1 Use of polyam de as an encapsul ating material for photovoltaic nodul es
The invention relates to the use of polyam de as an 5 encapsul ati ng
material for photovol tai c nmodul es. PhotoVol taic modul es are used to
generate electrical power. 1In this case, part of the structure of
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weathering resistance, the PET film in the core guarantees the
mechanical stability and the electrical insulation and another
20 fluoropolymer layer on the inside guarantees the connection to the

embedding material of the solar cells.

With these materials it 1is found that the adhesion to the
embedding material, e.g. ethylvinyl acetate (EyA) is low.
Furthermore, relatively thick composites are required to ensure

25 the desired electrical insulation. This is attributable on the one
hand to the low insulating capacity of fluoropolymer layers and on
the other hand, to the adhesive layers used as standard between
the films. The smallest irregularities or inclusions in the
adhesive layers have the result that high currents flow in a

30 punctiform manner. This phenomenon must be counteracted by a

larger thickness of the PET film in the core as a precaution.
The present invention wishes to remedy this.
The use of polyamide as an encapsulating material for the

production of photovoltaic modules is provided according to the

35 invention.
The use of polyamide is advantageously effected as a film or
as a film composite containing polyamide (PA). The advantageous

use of a plastic composite 1s further proposed, said composite



use of a plastic conposite is further proposed, said conposite 2
conprising a carrier material selected fromthe group of polyethylene
terepht hal ate (PET) , polyethyl ene napht%eﬁat e (PEN) or ethylene
tetrafl uoroet hyl ene copol yner (ETFE), as well as pol yam de-12 | ayers
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20 saved,

Special standards relating to flame retardancy can be used
for photovoltaic modules, in particular when mounted on roofs and
integrated in buildings. Detailed explanations on this can be
found in the standards of the Underwriter Laboratories UL94 and

25 UL7920. 1In order to be able to 1likewise wuse the advantages
according to the invention of polyamide under these conditions, it
is necessary to proddce a composite with a fluoropolymer layer as
a flame-retardant layer on the outside. Special applications can
also necessitate the additional use of another film, e.g. made of

30 polyethylene terephthalate, between the fluoropolymer layer and
the PA film.

Further embodiments of the use according to the invention are

disclosed in the patent claims.

The invention 1s explained 1in detail hereinafter with
35 reference to possible embodiments- see Figures 1 to 5 - as well as

with reference to a possible exemplary embodiment.

Figure 1 shows the exemplary structure of a photovoltaic
module which is encapsulated with the material 1 used according to

the invention. The encapsulating material 1 comprises a weather-



with reference to a possible exenplary enbodi nent. Figure 1 shows the
exenpl ary structure of a photovoltaic nodule which is encapsulated with
the material 1 used according to the invefition. The encapsul ating nateri al
1 conprises a weather - 3 resistant filmwhich at the same tinme serves as
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1, in thiseexergd arhe IOnsprattive, cctd'necmoaps«zul ame ngnoetserlpaling mstarsed on
both sides,of the solar cells 3. Figure 3 shows the exenplary structure of
a photovoltaic nodule which is encapsulated with the material 1 used
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fl uoropol yner T ayer e encapsul ating material 4 thus constitute
t he respeth%e‘-F%/laroG?éiﬁo%t | ayer of the photovoltaic nodule. Figure 4
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Figure 5 shows a possible |am nating device for producing a non-positive
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| ayer 5. Theceontlacting material 1 on the side facing away from the solar
cells 3. In this exemplary design, the fluoropolymer layer 5 and
20 the encapsulating material 4 thus constitute the respectively

outermost layer of the photovoltaic module.

Figure 4 shows the use according to the invention of a
plastic composite 1, 1’ with the polyamide 12 layers 12 which are
disposed on both sides of the carrier material 13. The carrier

25 material consists of polyethylene terephthalate or polyethylene

naphthenate or ethylene tetrafluorcethylene copolymer.

