Production of solar cell nodules The present invention relates to the

pr oducip cell nodules, and palso to the corr pogossilagscel |
nmodul e‘s’m%&@é@%@% solar cell or phoftiovol taic cell i segzegiqectri cal

nmodul e whi ch converts the radiant energy in light, in particular that in
sunlight, directly into electrical energy. The physical basis of this
conversion is the photovoltaic effect, which is a specific instance of the
i nternal photoelectric effect. Figure 3 is a cross-sectional diagram

showi ng the fundanmental structure of a solar-cell nodule. 501 in Figure 3
i ndi cates a photovoltaic el ement, 502 indicates a fixing neans, 503

i ndi cates a pane, and 504 indicates a rear wall. Radiation from sunli ght

i npacts the |ight-sensigij fac f i c element 501 by
passi ng through the parfg}éafgﬂéﬂtﬁggﬂlépﬁg&m&&gg and is converted
into electrical energy. Qutput termnals (not shown) serve for output of
the resultant electricity. The photovol taic el enent cannot w thstand
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mat er i GPITESRPNHRY SpiasceHdRACUIRRi s i s achi eved by using a suitable fixing
nmeans to insert and | am nate the photovoltaic el enent between a transparent
weat heri ng-resi stant pane, e.g. a pane of glass, and a rear wall which has
excel | PRIOROARITur e resi stance and high electrical resistance. Materials
often used as fixing neans for solar cells are polyvinyl butyral and

et hyl ene-vinyl acetate copolyners (EVA). In particular, crosslinkable EVA
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| ong-term out door use, for exanple for a period of ten years, is

| i ght-i nduced and/ or heat-induced degradation of the fixing neans, |eading
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suitable material. In most instances, this is achieved by using a suitable fixing means
to insert and laminate the photovoltaic element between a transparent weathering-
resistant pane, e.g. a pane of glass, and a rear wall which has excellent moisture

resistance and high electrical resistance.

Materials often used as fixing means for solar cells are polyvinyl butyral and
ethylene-vinyl acetate copolymers (EVA). In particular, crosslinkable EVA
compositions exhibit excellent properties here, examples being good heat resistance,

high weathering resistance, high transparency and good cost-efficiency.



To solve the said problens, European Patent Application EP 1 065 731 A2
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. ethyl ene-net hacryl ate-acrylate terpol ynmer, an ethyl ene-acryl atenethacrylic

acid terpolyner, an ethyl ene-nethacryl ate-nmethacrylic acid terpolyner

and/ or an et hyl ene-net hacryl at e- mal ei ¢ anhydri de terpol yner. However,

solar-cell nodules of this type have restricted weathering resistance and

al so restricted effectiveness. The prior art also discloses inprovenent of

t he weat hering resistance of acrylic noul ding conpositions by use of
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The yellowing of the fixing means leads to a reduction in the utilizable proportion of
the incident light, with a consequent reduction in electrical power level. Secondly,
peeling from the photovoltaic element allows penetration of moisture, and this can
lead to corrosion of the photovoltaic element itself or of metallic parts in the solar-cell

module, and likewise reduces the power obtained from the solar-cell module.

Although the EVAs usually used are good fixing means per se, they are gradually
degraded by hydrolysis and/or pyrolysis. Over the course of time, acetic acid is
liberated by the action of heat or moisture. This leads to yellowing of the fixing
means, to a reduction in mechanical strength and to a reduction in the adhesion of
the fixing means. Furthermore, the acetic acid liberated acts as catalyst and further
accelerates degradation. A further problem arising is that the acetic acid corrodes the
photovoltaic element and/or other metal parts in the solar-cell module.

To solve the said problems, European Patent Application EP 1 065 731 A2 proposes
the use of a solar-cell module which encompasses a photovoltaic element and a
polymeric fixing means, where the polymeric fixing means is intended to comprise an
ethylene-acrylate-acrylic acid terpolymer, an ethylene-acrylate-maleic anhydride
terpolymer, an ethylene-methacrylate-acrylate terpolymer, an ethylene-acrylate-
methacrylic acid terpolymer, an ethylene-methacrylate-methacrylic acid terpolymer
and/or an ethylene-methacrylate-maleic anhydride terpolymer. However, solar-cell
modules of this type have restricted weathering resistance and also restricted

effectiveness.



a) an oxanilide conpound or 2,2,6,6-tetramethyl pi peridine conpound as

stabili ction from damage gaused by I|i ght,
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"~ not hi ng about the use of the conposition for the productl on of sol ar-cell
nodul es. JP 2005-298748 A provides noul di ngs conposed of a nethacrylic
-resin, and these preferably conprise 100 parts by wei ght of nethacrylic
resin, enconpassing frome60 to 100% by wei ght of nmethyl nmethacrylate units
and fromO to 40% by wei ght of other copolynmerizable vinyl nonomer units,
and from 0. 005-0. 15% by wei ght of 2-(2-
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out door use, in particular at high tenperature and/or high humdity. To
this end, methods were in parti&ylar Qought for achieving excellent
weat hering resistance, h eS| st e and maxi mum per meabl(i ity to
rp
ha

m
light, and al so m ni nrum r desirable features are

m ni mum | i beration of ce rosion, in particular of
aci ds, and maxi num adhesi to the vari ou ate elenments of a

sol ar-cell nodule. Use of a noul di ng conposi t| on with all of the features
of the upwdnelmth@moeeﬁescmbandReurbnmamndwuyancblmoeweloamwm@w achi eves
ot her ect (g 5 h}%%rgh not specifically nmentioned are obvious from
the cir l QR ajgN$-he introduction. The dependent clains that
refer back to CI aim1 describe particularly advantageous variants of the
invention. Protection is also provided for the correspondi ng sol ar-cel |l
nmodul eddowever, the publication reveals nothing about the use of the mouldings for the

production of solar-cell modules.

DE 38 38 480 A1 discloses methyl methacrylate polymers and methyl methacrylate

copolymers which respectively comprise

a) an oxanilide compound or 2,2,6,6-tetramethylpiperidine compound as stabilizer for
protection from damage caused by light, and

b) a flame-retardant organophosphorus compound.

However, the publication reveals nothing about the use of the composition for the

production of solar-cell modules.

JP 2005-298748 A provides mouldings composed of a methacrylic resin, and these
preferably comprise 100 parts by weight of methacryiic resin, encompassing from 60
to 100% by weight of methyl methacrylate units and from 0 to 40% by weight of other
copolymerizable vinyl monomer units, and from 0.005-0.15% by weight of 2-(2-
hydroxy-4-n-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine and/or
2-hydroxy-4-octyloxybenzophenone. The mouldings are intended to have a
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atons, for the production of solar-cell nodules, in particular for the
production of |ight concentrators for solar-cell nodules, is a successful,
. but not readily foreseeable, nethod of optimzing mtigation of any
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sol ar - P 8O'PECHY G , and their total output and their

ef fectiveness is increased. The procedure according to the invention in
particular gives the follown vant ages: Access is provided to a

sol ar - BRIE @RWTIQM%TH&NMTW| ng resistance, heat resistance and
noi sture resi stance. No peeling occurs, even when the nodule is exposed to
out door conditions for a | ong period. VEathering resi stance i s noreover

It is therefore an object of the present invention to provide possibilities for mitigating
the reduction in power from a solar cell during long-term outdoor use, in particular at
high temperature and/or high humidity. To this end, methods were in particular
sought for achieving excellent weathering resistance, maximum heat resistance and
maximum permeability to light, and also minimum water absorption. Other desirable
features are minimum liberation of substances that promote corrosion, in particular of
acids, and maximum adhesion to the various substrate elements of a solar-cell

module.

