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Description

Field of the Invention

[0001] The invention relates to an acrylic layer (in the form of a coating, film or sheet) useful as part of a photovoltaic
module backsheet. The acrylic layer contains at least 40 percent of one or more acrylic polymers, including an acrylic
polymer matrix and optionally acrylic impact modifiers. The acrylic polymer is preferably a polymer, copolymer, or ter-
polymer containing at least 50 weight percent of methylmethacrylate monomer units. The acrylic layer is flexible and
optionally contains high levels of white pigment. It may also contain fluoropolymers such as polyvinylidene fluoride to
improve weathering, processibility and film formation. The acrylic layer adheres to a polymer support layer such as
polyethylene terephthalate (PET). A preferred substrate is PET that is pre-treated to improve adhesion, but unprimed
PET can also be used. The backsheet provides excellent weatherability, environmental stability and reflectivity as part
of a photovoltaic module.

Background of the Invention

[0002] Photovoltaic (PV) modules are made up of an outer glazing material, solar cells that are generally encapsulated
in a clear packaging for protection, and a backsheet. The solar cells are made of materials known for use in solar
collectors, including, but not limited to, silicon (crystalline and amorphous), cadmium indium selenide (CIS), cadmium
indium gallium selenide (CIGS), and quantum dots. The back sheet is exposed to the environment on the backside of
the photovoltaic module. The primary function of the back sheet is to provide electric insulation, low water vapor trans-
mission, UV protection, and oxygen barrier properties necessary to protect the photocells (for example, silicon wafers)
from degradation induced by reaction with water, oxygen and/or UV radiation. Because the photocells are generally
encapsulated in ethylene vinyl acetate (EVA), or a thermoplastic encapsulant, the backsheet material should adhere
well to EVA or the thermoplastic encapsulant when the components are laminated together.
[0003] Metal sheets, such as steel or aluminum have been used as backsheets in photovoltaic module. More recently
polymeric materials have been used, such as TEDLAR, a polyvinyl fluoride (PVF) material from DuPont (US 6,646,196),
an ionomer/nylon alloy (US 6,660,930), and polyethylene terephthalate (PET). PET exhibits excellent water vapor re-
sistance at a relatively low cost; however, it is susceptible to degradation from exposure to environmental influences,
such as UV and IR radiation, and ozone.
[0004] In many backsheet constructions, PET is protected by PVF films, which are tough, photo-stable, chemically
resistant, unaffected by long-term moisture exposure, and adhere well to EVA after surface treatments. Typical con-
structions of photovoltaic back sheets are PVF/PET/PVF, PVF/A1/PVF and PVF/PET/A1/PVF multi-layered laminated
films at 100 to 450 microns in thickness. Unfortunately PVF is a relatively expensive material. Further, PVF has relatively
poor adhesion to PET. Adhesion is typically augmented by treatment of the polymeric surfaces to increase adhesion of
the PVF film. An adhesive is needed for effective adhesion adding cost and manufacturing steps.
[0005] A polyvinylidene fluoride backsheet composition has been shown to provide performance, processing, and cost
improvements over PET/PVF technology, as described in WO08/157059.
[0006] WO-A-2008/002747 and WO-A-2008/019229 discloses transparent layers of blends of acrylic and fluorine
resinsFR-A-2896445 discloses backsheets of a photovoltaic module, where a PET film is enclosed between two layers
of PVDF, TiO2 and PMMA. A thermoformable, high Tg methacrylic sheet has been proposed, especially for use in
concentrating photovoltaic modules in US 61/157,022.
[0007] There is a need for tough backsheet material that can be easily adhered to PET, and withstand the rigourous
requirements of an effective backsheet, yet is less expensive than currently used materials.
[0008] Surprisingly, Applicant has found that an acrylic coating, film, or sheet can be easily adhered directly to PET,
providing excellent weather and moisture protection at a lower cost than the currently used fluoropolymers. The PET is
preferably pre-treated to improve adhesion. An additional advantage of the invention is that high levels of white pigment
are easily incorporated into the acrylic material, providing excellent solar reflectance. Pigments are sometimes difficult
to disperse compositions of presently used backsheet constructions, and therefore multiple layers are sometimes required
for pigment incorporation, especially when large amounts of pigment are used. Such multiple-layer structures result in
additional manufacturing steps and cost.

Summary of the Invention

[0009] The invention relates to a multi-layer backsheet as claimed comprising an acrylic layer adhered to a polymer
support layer, where the acrylic layer comprises at least 50 percent by weight of one or more acrylic polymers, where
the acrylic layer is in the form of a coating, film, or sheet having a thickness of from 10 to 200 microns, and wherein the
backsheet is useful as the backsheet of a photovoltaic module.
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[0010] The invention further relates to a photovoltaic module having the backsheet of the invention.

Detailed Description of the Invention

[0011] The invention relates to a multi-layer photovoltaic backsheet construction having an acrylic layer in the form of
an acrylic coating, film, or sheet adhered to a polymer support layer.

