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SURFACE PROTECTIVE MATERIAL FOR
SOLAR CELL, AND SOLAR CELL MODULE
PRODUCED USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a highly moisture
proof surface protective material for a solar cell having a
moisture proof film containing an inorganic thin film layer, in
which the surface protective material for a solar cell has
excellent moisture proofness without deterioration in long-
term use, and relates to a highly durable solar cell module
using the surface protective material for a solar cell.

BACKGROUND ART

[0002] In recent years, a solar cell, which converts solar
light directly to electric energy, is receiving attention and thus
being developed from the viewpoint of effective utilization of
the resources, prevention of environmental contamination,
and the like. A solar cell has a structure that contains an upper
protective material on the light receiving side and an upper
protective material, between which a solar cell device is
sealed with an encapsulant material, such as films of an eth-
ylene-vinyl acetate copolymer, polyethylene and polypropy-
lene, and is generally produced by laminating and melting
under heat the upper protective material, the encapsulant
material, the electric power generation device (i.e., the solar
cell device), the encapsulant material and the lower protective
material, thereby adhering and integrating them.

[0003] Significantly important factors of the upper protec-
tive material and the lower protective material (which here-
inafter each are referred to as a surface protective material ) of
a solar cell include durability to an ultraviolet ray and excel-
lent moisture proofness, which prevents deterioration of the
solar cell device and formation of rust on conductive wire and
electrodes inside, due to penetration of moisture or water.
[0004] Examples of the surface protective material for a
solar cell having been proposed for satisfying the demands
include a laminated material having a structure containing,
from the exposure side, a weatherproof film, a moisture proof
film having a vapor-deposited inorganic thin film on the expo-
sure side, and a film having adhesiveness and partial dis-
charge resistance, such as an encapsulant material.

[0005] For example, Patent document 1 discloses in the
examples thereof a surface protective material for a solar cell
that is obtained by providing polyurethane adhesive layers on
both surfaces of a moisture proof film containing a biaxially
stretched polyester film as a substrate, and laminating weath-
erproof polyester films on both surfaces thereof.

[0006] Patent document 2 discloses in the examples thereof
a surface protective material for a solar cell that is obtained by
adhering a polyvinyl fluoride (PVF) film on the similar mois-
ture proof film containing a biaxially stretched polyester film
as a substrate, with a two-component curing polyurethane
adhesive.

[0007] Patent document 3 discloses a back surface protec-
tive sheet for a solar cell module that contains a weatherproof
resin layer having weather resistance on the back surface
thereof, and contains a first vapor deposition resin layer hav-
ing a vapor-deposited film of a metal oxide on one surface
thereof, an intermediate resin layer, and a second vapor depo-
sition resin layer having a vapor-deposited film of a metal
oxide on one surface thereof, which are laminated with the
weatherproof resin layer through a dry lamination process, in
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which the vapor-deposited films of the first vapor deposition
resin layer and the second vapor deposition resin layer are
disposed on the side of the intermediate resin layer.

[0008] Patentdocument 4 discloses a method for producing
a back surface protective sheet for a solar cell module con-
taining a weatherproof resin layer having weather resistance
on the back surface thereof, and the method for producing a
back surface protective sheet for a solar cell module contains
laminating the weatherproof resin layer sequentially with at
least three layers of vapor deposition resin layers each having
a vapor-deposited film of a metal oxide on one surface
thereof, through a dry lamination process, in which the vapor
deposition resin layers each have a water vapor permeability
at 40° C. and 90% RH of from 0.03 to 0.5 g/m*day.

CITATION LIST
[0009] Patent documents
[0010] Patent document 1: JP-A-2009-188072
[0011] Patent document 2: JP-A-2009-49252
[0012] Patent document 3: JP-A-2010-272761
[0013] Patent document 4: JP-A-2010-272762
SUMMARY OF INVENTION
Technical Problem
[0014] On installing a surface protective material to a solar

cell, the surface protective material is laminated with other
members, and they are adhered and integrated through a
vacuum lamination process, for example, under conditions of
a temperature of from 130 to 180° C. and a period of time of
from 10 to 40 minutes. The lamination temperature is far
higher than the accelerated test disclosed in Patent documents
for the ordinary surface protective materials, and thus causes
serious damages on the surface protective material. In the use
of'the protective material for a solar cell in a solar cell module
having a compound-based electric generation device that
requires a high moisture proof capability and a solar cell
module that contains no glass that is required to have flex-
ibility, in particular, it is necessary to prevent deterioration of
the moisture proof capability after the accelerated test, in
consideration of the influence of the vacuum lamination pro-
cess.

[0015] However, all Patent documents mentioned above do
not consider the deterioration of the moisture proof capability
of the surface protective material containing a highly mois-
ture proof film having a water vapor permeability of less than
0.1 g/m*-day caused by lamination and integration of the
surface protective material with the other members through
the vacuum lamination process, and fail to disclose such a
surface protective material for a solar cell that maintains a
moisture proof capability for a prolonged period of time even
after the experience of high temperature conditions of a tem-
perature of from 130 to 180° C. and a period of time of from
10 to 40 minutes.

[0016] The example of Patent document 1 performs only a
test of 85° C. and 85% humidity for 1,000 hrs for a surface
protective material for a solar cell, and shows evaluation
results after the test, but it is disclosed only that the water
vapor permeability after the test was from 1 to 2 g/m*-day.
Patent document 2 performs only a pressure cooker test (PCT,
severe environmental test under high temperature and high
pressure at 105° C. for 92 hours) for a surface protective
material for a solar cell, and the moisture proofness after the
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test is evaluated, but it is disclosed only that the water vapor
permeability after the test was 0.5 g/m*-day.

[0017] Patent documents 3 and 4 disclose evaluation results
of the initial moisture proofness of surface protective mate-
rials for a solar cell produced through a dry lamination pro-
cess, but the surface protective materials for a solar cell did
not have a sufficient moisture proof capability after the expe-
rience of high temperature conditions of a temperature of
from 130 to 180° C. and a period of time of from 10 to 40
minutes.

[0018] Accordingly, an object of the present invention is to
provide a highly moisture proof surface protective material
for a solar cell having a highly moisture proof film that con-
tains an inorganic thin film layer on one surface of a substrate
and has a water vapor permeability of less than 0.1 g/m>-day,
in which the surface protective material has excellent mois-
ture proofness without deterioration even after the experience
of a high temperature process, such as a vacuum lamination
process, and also to provide a solar cell module excellent in
durability that contains the surface protective material for a
solar cell.

Solution to Problem

[0019] As a result of earnest investigations made by the
present inventors, it has been found that a surface protective
material for a solar cell satisfies both excellent moisture
proofness and interlayer strength simultaneously for a pro-
longed period of time and realizes durability of the moisture
proof capability, by the use of the structure of the surface
protective material for a solar cell that contains a highly
moisture proof film containing an inorganic thin film layer
and having a water vapor permeability of less than 0.1
g/m?>-day, having on the side of the inorganic thin film layer
thereof a weatherproof film, and having on the opposite side
(which may be hereinafter referred to as a back surface) to the
inorganic thin film layer of the highly moisture proof film a
film that has a particular melting point (hereinafter the film
adhered to the back surface of the moisture proof film may be
referred to as a back surface film), and thus the prevent inven-
tion has been completed.