Use of a moulding composition with all of the features of the present Patent Claim 1
achieves the said objects, and also achieves other objécts which although not
specifically mentioned are obvious from the circumstances discussed in the
introduction. The dependent claims that refer back to Claim 1 describe particularly
advantageous variants of the invention. Protection is also provided for the

corresponding solar-cell modules.

Use of
a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)



I mproved, since no acid is liberated even at high tenperatures and high

hum di t ' e is no corrosion @f the photovoltal t ed by
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over a long period. Materials are noreover used whose weat hering

resi stance, heat resistance and noi sture resistance are excellent, and

whi ch have excellent perneability to light, and which permts the
production of very good sol ar-cell nodul es. DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a cross-sectional diagramof a preferred solar-cell nodule
according to the present invention. Figures 2a and 2b are cross-sectional

di agrans showi ng the fundanental structure of a photovoltaic el enent
preferably used in the solar-cel® nod@ e according to Figure 1, and,

respectively, a plan view of the N -sensitive area of the phot O\gﬂl taic
element. Figure 3 is a cyg sect/ on di of a conventional saol’ar
cell. Key Figure 1 m@o NH el OR?

in which the moieties R" and R? are independently an alkyl or cycloalkyl moiety
having from 1 to 20 carbon atoms, |
for the production of solar-cell modules, in particular for the production of light
concentrators for solar-cell modules,
is a successful, but not readily foreseeable, method of optimizing mitigation of any
reduction in the power from a solar cell during long-term outdoor use, in particular at
high temperature and/or high humidity. In particular, excellent weathering resistance,
very high heat resistance and very high permeability to light, and also very low water
absorption are achieved. Furthermore, even long-term outdoor use results in no
liberation of substances that promote corrosion, while the adhesion achieved to the

various substrate elements of a solar-cell module is very good.

This manner of achieving the object permits efficient utilization of “useful” light in the
visible wavelength range. At the same time, other wavelength ranges, in particular in
the UV region, which cannot be utilized to generate electricity, are effectively
absorbed. The said absorption increases the weathering resistance of the solar-cell
modules. The absorption moreover inhibits disadvantageous heating of the light
collectors, without a need to use cooling elements for the said purposes, and the
lifetime of the solar-cell modules is prolonged, and their total output and their

effectiveness is increased.

The procedure according to the invention in particular gives the following

advantages:

Access is provided to a solar-cell module with excellent weathering resistance, heat
resistance and moisture resistance. No peeling occurs, even when the module is

exposed to outdoor conditions for a long period. Weathering resistance is moreover



102Fi xi ng nmeans 103Pane 104Fi xi ng means 105Rear wall Figure 2a

201C0nd%?§§8§§?§§5at e 202Ref |l ecti ve bayer 203Phot OaCtﬁé‘ﬁEﬁ%ng}inﬂgor

| ayer 2 conductive | ayer

improved, since no acid is liberated even at high temperatures and high humidity.
Since there is no corrosion of the photovoltaic element caused by acid, a long-lasting

stable power level is maintained by the solar cell over a long period.

Materials are moreover used whose weathering resistance, heat resistance and
moisture resistance are excellent, and which have excellent permeability to light, and

which permits the production of very good solar-cell modules.
DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional diagram of a preferred solar-cell module according to

the present invention.

Figures 2a and 2b are cross-sectional diagrams showing the fundamental structure
of a photovoltaic element preferably used in the solar-cell module according to Figure
1, and, respectively, a plan view of the light-sensitive area of the photovoltaic

element.

Figure 3 is a cross-sectional diagram of a conventional solar cell.

Key
Figure 1
101 Photovoltaic element
102 Fixing means
103 Pane
104 Fixing means

105 Rear wall
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Figure 2a
201 Conductive substrate
202 Reflective layer
203 Photoactive semiconductor layer
204 Transparent conductive layer
205 Collector electrode
206a Crocodile clip
206b Crocodile clip
207 Conductive, adhesive paste
208 Conductive paste or tin solder
Figure 2b
201 Conductive substrate

202 Reflective layer

203 Photoactive semiconductor layer
204 Transparent conductive layer
205 Collector electrode

206a Crocodile clip
206b Crocodile clip

207 Conductive, adhesive pastes

Figure 3

501 Photovoltaic element
502 Fixing means

503 Pane

504 Rear wall
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DETAILED DESCRIPTION OF THE INVENTION
For the purposes of the present invention,

a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (l)

0) O
R OR

in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety
having from 1 to 20 carbon atoms,
are used for the production of solar-cell modules. In this context, these components
can be used together in one composition, e.g. as a mixture in a moulding
composition, thus using more than one component together in the production of a
common element, such as a moulding, of the solar-cell module. However, it is also
possible to use each of them separately for the production of different individual

elements of a solar-cell module.

The polyalkyl (meth)acrylate can be used alone or else in a mixture of a plurality of
different polyalkyl (meth)acrylates. The polyalkyl (meth)acrylate can moreover also

take the form of a copolymer.

For the purposes of the present invention, particular preference is given to homo-
and copolymers of C4-C4g-alkyl (meth)acrylates, advantageously of C4-Cp-alkyl
(meth)acrylates, in particular of C4-Cg4-alkyl (meth)acrylate polymers, and these can, if

appropriate, also comprise monomer units which differ therefrom.
The term (meth)acrylate here means not only methacrylate, e.g. methyl methacrylate,
ethyl methacrylate, etc., but also acrylate, e.g. methyl acrylate, ethyl acrylate, etc.,

and also mixtures composed of these two monomers.

It has proved particularly successful to use copolymers which contain from 70% by
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hexyl methacrylate, heptyl methacrylate, octyl methacrylate, isooctyl methacrylate,
and ethylhexyl methacrylate, nonyl methacrylate, decyl methacrylate, and also
cycloalkyl methacrylates, for example cyclohexyl methacrylate, isobornyl
methacrylate or ethylcyclohexyl methacrylate. Preferred C4-Cq¢-alkylacrylates
encompass methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, n-butyl
acrylate, isobutyl acrylate, tert-butyl acrylate, pentyl acrylate, hexyl acrylate, heptyl
acrylate, octyl acrylate, isooctyl acrylate, nonyl acrylate, decyl acrylate, and
ethylhexyl acrylate, and also cycloalkyl acrylates, for example cyclohexyl acrylate,

isobornyl acrylate or ethylcyclohexyl acrylate.

Very particularly preferred copolymers encompass from 80% by weight to 99% by
weight of methyl methacrylate (MMA) units and from 1% by weight to 20% by weight,
preferably from 1% by weight to 5% by weight, of C4-Cp-alkyl acrylate units, in
particular methyl acrylate units, ethyl acrylate units and/or butyl acrylate units. In this
context, it has proved particularly successful to use PLEXIGLAS® 7N polymethyl

methacrylate, obtainable from R6hm GmbH.