Acrylic layer

[0012] An acrylic layer in the form of a coating, film, or sheet is used to provide protection to the back side of a
photovoltaic module. The acrylic layer could be a singular acrylic layer, or a multi-layer structure formed by two or more
acrylic layers in intimate contact with each other. The acrylic layer is adhered to a support substrate - preferably facing
the environment, though in some cases it may be advantageous for the acrylic layer to be on the side of the support
substrate facing the solar collectors. The acrylic layer must be able to adhere to the support layer at temperatures
reached during processing and at in-use temperatures reached when the PV module is operating. The acrylic layer
contains at least 50 weight percent, and may contain 60 or more weight percent of one or more acrylic polymers, including
an acrylic matrix polymer and optionally acrylic impact modifiers. The acrylic layer may additionally contain one or more
different additives, such as pigments, miscible polymers, and other additives.
[0013] The backsheet needs a high level of dimensional stability. The major portion of the dimensional stability comes
from the support layer. The acrylic polymer layer should have either a Tm of greater than 25°C, preferably greater than
40°C, and more preferably greater than 55°C if said layer is crystalline or semi-crystalline, or a Tg of greater than 10°C
preferably greater than 40°C, more preferably greater than 40°C, and even more preferably greater than 55°C if said
layer is amorphous. Preferably the acrylic layer has either a Tm or a Tg of greater than 70°C and it could be more
preferable for the acrylic layer to have either a Tm or a Tg of greater than 85°C. In one embodiment the acrylic layer
has a high Tm or Tg, with either a Tm for a semi-crystalline or crystalline layer of greater than 130°C, more preferably
greater than 140°C, and even as high as greater than 150°C or 160°C, or a Tg of an amorphous acrylic layer of greater
than 90°C, preferably above 95°C, and more preferably above 100°C. The acrylic layer could even be a high Tg acrylic
copolymer.
[0014] By "high Tg" as used herein means a Tg of greater than that of polymethylmethcrylate, preferably 110°C or
greater, more preferably 115°C or greater, even more preferably 120°C or greater, and could even be as high as 125°C
or greater as measured by differential scanning calorimetry. The high Tg composition can be either a) a high Tg copolymer
composed of methyl methacrylate and at least one other monomer, in which the resulting copolymer has a Tg greater
than that of poly(methyl methacrylate) (PMMA, Tg of 105 °C), or b) a blend of an (meth)acrylic polymer and at least one
miscible, semi-miscible, or compatible polymer, in which the overall Tg (for a miscible polymer) or at least one of the
Tgs (for a semi-miscible polymer) is greater than 110°C, or c) poly(methyl methacrylate) having a higher level of syndi-
otacticity than randomly polymerized PMMA.
[0015] The acrylic matrix polymer of the invention is an acrylic homopolymer or copolymer. By "copolymer" as used
herein means a polymer having two or more different monomer units. The copolymer could be a terpolymer with three
or more different monomer units, or have four or more different monomer units. The copolymer may be a random
copolymer, a gradient copolymer, or a block copolymer formed by a controlled polymerization process. The copolymer
could also be a graft copolymer, or have a controlled structure such as a star or comb. Preferably, the copolymer is
formed by a free radical polymerization process or an anionic polymerization process, and the process can be any
polymerization method known in the art, including but not limited to emulsion, solution, suspension polymerization, and
can be done in bulk, and semi-bulk.
[0016] The acrylic matrix homopolymer or copolymer preferably contains at least 50 weight percent of methyl meth-
acrylate monomer units, preferably at least 70 weight percent and more preferably at least 85 weight percent methyl-
methacrylate monomer units. The acrylic copolymers contain from 0.01 to 50, preferably 3 to 25, and more preferably
4 to 15 weight percent of at least one co-monomer. Useful monomers that can impart a higher Tg to a copolymer include,
but are not limited to, methacrylic acid, acrylic acid, itaconic acid, substituted styrenes, alpha methyl styrene, maleic
anhydride, isobornyl methacrylate, norbornyl methacrylate, t-butyl methacrylate, cyclohexyl methacrylate, phenyl meth-
acrylate, acrylamide, N-isopropylacrylamide, methacrylamide, substituted maleimides, glutarimide, and maleimide.
[0017] The methyl methacrylate copolymer may additionally contain one or more other vinyl monomers copolymerizable
with methyl methacrylate, including but not limited to other acrylate and methacrylate monomers or other ethylenically
unsaturated monomers, including but not limited to, styrene, alpha methyl styrene, and acrylonitrile. Other methacrylate
and acrylate monomers useful in the monomer mixture include, but are not limited to, methyl acrylate, ethyl acrylate and
ethyl methacrylate, butyl acrylate, iso-octyl methacrylate and acrylate, lauryl acrylate and lauryl methacrylate, stearyl
acrylate and stearyl methacrylate, isobornyl acrylate and methacrylate, methoxy ethyl acrylate and methacrylate, 2-
ethoxy ethyl acrylate and methacrylate, dimethylamino ethyl acrylate and methacrylate monomers.
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[0018] In one embodiment, small levels of multifunctional monomers as crosslinking agents may also be used. Suitable
crosslinking monomers include but are not limited to, for example, allyl methacrylate, allyl acrylate, divinylbenzene,
ethylene glycol dimethacrylate and diacrylate, ethylene glycol triacrylate and trimethacrylate, butylene glycol dimethacr-
ylate, glycidyl methacrylate, triallyl isocyanurate, N-hydroxymethyl acrylamide, N,N-methylene diacrylamide and dimeth-
acrylamide, triallyl citrate, trimethylolpropane triacylate, trimethylolpropane trimethacrylate, diethyleneglycol divinyl ether,
and the like. Crosslinking by irradiation or thermal means could be used to form crosslinks after the acrylic polymer is
applied to the PET.
[0019] The choice of monomers in the acrylic polymer can depend on the additives to be added into the acrylic polymer.
When highly hydrophilic pigments, such as TiO2 and BaSO4 nanoparticles are added, the presence of hydrophilic
monomer units in the polymer will aide in a homogeneous incorporation of the pigment into the acrylic polymer matrix.
[0020] In one embodiment, the acrylic matrix is a copolymer containing at least 0.01 weight percent, and preferably
from 1 to 25 weight percent, more preferably 2 to 20 weight percent of polar functionalized monomer units. The func-
tionalization can result from the copolymerization of one or more functionalized monomers, the grafting of one or more
functionalized monomers, or the post-polymerization functionalization of the acrylic polymer. The functionalization may
exist as functionalized blocks in a block copolymer. Useful functionalized monomers include, but are not limited to those
containing acid, anhydride, hydroxy, epoxy, and amine groups. Examples of useful functional comonomers include, but
are not limited to: amine functional: N,N-dimethylaminoethyl(meth)acrylate, N,N-diethylaminoethyl(meth)acrylate,
(meth)acrylamide, N,N-dimethylacrylamide, N-methylolacrylamide, N-methylaminopropyl(meth)acrylamide, N,N-
dimethylaminopropyl(meth)acrylamide, N-ethylamino propyl(meth)acrylamide, N,N-diethylaminopropyl (meth)acryla-
mide, N-methylacrylamide or N-t-butylacrylamide or N-ethyl (meth)acrylamide or chlorides of these compounds; hydroxyl
functional: 2-hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acrylate, 4-hydroxybutyl (meth)acrylate, glyci-
dyl(meth)acrylate, ethyl alpha-hydroxymethacrylate, and 2,3-dihydroxypropyl(meth)acrylate; carboxylic acid and anhy-
dride functionality: maleic anhydride, maleic acid, substituted maleic anhydride, mono-ester of maleic anhydride, itaconic
anhydride, itaconic acid, substituted itaconic anhydride, glutaric anhydride, monoester of itaconic acid, fumaric acid,
fumaric anhydride, fumaric acid, substituted fumaric anhydride, monoester of fumaric acid, crotonic acid and its deriva-
tives, acrylic acid, and methacrylic acid; cyanoalkoxyalkyl (meth)acrylates such as omega-cyanoethoxyethyl acrylate,
or omega-cyanoethoxyethyl methacrylate; vinyl monomers containing an aromatic ring and an hydroxyl group, such as
vinylphenol, para-vinylbenzyl alcohol, meta-vinylphenethyl alcohol, vinyl pyrrolidone, and vinyl imidazole; and other
functional monomers, allyl cellosolve, allyl carbinol, methylvinyl carbinol, allyl alcohol, methyllyl alcohol, glycidyl meth-
acrylate, 3,4-epoxybutyl acrylate, acrylonitrile, methacrylonitrile, beta-cyanoethyl methacrylate, beta-cyanoethyl acrylate,
and acrylate/methacrylates that incorporate trisalkoxy silane alkyl pendant groups, among others. Examples of polym-
erizable surfactants or macromonomers with hydrophilic moieties useful in the present invention include, but are not
limited to sodium 1-allyloxy-2-hydroxypropane sulfonate, phosphate methacrylate monomer, poly(ethylene glycol) meth-
ylether methacrylate, 1-methacrylamido, 2-imidazolidinone ethane.
[0021] In one embodiment the acrylic copolymer is a block copolymer of gradient polymer. The block copolymer can
be made by a controlled radical polymerization (CRP) process, such as, but not limited to, atom transfer radical polym-
erization (ATRP), reversible addition fragmentation chain transfer polymerization (RAFT), nitroxide-mediated polymer-
ization (NMP), boron-mediated polymerization, and catalytic chain transfer polymerization (CCT). For acrylic block co-
polymers, a preferred process is nitroxide-mediated polymerization. Each block could be a homopolymer or a random
copolymer. In one embodiment, a useful block copolymer was polymethyl methacrylate/methacrylic acid - b- polybutyl
acrylate - b-polymethyl methacrylate/methacrylic acid. One of skill in the art will recognize that other similar block co-
polymers may be formed within the scope of the invention. One advantage of the block copolymers is that they can
provide the needed flexibility without the addition of additives, such as impact modifiers.

Impact Modifiers

[0022] The toughness and impact resistance of the acrylic matrix can optionally be improved by the addition of one
or more impact modifiers. Useful impact modifiers include block copolymers, graft copolymers, and core-shell impact
modifiers. The impact modifiers may be acrylic or non-acrylic in nature. In one embodiment, acrylic core-shell impact
modifiers having soft butyl acrylate cores can be dispersed in the acrylic copolymer matrix. Acrylic impact modifiers have
better outdoor weathering performance, as compared to impact modifiers containing butadiene comonomers. Thus
acrylic impact modifiers are preferred, and along with the acrylic polymer matrix comprise the acrylic portion of the acrylic
layer. The level of the impact modifier is from 0 to 50 weight percent of the acrylic polymer, and preferably from 10 - 30
percent by weight. The use of impact modifers also affects the melt or solution viscosity and rheology (melt strength,
shear thinning). The impact-modified acrylic copolymer allows one to improve mechanical properties, such as toughness
and flexibility.
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Fluoropolymer

[0023] The acrylic layer may contain, as a homogeneous blend, at least one polymer miscible/semi-miscible/compatible
with the (meth)acrylic (co)polymer. One useful miscible polymer is a fluoropolymer, and especially polyvinylidene fluoride
(PVDF).
[0024] A fluoropolymer may be blended into the acrylic copolymer matrix to improve properties. The fluoropolymer
must be miscible, semi-miscible, or compatible with the acrylic copolymer. Useful fluoropolymers include polyvinylidene
fluoride (PVDF) and polyvinyl fluoride (PVF). A useful fluoropolymer is a homopolymer or copolymer of PVDF, comprising
at least 75 weight percent of vinylidene fluoride monomer units. The fluoropolymer can be present in the acrylic layer
/fluoropolymer blend at from 40:60 to 100:0, preferably from 51:49 to 95:5, preferably from 60:40 to 95:5, and even 70:30
to 90:10, based on the total weight of the acrylic copolymer(s) and the fluoropolymer(s). The fluoropolymer could be a
homopolymer, or copolymer. Copolymers and terpolymers containing at least 75 percent by weight of vinylidene fluoride
monomer units are especially useful. Useful comonomers include, but are not limited to, vinyl fluoride, trifluoroethylene,
tetrafluoroethylene (TFE), ethylene tetrafluoroethylene, and hexafluoropropylene (HFP). Especially useful PVDF/HFP
copolymers include KYNAR FLEX 2850 and 3120 from Arkema Inc. The blend of acrylic polymer and PVDF may be
formed by any known method, including the use of an acrylic-modified fluoropolymer (AMF) to form a coating, the blending
of solvent solutions of an acrylic polymer and PVDF to form a coating, and the blending of the acrylic polymer and PVDF
in the melt followed by melt extrusion into a film or sheet, allowing for a very cost effective means of blending PVDF into
the acrylic polymer for use in a photovoltaic backsheet.
[0025] Fluoropolymers, and especially PVDF homo- and co-polymers have excellent weathering performance, UV
radiation resistance, solvent/moisture resistance and electrical insulation. Their use as blends in the acrylic polymer can
bring improvement in these properties. The fluoropolymer blend also reduces the brittleness and improves the impact
resistance of the high Tg acrylic polymer.

Pigment

[0026] The acrylic layer of the invention preferably contains from 0 to 50 weight percent of one or more pigments,
based on the weight of the acrylic polymer(s). The pigments may be an inorganic or organic pigment of any color. In a
preferred embodiment, the pigment(s) are white, providing a high white reflection level, improving the light harvesting
efficiency, and reducing the heat build-up in a photovoltaic module. From 5-50 wt % (based on the total acrylic polymer)
of white pigment, preferably 10 - 40, and more preferably 25-35 weight % are used in the acrylic layer. Useful white
pigments include TiO2, BaSO4, CaCO3, Al2O3 and ZnO. In one embodiment, TiO2 nano-particles are used. The TiO2
can be modified with Al2O3 and/or SiO2 on its surface, or treated with other organic additives to aid in dispersion. The
pigment can be added into the acrylic copolymer by means known in the art. In one embodiment, a one-pass compounding
process can be used to form an acrylic/PVDF/TiO2 nano-particles alloy by twin screw compounding. Even better dis-
persion of the TiO2 is provided by multiple-pass compounding, and is even required depending on the particle size and
surface treatment of the TiO2. Hydrophilic acrylic copolymers are useful in achieving better dispersion of the hydrophilic
TiO2 pigments. This is important especially at high pigment loading levels. A blend of a methacrylic copolymer having
a small amount of (meth)acrylic acid monomer units, a PVDF resin and nano-particle TiO2 was found to generate higher
diffused solar radiation reflectance in the visible (400-800 nm) and solar regions (300-1200 nm), and improve the weath-
ering and UV blocking.