[0020] The present invention relates to:

[0021] (1) a surface protective material for a solar cell,
containing: a moisture proof film that comprises a substrate
having on one surface thereof an inorganic thin film layer and
has a water vapor permeability of less than 0.1 g/m*-day; a
weatherproof film on a side of the inorganic thin film layer of
the moisture proof film; and a back surface film that has a
melting point of 80° C. or more and 180° C. or less on the
opposite side of the inorganic thin film layer of the moisture
proof film,

[0022] (2) the surface protective material for a solar cell
according to the item (1), wherein the moisture proof film has
a water vapor permeability of 0.05 g/m* day or less,

[0023] (3) the surface protective material for a solar cell
according to the item (1), wherein the moisture proof film has
a water vapor permeability of 0.01 g/m*-day or less,

[0024] (4) the surface protective material for a solar cell
according to any one of the items (1) to (3), wherein the back
surface film has a melting point of 130° C. or more and 180°
C. or less,

[0025] (5) the surface protective material for a solar cell
according to any one of the items (1) to (4), wherein the back
surface film has a thickness of 25 pm or more and 300 pum or
less,

May 8, 2014

[0026] (6) the surface protective material for a solar cell
according to any one of the items (1) to (5), wherein the back
surface film contains, as a major component, at least one kind
of a resin selected from polyethylene, polypropylene, poly-
lactic acid, polyvinyl fluoride and polyvinylidene fluoride,
[0027] (7) the surface protective material for a solar cell
according to any one of the items (1) to (5), wherein the back
surface film is a polypropylene resin film that contains
polypropylene as a major component and has an elastic
modulus at 23° C. of 1,000 MPa or more and a crystallization
onset temperature of 120° C. or more,

[0028] (8) the surface protective material for a solar cell
according to any one of the items (1) to (5) and (7), wherein
the back surface film is a polypropylene resin film that con-
tains polypropylene as a major component and contains a
crystallization nucleating agent in an amount of 0.05 part by
mass or more and 5.0 parts by mass or less per 100 parts by
mass of the polypropylene,

[0029] (9) the surface protective material for a solar cell
according to any one of the items (6) to (8), wherein the
polypropylene is mainly homopolypropylene,

[0030] (10) the surface protective material for a solar cell
according to any one of the items (7) to (9), wherein the
polypropylene resin film comprises multilayer,

[0031] (11) the surface protective material for a solar cell
according to any one of the items (1) to (10), wherein the
substrate is a polyester resin film,

[0032] (12) the surface protective material for a solar cell
according to any one of the items (1) to (11), wherein the
surface protective material has an adhesive layer between the
moisture proof film and the back surface film,

[0033] (13) the surface protective material for a solar cell
according to any one of the items (1) to (12), wherein the
surface protective material has, on the opposite side of the
inorganic thin film layer included in the moisture proof film,
the back surface film and a plastic film in this order,

[0034] (14) the surface protective material for a solar cell
according to any one of the items (1) to (13), wherein the
surface protective material further comprises an encapsulant
material laminated thereon, and

[0035] (15) a solar cell module that is produced with the
surface protective material for a solar cell according to any
one of the items (1) to (14).

[0036] In the present invention, the language “X or more
and Y or less” may be referred to as “from X to Y” in some
cases.

Advantageous Effects of Invention

[0037] Accordingly, the present invention provides a
highly moisture proof surface protective material for a solar
cell having a highly moisture proof film that contains an
inorganic thin film layer on one surface of a substrate and has
a water vapor permeability of less than 0.1 g/m*-day, in which
the surface protective material has excellent moisture proof-
ness without deterioration even after the experience of a high
temperature process, such as a vacuum lamination process,
and also provides a solar cell module excellent in durability
that contains the surface protective material for a solar cell.

DESCRIPTION OF EMBODIMENTS

[0038]
below.

The present invention will be described in detail
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Surface Protective Material

[0039] The surface protective material for a solar cell of the
present invention contains a highly moisture proof film that
comprises a substrate having on one surface thereof an inor-
ganic thin film layer and has a water vapor permeability of
less than 0.1 g/m>-day, and the surface protective material
contains a weatherproof film on the side of the inorganic thin
film layer of the moisture proof film, and a back surface film
that has a melting point of 80° C. or more and 180° C. or less
on the back surface of the inorganic thin film layer of the
moisture proof film.

[0040] The constitutional layers will be described below.
Weatherproof Film
[0041] The surface protective material for a solar cell of the

present invention has a weatherproof film laminated on the
side of the inorganic thin film layer of the moisture proof film,
for providing hydrolysis resistance and light resistance and
imparting durability for a prolonged period of time. In the
case where the moisture proof film has inorganic thin film
layers on both surfaces thereof, the weatherproof film is lami-
nated on the exposure side of the moisture proof film.

[0042] The weatherproof film is not particularly limited as
far as it has weather resistance, and examples thereof include
a fluorine resin film, such as polytetrafluoroethylene (PTFE),
a tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer
(PFA), a tetrafluoroethylene-hexafluoropropylene copolymer
(FEP), a tetrafluoroethylene-ethylene copolymer (ETFE),
polychlorotrifluoroethylene (PCTFE), polyvinylidene fluo-
ride (PVDF) and polyvinyl fluoride (PVF), and a film formed
of a resin composition containing a resin, such as an acrylic
resin, polycarbonate, polyethylene terephthalate (PET) and
polyethylene naphthalate (PEN), having a UV absorber
mixed therein.

[0043] Preferred examples of the resin used include a tet-
rafluoroethylene-ethylene copolymer (ETFE) and a tetrafluo-
roethylene-hexafluoropropylene copolymer (FEP) from the
standpoint of the long-term durability.

[0044] A low shrinkage weatherproof substrate, such as
polyethylene naphthalate, is preferred since the property
change thereof’is preferably small on vacuum lamination and
on temperature and humidity change in a high temperature
and high humidity environment. A polyethylene terephthalate
film and a fluorine film, which have a large shrinkage ratio,
are preferably used as the film after subjecting to a treatment
for reducing shrinkage, such as a heat treatment, in advance.

[0045] In consideration of both the long-term durability
and the film shrinkage ratio, preferred examples of the film
used include a film formed of a resin composition containing
a polyester resin, such as polyethylene terephthalate (PET)
and polyethylene naphthalate (PEN), having a UV absorber
mixed therein, and a film containing a film formed of a resin
composition, such as a polyester resin, provided with a layer
containing a UV absorber.

[0046] In consideration of application to the protective
material for a solar cell, a weatherproof film that is rich in
flexibility and has properties excellent in heat resistance,
moisture proofness and ultraviolet ray resistance is preferred,
and preferred examples thereof used include a fluorine film, a
hydrolysis resistant polyester film containing a UV absorber,
and a film containing a hydrolysis resistant polyester film
provided with a layer containing a UV absorber.
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[0047] Examples of the UV absorber used include various
commercially available products, such as a benzophenone
series, a benzotriazole series, a triazine series and a salicylate
ester series. Examples of the benzophenone UV absorbers
include 2-hydroxy-4-methoxybenzophene, 2-hydroxy-4-
methoxy-2'-carboxybenzophenone,  2-hydroxy-4-octoxy-
benzophenone, 2-hydroxy-4-n-dodecyloxybenzophenone,
2-hydroxy-4-n-octadecyloxybenzophenone, 2-hydroxy-4-
benzyloxybenzophenone, 2-hydroxy-4-methoxy-5-sul-
fobenzophenone, 2-hydroxy-5-chlorobenzophenone, 2,4-di-
hydroxybenzophenone, 2,2'-dihydroxy-4-
methoxybenzophenone, 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone and 2,2'.4.4'-
tetrahydroxybenzophenone.

[0048] Examples of the benzotriazole UV absorbers
include a hydroxyphenyl-substituted benzotriazole com-
pound, such as 2-(2-hydroxy-5-methylphenyl)benzotriazole,
2-(2-hydroxy-5-t-butylphenyl)benzotriazole, 2-(2-hydroxy-
3,5-dimethylphenyl)benzotriazole, 2-(2-methyl-4-hydrox-
yphenyl)benzotriazole, 2-(2-hydroxy-3-methyl-5-t-bu-
tylphenyl)benzotriazole, 2-(2-hydroxy-3,5-di-t-amylphenyl)
benzotriazole and  2-(2-hydroxy-3,5-di-t-butylphenyl)
benzotriazole. Examples of the triazine UV absorber include
2-(4,6-bis(2,4-dimethylphenyl)-1,3,5-triazin-2-y1)-5-(octy-
loxy)phenol and  2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-
(hexyloxy)phenol. Examples of the salicylate ester series
include phenyl salicylate and p-octylphenyl salicylate.
[0049] The amount of the UV absorber added is generally
approximately from 0.01 to 2.0% by mass, and preferably
from 0.05 to 0.5% by mass, based on the weatherproof film.
[0050] Preferred examples of a weathering stabilizer that
imparts weather resistance in addition to the UV absorber
described above include a hindered amine light stabilizer. A
hindered amine light stabilizer does not absorb an ultraviolet
ray unlike a UV absorber, but the combination use thereof
with a UV absorber exhibits notable synergistic effects.
[0051] Examples of the hindered amine light stabilizer
include a polycondensate of dimethyl succinate and 1-(2-
hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperidine,
poly((6-(1,1,3,3-tetramethylbutyl )Jamino-1,3,5-triazin-2,4-
diyD)(2,2,6,6-tetramethyl-4-piperidyl)imino)hexamethylene
((2,2,6,6-tetramethyl-4-piperidyl)imino)), a condensate of
N,N'-bis(3-aminopropyl)ethylenediamine and 2,4-bis(N-bu-
tyl-N-(1,2,2,6,6-pentamethyl-4-piperidyl )amino )-6-chloro-
1,3,5-triazine, bis(2,2,6,6-tetramethyl-4-piperidyl) separate,
and bis(1,2,2,6,6-pentamethyl-4-piperidyl) 2-(3,5-di-tert-4-
hydroxybenzyl)-2-n-butylmalonate. The amount of the hin-
dered amine light stabilizer added is generally approximately
from 0.01 to 0.5% by mass, and preferably from 0.05 to 0.3%
by mass, based on the weatherproof film.