The polyalkyl (meth)acrylate can be produced by polymerization processes known
per se, and particular preference is given here to free-radical polymerization
processes, in particular bulk polymerization, solution polymerization, suspension
polymerization and emulsion polymerization processes. Initiators particularly suitable
for these purposes encompass in particular azo compounds, such as 2,2'-
azobis(isobutyronitrile) or 2,2'-azobis(2,4-dimethylvaleronitrile), redox systems, e.g.
the combination of tertiary amines with peroxides or sodium disulphite and
persulphates of potassium, sodium or ammonium, or preferably peroxides (in which
connection cf. for example H. Rauch-Puntigam, Th. Volker, "Acryl- und

Methacrylverbindungen" [Acrylic and methacrylic compounds], Springer, Heidelberg,
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vol . 1,t GQBBO@SBPI’ moyoanrgydurﬁéwth@pkesei@gg)f Meleauar-ueight rSQIﬂ"?F‘HﬁI arly

i tabl
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per oX odmeardpcbamtredodem mzerghpiaey; amemmtaaaelmrﬂ-ewmwthm|mamt ane.

is al so referred to carrﬁﬁﬁgt the p nerlza ion reaction

u5| ng aP ?ﬁtﬁgﬂ/? 'tet‘te\?’é‘? 'BEWC%I%/ £ BAYNH of the rolegulanrweightnt

hal f-1i W i r e

2, 2-bi Sl{e?glre?@vgu y peirl)gé?/mgljﬁg?]@ 0% tgy\he&“ﬁ;i (GJB(BITZI?] g{é#\ghg %rg;esrﬁ gl tfr%rproe;'lam of
free rddi Z%Iby weighhgnd Ipartmnlaraepm‘fertabb/ fromnyGBP%s bywieightitedes byweighid al so at

vari ous, po i zation tenperatures. The unt s used, 0 r| zation
B 4§ ackAoes & e o o G Bt g el oy el Rt UGER. on 't he
NONONErTHIVSIKES "AE,W# 11| Mlé?rﬁé&%/éﬁmnd rI"([AcI%B ah8 rRéihalcBfic@dimpounds],
continuously or el Se batchw se. After e polynerization reaction, the

pol ymerSprngsst b.le@tl)m 18§7 dfloaken-dey! omth@teép@ermrgawbbem @hemtﬁ
" enot haMBitneds Sridanis SaRRrEAT kRl cRa8T Bo bty HAFHTIREER ng ¢ he

nonomer19g1, mmmeeotﬁm& ErRytlbpbiR 6F CREMER %cﬁ@él@gylwl webahés leﬁt ors,
a partlcul ar exanpl e bei ng the mercaptans known for th Burpose

n- but yl II@VcM@WaYprkniQlw)eaywomwmrgaptaz- mﬂm@awﬁ@a brusedsasy | hexyl
t hi ogly, g tol tetrathioglycolate; the anbunts used of the
nol ecul@irgle%[ejraéwgg g%gé!ég?é generally being from 0.05% by wei ght to 5% by
wei ght, preferably fromO0.1 to 2% by weight and particularly preferably
fromO.2% by weight to 1% by wei ght, based on the nononer or nonomner

m xture (cf., for exanple, H Rauch-Puntigam



Th. Vol ker, "Acryl- und Methacryl verbi ndungen” [Acrylic and methacrylic
conpoun \ ' r., Heidel berg, 1967, Houben- Wyl
organisgﬁéﬁogﬁg#?gﬁﬁwbthods of organic1%henistry], Vbrﬁkgﬁ%%%98§g6@4§§

- Georg Thiene, Heidel berg, 1961, or Kirk-Q hmer, Encycl opedia of Chemi cal
Technol ogy, Vol. 1, pages 296ff, J. WIley, New York, 1978). n-Dodecyl
mercaptan is particularly preferably used as nol ecul ar-wei ght regul at or.

For the purposes of the present invention, at |east one conpound accordi ng
to fornmula (1) 00 ( NH HN

For the purposes of the present invention, at least one compound according to

0O O
O 5O
R OR

in which the moieties R" and R? are independently an alky! or cycloalkyl moiety

formula (1)

having from 1 to 20 carbon atoms, particularly preferably having from 1 to 8 carbon
atoms, is moreover used for the production of the solar-cell modules. The aliphatic
moieties are preferably linear or branched and can have substituents, examples

being halogen atoms.

Among the preferred alkyl groups are the methyl, ethyl, propyl, isopropyl, 1-butyl,
2-butyl, 2-methyipropyl, tert-butyl, pentyl, 2-methylbutyl, 1,1-dimethylpropyl, hexyl,
heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl, undecyl, dodecyl,

pentadecyl and eicosyl group.

Among the preferred cycloalkyl groups are the cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and cyclooctyl group, which optionally have branched or
unbranched alkyl groups as substituents.

Preference is given to the use of the compound of the formula (Il)

o 0
28
NH HN ().

CHs  HsC,0

This compound is available commercially from Clariant as ®Sanduvor VSU and from
Ciba Geigy as ®Tinuvin 312.

For the purposes of the present invention, it can sometimes be advantageous to add



in which the noieties Rl and R2 are independently an al kyl or cycl oal kyl

noi ety i to 20 carbon ato particul arly I vi_ng
from1 %gagg&g’%ﬁbﬁton& S m)reovern@sed for the pro?ﬁ%@@d@ﬁ

- solar-cell nodules. The aliphatic noieties are preferably linear or
branched and can have substituents, exanples being hal ogen atons. Anpbng the
preferred al kyl groups are the nethyl, ethyl, propyl, isopropyl, 1-butyl,
2-butyl, 2-methyl propyl, tert-butyl, pentyl, 2-nethylbutyl,

1, 1-di met hyl propyl, hexyl, heptyl, octyl, 1,1, 3, 3-tetranethyl butyl, nonyl,
1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl and eicosyl group. Anong the
preferred cycl oal groups are the cyclo cycl obutyl, cycl opentyl,

kyl ) 1 opr opyl /
cycl ohe&%"}arﬁﬁc‘f"ﬁﬁhéﬁ?vﬂ tatee poesosodiiad 'Qrtgﬁ @ﬂ Fietererga isgdiven io exemnal
branch br, A I S ' I apce 1. given to
o2 ReAEaHa SRR ke S5O SHR UV e pord YELPARE ol
additives for shielding from electromagnetic radiation, antistatic agents, mould-
release agents, dyes, pigments, adhesion promoters, weathering stabilizers,

plasticizers, fillers and the like.

For the purposes of one particularly preferred embodiment of the present invention,
at least one sterically hindered amine is used, giving a further improvement in
weathering resistance. A further reduction can be achieved in yellowing or
degradation of the materials when they are exposed to outdoor conditions for long

periods.

Particularly preferred sterically hindered amines include dimethyl succinate-1-(2-
hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperazine polycondensate, poly[{6-
(1,1,3,3-tetramethylbutyl)amino-1,3,5-triazine-2,4-diyl}{(2.2,6,6-tetramethyl-4-
piperidyl)imino}hexamethylene{(2,2,6,6-tetramethyl-4-piperidylJimino}], N,N'-bis(3-
aminopropyl)ethylenediamine-2,4-bis[N-butyl-N-(1,2,2,6,6-pentamethyl-4-
piperidyl)amino]-6-chloro-1 ,3,5-triazine condensate, bis(2,2,6,6-tetramethyl-4-
piperidyl) sebacate and bis(1,2,2,6,6-pentamethyl-4-piperidyl) 2-(3,5-di-tert-4-
hydroxybenzyl)-2-n-butylmalonate.

The use of silane adhesion promoters or of organic titanium compounds has
moreover proved particularly successful, giving a further improvement in adhesion on

inorganic materials.