Other Additives

[0027] In one embodiment of the invention, an acrylic-based adhesive having a strong affinity to the polymer support
layer is blended into the acrylic layer. This improves the adhesion of the acrylic layer directly to untreated or treated PET
or other support layer.
[0028] The acrylic layer of the invention may optionally contain one or more additives in an effective amount, including
but not limited to UV stabilizers at about 1-4% - which may be organic stabilizers (such as the derivatives of benzophenone,
benzotriazole, and triazine)or inorganic particles for permanent UV protection (such as nano-ZnO); plasticizers; fillers;
coloring agents; pigments; antioxidants; antistatic agents; surfactants; toners; lubricants; and dispersing aids.
[0029] Antioxidants at level of from 0.1 to 1.0 wt % are useful in preventing yellowing of some high Tg polymers, include
those containing acid monomers. A small amount of lubricants such as stearic acid are useful as a release agent in the
formations.
[0030] Reactive additives (such as cross linking agents) which could be multifunctional silanes, aziridines, maleamines,
isocayanates and their combinations, can further react with functional groups in the acrylic polymers to improve the
physical performance and enhance the adhesion to unprimed PET films.
[0031] In a preferred embodiment, the acrylic layer is flexible. By "flexible", as used herein, means the acrylic layer of
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a thickness of 100 microns or less can be bent or folded over a cylindrical rod having a diameter of 10 mm without
destroying the physical or optical properties of the layer. An acrylic layer of up to 200 microns can be bent or folded over
a cylindrical rod in a diameter of 100 mm without destroying the physical or optical properties of the films/sheets. The
acrylic layer is not flexible if crazing, or other physical or optical change occurs.

Polymer support layer

[0032] The acrylic layer is directly or indirectly adhered to a polymer support layer in the photovoltaic backsheet. The
support layer is used to support the acrylic layer, and may serve other functions, such as a moisture barrier, and/or
dielectric layer. The polymer support layer may be a single layer, or may have a multi-layer construction with two or
more materials. Examples of useful support layers of the invention include, but are not limited to polyethylene terephthalate
(PET), polyethylene napthalate (PEN), functionalized polyolefins and alloys thereof. One preferred support layer is a
PET layer substrate. The support layer substrate of the invention is in the form of a sheet or film, and has a thickness
of from 50 to 500 um, preferably 75 to 250 microns. The substrate is typically formed by known means, such as biaxially
stretching processes. It is possible to practice the invention with a non-treated support layer and still have good adhesion,
such as through the use of a functionalized acrylic, support layers such as polyethylene terephthalate are generally pre-
treated by means known in the art to improve adhesion, such as coating with a chemical primer, or treating with corona,
and/or plasma. PET exhibits excellent water vapor resistance at a relatively low cost; however, it is susceptible to
degradation from exposure to environmental influences, such as UV and IR radiation, and ozone. In the embodiments
presented below, PET is used as an exemplary support layer, though one of ordinary skill in the art can easily imagine
other polymeric support layers substituted for the PET.
[0033] The acrylic layer of the invention adheres to the polymer support layer to form a backsheet structure. This
adhesion could be through direct contact of the acrylic layer to a treated or untreated polymer support layer. The adhesion
could also be by the use of one or more tie or adhesive layers directly between the acrylic layer and polymer support
layer. The adhesion of the invention also includes an indirect adhesion, in which one or more layers of material exist
between the acrylic layer and polymer support layer, with each layer adhering to each other in the respective contact zones.

Constructions

[0034] The backsheet of the invention consists of the acrylic layer (A) adhered to the support layer (which will be
referred to generally as PET) (P), making a structure abbreviated as "AP". In one preferred embodiment these two layers
alone make up the entire backsheet construction. The invention also anticipates other composite structures having one
or more additional layers. Some of the many possible constructions are listed below - though one of ordinary skill in the
art, based on the description herein, could imagine other structures that are embodiments of the invention.

a) APE. This is a three-layer structure of the acrylic layer, directly attached to a layer of PET, directly attached to
an EVA (ethylene-vinyl acetate) copolymer or other thermoplastic layer. The thickness of this construction is generally
from 75 to 450 microns. This construction has a good adhesion to encapsulant used in PV modules. An advantage
of this structure is that it includes the backsheet and also part of the middle layer of a photovoltaic module, making
the assembly of the final PV module easier.
b) AP primed. This is a three-layer structure having an acrylic layer directly attached to a layer of PET, directly
attached to a thin primer (1-100 micron) such as ethylene-vinyl acetate-maleic anhydride (EVA-MAH) terpolymers
or other thermoplastic. This construction has good adhesion to encapsulants in PV modules. An advantage of this
structure is that it is a more cost effective backsheet, making the assembly of the final PV module easier.
c) APA. This construction has an acrylic layer on both sides of a PET layer. The acrylic layer on the inside is white,
and would provide improved reflectance as it is closer to the solar cells. A thin primer such as multifunctional silanes
could be used for more robust adhesion to an EVA encapsulating layer. The outer acrylic layer could be white,
colorless, or another color.
d) KPA. This construction has an outer layer of poly(vinylidene fluoride) such as KYNAR resin by ARKEMA, and an
inner white acrylic layer. The construction combines the excellent weatherability of a PVDF outer layer, with the
increased reflectance of a white acrylic layer inside the PET. A primer could be used for better adhesion of the
internal layer to the EVA encapsulating layer.
e) Acrylic coated functional polyolefins. This is a two-layer structure having an acrylic layer directly attached to a
thick functional polyolefin layer (400-800 um), including EPDM or EPDM derivatives. This construction has excellent
adhesion to encapsulants in PV modules. An advantage of this structure is that it is also quite cost effective, making
the assembly of the final PV module easier.
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Backsheet formation

[0035] The acrylic layer composition (containing the acrylic polymer and all additives) can be formed by blending the
additives into the acrylic matrix polymer by means known in the art. The acrylic layer composition is then formed and
applied to the polymer support layer substrate (exemplified herein by PET) by a variety of means. The PET substrate
would generally be pre-treated to increase adhesion, though not required in all cases. One of skill in the art could imagine
other methods of blending components and applying the acrylic composition to the PET substrate, based on the disclosure
and examples provided herein.
[0036] In one method for forming the multi-layer backsheet, an acrylic composition is first blended and formed into a
separate sheet or film by known processes, such as melt-extrusion, blown film, extrusion coating, extrusion lamination
and/or film cast. These single layer films or sheets are generally from 10 - 200 microns thick, and preferably from 15 to
100 microns thick, more preferably 20 to 50 microns thick. The film/sheet could be even thicker, which for a high level
of pigment would allow the level of pigment per unit of acrylic polymer to be lower - since it is the total amount of pigment,
and pigment dispersion that will determine the reflectance. This would be advantageous in the manufacture, as a mas-
terbatch of pigment/acrylic polymer would need to be less concentrated, making the masterbatch easier to produce and
handle.
[0037] The sheet or film is then laminated onto the PET under external pressure (or in a vacuum) at elevated temperature
(∼140-150°C). The thermal lamination temperature could be higher than the Tg of the high Tg acrylic polymer while it
could be slightly lower than or close to the melting temperature of PVDF.
[0038] A second method for applying the acrylic layer composition to PET is by a coating process. The acrylic polymer
and additives could be blended into an aqueous or solvent solution or dispersion, and applied onto the PET substrate
by solution coating/casting, roll-coat, brush-coat, gravure coating, flexographic coating, thermal transfer coat, spray, or
other known method. The coating is then dried, creating a thin acrylic composition layer on the PET. Useful coating
thicknesses are from 5 to 100 microns, and preferably 15- 50 um.
[0039] The acrylic could be applied to the support layer after the support layer is laminated onto the rest of the
photovoltaic module. In this case, a coating can be applied to the support layer that is already laminated to the PV
module, by means known in the art. One advantage of this post-lamination coating method is that the Tg or Tm of the
acrylic layer can be lower, as it is not exposed to the lamination conditions.
[0040] Optionally, a thin protective polymer layer, such as PVDF or another fluoropolymer could be applied to the
outside of the backsheet, facing the environment.

Properties

[0041] The acrylic /polymer support layer backsheets of the invention provide excellent long-term weathering, excellent
dimensional stability (preferably less than 2% shrinkage and more preferably less than 1%), excellent light reflection/re-
cycling, excellent moisture resistance (<2.5 g/m2day) and excellent electrical insulation (dielectric breakdown > 15 KV).
[0042] The acrylic polymer layer preferably should not exhibit visible deformation such as wrinkles, bubbles and
delamination in a damp heat test at 85°C/85%relative humidity for more than 1000 hrs. The coating adhesion to PET
substrates is evaluated using a standard cross-hatch peel-off method (ASTM 3003/3359).
[0043] For the pigmented acrylic layers (a preferred embodiment), optical reflection of the white acrylic films should
be over about 80 percent at 560 nm in the visible region.
[0044] Further, the acrylic composition layer can provide 100% UV blocking protection at 300-400 nm, as a means to
protect the PET layer from UV-based degradation. Total solar reflectance is defined as the optical reflectance in the
wavelength of 300-2500 nm. The desirable total solar reflectance should be high enough such as more than 60%, which
can further enhance the PV module efficiency. PV module efficiency is measured in the laminated PV module under AM
1.5G (defined in ASTM E927).