[0052] The thickness of the weatherproof film is generally
approximately from 20 to 200 um, and is preferably from 20
to 100 pm, and more preferably from 20 to 50 pm, from the
standpoint of the handleability and the cost of the film.

Moisture Proof Film

[0053] The moisture proof film in the surface protective
material for a solar cell of the present invention is a film that
has moisture proofness and comprises a substrate having on at
least one surface thereof an inorganic thin film layer formed
of an inorganic oxide or the like.

[0054] The inorganic thin film layer may protect an inner
side of the solar cell from invasion of moisture. When the film
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having an inorganic layer having high transparency is used as
a surface protective material, the electric power generation
efficiency may be enhanced.

[0055] The substrate having thereon the inorganic thin film
layer is preferably a resin film, and any resin that may be used
as an ordinary solar cell material may be used as the material
therefor without particular limitation. Specific examples
thereof include a polyolefin, such as a homopolymer or a
copolymer of ethylene, propylene, butene and the like, an
amorphous polyolefin, such as a cyclic polyolefin, a polyes-
ter, such as a polyethylene terephthalate (PET) and a poly-
ethylene naphthalate (PEN), a polyamide, such as nylon 6,
nylon 66, nylon 12 and a copolymer nylon, a partial hydroly-
sate of an ethylene-vinyl acetate copolymer (EVOH), a poly-
imide, a polyetherimide, a polysulfone, a polyethersulfone, a
polyether ether ketone, a polycarbonate, a polyvinyl butyral,
a polyarylate, a fluorine resin, an acrylic resin and a biode-
gradable resin. Among these, a thermoplastic resin is pre-
ferred, and a polyester, a polyamide and a polyolefin are more
preferred from the standpoint of the film property, the cost
and the like. Among these, a polyester, such as a polyethylene
terephthalate (PET) and a polyethylene naphthalate (PEN), is
particularly preferred from the standpoint of the film prop-
erty. In the case where the substrate is a film having a large
shrinkage ratio, such as a polyethylene terephthalate film, the
advantages of the present invention may be notable due to the
large residual strain.

[0056] The substrate may contain a known additive, such as
an antistatic agent, a UV absorber, a plasticizer, a lubricant, a
filler, a colorant, a stabilizer, such as a weathering stabilizer,
a lubricating agent, a crosslinking agent, an antiblocking
agent and an antioxidant. Examples of the UV absorber and
the weathering stabilizer include those described for the
weatherproof film.

[0057] The resin film as the substrate may be formed by
molding the aforementioned materials, and the substrate used
may be unstretched or stretched.

[0058] The substrate may be a laminated product of one or
more kinds of plastic films.

[0059] The substrate may be produced by a known method,
and for example, an unstretched film that is substantially
amorphous and unoriented may be produced by melting and
extruding the raw material resin from a circular die or a T-die
with an extruder, and then quenched. A single layer film
formed of one kind of the resin, a multilayer film formed of
one kind of the resin, a multilayer film formed of plural kinds
of' the resins, and the like may be produced by using a multi-
layer die.

[0060] The unstretched film may be stretched in the
machine direction ofthe film (i.e., the longitudinal axis) or the
direction perpendicular to the machine direction of the film
(i.e., the transverse axis) by a known method, such as uniaxial
stretching, tenter sequential biaxial stretching, tenter simul-
taneous biaxial stretching and tubular simultaneous biaxial
stretching, thereby producing a uniaxially or biaxially
stretched film. The stretching ratio may be arbitrarily deter-
mined, and the thermal shrinkage at 150° C. is preferably
from 0.01 to 5%, and more preferably from 0.01 to 2%.
Among these, a biaxially stretched polyethylene naphthalate
film, a biaxially stretched polyethylene terephthalate film, a
biaxially stretched co-extruded film of polyethylene tereph-
thalate and polyethylene naphthalate, and a biaxially
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stretched co-extruded film of polyethylene terephthalate and/
or polyethylene naphthalate with another plastic are pre-
ferred.

[0061] An anchor coat layer is preferably provided on the
substrate by coating an anchor coating agent for enhancing
the adhesion to the inorganic thin film layer. Examples of the
anchor coating agent include a solvent or aqueous polyester
resin, an isocyanate resin, a urethane resin, an acrylic resin, a
modified vinyl resin, an alcoholic hydroxyl group-containing
resin, such as a vinyl alcohol resin, a vinyl butyral resin, a
nitrocellulose resin, an oxazoline group-containing resin, a
carbodiimide group-containing resin, a methylene group-
containing resin, an epoxy group-containing resin, a modified
styrene resin and a modified silicone resin. These may be used
solely or as a combination of two or more kinds thereof. The
anchor coat layer may contain a silane coupling agent, a
titanium coupling agent, a UV absorber, a stabilizer, such as
aweathering stabilizer, a lubricant, an antiblocking agent and
an antioxidant, depending on necessity. Examples of the UV
absorber and the weathering stabilizer include those
described for the weatherproof film. A polymer type material,
which is obtained by copolymerizing the UV absorber and/or
the weathering stabilizer with the aforementioned resin, may
also be used.

[0062] The method for forming the anchor coat layer may
be selected from known coating methods. For example, coat-
ing methods using a reverse roll coater, a gravure coater, a rod
coater, an air doctor coater and a spray coater may be
employed. The substrate may be immersed in a resin solution.
After coating, the solvent may be evaporated by a known
drying method, such as a heat drying method, e.g., hot air
drying at a temperature of approximately from 80 to 200° C.
and heat roll drying, and an infrared ray drying method. The
anchor coat layer may be crosslinked by irradiation with an
electron beam for enhancing the water resistance and the
durability. The formation of the anchor coat layer may be
performed on the production line of the substrate (i.e., an
in-line method) or after the production of the substrate (i.e.,
an off-line method).

[0063] The thickness of the anchor coat layer is preferably
from 10 to 200 nm, and more preferably from 10 to 100 nm,
from the standpoint of the adhesion to the inorganic thin film
layer.

[0064] The method for forming the inorganic layer may be
such a method as a vapor deposition method and a coating
method, and a vapor deposition method is preferred since a
uniform thin film having high gas barrier property may be
obtained thereby. Examples of the vapor deposition method
include a physical vapor deposition (PVD) method and a
chemical vapor deposition (CVD) method. Examples of the
physical vapor deposition method include vacuum vapor
deposition, ion plating and sputtering, and examples of the
chemical vapor deposition method include plasma CVD
using plasma and catalytic chemical vapor deposition (Cat-
CVD), in which a raw material gas is subjected to catalytic
thermal decomposition with a heating catalyst body.

[0065] Examples of the inorganic substance constituting
the inorganic thin film layer include silicon, aluminum, mag-
nesium, zinc, tin, nickel, titanium and hydrogenated carbon,
an oxide, a carbonate and a nitrate thereof, and mixtures
thereof, and silicon oxide, aluminum oxide and diamond-like
carbon containing mainly hydrogenated carbon are preferred.
In particular, silicon oxide, silicon nitride, silicon oxynitride
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and aluminum oxide are preferred since high gas barrier
property may be stably maintained.

[0066] The thickness of the inorganic thin film layer is
preferably from 10 to 1,000 nm, more preferably from 40 to
1,000 nm, further preferably from 40 to 800 nm, and particu-
larly preferably from 50 to 600 nm, for enhancing the mois-
ture proof capability stably. The inorganic layer may have a
single layer structure or a multilayer structure.

[0067] The thickness of the substrate film is generally
approximately from 5 to 100 um, and is preferably from 8 to
50 um, and more preferably from 12 to 25 pm, from the
standpoint of the productivity and the handleability. Accord-
ingly, the thickness of the moisture proof film is generally
approximately from 5 to 100 um, and is preferably from 8 to
50 um, and more preferably from 12 to 25 from the standpoint
of the productivity and the handleability.