Figure 5 shows a possible laminating device for producing a
non-positive composite 6 from the materials 1 and 5 according to
Figure 3. The encapsulating material 1 which is selected according

30 to the exemplary embodiment is coated with adhesive by means of
the applicator unit 7 and after passing through a drier 10 is
adhesively bonded to the fluoropolymer layer 5. The contact
between the two films is controlled by the pressing pressure
between the rollers 11. In this case, the material 1 can be pre-

35 treated by means of physical media 9 before each production step.

The non-positive connection ‘between the encapsulating
material 1 and the fluoropolymer layer 5 can also be produced by
co-extrusion. In this case, it 1is also possible to insert an

adhesion promoter layer between the materials 1 and 5 and thus



between the two filnms is controlled by the pressing pressure between the
rollers 11. In this case, the nmaterial 1 can be pre 35 treated by neans of
physical nmedia 9 before each production $tep. The non-positive connection
bet ween the encapsulating material 1 and the fluoropolyner |ayer 5 can
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Enbeddi ng ayerd:al 2, 2': ethylvinylacetate (EVA), 20 polyvinyl butyral
(PVB), iononers, polymethyl rretthac,r ylate (PMVA), pol yuret hpane, pglrl1 yetst er,
hotnelt or sili fé%‘ﬁ%p%lé%tlfiﬂ’e‘i“%.e@ﬁéaﬁsﬁis atiiy mRtEprPafey: (B ags the type

Fl uor opol yperydrayer 65 gslfdmide [@@l, ypoydriildeori deo{ PMid)de 9, polyamide 10,
(ECTFE) . pOT pEoRot it | bt bETH end 2 PCTREI™ tlthy| Sriet EPP4et 1 tor ot Yl ene
(ETFE)15 pobyletwiafel worl8et BRlene-T,PERE)SI, polyphthalamide (PPA) as well as

tetrafl uore&%{y' 'aé‘sh_‘ﬁi(?f la&%graaepylﬁa&%im%l i depeflhvoride CIHMY1vanides
tetraf | uoroethyl ene-perfl uoroal koxy-vinyl ether-copol yneri sate (P%A) ,
per f | uor o- EPHYA ERIESPEBPE ePSEFEP) . 30 Fl uoropol yner |ayer 5 as coating:

fl uoropol yner fromthe

Embedding material 2, 2" ethylvinylacetate (EVA),
20 polyvinylbutyral (PVB), ionomers, polymethylmethacrylate (PMMA),

polyurethane, polyester, hotmelt or silicone elastomers.
Encapsulating material 4: glass

Fluoropolymer layer 5 as film: polyvinylfluoride (PVF),

polyvinylidenefluoride (PVDF), ethylenechloro trifluoroethylene

25 (ECTFE), polychlorotrifluoroethylene (PCTFE), ethylenetetra-

fluoroethylene (ETFE) , polytetrafluorcethylene (PTFE),

tetrafluorocethylene-hexafluoropropylene-vinylidenefluoride (THV),
tetrafluorcethylene-perfluoroalkoxy-vinylether-copolymerisate

(PFA), perfluoro-ethylene-propylene (FEP).

30 Fluoropolymer layer 5 as coating: fluoropolymer from the

group of selectively soluble fluoropolymers.

The photovoltaic modules constructed from the aforesaid
components are extremely stable when used outside which can be
attributed, inter alia, to the good adhesion of polyamide to the

35 embedding material.