Suitable silane adhesion promoters include vinyltrichlorosilane, vinyitris(B-
methoxyethoxy)silane, vinyltriethoxysilane, vinyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane, B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
y-glycidoxypropylmethyldiethoxysilane, N-B-(aminoethyl)-y-
aminopropyltrimethoxysilane, N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,

y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,



FI5C20 This conmpound is available comercially fromd ariant as Sanduvor
VSU and | I gy as &Tinuvin 31 auxiliaries Q the
person M%I@églﬁgﬁﬁe art. Preference f% gi ven to ext e\rlﬁnéjf-/é%m%

- antioxidants, flane retardants, further UV stabilizers, flow aids, netal
additives for shielding fromel ectromagnetic radiation, antistatic agents,
noul d-rel ease agents, dyes, pignents, adhesion pronoters, weathering
stabilizers, plasticizers, fillers and the |like. For the purposes of one
particularly preferred enbodi nent of the present invention, at |east one
sterically hindered amne is used, giving a further inprovenent in

weat hering resistance. A further reduct i on can be achieved in yell ow ng or
degr adaYine®rceap mﬁ@pﬂﬁmthamsﬂménama;nlﬁ@r@pé@mﬂiﬂmﬁth@xmaa@or condi ti ons
for long periods. Particularly preferred sterically hindered am nes include
di met hyl succi nate-1-(2-

hydr oxy&héayélptide byspartiyns oRthe, folyalkylgmesth)dopylater avad oftheotompowiensat e,

pol yR6- . C

(1,1, 3, 3c¢udingredaymylaiean Rqrinciple berfregly selestef.di y13 { (2. 2, 6, 6- t et ramet hy
| - 4- pi peridypi m no} hexanet hyl ene{ (2, 2, 6, 6-tetranet hyl - 4- pi peri dypi m no}],
N, N1- bi s( 3-

amni noprEbﬂoarehgdmrﬁdgamsiyepﬁesb{tbit@@éﬂhbuwy(hml\a tribubdifg @€ofrpositionnet hy 1- 4-

pi perid chl 3 5-tria J ne condensate

b oo oPal W%fr%rﬁ&rwﬁm@u 4% SPMBPEIoBSRRAMPa3ain each case based on

bi s(1, Zh%uﬁto%%’@ et hyl-4-piperidyl) 2-(3,5-di-tert-4-

hydr oxybenzy1l) - 2-n- but yl mal onate. The use of silane adhesion pronoters or

of or gaa) tromi 9Cki hmweghptm%@%%: byrwveigivieof nolyaliad (w@th)iacmlatelqncb uccessful,
2/ ane By GRDAYeRL RET ot ol BRI BERo BRRERT ferand tdYormula'ty. ' ©

vi nyl t r TRé Breddreyy %b@mw}&hltn@ fﬁterétuw |cTah' B (s8R ihddporate the compounds
vi nyl tri nmet hoxysi | ane, y-nethacryl oxyg yl trimet hoxysi |l ane,
Br

p- (3, 4- @Wwauﬁbatﬁbgywewqamtﬁ@ggt mmouldmg composmon examples

yN- %lg,y?' ﬁgﬁé@ﬁ%ﬁ@)ﬂ@iﬂ%’%%&h&?ﬁ@r h@ﬂm Arpggssing at a relatively high
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the starting materials for the production of the polymer, and they do not lose their
absorption capability even in the presence of other conventional light stabilizers and

heat stabilizers, oxidants and reducing agents and the like.

The softening point of a moulding composition which is particularly preferred for the
purposes of the present invention is not lower than 80°C (Vicat softening point VST
(ISO 306-B50)). It is therefore particularly suitable as fixing means for solar-cell
modules, since it does not exhibit any onset of creep even when the module is

exposed to high temperatures during use.

Other particularly advantageous moulding compositions are those having
comparatively high total light permeability and thus, particularly when the moulding
composition is used as fixing means in solar-cell modules, mitigate any reduction in
the power level of the solar cell that could be caused by optical loss in the fixing
means. Total permeability to light is preferably at least 90% over the wavelength

range from 400 nm to less than 500 nm. Total permeability to light is preferably at



The relative proportions of the polyalkyl (nmeth)acrylate and of the

conpou L o formula (1) canln principle be fr They
are ads&ﬁfg@‘g@ﬂgagoéresent t oget her wi't %hin a noul di ng E’Sﬁgﬁf?@ﬁ%@%ﬁgs
Particularly preferred noul ding conpositions enconpass, in each case based
on their total weight, a) from90% by weight to 99.999% by wei ght of

pol yal kyl (nmeth)acrylate and b) from 0.001% by wei ght to 0.03% by wei ght
of conpound according to forrmula (I). The processes known fromthe
literature can be used to incorporate the conpounds in such a way that they
are present toget her in a noulding conposition, exanples being mxing wth
the polyner prior to further processing at a relatjvely high tenperature,
addi t i dﬁa$t&qp heoveethe wavelgagbianes: frap it hessothans (Areaguted| ved

pol yner,,, P iate, be added to
the star ﬂP%ngn%gtJér%ﬁ L"%@Bgéﬁbt 5%’?%8@?‘?%@?@"1 ﬁgrl@rﬁ’%ﬁgp and they do not
| ose their absorptl on capability even in the presence of other conventi onal

| i ght sk%tahbg zers d heat stabll zers, oOxi dants and reducing agents and
the |i vﬁb g Gopmasitions thahara aF YantagRRissAE; thRsaMNORe; s

partic b%tb%{ F%I fdthRch soﬁoﬂmhﬁtooﬁﬂSQ)Rtée)\?/%rf]hﬁ.(T@%o%igr_ﬁ%%?waﬁﬁéé 8Mahy Not

| ower t cat softening poln Is therefore
parti cubdud:t}orslml thalgosverdevel¥ramg time aolar tell cansed by shbrtrirdultes, since it does
not exhibit any onset of creep even when the nodule is exposed to high
tenperatures during use. O her particularly advantageous noul di ng

COWPOS'I\?’Ib@lﬂ&g%cﬁnf;@éiﬁ@n@é&ﬂn’ibﬁsﬁ'@rfﬁérc%h'sﬁﬁu'e\‘nté"h%ﬂ&ﬁé@'aré bQHFchH?Fym?ab' ity

and thus, particula he~“rmoul di ng conposition is used as fixing
means isuitableaas tasltdmmgm&am fonsolagmeﬁ ram}uleedﬂmey are inpredver poeferablgvel of
i_xi ng nmeans.
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preferably at |east 80% over t vvave %th range from 500 nmto |ess than
1000 nrininimeuRsied, tus mchieying higbfiradieassdihere l§m@cmeeqoh@|teohmeneraﬁeoaﬁ Perki n

El mer) e | di ng conpositions that are advantageous are those
whose d?‘?@l éa(ttl%h&&eéqlggg'nce is from1l to 500 kO x cnR. This optinizes

avoi dance of any reducti on in the power level fromthe solar cell caused by
short circuits. Moul ding n*ﬁ05| tions conprising the constituents nmentioned
are parRarBwlafwdyamasspésag tw%r@@rﬁéahﬂwerwrp%%pf the presBall es. They

are nof fonpérgfc%rn%gq{nb'?é‘r%efso{}vhiéh fe%ﬁHFché?ﬁ' I@ WFo&{?Eit iﬁ“tﬂ\é”? g !1ght

concentrators hese “ate”co hen concen In a |gh|

effici epManenaln partiaiarineral Eghtahcndeni parallel toethetoptisabatis &/fdmgshd ahthe

irradi % There is no need here to generate an inage of the |ight source.
oca point.