[0068] In the moisture proof film that has high moisture
proofness, the moisture proof capability may be largely dete-
riorated by the stress from the back surface film, and thus the
effect of maintaining the moisture prootness of the present
invention may be notably exhibited. Accordingly, in the
present invention, the moisture proof film may have a water
vapor permeability of less than 0.1 g/m*-day, preferably 0.05
g/m>-day or less, more preferably 0.03 g/m*-day or less, and
particularly preferably 0.01 g/m*-day or less.

Back Surface Film

[0069] In the present invention, the back surface film used
is a film having a melting point 0 80° C. or more and 180° C.
orless, and preferably a film having a melting point of 130° C.
or more and 180° C.

[0070] Ingeneral, the surface protective material for a solar
cell is produced through a lamination process by dry lamina-
tion of the constitutional members including the weather-
proof film, the moisture proof film and the back surface film.
In the dry lamination process, an adhesive having been
diluted with a solvent is coated to a prescribed thickness on
the film, such as the weatherproof film, from which the sol-
vent is evaporated by drying at a temperature in a range of
from 100 to 140° C. to form an adhesive layer on the film,
such as the weatherproof film, and then the inorganic thin film
layer of the moisture proof film is adhered to the adhesive
layer. Thereafter, an adhesive having been diluted with a
solvent is coated to a prescribed thickness on the back surface
of the moisture proof film, from which the solvent is evapo-
rated by drying at a temperature in a range of from 100 to 140°
C. to form an adhesive layer on the moisture proof film, as
similar to the above. The back surface film is then adhered
thereto, and the assembly is subjected to aging at a prescribed
temperature, thereby producing the surface protective mate-
rial. The aging is generally performed at a temperature in a
range of from 30 to 80° C. for a period of from one day to one
week, and in this lamination process, residual strain is accu-
mulated in the surface protective material through action of
the heat and the tension on lamination.

[0071] Subsequently, the surface protective material is inte-
grated with a solar cell device and an encapsulant material by
melting under heat through a vacuum lamination process,
thereby fabricating a solar cell. The vacuum lamination pro-
cess is generally performed at a temperature in a range of
from 130 to 180° C.

[0072] The residual strain accumulated in the lamination
process acts as a stress to the respective interfaces of the
laminated material in the use of the solar cell under a high
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temperature and high humidity environment. In the case
where the residual strain is accumulated in the back surface
film, a stress is applied to the inorganic thin film layer from
the back surface side under a high temperature and high
humidity environment, and the inorganic thin film layer suf-
fers severe deterioration. In particular, a moisture proof film
having a high moisture proofness with a water vapor perme-
ability of less than 0.1 g/m*-day, which is the target of the
present invention, suffers particularly severe deterioration of
the moisture proof capability due to the deterioration of the
inorganic thin film layer caused by the stress from the back
surface film.

[0073] However, the use of a film having a melting point
near the temperature in the vacuum lamination process, i.e.,
the use of a film having a melting point of 180° C. or less, as
the back surface film reduces, in the vacuum lamination pro-
cess, the residual strain caused by the stress history and the
thermal history applied in the preceding process steps, and
thus the stress acting on the inorganic thin film layer of the
moisture proof film under a high temperature and high
humidity environment, thereby preventing the moisture proof
capability from being deteriorated. The melting point is pref-
erably 175° C. or less, and more preferably 170° C. or less.
[0074] The lower limit of the melting point of the back
surface film is 80° C., preferably 130° C., more preferably
140° C., and particularly preferably 150° C., for preventing
deterioration of the uniformity of the film due to increase of
the flowability of the back surface film layer on application of
pressure and heat in the vacuum lamination process and for
achieving the heat resistance at the working temperature of
the solar cell of from 80 to 100° C.

[0075] The back surface film preferably does not have any
other film that does not have a melting point of 80° C. or more
and 180° C. or less between the moisture proof film and the
back surface film.

[0076] The thickness of the back surface film is preferably
25 um or more, and more preferably 50 um or more, from the
standpoint of the handleability of the film, and is further
preferably 90 um or more since a larger thickness is desired
for ensuring partial discharge of the protective material. The
total thickness of the film that has been ordinarily disposed on
the back surface of the moisture proof film has been
demanded to be larger for ensuring partial discharge of the
surface protective material. However, the larger thickness
increases the residual strain accumulated in the production
process of the surface protective material, and thus the thick-
ness has been limited for preventing the severe deterioration
of'the moisture proof capability. In the present invention, the
use of the film having a melting point in the aforementioned
range as the back surface film enables that the back surface
film having a thickness of 90 um or more may be used in the
surface protective material by preventing the moisture proof
capability from being deteriorated. The thickness of the back
surface film is preferably 300 um or less, more preferably 250
um or less, and further preferably 200 um or less, from the
standpoint of the economical efficiency. For the back surface
film that has a lower melting point, such as the back surface
film having a melting point of 80° C. or more and less than
130° C., the flowability of the back surface film layer may be
larger on application of pressure and heat in the vacuum
lamination process, which may impair the uniformity of the
film, and therefore the thickness of the film is preferably 100
um or less, more preferably 80 pm or less, and particularly
preferably 50 pm or less.
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[0077] The melting point herein is a value that is measured
by the method described in the examples later.

[0078] In consideration of the above, the back surface film
used is preferably a film formed of a resin composition, such
as polypropylene (PP), polylactic acid (PLA), polyvinyl fluo-
ride (PVF), polyvinylidene fluoride (PVDF), cellulose
acetate butyrate and polyethylene such as low density poly-
ethylene (LDPE), but is not limited thereto. A film formed of
a resin composition having a UV absorber and a colorant
mixed therein may also be used.

[0079] In consideration of application to the surface pro-
tective material for a solar cell, the back surface film is pref-
erably rich in flexibility and excellent in ultraviolet ray resis-
tance and humidity resistance, and thus the back surface film
preferably contains, as a major component, one resin or plural
resins selected from polypropylene (PP), polylactic acid
(PLA), polyvinyl fluoride (PVF) and polyvinylidene fluoride
(PVDF), and preferably contains these resins in an amount of
50% by mass or more. The term “major component” herein
means that other components may be contained in such a
range that does not impair the advantages of the present
invention, but does not limit the content specifically, and
generally means a range of 50 parts by mass or more, prefer-
ably 65 parts by mass or more, and more preferably 80 parts
by mass or more, and 100 parts by mass or less, per 100 parts
by mass of the total amount of the constitutional components
of the film layer.

[0080] The back surface film that contains polypropylene
as a major component is preferably a polypropylene resin film
having an elastic modulus at 23° C. of 1,000 MPa or more,
having a crystallization onset temperature of 120° C. or more,
and/or containing a crystallization nucleating agent in an
amount of 0.05 part by mass or more and 5.0 parts by mass or
less per 100 parts by mass of the polypropylene resin. When
the content of the crystallization nucleating agent is in the
range, the crystallization onset temperature may be suffi-
ciently maintained with the crystallization nucleating agent,
and thus the protective material for a solar cell may have a
favorable appearance. The content of the crystallization
nucleating agent is more preferably 0.1 part by mass or more
and 1.0 parts by mass or less per 100 parts by mass of the
polypropylene resin.

[0081] The elastic modulus at 23° C. is preferably 1,000
MPa or more, and more preferably 1,200 MPa or more, for
exhibiting high deformation resistance in a semi-molten state,
which may prevents deformation and appearance defects,
such as wrinkles and protrusions.

[0082] The elastic modulus at 23° C. herein is a value that
is measured by the method described in the examples later.
[0083] The method for attaining the elastic modulus at 23°
C. of 1,000 MPa or more is not particularly limited, and
examples thereof include a method of increasing the crystal-
lization degree of polypropylene by adding a crystallization
nucleating agent, and a method of adding an inorganic agent,
such as tale, to polypropylene.

[0084] Asthepolypropylene resin constituting the polypro-
pylene resin film, any of a propylene homopolymer and a
copolymer thereof, such as an ethylene-propylene random
copolymer, may be used, and homopolypropylene is pre-
ferred since the crystallization onset temperature and the
crystallization rate may be increased along with by the addi-
tion of the crystallization nucleating agent, and simulta-
neously a polypropylene resin film having a high elastic
modulus may be provided.
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[0085] In the present invention, the polypropylene resin
film preferably has a crystallization onset temperature of 120°
C. or more for forming minute crystals on cooling in the
cooling process after the vacuum lamination process, thereby
exhibiting high deformation resistance in a semi-molten state,
which may prevents deformation and appearance defects,
such as wrinkles and protrusions. In this point of view, the
crystallization onset temperature is preferably 125° C. or
more, and more preferably the vacuum lamination tempera-
ture or more and 180° C. or less.