PV

[0045] The photovoltaic module consists of a front glazing material, a middle layer of solar cells, and the back sheet.
[0046] The glazing material may be glass or plastic, and may optionally be coated with a thin layer of a fluoropolymer.
A concentrating photovoltaic module will include lenses to concentrate solar radiation onto smaller areas of solar col-
lectors. In one embodiment, the front glazing material may also be a high Tg methyl methacrylate copolymer, which may
be the same or different from that used in the backsheet. The glazing needs to allow transmission of solar radiation in
at least some usable part of the spectrum. The glazing may be clear or hazy, and may have a smooth or matte surface.
The interior solar collectors of the photovoltaic module consist of a material that is capable of converting solar radiation
into electrical current. The interior layer can be composed of materials known in the art for this purpose including, but
not limited to crystalline silicon, amorphous silicon, copper indium selenide (CIS), copper-indium gallium selenide (CIGS),
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quantum dots, cadmium telluride (CdTe), amorphous silicon/microcrystalline silicon blend.
[0047] The solar radiation collectors are generally fragile, and so are encapsulated for protection. The encapsulant
can be any encapsulant known in the art. In one embodiment the encapsulant is poly(ethylene vinyl acetate), poly(eth-
ylene-acrylic acid ionomer, silicone, polyvinyl butyral (PVB) with peroxides and stabilizers, or thermoplastic EVA alloys
with functional polyolefins.

Examples

General

[0048] The films in the Examples were extruded under the following conditions: die 2 (460°F), die 1(460°F), adaptor
(460°F), zone 3 (450°F), zone 2 (440°F), zone 1 (400°F), Melt (422°F), motor load (15-15 AMPS), screw speed (16)
and pressure (400-600psi).
The optical reflectance was measured using a Perkin Elmer Lambda 850/800 UV/Vis or Lambda 950 spectrophotometer
with an integrating sphere in an optical reflectance. The solar reflectance was measured using Solar Spectrum Reflect-
ance at 300-2500 nm on a black background after the calibration with a white ceramic plate B75.
[0049] The Kynar®, Plexiglas®, and Altuglas®, trademarks are owned by Arkema Inc. and Arkema France, and the
products bearing these marks are available from Arkema Inc. and Arkema France. ALTUGLAS HT 121 resin is a
copolymer of methyl methacrylate and methacrylic acid. PLEXIGLAS V826 resin is a copolymer of methyl methacrylate
and ethyl acrylate. KYNAR 740 resin is a poly(vinylidene fluoride) homopolymer.
[0050] TiO2 pigments from DuPont under the trade names R103, R105, TS 6200, and R960 were used in the Examples.
[0051] Example 1 (film). A 25 um white optical film containing ALTUGLAS HT 121/KYNAR 740 (polyvinylidene fluoride)/
TiO2 (R105) was extruded at a die temperature of 440°F, at a ratio of 38/37/25, along with 3% of the UV package
(containing TINUVIN 234, anti-oxidant IRGANOX 1010 and IRGAFOS 126). The TiO2 particles were used at the level
of 25% to improve the solar light reflection and UV blocking performance. The melt flow rate (MFR) was measured at
3.5 g/10 minutes. 25 um ALTUGLAS HT 121/KYNAR 740/ TiO2 (R105) exhibited high diffused optical reflectance up to
90% at 560 nm (Solar reflectance =74.5%), along with high optical film uniformity after single-pass compounding. No
yellowing in films was detected. The storage modulus measured in dynamic mechanical analysis (DMA) was at 10.5
MPa at 150°C.
[0052] Example 2 (AP). An alloy composite was formulated based upon ALTUGLAS HT 121 acrylic/Kynar740/TiO2
(R105) (38/37/25). The white hybrid polymer composite was dissolved in N-Methylpyrrolidone (NMP) and coated onto
selected 125um DuPont pretreated Melinex 454 PET films. After the coated AP sheet samples were dried, the adhesion
to the PET substrate was measured in a standard X-hatch peel-off test, and found to be excellent. For the high Tg acrylic
alloy coated PET sheets, the low thermal shrinkage at 150°C was <1.0% and 0.5% along the MD and TD directions. In
addition to the excellent UV blocking, the white hybrid alloy coated PET sheets exhibited high reflectance at both the
visible light and solar region, at the coating thickness of 20 um. Performance data are shown in Table 1 below.

[0053] Example 3 (film). A 35 um white optical film containing ALTUGLAS HT 121/KYNAR 740/ TiO2 (R105) was
extruded at a die temperature of 450°F. ALTUGLAS HT 121 /KYNAR 740/ TiO2 (R105) possessed the ratio of 35/34/31,
along with 3% of the UV package. The melt flow rate (MFR) was measured at 3.3 g/10 minutes. 35 um ALTUGLAS HT
121/KYNAR 740/ TiO2 (R105) exhibited high diffused optical reflectance of up to 93% at 560 nm (Solar reflectance

TABLE 1

Physical Properties Units white alloy coated PET (TiO2)

Total sheet thickness um 14562

PET thickness um 12561

Coating thickness um 206 1

Coating composition ALTUGLAS HT 121/K740/TiO2 wt. % 38/37/25

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.85/- 0.15(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 86.1-86.8

Total solar reflectance % 70.9-71.9
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=79.5%). No yellowing in the films was detected. The storage modulus in dynamic mechanical analysis (DMA) was
measured at 14.3 MPa at 150°C (or 26.3 MPa at 140°C).
[0054] Example 4 (AP). An alloy composite was formulated based upon high Tg ALTUGLAS HT 121 acryl-
ic/Kynar740/TiO2 (R105) (35/34/31). To improve the solar light reflection and UV blocking performance, TiO2 particles
were used at the level of 30%. The white hybrid polymer composites were dissolved in NMP and coated onto selected
125um DuPont pretreated Melinex 454 PET films. After the coated AP sheet samples were dried, the adhesion to the
PET substrate was measured in a standard X-hatch peel-off test, and found to be excellent. For the high Tg acrylic alloy
coated PET sheets, the low thermal shrinkage at 150°C has been achieved <1.0% and 0.5% along the MD and TD
directions. In addition to the excellent UV blocking, the white hybrid alloy coated PET sheets exhibited quite high reflect-
ance at both of the visible light and solar region at the coating thickness of 25 um. Performance data are shown in Table
2 below.

Acrylic block polymers

[0055] Example 5 (AP). A white acrylic film resin was compounded at the ratio of acrylic polymer/TiO2 (75/25), with
3% of the UV package of example 1 and thermal processing stabilizers. The acrylic polymer was based on a high Tg
p(MMA-MAA)-b-PBA-b-p(MMA-MAA) block copolymer made at Arkema, France. To improve the solar light reflection
and UV blocking performance, TiO2 particles (R960 from Du Pont) were compounded into the block copolymer matrix
at a level of 25 wt. %. The white hybrid polymer nano-composite was dissolved in MIBK/MEK (20/80) mixture and coated
onto 125um pretreated PET films (Melinex 504 from Du Pont). The adhesion to the PET substrate was measured in a
standard X-hatch peel-off test, and found to be excellent. For this high Tg acrylic coated PET sheet, the low thermal
shrinkage at 150°C was within 1% along the MD and TD directions. In addition to the excellent UV blocking, the white
hybrid acrylic coated films/sheets exhibited high reflectance at both of the visible light and solar region at the coating
thickness of 20 and 25 um. The coated PET sheets exhibited the excellent adhesion after a damp heat test at 85°C/85%RH
over 1000 hours based upon the cross-hatch peel-off adhesion test. Performance data are shown in Table 3 below.

TABLE 2

Physical Properties Units white alloy coated PET (TiO2)

Total sheet thickness um 15062

PET thickness um 12561

Coating thickness um 2561

Coating composition ALTUGLAS HT 121/K740/TiO2 wt. % 35/34/31

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.90/-0.20(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 89.1-89.9

Total solar reflectance % 74.5-75.5

TABLE 3

Physical Properties Units 20 um white acrylic film over 125 
um PET

25 um white acrylic film over 125 
umPET

Total sheet thickness um 14562 15062

PET thickness um 12561 12561

Tg of the hybrid coating layer °C 130 130

X-hatch adhesion to PET 
substrates

- Class 5B-100% pass Class 5B-100% pass

Thermal shrinkage @ 150°C/30 
min

%/% -0.80/- 0.15(MD/TD) -0.85/- 0.20(MD/TD)

UV blocking @280-400 nm % 100 100
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[0056] Example 6 (acrylic not functionalized). A 32 um white optical film containing ALTUGLAS V826/KYNAR 740/
TiO22 (R960) was extruded at the die temperature of 440°F. ALTUGLAS V826/KYNAR 740/ TiO2 (R960) possessed
the ratio of 38/37/25, along with 3% of the UV package. The melt flow rate (MFR) was measured at 2.6 g/10 minutes.
The film exhibited good diffused optical reflectance up to 89% at 560 nm (Solar reflectance =74.4%), along with high
optical film uniformity after multiple-pass compounding. The better properties were only obtained through multiple-pass
compounding. No yellowing in films was detected. The storage modulus measured in dynamic mechanical analysis
(DMA) was at 5.5 MPa at 150°C.
[0057] Example 7 (AP acrylic not functionalized). The alloy composite of Example 6 was dissolved in NMP at the solid
content of 30% and coated onto selected 125um DuPont pretreated PET films (Melinex 454). After the coated AP sheet
samples were dried, the solar reflectance was measured at 70% from 25 um coated samples. For the acrylic alloy coated
PET sheets, the low thermal shrinkage at 150°C has been achieved <1.0% and 0.5% along the MD and TD directions.
The adhesion to the PET substrate was measured in a standard X-hatch peel-off test. The adhesion to pretreated PET
substrates was relatively low.
[0058] Example 8 (film). A 36 um white optical film containing ALTUGLAS HT 121/KYNAR 740/ TiO2 (R105) at a ratio
of 28/41/31 was extruded at a die temperature of 450°F, along with 3% of the UV package. The melt flow rate (MFR)
was measured at 3.3 g/10 minutes. The film exhibited high diffused optical reflectance up to 94% at 560 nm (Solar
reflectance =80.9%). No yellowing in films was detected. The storage modulus in dynamic mechanical analysis (DMA)
was measured at 5.9 MPa at 150°C (or 10.8 MPa at 140°C).
[0059] Example 9 (AP). The alloy composite of Example 8 was dissolved in MEK/NMP (50/50) at the solid content of
30% and coated onto selected 125um DuPont Melinex 454 pretreated PET films. After the coated AP sheet samples
being dried, the adhesion to the PET substrate was measured in a standard X-hatch peel-off test, and found to be
excellent. For the high Tg acrylic alloy coated PET sheets, a low thermal shrinkage at 150°C was found to be <1.0%
and 0.5% along the MD and TD directions. In addition to the excellent UV blocking, the white hybrid alloy coated PET
sheets exhibited high reflectance at both of the visible light and solar region at the coating thickness of 19 um. Performance
data are shown in Table 4 below.