Converging lenses can be biconvex (both sides being convex), planoconvex (1 side
planar, 1 side convex) or concave-convex (1 side concave, 1 side convex, the
convex side preferably having greater curvature than the concave side). Converging
lenses particularly preferred according to the invention encompass at least one
convex region, and planoconvex structures have proved very particularly

advantageous here.

For the purposes of one particularly preferred embodiment of the present invention,
the light concentrators have the structure of a Fresnel lens. This is an optical lens
which generally provides a reduction in weight and in volume because of the
construction principle used, and this is particularly effective in the case of large

lenses with short focal length.



Particul arly advantageous |ight concentrators for the purposes of the
present,,i i r.e converging | ense whi ch col |l ect j E%g t |ight and
focus W‘?ﬁ%ﬁhﬁ}@é pl ane. In particWfar here, |ight lﬂl‘ﬂﬂl 622109 3Bel to
- the optical axis is focused at the focal point. Converging | enses can be

bi convex (both sides being convex), planoconvex (1 side planar, 1 side
convex) or concave-convex (1 side concave, 1 side convex, the convex side
preferably having greater curvature than the concave side). Converging

| enses particularly preferred according to the invention enconpass at | east

one convex region, and planoconvex structures have proved very particularly
advant ageous here. For the purposes of one particul arla/_ preferred
i

enbodi mbRe redugtioa invelkme for Erasnehlensis achisyed dbrusht divisionsintpmarnulae
. 61 Sy :
o ovi el Ssts, THEliERRoos BY2duiol n bBof0r Y 568 o0 RS, 48 i ARG TS etdle o,

pri nci pt@mpases asedes of anhslapaohés.ubiace Yigef isaefrastedionly betheagafade dfahge
| enses with, short f The reduction in volune for a Fresnel |ens

| 1. h.
i s achi I@Oédthterﬁrlﬂﬁ%R?gﬁ%(ﬂcé'fe’g?&qpﬁﬂésé\%ﬁméherﬂé'@k'?ﬁ%s. butipnly RndRp&8s!e s reduced
i n eachp&lvdehthadivg sruﬁ%'gﬁ?%f ad08s. MR ie%'%sth{ertyé%v%fr%&é?ngﬂ 663?‘?&‘?94{156” es of

annul ar zones. Since I's refracted onl'y at the surface of°the |ens,

t he angalthaghrtberzacnedstrudeperinipairs imagetdualityhiOrenfirss phicutzamlyyprefertdte angl e
bet ween tBe I WO SL#rfaces ott.a Iﬁns. The é?,ns ‘]heref ore retains its focal

| engt h, *BPPABIGH 4 e Phmeat ivendenuser rpiatipsallyayyameinsal ignsestesing Ast

parti CUFI%lrsrél Shedterd wih .?é@lﬁéi‘t i tHe OptiddIaxRy' %@Ptfoédlsvl 9 Vﬁi‘rﬁé direction

rotationally symetrical l'enses using a Fresnel structure respect to

t he optonigla sirgle paify focus light in a single direction onto a single

poi nt. For the purposes of another particularly preferred enbodi nent of the
present invention, linear |lenses with Fresnel structure are used, and focus

light wérhthe @rg&é‘éﬁ@féﬂcﬂﬁ& pdrfiSulaily ErbfErRdOEmbB8infett ¥ ts€ bledgpgul € can in
ot her respects be a structure known per se. It preferably enconpasses at

| east dA¥EMIRGY dineat lenses withdrresnealostaratargeanesised, asdfoeus bght Within aatingle
bet vveeg)lgngane and a rear wall, where the pane and the rear wall have
advant @geously and respectively been secured by a fixing nmeans on the
photovoltaic el enent. The solar-cell nodule here, and in particular the

pane, the rear. wall and/or the fixing nmeans, advantageously enconpasses the
conmponeh& stidereetihedsaly-eell mpdulencamin eher respectslee patiusitug known per

(et h) nﬁ%ﬁ@ %%q r.di I I pur poses
of anot é?ﬁ @Iee%/raggr%@ul ar %gp%?é er ?’gg mé\g‘?l%g%E}ég?e'{théd\ﬁ?'ﬁgéﬁé&ﬁ%venti on,
t he solinserted Andiaminatehbetwesssa paag atd 4 eemtwal)evhdrettios pahaiandetherest . b)
at | east e li 8ht concentrator, whjch conprises at |east one pol yal kyl
(et h) %?'ER%Y%? va@njageously and respectively been secured by a fixing means on the
photovoltaic element. The solar-cell module here, and in particular the pane, the rear
wall and/or the fixing means, advantageously encompasses the components used
according to the invention, i.e. the polyalkyl (meth)acrylate and the compound

according to formula (I).

For the purposes of another very particularly preferred embodiment of the present

invention, the solar-cell module encompasses

a) at least one photovoltaic element,

b) at least one light concentrator, which comprises at least one polyalkyl
(meth)acrylate, and

c) at least one transparent pane, which comprises at least one compound according

to formula (1).



c) at |east one transparent pane, which conprises at |east one conpound

accor di (). One particuylarly advant ageo a

sol ar - cmbﬁéhm@bg descri bed bel ow, u\fﬁat h occasi onal @@F&%@@%@%&ur es
"1 to 2B. The solar-cell nodule according to the invention preferably
enconpasses a photovoltaic el enment 101, a pane 103, covering the frontal
side of the photovoltaic elenent 101, a first fixing neans 102 between the
phot ovol taic el enent 101 and the pane 103, a rear wall 105, covering the
reverse side 104 of the photovoltaic el ement 101, and a second fixing neans
104 between the photovoltaic el ement 101 and the rear wall 105 The

phot ovo talc el preferably enco sses hot pactive s duct or
Payer o 21y oeVaniBgecys Sruduie bt 4 Soiascel ImeRies i HesgIRR BRIN, of

l'i ght, @,mqloecéglagél%f@rghcg@glﬁ%gwpre er as a second el ectrode f or med

t hereon. The conductive subst erably enconpasses in this context
st ai nl ess steel, g|V|ng a further inprovement in the adhesion of the fixing

neans t.oht he sub c&.ﬁ SJI %)Oq%ht se SI ti @? bg’ of the hot ovol taic
el ement | ?ﬁ@%qe BASEPRYING Pée‘(%? 100 IEIST8AY YHIPREISTS opper and/ or
silver é‘ﬁot@@@ﬁénb tew?ﬁént M ot Y@, KobyetifBithe %hvél%ﬁd% MQ%M@J&fa@@I y

conprises at | east one conmpound according to fornula (I) preferably
br ought element §6it adirstfixing mieans dDQélﬁtweeeltleephotmoltmeelemht J%mndtthee

f f hot ' d
ol yal K 5+ SVl 100 Rs Sreheiss® Bbtepftiattng SRIGkTTAiT elefadound
accor di 1@ ,tghd 688 fikihg@héhns 104 befuRie M shdthdditaic bfénﬁ‘eﬁt' 140 aste ol ymer
filmis then arranged as outernost |ayer thereon. The first fixing neans

102 i s fear ¥eldletPS o protect the photovol taic el ement 101 from external
effects, by covering any unevenness of the |ight-sensitive surface of the
el emrent 101. It also serves to bond the pane 103 to the elenent 101. It is

t her ef oTige phbBVARGicteleMarnEpliifeiabWeaidieh pagsdses phbdactve bediicordiesiron and
hi gh heat
layer on a conductive substrate as a first electrode for conversion of light, and a

transparent conductive layer as a second electrode, formed thereon.