[0086] The crystallization onset temperature of the
polypropylene resin film is a value that is measured by the
method described in the examples later.

[0087] Examples of the method for attaining the crystalli-
zation onset temperature of 120° C. or more include a method
of increasing the stereoregularity of polypropylene, and a
method of using a crystallization nucleating agent is effec-
tively employed. The use of the crystallization nucleating
agent not only increases the crystallization temperature, but
also increases the crystallization rate, thereby imparting
deformation resistance against shrinkage of the other films to
the polypropylene resin film more rapidly in the cooling
process after the vacuum lamination process.

[0088] The crystallization nucleating agent capable of
being used in the present invention may be arbitrary organic
substance or inorganic substance that has a nucleating effect
of'increasing the crystallization rate. Specific examples of the
organic nucleating agent include a dibenzylidene sorbitol
compound and a phosphate compound.

[0089] Examples of the dibenzylidene sorbitol compound
include dibenzylidene sorbitol (which may be abbreviated as
DBS), p-methyl-DBS, p-ethyl-DBS and p-chloro-DBS.
Examples of the phosphate compound include bis(2,4,8,10-
tetra-tert-butyl-6-hydroxy-12H-dibenzo[d,g][ 1,3,2]diox-
aphosphosine-6-oxide) aluminum hydroxide salt.

[0090] Examples of the organic nucleating agent also
include an organic metal compound, such as aluminum
dibenzoate, basic aluminum di-p-tert-butylbenzoate, sodium
p-naphthoate, sodium  1,2-cyclohexanedicarboxylate,
sodium succinate, sodium gluconate, sodium caproate and
2,2-methylenebis(4,6-di-tert-butylphenyl) sodium phos-
phate, and phthalocyanine, quinacridone and a high melting
point polymer may also be used. Specific examples of the
inorganic nucleating agent include alum and titanium.
[0091] According to the aforementioned embodiment, the
crystallization nucleating agent contained may maintain the
light reflectance of the polypropylene resin film even after the
vacuum lamination process, and thus the film may be more
preferably applied to the protective material for a solar cell.
[0092] Theincrease ofthe crystallization onset temperature
and the increase of the crystallization rate caused by adding
the crystallization nucleating agent to the homopolypropy-
lene increase the crystallization degree and increase the crys-
tal size in the polypropylene resin film thus produced, and
thereby the polypropylene resin film that has a higher elastic
modulus may be obtained simultaneously. For providing the
polypropylene resin film having a further higher elastic
modulus, an inorganic filler may be added to the polypropy-
lene resin film in such a range that does not lower the reflec-
tivity. Examples of the inorganic filler capable of being used
herein include a white inorganic filler, such as mica and
barium sulfate.

[0093] The polypropylene resin film may be formed of a
single layer solely or may comprises multilayer including two
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or more layers, and for ensuring the adhesion to an encapsu-
lant material and satisfying the elastic modulus and the crys-
tallization onset temperature referred in the present invention,
the polypropylene resin film preferably comprises multilayer,
and more preferably formed of two layers.

[0094] For enhancing the adhesion to an encapsulant mate-
rial in the vacuum lamination process, the polypropylene
resin film used is preferably a multilayer polypropylene resin
film that contains at least two layers including a layer formed
of polypropylene containing an ethylene-propylene random
copolymer on the side of the encapsulant material, and a layer
formed of homopolypropylene for satisfying the elastic
modulus and the crystallization onset temperature. In this
case, the ratio in thickness of the ethylene-propylene random
copolymer resin layer on the side of the encapsulant material
and the homopolypropylene resin layer ((ethylene-propylene
random copolymer resin layer)/(homopolypropylene resin
layer)) is preferably from (0.01/0.99) to (0.30/0.70), and is
more preferably from (0.05/0.95) to (0.25/0.75) for further
enhancing the adhesion to the encapsulant material.

[0095] Examples of the UV absorber contained in the back
surface film include the same UV absorbers contained in the
weatherproof film described above. Examples of the colorant
used include titanium oxide and calcium carbonate.

[0096] The back surface film may contain the components
within the melting point range solely or may contain the
components in an amount of 50% by mass or more unless the
melting point deviates the aforementioned range.

Plastic Film

[0097] The surface protective material for a solar cell of the
present invention may further contain a plastic film through
the back surface film on the opposite side of the moisture
proof film from the inorganic thin film layer, for enhancing
the withstand voltage capability and the handleability of the
surface protective material. As the plastic film, the same
materials as the back surface film or other materials may be
used, and polypropylene and polyethylene terephthalate
(PET) are preferably used from the standpoint of the adhesion
to an encapsulant material and the reflectivity.

[0098] Inthe present invention, a polyester film and a fluo-
rine film that are described for the weatherproof film may also
be laminated as the plastic film for enhancing the elastic
modulus and the rigidity of the total surface protective mate-
rial for a solar cell.

[0099] The plastic film preferably has a thickness of 10 um
or more, and more preferably 20 um or more, for suppressing
the influence on the deterioration of the moisture proofness
and ensuring the strength as the layer adhered to an encapsu-
lant material. The thickness thereof is preferably 100 pm or
less, and more preferably 50 um or less, for further reducing
the residual strain accumulated in the production process of
the surface protective material.

Surface Protective Material

[0100] The surface protective material for a solar cell of the
present invention contains, as described above, the moisture
proof film having on the exposure side the weatherproof film
for attaining the hydrolysis resistance and the light resistance,
and on the side of the solar cell device the back surface film
for ensuring the adhesion to an encapsulant material and the
withstand voltage, and may further have the plastic film.
Thus, the weatherproof film, the moisture proof film and the
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back surface film (and the plastic film) are preferably lami-
nated in this order from the exposure side. The weatherproof
film, the moisture proof film and the back surface film, and the
plastic film provided depending on necessity are each prefer-
ably laminated through adhesive layers formed of an adhe-
sive, for ensuring the interlayer strength of the laminated
material.

[0101] In particular, the moisture proof film and the back
surface film is preferably adhered through an adhesive layer.
[0102] The adhesive used is preferably a polyurethane
adhesive, and specific examples of the main agent of the
adhesive include compositions containing polycarbonate
polyol, polyether polyol, acrylic polyol, polyurethane polyol
and polyester polyol. An adhesive containing at least one of
polycarbonate polyol, polyether polyol and polyurethane
polyol is more preferred from the standpoint of the thermal
stability, the moisture stability and the like.

[0103] The surface protective material for a solar cell of the
present invention may have a sealant-surface protective mate-
rial integrated structure having the encapsulant material
described later laminated. The encapsulant material that has
been laminated in advance may reduce the work load on
laminating the lower protective sheet (i.e., the back surface
protective sheet), the encapsulant material, the solar cell
device, the encapsulant material and the upper protective
sheet (i.e., the front surface protective sheet) respectively in
the vacuum lamination process, thereby improving the effi-
ciency in the production of the solar cell module.

[0104] The surface protective material for a solar cell of the
present invention may contain, for example, various elas-
tomers (such as an olefin series and a styrene series), a resin
modified with a polar group, such as a carboxyl group, an
amino group, an imide group, a hydroxyl group, an epoxy
group, an oxazoline group, a thiol group and a silanol group,
and a tackiness imparting resin, for enhancing the various
properties (such as the flexibility, the heat resistance, the
transparency and the adhesiveness), the molding processabil-
ity, the economical efficiency and the like, in such a range that
does not deviate the substance of the present invention. The
back surface film may contain these resins as far as the melt-
ing point range is satisfied.

[0105] Examples of the tackiness imparting resin include a
petroleum resin, a terpene resin, a coumarone-indene resin, a
rosin resin, and hydrogenated derivatives of these resins. Spe-
cifically, examples of the petroleum resin include an alicyclic
petroleum resin formed of cyclopentadiene or a dimer
thereof, and an aromatic petroleum resin formed of a C9
component, examples of the terpene resin include a terpene
resin formed of P-pinene and a terpene-phenol resin, and
examples of the rosin resin include such rosin resins as gum
rosin and wood rosin, and an esterified rosin resin modified
with glycerin, pentaerythritol or the like. The tackiness
imparting resin may have various softening temperatures
depending mainly on the molecular weight thereof. The tacki-
ness imparting resin is preferably a hydrogenated derivative
of'an alicyclic petroleum resin having a softening temperature
of from 100to 150° C., and more preferably from 120 to 140°
C. The amount thereof'is preferably 20% by mass or less, and
more preferably 10% by mass or less, per 100% by mass of
the resin composition forming the respective films constitut-
ing the surface protective material.