[0060] Example 10 (film). A 37 um white optical film containing ALTUGLAS HT 121/acrylic core-shell impact modifi-
er/KYNAR 740/ TiO2 (R105) at a ratio of 42/14/14/30, along with 3% of the UV package was extruded at the die temperature
of 450°F. The melt flow rate (MFR) was measured at 1.3 g/10 minutes. The impact modifiers used were based on BA
soft core/acrylic shell (MMA/EA-95/5) structure with the size of 90 nm in diameter from Arkema Inc. The film exhibited
high diffused optical reflectance up to 94% at 560 nm (Solar reflectance =78.2%). No yellowing in films was detected.
[0061] Example 11 (AP). The alloy composite of Example 10 was dissolved in MEK/NMP (80/20) at the solid content
of 30% and coated onto selected 125um DuPont Melinex 454 pretreated PET films. After the coated AP sheet samples

(continued)

Physical Properties Units 20 um white acrylic film over 125 
um PET

25 um white acrylic film over 125 
umPET

Optical reflectance at 560 nm % 79.8-81.8 83.9-85.2

Total solar reflectance % 65.3-67.1 68.7-70.3

TABLE 4

Physical Properties Units white alloy coated PET (TiO2)

Total sheet thickness um 14462

PET thickness um 12561

Coating thickness um 1961

Coating composition ALTUGLAS HT 121/K740/TiO2 wt. % 28/41/31

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.82/- 0.12(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 84.6-85.2

Total solar reflectance % 68.6-69.7
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were dried at 160°C, the adhesion to the PET substrate was measured in a standard X-hatch peel-off test, and was
excellent. For the high Tg acrylic alloy coated PET sheets, low thermal shrinkage at 150°C for 30 minutes was found to
be <1.0% and 0.5% along the MD and TD directions. In addition to the excellent UV blocking, the white hybrid alloy
coated PET sheets exhibited high reflectance at both of the visible light and solar region at the coating thickness of 25
um. The coated PET sheets exhibited the excellent adhesion after a damp heat test at 85°C/85%RH over 1000 hours
based upon the cross-hatch peel-off adhesion test. Performance data are shown in Table 5 below.

[0062] Example 12 (film). A 37 um white optical film containing ALTUGLAS HT 121/acrylic core-shell impact modifi-
er/KYNAR 740/ TiO2 (R103) at a ratio of 42/21/7/30, along with 3% of the UV package was extruded at the die temperature
of 450°F. The melt flow rate (MFR) was measured at 0.6 g/10 minutes. The film exhibited high diffused optical reflectance
up to 92% at 560 nm (Solar reflectance =75.1%). No yellowing in films was detected. The thermal decomposition
temperature was detected at 300°C for 2% weight loss in air.
[0063] Example 13 (AP). The alloy composite was formulated based upon high Tg ALTUGLAS HT 121 /acrylic core-
shell impact modifier/KYNAR 740/TiO2 at the ratio of 42/21/7/30 and additional UV package of 3%. The impact modifiers
used were based on BA soft core/acrylic shell (MMA/EA-95/5) structure with the size of 90 nm in diameter from Arkema
Inc. The white hybrid polymer composites were dissolved in MEK/NMP (90/10) at the solid content of 31 % to form a
uniform dispersion and coated onto selected 125 um DuPont pretreated PET films (Mexlinex 454).
[0064] After coating, the AP sheet samples were dried at 150°C. Excellent adhesion to the PET substrates was shown
in a standard X-hatch peel-off test. For the high Tg acid-grade acrylic alloy coated PET sheets, the low thermal shrinkage
at 150°C was <1.0% and 0.5% along the MD and TD directions. In addition to the excellent UV blocking, the white hybrid
alloy coated PET sheets exhibited high reflectance at both of the visible light and solar region at the coating thickness
of 25 um. The coated PET sheets exhibited the excellent adhesion after a damp heat test at 85°C/85%RH over 1000
hours based upon the cross-hatch peel-off adhesion test. Performance data are shown in the Table 6 below.

TABLE 5

Physical Properties Units white alloy coated PET (SIM)

Total sheet thickness um 15062

PET thickness um 12561

Coating thickness um 2561

Coating composition ALTUGLAS HT 121/K740/TiO2 wt. % 42/14/14/30

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.75/-0.30(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.4-90.1

Total solar reflectance % 72.9-73.5

TABLE 6

Physical Properties Units white alloy coated PET (SIM)

Total sheet thickness um 15062

PET thickness um 12561

Coating thickness um 2561

Coating composition ALTUGLAS HT 121/IM/K740/TiO2 wt. % 42/21/7/30

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.85/-0.15(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 87.1-88.0

Total solar reflectance % 69.6-70.8
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[0065] Example 14 (hard core/soft shell impact modifier). An alloy composite was formulated based upon high Tg
ALTUGLAS HT 121 acrylic/impact modifier/TiO2 R105 at the ratio of 41/23/36 and additional additives of 3%. To improve
the solar light reflection and UV blocking performance, TiO2 particles were used at the level of 36%. The impact modifier
was based on hard acrylic core/soft shell/hard shell impact modifier from Altuglas. Then, the white hybrid polymer
composites were dissolved in MEK/MIBK (85/15) to form a uniform dispersion and coated onto selected 125um DuPont
Melinex 561 pretreated PET films.
[0066] After coating, the AP sheet samples were dried at 120°C, and the adhesion to the PET substrate was measured
in a standard X-hatch peel-off test, and found to be excellent. For the high Tg acid-grade acrylic alloy coated PET sheets,
a low thermal shrinkage at 150°C was achieved at <1.0% and 0.5% along the MD and TD directions. In addition to the
excellent UV blocking, the white hybrid alloy coated PET sheets exhibited high reflectance at both of the visible light
and solar region at the coating thickness of 25 um. The coated PET sheets exhibited the excellent adhesion after a
damp heat test at 85°C/85%RH over 1000 hours based upon the cross-hatch peel-off adhesion test. Performance data
are shown in Table 7 below.

[0067] Example 15 (hard core/soft shell impact modifier). An alloy composite was pre-compounded based upon high
Tg ALTUGLAS HT 121 acrylic/impact modifier/K3120/TiO2 R105 at the ratio of 38/18/7/36 and additional additives of
3%. Kynar Flex 3120 was a PVDF-HFP co-polymer from Fluoropolymer, Arkema. The impact modifier was based on
hard acrylic core/soft shell/hard shell impact modifier with the size of 300 nm from Altuglas. Then, the white hybrid
polymer composites were dissolved in MEK/MIBK (85/15) to form a uniform dispersion at the solid content of 30% and
coated onto selected 180 um DuPont Melinex 561 pretreated PET films.
[0068] After coating, the AP sheet samples were dried at 90°C and 120°C, and the adhesion to the PET substrate
was measured in a standard X-hatch peel-off test, and found to be excellent. For the alloy coated PET sheets, a low
thermal shrinkage at 150°C was achieved at <1,0% and 0.5% along the MD and TD directions. In addition to the excellent
UV blocking, the white alloy coated PET sheets exhibited high reflectance of 75% at the coating thickness of 25 um.
The coated PET sheets exhibited the excellent adhesion after a damp heat test at 85°C/85%RH over 1000 hours based
upon the cross-hatch peel-off adhesion test. Performance data are shown in Table 8 below.

TABLE 7

Physical Properties Units white alloy coated PET

Total sheet thickness um 15062

PET thickness um 12561

Coating thickness um 2561

Coating composition ALTUGLAS HT 121 /IM/TiO2 wt. % 41/23/36

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.80/-0.15(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.9-90.2

Total solar reflectance % 74.3-75.5

TABLE 8

Physical Properties Units white alloy coated PET

Total sheet thickness um 18062

PET thickness um 20562

Coating thickness um 2561

Coating composition ALTUGLAS HT 121/IM/TiO2 wt. % 38/19/7/36

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.75/-0.20(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.9-90.2
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[0069] Example 16 (X-linked AP with a functional silane). An alloy composite was pre-compounded based upon high
Tg ALTUGLAS HT 121 acrylic/impact modifier/K3120/TiO2 R105 at the ratio of 40/18/6/36 and additional additives of
3%. Kynar Flex 3120 was a PVDF-HFP co-polymer from Fluoropolymer, Arkema. The impact modifier was based on
hard acrylic core/soft shell/hard shell impact modifier with the size of 300 nm from Altuglas. The pre-compounded white
hybrid polymer composite was dissolved in MEK/MIBK (80/20). Then, 2.7 wt% of 3-glycidoxypropyl methyl diethoxy
silane (from Alfa Aesar) was added to the above coating solution to form a uniform dispersion at the solid content of
31%. The solution was applied to 250 um DuPont Melinex 561 pretreated PET films.
[0070] The acrylic coated AP sheet samples were dried at 90°C and 110°C, and the adhesion to the PET substrate
was measured in a standard X-hatch peel-off test, and found to be excellent. For the alloy coated PET sheets, a low
thermal shrinkage at 150°C was achieved at <1.0% and 0.5% along the MD and TD directions. In addition to the excellent
UV blocking, the white alloy coated PET sheets exhibited high reflectance of 74.8% at the coating thickness of 25 um.
Performance data are shown in Table 9 below.