The conductive substrate preferably encompasses in this context stainless steel,

giving a further improvement in the adhesion of the fixing means to the substrate.

On the light-sensitive side of the photovoltaic element, there is preferably a collector
electrode comprising copper and/or silver as constituent, and a polyalkyl
(meth)acrylate which preferably comprises at least one compound according to

formula (1) is preferably brought into contact with the collector electrode.

The light-sensitive surface of the photovoltaic element is advantageously covered
with a polyalkyl (meth)acrylate which preferably comprises at least one compound
according to formula (I) and it is preferable that a thin fluoride polymer film is then

arranged as outermost layer thereon.

The first fixing means 102 is intended to protect the photovoltaic element 101 from
external effects, by covering any unevenness of the light-sensitive surface of the
element 101. It also serves to bond the pane 103 to the element 101. It is therefore

intended to have high weathering resistance, high adhesion and high heat



resistance, in addition to high transparency. It is noreover intended to

exhi bi t sorption and to liherate no acid.

t hese r@éﬁﬁbiﬁ%ﬁ@gsg is preferable ﬂgﬁuse, as first #ﬁ&ﬁﬁgshgéﬁ@gﬁgé

pol yal kyl (neth)acrylate whi ch preferably conprises at | east one conpound
according to formula (1). In order to mnimze the reduction in the anount
of light reaching the photovoltaic elenent 101, it is preferable that the
perneability of the first fixing means 102 to light in the visible

wavel ength range from 400 nmto 800 nmis at |east 80% and particularly
preferably at |east 90%in the wavel ength range from 400 nmto |ess than

500 nm (neasured with the aid of a Lanbda 19 spectrophotoneter from Perkin
El mer) . resistaneg, i gdditien de bigh Valh%@aranfﬁxeflmdﬂpm@ver]u&ndﬁd torexhibitiow o 2. 0,

advant ageQuShbaffl dnalte botaf® nd Aot AF6rdep RIS AR AR Wl O1°

i nci den romair (neasure e secon I XI'ng nmeans

used i rprremlebldm ymenas dirstt fixingp hnelame ok tpalyallejl émetit)adlaté whicte ptaferably

effects covering any unevenness on the reverse side of the el ement 101.
It al socogegv% ?Ueﬁg'da"% fRMpadRd garerdingsta fioriyia é)-emsnt 101. The second
fixing nmeans, like the first fixing neans, is therefore intended to have

hi gh meathering resi stance, high adhesion and high heat resistance. It is

t her ef olneordeefaamahhnzetﬂmtreduptlmym thel anhowttryfdighy keiatcxhxn/g"lihel*phmeﬁcﬂtam;)l y
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comnmpoun ularly suitable. Figures 2a and 2b show a
bl ock diagram of a preferred photovoltaic element. Figure 2a is a
cross-sectional diagrammatic view of a photovoltaic el enment, whereas Figure

2b i s allp ageenmixing means 104k t&eddnmfeebtpomoé@qi tae phetavoltaiselament 201201
Ir n thesg,d ér‘ﬁ%l LA &%t%%féo@e UL H § éfnatrh% ret8fsel 4 é%?@l’?esel@ment
efl ective ayer on evers |de

cates a photoac

sem conmuctipalsb ageves Rbridnithecabewall 1058toiparthentcwrdl]'d19 secdnalyfiding 205
i ndi cates a c&l@l ﬁCt or el ectrode,. 206a and q(}gb i ndi cate crocodile clips,
and 207M&aBs Atk tha dirstfbing Breans: isberefenedstansdeddehavedyiol wealhening past es.
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mat er i ghataMal Nséd FHAE FirstiidFdank e fRP8ame as that used for the second fixing
means. However, since the fransparency is optional, it is possible, if necessary, to
add a filler, e.g. an organic oxide, to the second fixing means, in order to achieve a
further improvement in weathering resistance and mechanical properties, or to add a

pigment in order to colour the fixing means.

The photovoltaic element 101 used preferably comprises known elements, in
particular monocrystalline silicon cells, multicrystalline silicon cells, amorphous silicon
and microcrystalline silicon, these also being used in thin-layer silicon cells. Copper-

indium-selenide compounds and semiconductor compounds are moreover



On the conductive substrate 201, there is preferably a netal |ayer

ever soll9 318R25ME ol | ayer pr et or atly encompasses TPCEPINASIRIHR g

and/or N, whereas the netal oxide |layer preferably conprises ZnO Ti Q2 and
Sn02. The netal |ayer and the netal oxide |ayer are advantageously forned
by gas-phase deposition, by heating, or by electron beamor by sputtering.
The phot oactive sem conductor |ayer 203 serves to carry out the
phot oel ectric conversion process. In this context, preferred materials are
mul ticrystalline silicon with pn transition, pin junction types conposed of
anor phous silicon in junction types conposed of mcrocrystalline silicon
and senP@@ﬁ@@ﬂV&N“@&@pounds, in particular CulnSe2, CulnS2, GaAs, CdS/ Cu2sS,
CdS/ CdTe, CdS/InP and CdTe/ Cu2Te. Particular preference is given here to
the use of pin junction types conposed of anorphous silicon. The preferred
et hod Bigupsso2ialeht @b sHovaabiotiodikigram of enprefrted plstolalysic eleraent Figureg of
nolten silicon to give a foil, or uses heat treatnent of anDrphous silicon
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whi ch has dope concentration o mpurities. It can be

f or med mdlcatscmcaddeclqwtan@@bpodQOBepdlsata mndtmpue tathasiye pastayong,

gas- phas ’EF POSItI n or diffusion of inpurities. Another aspect of the

phot ovofHUe lé?@ﬁé on which the transparent conductive |ayer 204 has been
formed is that sone degree of short circuit can arise between the
conductive substrate and the transparent, conductive |ayer, due to the
unevennthks codudiyessubistrate 201 tsae/eemmuneﬁeheas abbstr%te of #ita phetevoltaico

non-uni f,orm unct,ur,e of nmat | act i
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I'to 500 _kO x cnR, preferably from 10 to 500 ki) x cnR. The coll ector
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t he ste%g form ng aLﬁﬁéal n%?@$ggﬂg§éggggﬁP?%Aﬂ6€é grg %%%gﬁﬁzyer
and usibepmtoc byrsputteringnove superfluous portions of the f|In1 by a process
whi ch uses photochem cal gas-phase deposition to forma grid-el ectrode
pattern, by a process enconpassing the steps of producing a marked pattern
of the pHd Bh@ﬂo@%ilﬁé’gém'ndbr{&‘éﬁﬁir'lé(}ﬁ‘eerUH%eﬁﬂgsI% ééifr{/‘%ui ﬂfe PrRdtbeleRat surface,

by a process in which a conductive paste is ap { printing, or by a
pr ocesscanvergior progass Inhissontexst, mef@e'teddnetﬂrtal%a@mn tistystallive silicor past e.

The conduc e ste _used referably a nder r caonpr i Si. silver,
Sor - outE b YRRy pERslidn Bisdsrihdsdt LA STiko” BETHEISE 71 1o
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met hod arhofghouBGilidos. crocodlle C|IpS 206 on the conductlve substrate, a
metal body, e.g. a copper tag, is secured by spot welding or soldering on
the conductive substrate, while the crocodile clips are preferably secured
on the collector electrode by using a conductive paste or tin solder 207
and 208 to nmake an el ectrical connection between a netal body and the
col l ector el ectrode.