[0106] The surface protective material for a solar cell may
contain various additives, such as the UV absorber and the
weathering stabilizer described above, depending on neces-
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sity. Examples of the additive include a silane coupling agent,
an antioxidant, a light diffusing agent, a nucleating agent, a
pigment (such as a white pigment), a flame retardant and a
discoloration preventing agent. In the present invention, at
least one additive selected from a silane coupling agent, an
antioxidant, a UV absorber and a weathering stabilizer. A
crosslinking agent and/or crosslinking assistant may be added
in the case where high heat resistance is required.

[0107] Examples ofthe silane coupling agent include com-
pounds having an unsaturated group, such as a vinyl group, an
acryloxy group and a methacryloxy group, an amino group,
an epoxy group and the like, along with a hydrolyzable group,
such as an alkoxy group. Specific examples of the silane
coupling agent include N-(f-aminoethyl)-y-aminopropyltri-
methoxysilane, N-(p-aminoethyl)-y-aminopropylmeth-
yldimethoxysilane, y-aminopropyltriethoxysilane, y-glyci-
doxypropyltrimethoxysilane and
y-methacryloxypropyltrimethoxysilane. In the present inven-
tion, y-glycidoxypropyltrimethoxysilane and y-methacrylox-
ypropyltrimethoxysilane are preferably used since good
adhesiveness may be obtained, and less discoloration, such as
yellowing, may occur. The amount of the silane coupling
agent added is generally approximately from 0.1 to 5% by
mass, and preferably from 0.2 to 3% by mass, based on the
respective films constituting the surface protective material.
A coupling agent, such as an organic titanate compound, may
also be used as similar to the silane coupling agent.

[0108] The antioxidant used includes various commer-
cially available products, and examples thereof include a
monophenol series, a bisphenol series, a polymer phenol
series, a sulfur series and a phosphite series. Examples of the
monophenol series include 2,6-di-tert-butyl-p-cresol, buty-
lated hydroxyanisole and 2,6-di-tert-butyl-4-ethylphenol.
Examples of the bisphenol series include 2,2'-methylenebis
(4-methyl-6-tert-butylphenol), 2,2'-methylenebis(4-ethyl-6-
tert-butylphenol), 4,4'-thiobis(3-methyl-6-tert-butylphenol),
4.4'-butylidenebis(3-methyl-6-tert-butylphenol) and 3,9-bis
((1,1-dimethyl-2-(B-(3-tert-butyl-4-hydroxy-5-methy 1-phe-
nyl)propionyloxy)ethyl)-2,4,9,10-tetraoxaspiro)-5,5-unde-
cane.

[0109] Examples of the polymer phenol series include 1,1,
3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane, 1,3,5-
trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenz yl)ben-
zene, tetrakis(methylene-3-(3',5'-di-tert-butyl-4'-
hydroxyphenyl)  propionate)methane,  bis((3,3'-bis-4'-
hydroxy-3'-tert-butylphenyl)butyric acid) glycol ester, 1,3,5-
tris(3',5'-di-tert-butyl-4'-hydroxybenzyl)-s-triazin-2,4,6-
(1H,3H,5H)trione and triphenol (vitamin E).

[0110] Examples of the sulfur series include dilaurylthio-
dipropionate, dimyristylthiodipropionate and distearylth-
ipropionate.

[0111] Examples of the phosphite series include triphenyl
phosphite, diphenyl isodecyl phosphite, phenyl diisodecyl
phosphite, 4.4'-butylidene-bis(3-methyl-6-tert-butylphe-
nylditridecyl) phosphite, cyclic neopentantetraylbis(octade-
cyl phosphite), tris(mono and/or di)phenyl phosphite, diiso-
decyl pentaerythritol diphosphite, 9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide, 10-(3,5-di-tert-butyl-4-
hydroxybenzyl)-9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide, 10-decyloxy-9,10-dihydro-
9-oxa-10-phsophaphenanthrene, cyclic neopentantetraylbis
(2,4-di-tert-butylphenyl) phosphite, cyclic
neopentantetraylbis(2,6-di-tert-methylphenyl) phosphite and
2,2-methylenebis(4,6-tert-butylphenyl) octyl phosphite.
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[0112] Inthe present invention, the phenol antioxidant and
the phosphite antioxidant are preferably used, and the com-
bination use thereofis more preferred, from the standpoint of
the effect, the heat stability, the economical efficiency and the
like of the antioxidant. The amount of the antioxidant added
is generally approximately from 0.1 to 1% by mass, and
preferably from 0.2 to 0.5% by mass, based on each of the
films constituting the surface protective material for a solar
cell.

[0113] The method for forming the respective films consti-
tuting the surface protective material for a solar cell used in
the present invention may be a known method, such as an
extrusion casting method using a T-die with a melt-mixing
apparatus, such as a single screw extruder, a multi-screw
extruder, a Banbury mixer and a kneader, and a calendering
method, but the method is not particularly limited thereto. In
the present invention, an extrusion casting method using a
T-die is preferably employed from the standpoint of the
handleability and the productivity. The molding temperature
in the casting method using a T-die may be controlled depend-
ing on the flow property, the film forming property and the
like of the resin composition used, and is generally approxi-
mately from 130to 350° C., and preferably from 250 to 300°
C. The additives may be dry-mixed with the resin in advance
and then fed to a hopper, all the materials may be melt-mixed
and formed into pellets, which may be fed to a hopper, or a
master batch containing the additives in a high concentration
may be produced in advance and then fed to a hopper.
[0114] The thus obtained surface protective material for a
solar cell of the present invention using the highly moisture
proof film having a water vapor permeability of less than 0.1
g/m?>-day preferably has an initial moisture proof capability,
which is the moisture proof capability of the surface protec-
tive material (laminated moisture proof film) for a solar cell
before heat treatment, of 0.1 g/m>-day or less, and more
preferably 0.05 g/m>-day or less, in terms of water vapor
permeability. The surface protective material for a solar cell
of the present invention may be used as a surface protective
material and the like for an electronic device that is required
to have excellent moisture proof capability, and the use of the
laminated moisture proof film having an excellent initial
moisture proof capability is preferred since the advantageous
effects of the present invention may be exhibited notably. The
moisture proof capability thereof is preferably 20 or less, and
more preferably 15 or less, in terms of the deterioration rate
after subjecting to a pressure cooker test of 120° C. and a
humidity of 100% for 32 hours with respect to the initial water
vapor permeability of the laminated moisture proof film.
[0115] Inthe case where a polyurethane adhesive is used as
the adhesive, when the adhesive is decomposed under the
high temperature and high humidity conditions to form a
carboxylic acid and a hydroxyl group, it is considered that the
functional groups form a chemical bond with the inorganic
thin film layer to deteriorate the inorganic thin film layer.
Accordingly, the polyol contained in the polyurethane adhe-
sive is preferably polycarbonate polyol, polyether polyol,
polyacryl polyol, polyurethane polyol and the like, which are
excellent in heat resistance, rather than polyester polyol,
which is liable to be thermally decomposed.

[0116] Inthe present invention, the deterioration rate of the
moisture proofness (water vapor permeability) after subject-
ing to a pressure cooker test is expressed by ((b-a)/a) with the
initial water vapor permeability (a) and the water vapor per-
meability (b) after the pressure cooker test.
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[0117] The initial moisture proof capability of the surface
protective material for a solar cell of the present invention
means the moisture proof capability before the material
receives the thermal history with a high temperature, such as
the vacuum lamination condition, and thus means the value
before the deterioration of the moisture proof capability due
to heat occurs. Accordingly, it includes the time-lapse change
immediately after the production until the heat treatment. For
example, it means the value of the moisture proof capability
in such a state that the heat treatment, such as a thermal
lamination process performed at from 130 to 180° C. for from
10 to 40 minutes, is not yet performed. For the initial water
vapor permeability, the term “initial” has the same meaning as
above.

[0118] The moisture proof capability may be evaluated
according to the conditions of JIS 20222, test method for
moisture permeability for moisture proof packaging con-
tainer, and JIS Z0208, test method for moisture permeability
for moisture proof packaging material (cup method).