group of selectively soluble fluoropolyners. The photovol tai c nodul es
constructed fromthe aforesaid conponents are extrenely stable when used
outsi de which can be attributed, intef aita, to the good adhesi on of

pol yam de to the 35 enbedding material. - 5 - Cains 5 1. Use of

pol yam de as an encapsul ating material for produci ng photovoltaic nodul es.
2. The use according to claim1, characterised in that the polyamde is
selected fromthe group polyam de 6, polyam de 66, polyam de 7, polyam de
9, pol yam de 10, polyam de 11, polyanigpj%g 12, polyam de 69, polyam de 6
10, polyam de 6 12, PA-6-3-T, PA 61, p51yphthalanide (PPA). 3. The use
according to claim1l or 2, characterised in that the polyamde is a

copol ymer of various aromatic or partially aromatic nononers. 15 4. The
use according t¥sonef ofoliagiige Bst N3 enehRPBEttdmids@d teriat haer t FeoPlipdani de
i's used asp@ouRRAkbl M neuite use according to one of claims 1 to 3,
characterised in that the polyam de is contained in a filmconposite. 6.
The use acZordifge t osenewbrdiagngol ¢lris, tharcasrecisaidedn i20thhnt thhe

pol yani de fi et i.de (£ ite our e .The -yse
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stabi ljser s orp il anmgqL et ar gm%y%m@a@ added 42 yaRPad he ol yamsde_+ 1pR @7, the
pol yam de filmconposite. 8. The use according to one of clainms 1 to 7,
char act er i B2t ABE ¢ hePTddl-yani de filmor the pol yanmide film conposite
contain TB!' er§he9hsé”y%éé§8iﬁ Cfg(%l mt?.ggeZPfcﬁ%fHJE%r%sgg §m that th
characterised in 30 that the polyamde filmis pre-treated by neans o
physi cal neellamide0lisThecerel mecordi Ngr 1V SoReoBht e ap rPartiigl9y aromatic
characteri gggridtys.that the filmconposite contains a polyanide filmand a

fluoropolynmer film 35 11. The use of a film conposite according to claim
10, 15 4, The use according to one of c¢laims 1 to 3, characterised in

that the polyamide is used as a monofilm,.

5. The use according to one of claims 1 to 3, characterised in

that the polyamide is contained in a film composite.

6. The use according to one of claims 1 to 5, characterised in
20 that the polyamide film or the polyamide film composite are

coloured.

7. The use according to one of claims 1 to 6, characterised in
that additives, preferably UV stabilisers, hydrolysis stabilisers,
antioxidants, heat stabilisers or flame retardants are added to

25 the polyamide film or the polyamide film composite.

8. The use according to one of claims 1 to 7, characterised in
that the polyamide film or the polyamide film composite contain

fillers.

9. The use according to one of claims 1 to 8, characterised in
30 that the polyamide film is pre-treated by means of physical media.

10. The use according to one of claims 1 to 9, characterised in

that the film composite contains a polyamide film and a

fluoropolymer film.

35 11. The wuse of 'a film composite according to claim 10,
characterised in that the fluoropolymers are selected from the

group polyvinylfluoride (PVF), ©polyvinylidenefluoride (PVDF),



characterised in that the fluoropolyners are selected fromthe group

pol yvi nyl fl uoride (PVF), polyvinylidenefluoride (PVDF), - 6 ethylenechloro
trifluoroethylene (ECTFE), polychlorofr Pf Iuor oet hyl ene ( PCTFE),

et hyl enetetra-fl uoroethylene (ETFE), polytetrafluoroethylene (PTFE),
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according to one of clains 10 to 12, characterised in 15 that the

non- posi ti v2. cofnectsonabetmeieny tthe dlialins 10s opr dducethabycteesgesi afn that
co-extrusi o fllQIor-g Sl#ﬁ% qil%cggrgj)?&rrte%.cl aim 15, characterised in that
e i

during the co-extrusio tween the ns additionally at |east one
adhesi on pranot ere i sseexictvdedng 2b bhe dheclsignsacoordi Ny, tahagneteticdaiims 1

to 16,. characterised in that the polyamde filmadditionally conprises a
fl uorolp(f)l ylrg‘rltgslarlt 1_Tk}'f’yenro.n P8 ThE® u%oem%ccgé%i %%t eoencltg’iemftf‘}fnscﬁargé?dg%esdzgwi n
that the #&huodtgpdivgnmeayéayer contains sel ectively sol uble fluoropol ynmers.