[0071] Example 17 (X-linked AP with aziridine) An alloy composite was pre-compounded based upon high Tg AL-
TUGLAS HT 121 acrylic/impact modifier/TiO2 R105 at the ratio of 43/21/36 and additional additives of 3%. The impact
modifier was based on hard acrylic core/soft shell/hard shell impact modifier with the size of 300 nm from Altuglas. The
pre-compounded white hybrid polymer composite was dissolved in MEK/butyl acetate (80/20). Then, 1.0 wt% of triaziri-
dine (PZ-28 from Polyarizidine) was added to the above coating solution to form a uniform dispersion at the solid content
of 33%. The solution was applied to 250 um DuPont Melinex 561 pretreated PET films.
[0072] The acrylic coated AP sheet samples were dried at 80°C, and the adhesion to the PET substrate was measured
in a standard X-hatch peel-off test, and found to be excellent. For the alloy coated PET sheets, a low thermal shrinkage
at 150°C was achieved at <1.0% and 0.5% along the MD and TD directions. In addition to the excellent UV blocking,
the white alloy coated PET sheets exhibited high reflectance of 74.5% at the coating thickness of 25 um. Performance
data are shown in Table 10 below.

(continued)

Physical Properties Units white alloy coated PET

Total solar reflectance % 74.5-75.5

TABLE 9

Physical Properties Units white alloy coated PET

Total sheet thickness um 25062

PET thickness um 27562

Coating thickness um 2561

Composition ALTUGLAS HT 121 /IM/K3120/TiO2 (40/18/6/36) gram 13.5

MEK gram 24

MIBK gram 6

3-Glycidoxypropyl methyl diethoxy silane gram 0.38

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.80/-0.20(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.7-90.1

Total solar reflectance % 74.5-75.2

TABLE 10

Physical Properties Units white alloy coated PET

Total sheet thickness um 25062

PET thickness um 27562
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[0073] Example 18 (X-linked AP with an isocyanate without a primer). An alloy composite was pre-compounded based
upon high Tg ALTUGLAS HT 121 acrylic/impact modifier/K3120/TiO2 R105 at the ratio of 43/16/6/35 and additional
additives of 3%. The impact modifier was based on hard acrylic core/soft shell/hard shell impact modifier with the size
of 300 nm from Altuglas. The pre-compounded white hybrid polymer composite was dissolved in MEK/MIBK (80/20).
Then, 10 wt.% of a crosslinking agent DESMODUR N3300A (homopolymer of hexamethyl diisocyanate from Bayer
Material Scienec) was added to the above coating solution to form a uniform dispersion at the solid content of 32%. The
solution was applied to 180 um Toray T60 unprimed PET films.
[0074] The acrylic coated AP sheet samples were dried at 130-145°C, and the adhesion to the PET substrate was
measured in a standard X-hatch peel-off test, and was excellent. For the alloy coated PET sheets, a low thermal shrinkage
at 150°C was achieved at <1.0% and 0.5% along the MD and TD directions. In addition to the excellent UV blocking,
the white alloy coated PET sheets exhibited high reflectance of 74.9% at the coating thickness of 28 um. Performance
data are shown in Table 11 below.

[0075] Example 19 (AP-EVA encapsulant). A 150 um alloy coated PET film was formed, having a 25 um coating of
ALTUGLAS HT 121 acrylic/impact modifier/Kynar740/TiO2 layer at the ratio of 42/21/7/30 as described in Example 13.
The alloy coated PET sheets (AP) exhibited a total solar reflectance of ∼70%. The uncoated PET side of a sheet was

(continued)

Physical Properties Units white alloy coated PET

Coating thickness um 2561

Composition ALTUGLAS HT 121 /IM//TiO2 (43/21/36) gram 12

MEK gram 20

Butyl acetate gram 4

Triarizidine gram 0.12

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.85/-0.25(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.4-90.0

Total solar reflectance % 74.2-74.8

TABLE 11

Physical Properties Units white alloy coated PET

Total sheet thickness um 18262

PET thickness um 21062

Coating thickness um 2861

Composition ALTUGLAS HT 121 /IM//K3120/TiO2 (43/16/6/35) gram 11.5

MEK gram 20

MIBK gram 4

Dibutyltin Dilaurate gram 0.15

DESMODUR N3300A gram 1.2

X-hatch adhesion to PET substrates - Class 5B-100% pass

Thermal shrinkage @ 150°C/30 min %/% -0.85/-0.35(MD/TD)

UV blocking @280-400 nm % 100

Optical reflectance at 560 nm % 88.7-90.3

Total solar reflectance % 74.5-75.3
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corona treated and was successfully laminated to a 420 um EVA (STR 15925P) encapsulating layer film to form an
acrylic alloy/PET/EVA backsheet structure at 150°C for 15 minutes using a P. Energy laminator in the lab after the
surface treatment of PET films at the level of ∼58-60 dyne/cm. The adhesion of the coated PET to the EVA layer was
excellent.
[0076] Example 20 (APE). A 150 um acrylic coated PET film was formed having a coating of 25 um ALTUGLAS HT
121 acrylic/impact modifier/TiO2 layer at the ratio of 41/23/36 described in Example 14. The coated PET sheets (AP)
possessed the total solar reflectance of ∼74.5% over the black background, with excellent adhesion of the coating to
the PET film. The uncoated PET side of the acrylic coated PET sheets (AP) exhibited excellent adhesion to a 100 um
OREVAC T (modified EVA from Arkema Inc.) layer to form a 250 um acrylic/PET/EVA (APE) backsheet structure at
140°C for 10 minutes under 20psi in the lab without the surface treatment of the PET film.
[0077] Example 21 (AP+primed). A 205 um acrylic coated PET film was formed with a 30 um coating of ALTUGLAS
HT 121 acrylic/impact modifier/TiO2 layer at the ratio of 41/23/36 described in Example 14. The coated PET sheets (AP)
possessed a total solar reflectance of ∼78% over the black background along with excellent adhesion of the coating to
the PET film. The PET side of the acrylic coated PET sheets (AP) exhibited excellent adhesion to a 20 um OREVAC T
(Arkema modified EVA) primer layer to form a 225 um acrylic/PET/primer (AP+primer) backsheet structure at 140°C in
the lab without the surface treatment of the PET film. The primer layer possessed an excellent adhesion to a 420 um
EVA (STR 15925P) encapsulating layer at 140°C for 10 minutes under 20psi.
[0078] Example 22 (APA). A coating, made of CRP block copolymer (PMMA-MMA)-b-PBA-b-(PMMA-MAA)/TiO2 at
the ratio of 72/25 in MEK/MIBK described in Example 5, was applied to the surface of a 125 um pretreated PET film at
32.5 um. The acrylic coated PET sheets (AP) possessed a total solar reflectance of ∼74% over the black background,
along with excellent adhesion of the coating to the PET films. Then, a second layer (32.5 um) of the white coating was
applied to the backside of the PET substrate to form an acrylic/PET/Acrylic (APA) backsheet structure. The 190 um
coated APA backsheets possessed a total solar reflectance of ∼80%. The acrylic coated PET sheets (APA) exhibited
excellent adhesion to a 20 um OREVAC T (Arkema Inc., modified EVA) primer layer to form a 210 um acrylic/PET/primer
(APA+primer) backsheet structure at 140°C in the lab. The primed APA demonstrated an excellent adhesion to a 400
um EVA (STR 15925P) encapsulating layer at 140°C for 10 minutes under 20psi.
[0079] Example 23 (KPA). The CRP block copolymer of Example 5: (PMMA-MMA)-b-PBA-b-(PMMA-MAA)/TiO2 at
the ratio of 72/25 in MEK/MIBK, was applied to the surface of 125 um pretreated PET film at a thickness of 32.5 um.
The acrylic coated PET sheet (AP) possessed the total solar reflectance of ∼74% over the black background, along with
excellent adhesion of the coating to the PET film. This AP structure could be laminated to a 30 um KYNAR 302 PGM
TR polyvinylidene fluoride film (Arkema Inc.) to form an acrylic/PET/adhesive/KYNAR film (APK) with a 10 um aromatic
polyester adhesive layer during the hot lamination. The KYNAR layer is used as an external layer to further improve the
weatherability while the acrylic layer could be used to improve the light recycling and enhance the PV module efficiency.
[0080] Example 24 (AP-EVA PV module). A 275 um alloy coated PET film based on Du Pont MELINEX 561 was
formed, having a 25 um coating of ALTUGLAS HT 121 acrylic/impact modifier (B200) /R105 TiO2 layer at the ratio of
44/21/35 with 3% UV package. B200 is a soft-core/shell based impact modifier with the size of 210 nm from Functional
Additives, Arkema. The solid content in the coating solution was controlled at 30 wt.% in MEK/butyl acetate (85/15). The
alloy coated PET sheets (AP) exhibited a total solar reflectance of ∼74%. The water vapor transmission rate was measured
at 1.4g/m2day under ASTM E96. The dielectric breakdown voltage was measured at 24.5kV under ASTM D149.
[0081] The uncoated PET side of a sheet was corona treated up to ∼58-60 dyne/cm and was successfully laminated
to a 420 um EVA (STR 15925P) encapsulating layer along with a 2"x4" mono-crystalline Si cell sandwiched between
two EVA layers and a textured front low iron glass cover to form a crystalline Si PV module at 150°C for 15 minutes
using a P. Energy laminator in the lab. The adhesion of the coated PET to the EVA layer was excellent. The mono-
crystalline Si PV module with acrylic coated PET sheets passed a damp heat test at 85°C/85%RH over 1500 hours
without seeing the significant reduction in the module efficiency (η=13.260.3%) measured under AM 1.5G (defined in
ASTM E927).
[0082] Example 25 (AP-EVA PV module). A 205 um alloy coated PET film based on Du Pont MELINEX 561 was
formed, having a 25 um coating of PLEXIGLAS HT 121 acrylic/impact modifier (B200) /R105 TiO2 layer at the ratio of
44/21/35 with 3% UV package. B200 is a soft-core/hard shell based impact modifier from Functional Additives, Arkema.
The solid content in the coating solution was controlled at 30 wt.% in MEK/MIBK (85/15). The alloy coated PET sheets
(AP) exhibited a total solar reflectance of ∼74%. The uncoated PET side of a sheet was corona treated up to ∼58-60
dyne/cm and was successfully laminated to a 420 um EVA (STR 15925P) encapsulating layer film along with a 2"x4"
mono-crystalline Si cell sandwiched between two EVA layers and a flat front low iron glass cover to form a crystalline
Si PV module at 150°C for 15 minutes using a P. Energy laminator in the lab. The adhesion of the coated PET to the
EVA layer was excellent. The mono-crystalline Si PV module with acrylic coated PET sheets passed a damp heat test
at 85°C/85%RH over 1500 hours without seeing the visible reduction in the module efficiency (η=11.960.4%) measured
under AM 1.5G.
[0083] Example 26 (AP). A 22 um coating, made of ALTUGLAS HT 121 acrylic/impact modifier (B200) /R105 TiO2
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layer at the ratio of 44/21/35 with 3% UV package described in example 24, was applied to the surface of a 250 um
MELINEX 561 pretreated PET film at a coating line. The solid content of the coating solution was controlled at 30% in
MEK/cyclopentanone (85/15). The coating line speed was at 20 feet/min and the dry temperature was up to 280°F. The
acrylic coated PET sheets (AP) possessed a total solar reflectance of ∼71% over the black background, along with
excellent adhesion of the coating to the PET films. The acrylic coated PET sheets exhibited the excellent adhesion in a
damp heat test at 85°C/85%RH over 1500 hours without seeing the reduction in coating adhesion.
[0084] Example 27 (AP). A 22 um coating, made of ALTUGLAS HT 121 acrylic/impact modifier (B200)/R105 TiO2
layer at the ratio of 44/21/35 with 3% UV package, was applied to the surface of a 250 um MELINEX 561 pretreated
PET film at a coating line. The solid content was controlled at 30% in MEK/cyclopentanone (85/15). The coating line
speed was at 20 feet/min and the dry temperature was up to 280°F. The acrylic coated PET sheets (AP) possessed a
total solar reflectance of 71% over the black background, along with excellent adhesion of the coating to the PET films
The acrylic coated PET sheets exhibited the excellent adhesion in a damp heat test at 85°C/85%RH over 1500 hours
without seeing the reduction in coating adhesion.
[0085] Example 28 (APA). A 21 um coating, made of ALTUGLAS HT 121 acrylic/impact modifier (B280)/R105 TiO2
layer at the ratio of 44/21/35 with 3% UV package, was applied to the surface of a 250 um MELINEX 561 pretreated
PET film at a coating line. B280 is an impact modifier with the size of 300 nm from Functional Additives, Arkema Inc.
The solid content was controlled at 30% in MEK/cyclopentanone (85/15). The coating line speed was at 20 feet/min and
the dry temperature was up to 280°F. The acrylic coated PET sheets (AP) possessed a total solar reflectance of ∼70.5%
over the black background, along with excellent adhesion of the coating to the PET films. Then, a second layer (20 um)
of the white coating was applied to the backside of the PET substrate to form an Acrylic/PET/Acrylic (APA) backsheet
at the same processing condition. The 291 um coated APA backsheets possessed a total solar reflectance of ∼76.5%.
The acrylic coated PET sheets exhibited the excellent adhesion in a damp heat test at 85°C/85%RH over 1500 hours
without seeing the reduction in coating adhesion.
[0086] Example 29 (Primed APA-EVA). The acrylic coated PET sheets (APA) described in example 25, exhibited the
excellent adhesion to a 420 um EVA (STR 15925P) encapsulating layer film after the APA sheets were primed with a
Dow Chemical N-β-aminoethyl-γ-aminopropyl trimethylsilane (Z-6020, ∼97%) compound. The Z-6020 silane was diluted
in EtOH down to the concentration of 1.5 wt. %. The APA treated with a Z-6020 silane primer was dried at 110°C for 5
minutes. When the primed side of the APA backsheet was laminated to the EVA encapsulating layer at 150°C for 15
minutes using a P. Energy laminator in the lab, the primed APA sheet exhibited the excellent adhesion to the EVA
encapsulating layer. The Si module was made from a 2"x4" mono-crystalline Si cell, along with a textured front low iron
glass cover, two EVA (STR 15925P) encapsulating layers, and the primed APA backsheet. Two laminated c-Si PV
modules made in the lab possessed the module efficiency of 13.7% and 14.6% measured under AM 1.5G.