[0119] The surface protective material of the present inven-
tion preferably has an interlayer strength of 4 N/15 mm or
more in terms of a value after a pressure cooker test at 120° C.
and a humidity of 100% for 32 hours. The interlayer strength
is more preferably 7.0 mm or more, further preferably 7.3 mm
or more, still further preferably 7.5 N/15 mm or more, still
further preferably 8 N/15 mm or more. In particular, the
interlayer strength after subjecting to a high temperature and
high humidity treatment for producing a solar cell module is
preferably 4 N/15 mm or more, more preferably 7.0 mm or
more, further preferably 7.3 mm or more, and particularly
preferably 7.5 N/15 mm or more.

[0120] The interlayer strength herein is a value that is mea-
sured by the method described in the examples later.

Production Method of Surface Protective Material

[0121] The production method of the surface protective
material for a solar cell of the present invention is not particu-
larly limited, and the surface protective material may be pro-
duced, for example, in such a manner that the films thus
formed as described above are coated with a polyurethane
adhesive, which is dried at a temperature of from 100 to 140°
C., and the films are adhered through a dry lamination process
at a temperature of from 0 to 80° C. In this case, the resulting
laminated material is preferably subjected to aging at a tem-
perature of from 30 to 80° C. for from 1 to 7 days for making
the adhesive to reach the saturated crosslinking degree suffi-
ciently. The surface protective material of the present inven-
tion thus obtained is excellent in flexibility and moisture
proofness with no deterioration in moisture proofness and
interlayer strength even after subjecting to the dry lamination
process.

[0122] The surface protective material for a solar cell of the
present invention preferably has partial discharge resistance,
in addition to the weather resistance and the moisture proof-
ness. Specifically, in a partial discharge resistance test for
measuring the withstand voltage where the surface protective
member reaches dielectric breakdown, the surface protective
material preferably has a withstand voltage of from 700 to
1,000V as a protective material for a solar cell.

[0123] The thickness of the surface protective material is
not particularly limited and is generally approximately from
100to 400 pm, preferably approximately from 100 to 300 um,
more preferably approximately from 140 to 300 pm, and
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further preferably approximately from 180 to 260 pm, and the
surface protective material may be used in the form of a sheet.
[0124] The surface protective material generally preferably
has a thickness of from 180 to 230 pum for achieving the
aforementioned withstand voltage characteristics while it
may vary depending on the demanded withstand voltage. The
thicknesses of the respective layers for achieving the thick-
ness may be determined arbitrarily, and examples thereof
include a constitution, in which the weatherproof film and the
moisture proof film, which are relatively expensive, each
have a thickness of from 10 to 50 um, the adhesive has a
thickness of from 4 to 10 um, the back surface film has a
thickness of from 50 to 100 pum, and the plastic film has a
thickness of from 50 to 150 um, and also include a constitu-
tion in consideration of the productivity of the moisture proof
film and the productivity in the dry lamination process, in
which the weatherproof film and the moisture proof film each
have a thickness of from 12 to 30 um, the adhesive has a
thickness of from 4 to 8 um, the back surface film has a
thickness of from 50 to 100 pum, and the plastic film has a
thickness of from 70 to 120 um.

Solar Cell Module and Production Method of Solar Cell

[0125] The surface protective material of the present inven-
tion may be used as a surface protective member for a solar
cell, as it is or after laminating with a glass plate or the like. A
solar cell module and/or a solar cell may be produced by using
the surface protective material of the present invention
according to a known method.

[0126] A solar cell module may be produced by using the
surface protective material of the present invention in a layer
structure of a surface protective material, such as an upper
protective material or a lower protective material for a solar
cell, and fixing them with a solar cell device along with an
encapsulant material. Examples of the solar cell module
include various types, for example, a structure containing an
upper protective material (the surface protective material of
the present invention)/an encapsulant material (a sealing resin
layer)/a solar cell device/an encapsulant material (a sealing
resin layer)/a lower protective material; a structure containing
an upper protective material/an encapsulant material (a seal-
ing resin layer)/a solar cell device/an encapsulant material (a
sealing resin layer)/a lower protective material (the surface
protective material of the present invention); a structure con-
taining a lower protective material, a solar cell device formed
on the inner surface of the lower protective material, and an
encapsulant material and an upper protective material (the
surface protective material of the present invention) formed
on the solar cell device; and a structure containing an upper
protective material (the surface protective material of the
present invention) and a solar cell device formed on the inner
surface of the upper protective material, for example, an
amorphous solar cell device formed by sputtering or the like
on a fluorine resin protective material, and an encapsulant
material and a lower protective material formed thereon. A
glass plate may be arbitrarily adhered to the outer surface of
the surface protective material of the present invention as the
upper protective material. In the case where the surface pro-
tective material including the encapsulant material and the
surface protective material integrated is used, the encapsulant
material may not be used in some cases.

[0127] Examples ofthe solar cell device include a device of
a single crystal silicon type, a polycrystalline silicon type and
an amorphous silicon type, a compound semiconductor
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device, such as a III-V Group or II-VI Group compound
semiconductor type, e.g., gallium-arsenic, copper-indium-
selenium and cadmium-tellurium, a dye sensitized device,
and an organic thin film device.

[0128] Themembers constituting the solar cell module pro-
duced by using the surface protective material of the present
invention are not particularly limited, and examples of the
encapsulant material include an ethylene-vinyl acetate
copolymer. The upper protective material and the lower pro-
tective material other than the surface protective material of
the present invention may be a single layer or multilayer sheet
of an inorganic material, such as a metal, or various thermo-
plastic resin films, and examples thereof include a single layer
or multilayer protective material of a metal, such as tin, alu-
minum and stainless steel, an inorganic material, such as
glass, a polyester, a polyester having an inorganic material
vapor-deposited thereon, a fluorine-containing resin, a poly-
olefin or the like. The surface of the upper and/or lower
protective materials may be subjected to a known surface
treatment, such as a primer treatment and a corona treatment,
for enhancing the adhesiveness to the encapsulant material
and the other members.

[0129] The solar cell module produced by using the surface
protective material of the present invention will be described
with reference to a structure described above containing an
upper protective material (the surface protective material of
the present invention)/an encapsulant material/a solar cell
device/an encapsulant material/a lower protective material, as
an example. The surface protective material of the present
invention, the sealing resin layer, the solar cell device, the
sealing resin layer and the lower protective material are lami-
nated in this order from the side receiving the solar light, and
a junction box (i.e., a terminal box connected to wiring for
extracting the electric power generated by the solar cell
device to the outside) is adhered to the lower surface of the
lower protective material. The solar cell device is connected
to wiring for extracting the generated electric current to the
outside. The wiring is drawn to the outside via a through hole
provided on the back sheet and connected to the junction box.
[0130] The production method of the solar cell module may
be a known production method without particular limitation,
and in general, contains a step of laminating the upper pro-
tective material, the encapsulant material, the solar cell
device, the encapsulant material and the lower protective
material in this order, and a step of adhering them under heat
and pressure by vacuum drawing. A batch production equip-
ment and a roll-to-roll production equipment may be applied.
Specifically, the solar cell module may be easily produced by
adhering the upper protective material, the encapsulant mate-
rial, the solar cell device, the encapsulant material and the
lower protective material under heat and pressure according
to an ordinary method with a vacuum laminator preferably at
a temperature of from 130 to 180° C., and more preferably
from 130 to 150° C., a vacuuming time of from 2 to 15
minutes, a pressing pressure of from 0.5 to 1 atm, and a
pressing time of preferably from 8 to 45 minutes, and more
preferably from 10 to 40 minutes.

[0131] The solar cell module produced by using the surface
protective material of the present invention may be applied,
depending on the type of the solar cell and the shape of the
module, to various purposes including a small size solar cell,
such as for a mobile equipment, and a large size solar cell
mounted on a roof or a house top, irrespective of indoor or
outdoor use.
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EXAMPLE

[0132] The present invention will be described more spe-
cifically with reference to examples below, but the present
invention is not limited to the examples and comparative
examples. The measurement and evaluation of the properties
were performed in the following manners.

Measurement of Properties

(1) Crystal Melting Peak Temperature of Back Surface Film
(Melting Point, Tm)

[0133] According to JIS K7121 and using a differential
scanning calorimeter, Q20, produced by TA Instruments,
Ltd., 10 mg of a specimen was heated from —40° C. t0 200° C.
at a heating rate of 10° C. per minute, confirmed for a melting
peak, maintained at 200° C. for 1 minute, then cooled to —40°
C. at a cooling rate of 10° C. per minute, and again heated to
200° C. at a heating rate of 10° C. per minute, thereby pro-
viding a thermogram, in which the maximum peak among the
crystal melting peak temperatures was designated as the melt-
ing point (Tm) (° C.). In the case where no melting peak was
observed due to a melting point exceeding 200° C. as in
polyester or the like, the same measurement was performed
with the upper limit temperature on heating of 300° C.