The photovoltaic el ements can be connected in series or in parallel, in

accord desired voltage or,_ current |evel. | r
curren?mﬁgg§Q6£§ﬁB§§so be controlled ﬂ@ i nt roduci ng thé%ﬁﬁépgb§&®§3638

el enments into an insulating substrate. The pane 103 in Figure 1 is intended
to have maxi mum weat hering resistance, maxinumdirt repellency and maxi num
mechani cal strength, since it is the outernost |ayer of the solar-cel
nodule. It is noreover intended to ensure that the solar-cell nodule is
reliable in |ong-term outdoor use. Panes suitable for use for the purposes
of the present invention include (reinforced) glass foils and fluoride
polymer films. The glass foil preferably used is a glass foil with high
perneability to light. Suitable fluoride polyner foils enconpass in

partic f vi nyl
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| enses can be bi convex, planoconvex or concave-convex. However, particul ar
preference is given to planoconvex structures. The pane noreover preferably
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type of treatment in detail. The said treatment adjusts the shunt resistance of the

photovoltaic element to from 1 to 500 kQ x cm?, preferably from 10 to 500 kQ x cm?.

The collector electrode (grid) can be formed on the transparent conductive layer 204.
It preferably takes the form of a grid, of a cone, or of a line or the like, in order to be
an effective electrical collector. Preferred examples of the material forming the
collector electrode 205 are Ti, Cr, Mo, W, Al, Ag, Ni, Cu, Sn, or a conductive paste,

which is termed silver paste.



For the purposes of one particularly preferred enbodi nent of the present

I nventign, .t re wal | enconpasses at_ |east one pol yﬂgﬁﬁ gmeth acryl ate
whi ch pﬁ\é@@pg&%@ﬁt her conprises at 4Qast one compou P

formula (1). There can be a supportive plate secured on the external
surface of the rear wall, in order to achieve a further inprovenment in the
nmechani cal strength of the solar-cell nodule or in order to inhibit

buckl ing and deflection of the rear wall caused by tenperature changes.
Particularly preferred rear walls are stainless-steel sheets, plastics
sheets, and FRP (fibre-reinforced plastics) sheets. There can al so be a

construction material secured on the rear pane. This type of sol ar-cel
nodul e can be produced in a manner known per se. However, a particularly

coveri nlBROIEHEE BOLIBb 2088 HhorBRtY forfiis By B Ry RebEH RIREEMIRICG e
the fixpagerneaysesisnesthicating, by gasiphtes aepaskion] by & progess éRcdrpassing OI I,

which is then secured therna Iy on the elenent. The fixing-neans foil
pr ef er athieystens obfreweg Banaistfilnt by gasdapesitionovesdhe gatirelayenangusing he

el ement Qﬂﬁ\gtott&ereme éc’]f?d udhis %&Qéﬂs %?ﬂ‘?eohlhqzdfg proc!é%st\m{:l%ls onsol i dation

process can b€ carrie NnowWn pr oc€ vacuumT am nati on
and rol bBotobhemmﬁl lgee-phapee:fwosbioyi tupﬁortrma@@ erecl’rbdbqtfatte&n(‘byl 4 procdss
particul ar h .t enper at ur sh re which permt effectiv tilization of the
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clai ms: ndaath2€ohth and plating the patterned surface, by a process in which a conductive
paste is applied by printing, or by a process in which metal wires are soldered onto a
printed conductive paste. The conductive paste used is preferably a binder polymer
comprising silver, gold, copper, nickel, carbon or the like dispersed in the form of a
fine powder. The binder polymer preferably includes polyester resins, ethoxy resins,
acrylic resins, alkyd resins, polyvinyl acetate resins, rubbers, urethane resins and/or

phenolic resins.

Finally, crocodile clips 206 are preferably secured on the conductive substrate 201 or
on the collector electrode 205, in order to tap the electromotive force. In a preferred
method of fixing the crocodile clips 206 on the conductive substrate, a metal body,
e.g. a copper tag, is secured by spot welding or soldering on the conductive
substrate, while the crocodile clips are preferably secured on the collector electrode
by using a conductive paste or tin solder 207 and 208 to make an electrical

connection between a metal body and the collector electrode.

The photovoltaic elements can be connected in series or in parallel, in accordance
with the desired voltage or current level. The voltage or current level can also be

controlled by introducing the photovoltaic elements into an insulating substrate.

The pane 103 in Figure 1 is intended to have maximum weathering resistance,
maximum dirt repellency and maximum mechanical strength, since it is the outermost
layer of the solar-cell module. It is moreover intended to ensure that the solar-cell

module is reliable in long-term outdoor use. Panes suitable for use for the purposes



a) at |east one polyal kyl (nmeth)acrylate and b) at |east one conpound

accor di (n in which the noieties Rl a r

[ ndepen@g%?m&@rﬁggbsw or cycl oal kyl i ety having fro%ﬁﬁﬁggg@%gﬁ
atonms, for the production of solar-cell nodules. 2. Use according to Caim
1, characterized in that the noul ding conposition conprises at |east one

~ Cl-C18-al kyl (nmeth)acryl ate honopol yner or Cl-Cl18-al kyl (neth)acryl ate
copolymer. 3. Use according to Claim?2, characterized in that the noul di ng
conposition conprises at | east one copol yner which enconpasses from 80% by
wei ght to 99% by wei ght of nethyl nmethacrylate units and from 1% by wei ght
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and/ or ehlYlacaG6) hAliErably LiSed is a glass foil with high permeability to light. Suitable
fluoride polymer foils encompass in particular ethylene tetrafluoride-ethylene
copolymer (ETFE), polyvinyl fluoride resin (PVF), polyvinylidene fluoride resin
(PVDF), tetrafluoroethylene resin (TFE), ethylene tetrafluoride-propylene
hexafluoride copolymer (FEP) and chlorotrifluoroethylene (CTFE). The polyvinylidene
fluoride resin is particularly suitable with regard to weathering resistance, while
ethylene tetrafluoride ethylene copolymer is particularly advantageods with regard to
combination of weathering resistance and mechanical strength. In order to improve
adhesion between the fluoride polymer foil and the fixing means, it is desirable to
subject the foil to a corona treatment or a plasma treatment. It is also preferable to

use stretched foils, in order to achieve a further improvement in mechanical strength.

For the purposes of one particularly preferred embodiment of the present invention,
the pane encompasses at least one polyalkyl (meth)acrylate which preferably further

comprises at least one compound according to formuia (1).

The pane is moreover preferably a light concentrator, which concentrates light with
high efficiency on the photovoltaic element, i.e. achieves high irradiance. Particular
preference is given to converging lenses which collect parallel incident light and

focus it within the focal plane. In particular here, light incident parallel to the optical

axis is focused at the focal point.

The converging lenses can be biconvex, planoconvex or concave-convex. However,
particular preference is given to planoconvex structures. The pane moreover
preferably has the structure of a Fresnel lens.

