgonf-ﬁngs emeealbfocri@tlcd:gbsrs a‘ub$tta$c mﬁrsimabwdedmmjmh'eh the
production Thi equi re :

nei ther a (tzlj(%hStrﬂ?rmi?tq’lgdé Slivﬁg?ﬁ eni aB]? p%dgy | cgll{‘?%%{vg?dqgﬁguer&?ss%pﬁ% Typically, the
apparlft us rtr@nsparhm adhsshal fllatis ot t@ﬁlzabafmbldtceﬂiqn tndlw aqspamlatrats,smhmmtly, the
means a co bl.e c d a9e, 0
tho ti me andcadf e sPSRiRcR JEbabiR Rt ey REKER BERI) L, LERHS cbifcced
di rectly dovheshamlay wbanshod sblden stasi torfomp paividual strifigsr Submqunemiyt, ansecaanectors
\Slﬁggr:neljawéﬁ:tgt fmecpth% hﬂd%\i ﬁ}%§§nn%m8 oﬁé Er%%.%?{' Eﬂb(F%BCF%I %) %%%e@%%éc%%taﬁé gsually
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The process according to the invention for producing solar modules, in the case of the use of

adhesive films which comprise at least one UV activator and at least one silane coupling reagent,
can considerably shorten the cycle time, which leads to a cost saving. The shortening of the cycle

30 time becomes possible as a result of the absence of the thermally induced peroxidic crosslinking.

The process according to the invention for producing a solar module is characterized in that the
solar module is subjected to UV irradiation. The UV irradiation crosslinks the embedding material,

such that the solar cells are protected from environmental influences.



.30stores (loads in the context of the present application). Suitable.
‘island systens are known to those skilled;in the art. - 15 - In
addition, the solar power plants may be grid-coupled plants, in which
case the sqglar power .pl.ant .i s,conpnect t l,.ndependen 0 ri .
and the:or alF SRR Shlr Ry LEMRIRA B S LR SGRERRETAs PRYGL (lidture i
t he | oad i glrtdidypretested auk thegdiffasionSeatd abile gV i adticourpk edjupkdpptimaiyeto the UV
| i kew se kno h%? those skilled in the art. 5The invention is

i | lustrated TH d8fail hereinafter by exanpl es. Fornul ati on exanpl e

for the inventive pellets: 100 ph of Levanelt 1.5 phr of benzophenone
1.5 ph of gt dwetichQFale. irddiatSmrieprgfemb{y\feayeest ® andc00%pcdus, moadireferblyGetveen
.1114 rr ad'letaeccli 1%61' e?é 9 sQThc;r a%‘d :l‘iox%% e s;[oﬂt? SotdrlgéS 153/ ssit i @all bsel{g)%\éﬁe(auars a01fesult,
i nventive peIPets Before ant arter i TradicatTon. S qhe e posure

setting of sinbeitispoadblatedsmaeptith thas:laBvely hng essslifkiag sarpliengvwhs lamination of a

pr eheat ed %gnéép%dhgﬁA% M 5 hen irradiated with an Fe@kW UV | anp
from Wil e TOr the duration of 3 mn, with a

The temperature during the UV irradiation is preferably 50°C to 200°C. This can be achieved by
preferably using the modules directly after the lamination or during the UV crosslinking, but this

10 prolongs the irradiation time correspondingly.

Howeuver, 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

directly before the UV irradiation for technical reasons.

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

and on the irradiation area.

When UV stabilizers are added, it should additionally be ensured that the irradiation time is
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.

20 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
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.

25 The inventive solar modules may have a structure corresponding to the abovementioned examples
or else a different structure. Further types of solar modules are known to those skilled in the art.
Examples are laminated glass-glass modules, glass-glass modules in casting resin technology,
glass-glass modules in composite safety film technology, thin-layer modules behind glass or as a
flexible coating, for example on copper ribbon, concentrator modules in which sunlight is

30 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.
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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
5 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
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
10 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

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

15 comprising at least one UV activator and at least one silane coupling reagent.

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

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

20 electrical load.

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

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
25 is necessary to convert the direct current obtained from the solar modules to alternating current by
means of an inverter. It is likewise possible that solar power plants which comprise 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
power grid. The power generated in an island system is typically buffered in batteries as energy
30 stores (loads in the context of the present application). Suitable island systems are known to those

skilled in the art.
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(MPa) is connected to an independent power grid and the electrical energy is fed into this power grid. In

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

skilled in the art.
5 The invention is illustrated in detail hereinafter by examples.

Formulation example for the inventive pellets:

100 phr of Levamelt
1.5 phr of benzophenone
1.5 phr of silane

10 Tab. 1
Strength (MPa) Strain (%)
Unirradiated | 6.4 1114
Irradiated 14.3 660

Tab. 1 shows the stress/strain behaviour of inventive pellets before and after UV irradiation. The
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

15 distance of 10 ¢cm from the UV lamp.
Tab. 2
Time (s = second) ML1 + 4/100°C (ME)
Unirradiated 18
I0s 34
60s 88
90s 105
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10 Tab. 4

Irradiation time 10 20 30 40 50 90

(s = seconds)

Strength (MPa) 141 | 151 |165 |173 |183 |195

Strain (%) 835 | 817 | 768 |738 |717 | 713

Tab. 4 shows the change in the tensile strain behaviour with different illumination times of the
composition from Tab. 2, with an Fe@2kW UV lamp from Hénle at a distance of 10 cm from the
UV lamp.
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triacetoxysilane, vinyldimethoxymethylsilane, alone or in combination.

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

5. Pellets according to Claim 1, characterized in that the content of silane coupling reagent is
between 0.05 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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9. Process according to Claim 8, characterized in that the solvent is removed by evaporation.

10.  Process according to Claim 9, characterized in that the solvent is tert-butanol, methanol,

benzene, toluene, methyl acetate or dialkyl sulphoxide.

10 11.  Process for producing the pellets according to Claims 1 — 5, which are prepared by means of
a solution polymerization process at a pressure of 100 to 700 bar, characterized in that the

additives are added after the polymerization or afier the workup of the solution polymer.
12.  Solar module comprising at least one adhesive film according to Claim 7.

13.  Process for producing a solar module, characterized in that the solar module is subjected to
15 UYV irradiation, the adhesive film comprising at least one UV activator and at least one silane

coupling reagent.

14.  Process according to Claim 13, characterized in that the UV irradiation is preferably

performed directly after the lamination.

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

20 — 600 seconds, preferably between 10 and 180 seconds.

16. Process according to Claim 15, characterized in that the irradiation temperature is preferably
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.

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

mounted directly downstream of the lamination apparatus.
20.  Apparatus according to Claim 19 for producing a solar module according to Claim 12.

21.  Solar power plant comprising at least one solar module according to Claim 12.