Claims

1. A photovoltaic module comprising, in order from front to back:

a) a solar radiation transparent glazing material;
b) one or more solar cells; and
c) a multi-layer backsheet comprising an acrylic layer and a polymer support layer,

wherein the acrylic layer is adhered to a polymer support layer and and faces the environment,
wherein said polymer support layer is selected from polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), and functionalized polyolefins and alloys thereof,
wherein said acrylic layer comprises at least 50 percent by weight of one or more acrylic polymers, and wherein
said acrylic layer is in the form of one or more coatings, films, or sheets having a total thickness of from 10 to 200
microns.

2. The photovoltaic module of claim 1, wherein said acrylic layer has either a Tm of greater than 25°C if said layer is
crystalline or semi-crystalline, or a Tg of greater than 10°C if said layer is amorphous, preferably said acrylic layer
has either a Tm of greater than 70°C if said layer is crystalline or semi-crystalline, or a Tg of greater than 70°C if
said layer is amorphous and advantageously said acrylic layer has either a Tm of greater than 85°C if said layer is
crystalline or semi-crystalline, or a Tg of greater than 85°C if said layer is amorphous.

3. The photovoltaic module of claim 1, wherein said acrylic layer further comprises from 5 to 50 weight percent of one
or more pigments, based on the weight of the acrylic polymer.
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4. The photovoltaic module of claim 3, wherein said pigment(s) are white pigments.

5. The photovoltaic module of claim 4, wherein said white pigment comprises TiO2, ZnO, and BaSO4 particles.

6. The photovoltaic module of claim 1, wherein said acrylic polymer comprises an acrylic matrix and from 0 to 50 weight
percent of one or more impact modifiers, based on the total weight of acrylic polymers and preferably said acrylic
polymer comprises an acrylic matrix and from 10 to 30 weight percent of one or more acrylic impact modifiers, based
on the total weight of acrylic polymers.

7. The photovoltaic module of claim 1, wherein said acrylic polymer comprises from 0.01 to 20 weight percent of
functionalized monomer units.

8. The photovoltaic module of claim 7, wherein said functionalized monomer units comprise acrylic acid, methacrylic
acid, or a mixture thereof.

9. The photovoltaic module of claim 1, wherein said acrylic layer further comprises one or more fluoropolymers that
are miscible, semi-miscible or compatible with said acrylic polymers, and wherein the ratio of said acrylic polymer(s)
to said fluoropolymer is from 40:60 to 100:0,
and wherein said acrylic layer comprises at least 50 percent by weight of one or more acrylic polymers.

10. The photovoltaic module of claim 9, wherein said fluoropolymer comprises a homopolymer or copolymer of polyvi-
nylidene fluoride, comprising at least 75 weight percent of vinylidene fluoride monomer units.

11. The photovoltaic module of claim 9, wherein the ratio of said acrylic polymer(s) to said fluoropolymer is from 51:49
to 95:5.

12. The photovoltaic module of claim 1, wherein said acrylic layer has a Tg of greater than 110°C.

13. The photovoltaic module of claim 1, wherein said polymer support layer is selected from polyethylene terephthalate
(PET).

14. The photovoltaic module of claim 1, the multilayer backsheet is further comprising one or more additional layers
selected from the group consisting of an additional acrylic layer of the same or different composition, a fluoropolymer
layer, an ethylene vinyl cetate (EVA) layer, and a thermoplastic layer.

15. The photovoltaic module of claim 1 wherein said acrylic layer has either a Tm or Tg of greater than 85°C, wherein
said acrylic layer comprises at least 51 weight percent of acrylic polymer(s), wherein said acrylic polymer(s) comprise
an acrylic polymer matrix having from 0.01 to 20 weight percent of functionalized monomer units, and wherein said
acrylic layer comprises from 5 to 50 weight percent of one or more white pigment(s) based on the weight of the
polymer(s).

16. The photovoltaic module of claim 1, wherein said acrylic polymer layer further is crosslinkable, and reactive with
multi-functional groups.

17. The photovoltaic module of claim 1, wherein said acrylic layer further comprises reactive additives.

Patentansprüche

1. Photovoltaikmodul, umfassend in der Reihenfolge von vorne nach hinten:

a) ein sonnenstrahlendurchlässiges Verglasungsmaterial;
b) eine oder mehrere Solarzellen; und
c) eine mehrschichtige Rückschicht, die eine Acrylschicht und eine Polymer-Trägerschicht umfasst,

wobei die Acrylschicht an eine Polymer-Trägerschicht angehaftet ist und der Umgebung zugewandt ist,
wobei die Polymer-Trägerschicht ausgewählt ist aus Polyethylenterephthalat (PET), Polyethylennaphthalat (PEN)
und funktionalisierten Polyolefinen und Legierungen davon,
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wobei die Acrylschicht wenigstens 50 Gewichtsprozent an einem oder mehreren Acrylpolymeren umfasst und wobei
die Acrylschicht in der Form eines/einer oder mehrerer Überzüge,
Filme oder Bahnen mit einer Gesamtdicke von 10 bis 200 Mikrometer vorliegt.

2. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht entweder eine Tm von höher als 25 °C aufweist, wenn
die Schicht kristallin oder halbkristallin ist, oder eine Tg von höher als 10 °C, wenn die Schicht amorph ist, wobei
die Acrylschicht vorzugsweise entweder eine Tm von höher als 70 °C aufweist, wenn die Schicht kristallin oder
halbkristallin ist, oder eine Tg von höher als 70 °C, wenn die Schicht amorph ist, und die Acrylschicht vorteilhaft
entweder eine Tm von höher als 85 °C aufweist, wenn die Schicht kristallin oder halbkristallin ist, oder eine Tg von
höher als 85 °C, wenn die Schicht amorph ist.

3. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht ferner von 5 bis 50 Gewichtsprozent an einem oder
mehreren Pigmenten, bezogen auf das Gewicht des Acrylpolymers, umfasst.

4. Photovoltaikmodul gemäß Anspruch 3, wobei das/die Pigment(e) weiße Pigmente sind.

5. Photovoltaikmodul gemäß Anspruch 4, wobei das weiße Pigment TiO2-, ZnO- und BaSO4-Partikel umfasst.

6. Photovoltaikmodul gemäß Anspruch 1, wobei das Acrylpolymer eine Acrylmatrix und von 0 bis 50 Gewichtsprozent
an einem oder mehreren Schlagzähmodifikatoren, bezogen auf das Gesamtgewicht an Acrylpolymeren, umfasst
und das Acrylpolymer vorzugsweise eine Acrylmatrix und von 10 bis 30 Gewichtsprozent an einem oder mehreren
Acryl-Schlagzähmodifikatoren, bezogen auf das Gesamtgewicht an Acrylpolymeren, umfasst.

7. Photovoltaikmodul gemäß Anspruch 1, wobei das Acrylpolymer von 0,01 bis 20 Gewichtsprozent an funktionalisier-
ten Monomereinheiten umfasst.

8. Photovoltaikmodul gemäß Anspruch 7, wobei die funktionalisierten Monomereinheiten Acrylsäure, Methacrylsäure
oder ein Gemisch davon umfassen.

9. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht ferner ein oder mehrere Fluorpolymere, die mit den
Acrylpolymeren mischbar, halbmischbar oder vereinbar sind, umfasst und wobei das Verhältnis des Acrylpoly-
mers/der Acrylpolymere zu dem Fluorpolymer von 40:60 bis 100:0 beträgt,
und wobei die Acrylschicht wenigstens 50 Gewichtsprozent an einem oder mehreren Acrylpolymeren umfasst.

10. Photovoltaikmodul gemäß Anspruch 9, wobei das Fluorpolymer ein Homopolymer oder Copolymer von Polyvinyl-
fluorid umfasst, das wenigstens 75 Gewichtsprozent Vinylidenfluorid-Monomereinheiten umfasst.

11. Photovoltaikmodul gemäß Anspruch 9, wobei das Verhältnis des Acrylpolymers/der Acrylpolymere zu dem Fluor-
polymer von 51:49 bis 95:5 beträgt.

12. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht eine Tg von höher als 110 °C aufweist.

13. Photovoltaikmodul gemäß Anspruch 1, wobei die Polymer-Trägerschicht ausgewählt ist aus Polyethylenterephthalat
(PET).

14. Photovoltaikmodul gemäß Anspruch 1, wobei die mehrschichtige Rückschicht ferner eine oder mehrere zusätzliche
Schichten ausgewählt aus der Gruppe bestehend aus einer zusätzlichen Acrylschicht mit der gleichen oder einer
anderen Zusammensetzung, einer Fluorpolymerschicht, einer Ethylenvinylacetat(EVA)-Schicht und einer thermo-
plastischen Schicht umfasst.

15. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht entweder eine Tm oder eine Tg von höher als 85 °C
aufweist, wobei die Acrylschicht wenigstens 51 Gewichtsprozent an Acrylpolymer(en) umfasst, wobei das/die Acryl-
polymer(e) eine Acrylpoylmermatrix mit von 0,01 bis 20 Gewichtsprozent an funktionalisierten Monomereinheiten
umfasst/umfassen und wobei die Acrylschicht von 5 bis 50 Gewichtsprozent ein einem oder mehreren weißen
Pigment(en), bezogen auf das Gewicht des Polymers/der Polymere, umfasst.

16. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylpoylmerschicht ferner vernetzbar und mit mehrfunktionellen
Gruppen reaktionsfähig ist.
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17. Photovoltaikmodul gemäß Anspruch 1, wobei die Acrylschicht ferner reaktionsfähige Zusatzstoffe umfasst.

Revendications

1. Module photovoltaïque comprenant, dans l’ordre de l’avant vers l’arrière :

a) un matériau de vitrage transparent au rayonnement solaire ;
b) une ou plusieurs cellules solaires ; et
c) une face arrière multicouche comprenant une couche acrylique et une couche de support en polymère, dans
lequel la couche acrylique est collée à une couche de support en polymère et est orientée vers l’environnement,

dans lequel ladite couche de support en polymère est choisie entre le poly(téréphtalate d’éthylène) (PET), le po-
ly(naphtalate d’éthylène) (PEN) et des polyoléfines fonctionnalisées et des alliages de ceux-ci,
dans lequel ladite couche acrylique comprend au moins 50 pour cent en poids d’un ou plusieurs polymères acryliques
et dans lequel ladite couche acrylique est sous la forme d’un ou plusieurs revêtements, films ou feuilles ayant une
épaisseur totale de 10 à 200 microns.

2. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique a soit une Tm de plus de 25
°C si ladite couche est cristalline ou semi-cristalline, soit une Tg de plus de 10 °C si ladite couche est amorphe, de
préférence ladite couche acrylique a soit une Tm de plus de 70 °C si ladite couche est cristalline ou semi-cristalline,
soit une Tg de plus de 70 °C si ladite couche est amorphe et avantageusement ladite couche acrylique a soit une
Tm de plus de 85 °C si ladite couche est cristalline ou semi-cristalline, soit une Tg de plus de 85 °C si ladite couche
est amorphe.

3. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique comprend en outre de 5 à 50
pour cent en poids d’un ou plusieurs pigments, par rapport au poids du polymère acrylique.

4. Module photovoltaïque selon la revendication 3, dans lequel ledit ou lesdits pigments sont des pigments blancs.

5. Module photovoltaïque selon la revendication 4, dans lequel ledit pigment blanc comprend des particules de TiO2,
de ZnO et de BaSO4.

6. Module photovoltaïque selon la revendication 1, dans lequel ledit polymère acrylique comprend une matrice acrylique
et de 0 à 50 pour cent en poids d’un ou plusieurs modificateurs de la résistance au choc, par rapport au poids total
de polymères acryliques et de préférence ledit polymère acrylique comprend une matrice acrylique et de 10 à 30
pour cent en poids d’un ou plusieurs modificateurs de la résistance au choc acryliques, par rapport au poids total
de polymères acryliques.

7. Module photovoltaïque selon la revendication 1, dans lequel ledit polymère acrylique comprend de 0,01 à 20 pour
cent en poids de motifs monomères fonctionnalisés.

8. Module photovoltaïque selon la revendication 7, dans lequel lesdits motifs monomères fonctionnalisés comprennent
de l’acide acrylique, de l’acide méthacrylique ou un mélange de ceux-ci.

9. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique comprend en outre un ou
plusieurs polymères fluorés qui sont miscibles, semi-miscibles ou compatibles avec lesdits polymères acryliques
et dans lequel le rapport dudit ou desdits polymères acryliques audit polymère fluoré est de 40:60 à 100:0,
et dans lequel ladite couche acrylique comprend au moins 50 pour cent en poids d’un ou plusieurs polymères
acryliques.

10. Module photovoltaïque selon la revendication 9, dans lequel ledit polymère fluoré comprend un homopolymère ou
copolymère de poly(fluorure de vinylidène), comprenant au moins 75 pour cent en poids de motifs monomères
fluorure de vinylidène.

11. Module photovoltaïque selon la revendication 9, dans lequel le rapport dudit ou desdits polymères acryliques audit
polymère fluoré est de 51:49 à 95:5.
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12. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique a une Tg de plus de 110 °C.

13. Module photovoltaïque selon la revendication 1, dans lequel ladite couche de support en polymère est choisie entre
du poly (téréphtalate d’éthylène) (PET).

14. Module photovoltaïque selon la revendication 1, dans lequel la face arrière multicouche comprend en outre une ou
plusieurs couches supplémentaires choisies dans le groupe constitué par une couche acrylique supplémentaire de
composition identique ou différente, une couche de polymère fluoré, une couche d’éthylène-acétate de vinyle (EVA)
et une couche thermoplastique.

15. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique a soit une Tm soit une Tg de
plus de 85 °C, dans lequel ladite couche acrylique comprend au moins 51 pour cent en poids d’un ou plusieurs
polymères acryliques, dans lequel ledit ou lesdits polymères acryliques comprennent une matrice de polymère
acrylique ayant de 0,01 à 20 pour cent en poids de motifs monomères fonctionnalisés et dans lequel ladite couche
acrylique comprend de 5 à 50 pour cent en poids d’un ou plusieurs pigments blancs par rapport au poids du ou des
polymères.

16. Module photovoltaïque selon la revendication 1, dans lequel ladite couche de polymère acrylique est en outre
réticulable et réactive avec des groupes multifonctionnels.

17. Module photovoltaïque selon la revendication 1, dans lequel ladite couche acrylique comprend en outre des additifs
réactifs.
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