The rear wall 105 serves for electrical insulation between the photovoltaic element
101 and the environment, and for improving weathering resistance, and acts as
reinforcing material. It is preferably composed of a material which provides reliably
adequate electrical insulation properties, and which has excellent long-term stability

and which can withstand thermal expansion and thermal contraction, and which is



5. Use according to at |east one of the preceding clains, characterized in
that a rding to fornula ( I's used in whi I et R1
and R2 @E@BE@&&%@@SM ly an al kyl or | oal kyl noi ety Hﬂ(fﬁ%’?oﬁ?’@é@?o 8
carbon atons. 6. Use according to at |east one of the preceding clains,
characterized |n that a conmpound according to formula (1) is used in which
~the noieties Rl and R2 are a nethyl, ethyl, propyl, isopropyl, 1-butyl,
2-butyl, 2-nmethyl propyl, tert-butyl, pentyl, 2-nmethyl butyl,

1, 1-di met hyl propyl, hexyl, heptyl, octyl, 1,1, 3, 3-tetranethyl butyl, nonyl,
1-decyl, 2-decyl, undecyl, dodecyl pent adecyl or eicosyl group. 7. Use

according to at Ieast one of the precedl ng clainms, characterized in that a
conpouniieXlecMaterigls partigulanasyitable for fbese PH"RMﬁeéHmﬁ'H@e mylostfolls R1 and R2

are 2 cul oS orGyihaB YT rAL APt Berds iEyELRpepty! or
payotly ET ol A hlwin ISR

cycl ooctyf "group, o I'ona ranche groups as
subst i t nesidtanceBis d@ﬂammrlﬂlsrmegebablte tbgsetalome}lmh Ibrﬁnalédqmﬂ,;ml fluarids ,
characterized in that a co und according to formula (l1) c/o NH UN( I |
C2H5Hs dods, aluminium-coated PéT:P?ons or silicon-oxide-coated PET fo(lls %’he ﬁre (1)
resistance of the module can moreover be improved by using, as rear wall, a foil-

laminated, electroplated iron foil or a foil composed of stainless steel.

For the purposes of one particularly preferred embodiment of the present invention,
the rear wall encompasses at least one polyalkyl (meth)acrylate which preferably

further comprises at least one compound according to formula (I).

There can be a supportive plate secured on the external surface of the rear wall, in
order to achieve a further improvement in the mechanical strength of the solar-cell
module or in order to inhibit buckling and deflection of the rear wall caused by
temperature changes. Particularly preferred rear walls are stainless-steel sheets,
plastics sheets, and FRP (fibre-reinforced plastics) sheets. There can also be a

construction material secured on the rear pane.

This type of solar-cell module can be produced in a manner known per se. However,

a particularly advantageous procedure is described below.

A preferred procedure for covering the photovoltaic element with the fixing means
uses heat to melt the fixing means and extrudes this through a slot in order to form a
foil, which is then secured thermally on the element. The fixing-means foil is
preferably introduced between the element and the pane and between the element

and the rear wall, and then consolidated.

The thermal consolidation process can be carried out using known processes, e.g.

vacuum lamination and roller lamination.

The operating temperature of the solar-cell module according to the invention is



is used. 9. Sol ar-cell nodul e, enconpassi ng noul di ngs, conprising a) at

| east o I |._(meth)acrylate an ) at | east one _cog und accordi ng

to forréﬁﬁ%%@ﬂgsfdéﬁépﬁ whi ch the noi eti Rl and R2 are i%ﬂ%%r?@@ﬁ?%ﬁﬁﬁ

al kyl or cycloal kyl noiety having from1l to 20 carbon atons. 10. Sol ar-cel |
nmodul e according to Caim9, characterized in that the nmoulding is a |ight

concentrator. 11. Solar-cell nodule according to Cl aim 10, characterized in
that the noulding is a

preferably up to 80°C or higher, and it is in particular high temperatures here which
permit effective utilization of the heat-resistance effect of the materials according to

the invention.



converging lens. 12. Solar-cell nodule according to Claim 11, characterized
I n that erging | ens enconpasses, a convex regio -cell
nodul e @}ég%pg&bé"'?gbd aim 12, charact g"l zed in that gt h@%@%ﬁﬁ@bﬁ%%’ghs has
a pl anoconvex structure. 14. Solar-cell nodule according to Caim13,
characterized in that the converging lens is a Fresnel lens. 15. Sol ar-cell
nodul e according to at | east one of Clains 10 to 14, characterized in that
it noreover, enconpasses a photovoltaic elenent. 16. Sol ar-cell nodul e,

enconpassi ng a) at |east one photovoltaic el enent b) at |east one
converging |l ens, which conprises at |east one polyal kyl (meth)acrylate, and

Patent claims:
1. Use of
a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)

0] @)
O 5O
R OR

in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety
having from 1 to 20 carbon atoms,

for the production of solar-cell modules.

2. Use according to Claim 1, characterized in that the moulding composition
comprises at least one C4-Cqg-alkyl (meth)acrylate homopolymer or C4-C4g-alkyl

(meth)acrylate copolymer.

3. Use according to Claim 2, characterized in that the moulding composition
comprises at least one copolymer which encompasses from 80% by weight to
99% by weight of methyl methacrylate units and from 1% by weight to 20% by
weight of C4-C4p-alkyl acrylate units.

4. Use according to Claim 3, characterized in that the copolymer encompasses

methyl acrylate units and/or ethyl acrylate units.

5. Use according to at least one of the preceding claims, characterized in that a
compound according to formula (1) is used in which the moieties R'and R? are _

independently an alkyl or cycloalkyl moiety having from 1 to 8 carbon atoms.

6. Use according to at least one of the preceding claims, characterized in that a
compound according to formula (I) is used in which the moieties R'and R? are a

methyl, ethyl, propyl, isopropyl, 1-butyl, 2-butyl, 2-methylpropyl, tert-butyl, pentyl,



c) at |least one transparent pane, which conprises at |east one conpound
accor di t rmula (1) in which the noieties Rl a r
[ ndepen@&ﬂ?ﬁQB&?@pgyl or cycl oal kyl ety having fro%%lﬁ%gagggwgﬁ

at ons.

2-methylbutyl, 1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl,

nonyl, 1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl or eicosyl group.

7. Use according to at least one of the preceding claims, characterized in that a
compound according to formula (1) is used in which the moieties R' and R? are a
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl group,
optionally having branched or unbranched alkyl groups as substituents.

8. Use according to at least one of the preceding claims, characterized in that a

compound according to formula (l1)

6] 0]
NH HN@ 0

C,H;s HsC,0
is used.
9. Solar-cell module, encompassing mouldings, comprising

a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)

0] O
OO
R OR

in which the moieties R' and R? are independently an alky! or cycloalkyl moiety

having from 1 to 20 carbon atoms.

10. Solar-cell module according to Claim 9, characterized in that the moulding is a

light concentrator.

11. Solar-cell module according to Claim 10, characterized in that the moulding is a
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12.

13.

14.

15.

16.

converging lens.

Solar-cell module according to Claim 11, characterized in that the converging

lens encompasses a convex region.

Solar-cell module according to Claim 12, characterized in that the converging

lens has a planoconvex structure.

Solar-cell module according to Claim 13, characterized in that the converging

lens is a Fresnel lens.

Solar-cell module according to at least one of Claims 10 to 14, characterized in

that it moreover, encompasses a photovoltaic element.

Solar-cell module, encompassing

a) at least one photovoltaic element

b) at least one converging lens, which comprises at least one polyalkyl
(meth)acrylate,
and

c) at least one transparent pane, which comprises at least one compound

according to formula (1)
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in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety

having from 1 to 20 carbon atoms.