25 19. The_use according to claim17 aor /18, characterised in,thath t he

f1 uoropol yher | ayer UPE GGIGGFERY 26. SFReMuse actHiding o dne of Pélaiths 17
to 19, charakéenicsedykbn cémiati sas adbesiartheosDd erpdigyer e Sadiioodtved bet ween
the polyam de filmand the fluoropolyner |ayer. 30 21. The use according
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claims 17 to 19, characterised in that a filmof polyethylene

t er epht hal 388 PET %6F *pbiSAstit -yl ene
16. The use of according to claim 15, characterised in that
during the co-extrusion between the films additionally at least

one adhesion promoter is extruded.

20 17. The use according to one of claims 1 to 16, characterised in
that the polyamide film additionally comprises a fluoropolymer

layer.

18. The use according to c¢laim 17, characterised in that the

fluoropolymer layer contains selectively soluble fluoropolymers.

25 19, The use according to claim 17 or 18, characterised in that

the fluoropolymer layer is coloured.

20. The use according to one of claims 17 to 19, characterised in
that an adhesion promoter layer 1is located between the polyamide

film and the fluoropolymer layer.

30 21. The wuse according to claim 20, characterised 1in that the
adhesion promoter is polyurethane and/or ©polyester and/or

polyacrylate.

22. The use according to one of claims 17 to 19, characterised in
that a film of polyethylene terephthalate (PET) or polybutylene
35 terephthalate (PBT) is additionally provided between the polyamide

film and the fluoropolymer layer.

23. The use according to claim 22, characterised in that the non-

positive connection is produced by adhesive layers.



35 terephthalate (PBT) is additionally provided between the polyamde film

and the fluoropolyner layer. 23. The use_according to claim 22, ‘
characterised in that the non- positivVve ¢onnection is produced by adhesive
| ayers. - 7 24. The use according to claim 23, characterised in that the

adhesive issa pehyunsthaneocesi Rl ¥estaniadhesi v, rdecefNgedisenacgrditng to
claim 22, characterlsed in that the non- positive caonnection is produced by
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pronoter is extruded. 27. Use of an encapsul ating material according to
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according to-&lg@ign 27, characterised in that the enbedding material is
applied to the encapsulating material by 15 neans of co-extrusion. 29. The
use accordihg toseld m2&ncehanbctiewi sederinl hatcoadinadiresinen opr obaimey 1
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materi al . he use accordin alm haracterised in that the
adhesi ¥h pfoeRR e?thssl@nryglaéetwe myEY3 -4 azy@lrywlééﬁgr@%s 8YB) rpoll%u@l%@trﬁane

and/ or pol M@ﬁn%tk@ﬂ@é@ﬁa@ﬂ}]yaac%ryhs’ﬁﬁﬁ gaelyﬂ%t%@eofp@ly@s%trl Ch&empasidre
conprising a carrier material sel ected fromthe group pol yet hyl ene

t er epht hal 8t &1 CPE FePALPBRME TaphPReratdosPvet ht rﬁ?dﬁéﬁﬁafluoroethylene

copol ymer as wek}. 29525 pRLyamgde 12 J1aygr-ad giningtheeganhi &hmatgL al
on both sides as encapsulating material for producing photovoltalc
nmodul es. embedding material 1is applied to the encapsulating material by

15 means of co-extrusion.

29, The use according to claim 28, characterised. in that an
adhesion promoter layer 1is located between the encapsulating

material and the embedding material.

30. The use according to claim 29, characterised in that the
20 adhesion promoter 1is single- or multi-layer and consists of

polyurethane and/or polyester and/or polyacrylate.

31. The use of a plastic composite comprising a carrier material
selected from the group polyethylene terephthalate, polyethylene
naphthenate or ethylene-tetrafluorocethylene copolymer as well as
25 polyamide 12 layers adjoining the carrier material on both sides

as encapsulating material for producing photovoltaic modules.