(2) Crystallization Onset Temperature

[0134] According to JIS K7121 and using a differential
scanning calorimeter, approximately 10 mg of a film speci-
men to be measured was heated from -40° C. t0 200° C. at a
heating rate of 10° C. per minute, confirmed for a melting
peak, maintained at 200° C. for 1 minute, and then cooled to
-40° C. at a cooling rate of 10° C. per minute, thereby pro-
viding a thermogram, in which the onset temperature of the
maximum peak was designated as the crystallization onset
temperature (Tc) (° C.). In the case where no melting peak
was observed due to a melting point exceeding 200° C. as in
polyester or the like, the same measurement was performed
with the upper limit temperature on heating of 300° C.

(3) Elastic Modulus

[0135] According to JIS K6734:2000, a specimen was
formed into a dumbbell specimen for tensile test having a
width of the parallel portion of 10 mm and a length thereof of
40 mm, which was subjected to a tensile test according to JIS
K7161:1994, and the measured value was designated as the
elastic modulus.

(4) Pressure Cooker Test

[0136] A specimen was subjected to a pressure cooker test
by using a pressure cooker tester, LSK-500, produced by
Tomy Seiko Co., Ltd., under test conditions of a temperature
0t 120° C. and a humidity of 100% for 32 hours.

(5) Moisture Proof Capability of Moisture Proof Film and
Surface Protective Material

[0137] The moisture proof capability of the moisture proof
film was measured in terms of the water vapor permeability at
the time after storing at 40° C. for one week from the produc-
tion of the moisture proof film, by the following manner. For
the surface protective material, the measured value for the
surface protective material after adhering the constitutional
films and aging was designated as the initial water vapor
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permeability. The surface protective material after subjecting
to the aging was laminated with glass and an encapsulant
material (where the back surface of the moisture proof film
was directed to the side of an encapsulant material), and the
laminated material was subjected to a heat treatment under
conditions of 150° C. for 30 minutes and then subjected to the
pressure cooker test, and the water vapor permeability of the
surface protective material thereafter was designated as the
value of moisture proofness after the pressure cooker test.

[0138] Specifically, the evaluation was performed in the
following manner according to the conditions of JIS 20222,
test method for moisture permeability for moisture proof
packaging container, and JIS Z0208, test method for moisture
permeability for moisture proof packaging material (cup
method).

[0139] Two sheets of the specimens each having a moisture
permeation area of a square of 10.0 cmx10.0 cm were used,
and a bag having been sealed on the four edges thereof con-
taining approximately 20 g of anhydrous calcium chloride as
a desiccant was produced. After placing the bag in a constant
temperature and humidity chamber at a temperature of 40° C.
and a relative humidity of 90%, the mass thereof was mea-
sured with an interval of 72 hours or more for approximately
200 days, and the water vapor permeability (g/m>-day) was
calculated from the regression line of the elapsed time after 4
days and the weight of the bag. The deterioration rate of the
water vapor permeability was calculated by the expression
((water vapor permeability after pressure cooker test)—(initial
water vapor permeability))/(initial water vapor permeability).

(6) Measurement of Interlayer Strength of Surface Protective
Material

[0140] The surface protective material after subjecting to
the aging was subjected to a heat treatment under conditions
of 150° C. for 30 minutes and then subjected to the pressure
cooker test, according to the aforementioned manner, and
then a short strip specimen having a measurement width of 15
mm was cut out therefrom and measured for the interlayer
lamination strength (N/15 mm) between the weatherproof
film and the moisture proof film by using a tensile tester,
STA-1150, produced by Orientec Co., Ltd., at 300 mm/min.

(7) Heat Resistance

[0141] The surface protective material was superimposed
between two white glass plates each having a thickness of 3
mm (size: 75 mm in lengthx25 mm in width), which were
laminated by pressing under conditions of 150° C. for 15
minutes, thereby preparing a specimen, and the specimen was
placed with inclination of 60° in a thermostat chamber at 100°
C., observed for the state after 500 hours, and evaluated
according to the following standard.

A: The glass plate was not deviated from the initial reference
position.

B: The glass plate was deviated from the initial reference
position, or the sheet was melted.

[0142] In the examples, the heat resistance of the surface
protective material was the measured value of the surface
protective material after subjecting to the lamination with the
constitutional films and to the aging, as similar to the initial
water vapor permeability.
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Constitutional Films

Weatherproof Film

[0143] A-1: A polyvinylidene fluoride (PVDF) film, Kynar
302-PGM-TR (thickness: 30 um), produced by Arkema, Inc.,
was used.

Moisture Proof Films

Moisture Proof Film B-1

[0144] A biaxially stretched polyethylene naphthalate film
having a thickness of 12 pm (Q51C12, produced by Teijin
DuPont Films Japan Ltd.) was used as a substrate film, and the
following coat liquid was coated on the corona-treated sur-
face thereof and dried to form a coat layer having a thickness
of 0.1 um.

[0145] Thereafter, SiO was evaporated under heating in
vacuum of 1.33x107> Pa (1x10~> Torr) with a vacuum vapor
deposition equipment, thereby providing a moisture proof
film B-1 having an SiO, (x=1.5) inorganic thin film layer
having a thickness of 50 nm on the coat layer. The moisture
proofness of the moisture proof film B-1 thus produced was
0.01 (g/m*-day).

Coat Liquid

[0146] 220 g of polyvinyl alcohol, Gohsenol, produced by
Nippon Synthetic Chemical Industry Co., Ltd. (saponifica-
tion degree: 97.0 to 98.8% by mol, polymerization degree:
2,400), was added to 2,810 g of ion exchanged water and
dissolved therein under heating to form an aqueous solution,
to which 645 g 0f35% hydrochloric acid was added at 20° C.
under stirring. Subsequently, 3.6 g of butylaldehyde was
added thereto at 10° C. under stirring, and after 5 minutes, 143
g of acetaldehyde was added thereto under stirring to deposit
resin fine particles. Thereafter, the liquid was maintained at
60° C. for 2 hours, then cooled, neutralized with sodium
hydrogen carbonate, rinsed with water, and dried, thereby
providing polyvinyl acetacetal powder (acetalization degree:
75% by mol).

[0147] Anisocyanate resin (Sumidur N-3200, produced by
Sumika Bayer Urethane Co., Ltd.) as a crosslinking agent was
mixed to make an equivalent ratio of isocyanate groups to
hydroxyl groups of 1/2.

Moisture Proof Film B-2

[0148] Techbarrier LX, produced by Mitsubishi Plastics,
Inc., which was a 12 um polyethylene terephthalate resin film
having silica vapor-deposited thereon, was used. The mois-
ture proofness thereof measured by the aforementioned
method was 0.2 (g/m>-day).

Adhesive and Adhesive Coat Liquids

Adhesive Coat Liquid 1

[0149] HD 1013, produced by Rock Paint Co., [.td., as a
main agent containing a polyurethane polyol component, and
H62, produced by Rock Paint Co., [td., as a curing agent
containing an aliphatic hexamethylene diisocyanate compo-
nent, were mixed to make a mass ratio of 10/1, and diluted
with ethyl acetate to make a solid concentration of 30%,
thereby providing an adhesive coat liquid 1.
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Adhesive Coat Liquid 2

[0150] A1102, a trade name, produced by Mitsui Chemi-
cals Polyurethanes, Inc., and A3070, produced by Mitsui
Chemicals Polyurethanes, Inc., as a curing agent containing
an aliphatic hexamethylene diisocyanate component, were
mixed to make a mass ratio of 16/1, and diluted with ethyl
acetate to make a solid concentration of 30%, thereby pro-
viding an adhesive coat liquid 2.

Back Surface Films

[0151] The following back surface films C-1 to C-16 were
produced and the both surfaces thereof were subjected to a
corona discharge treatment according to an ordinary manner
to form a corona treated surface.

Back Surface Films C-1 and C-2

[0152] Titanium oxide (8% by mass) as a whitening agent
and titanium oxide ultrafine particles (particle diameter: 0.01
to 0.06 um, 3% by mass) as a UV absorber were added to
isotactic polypropylene, which were sufficiently kneaded to
prepare a polypropylene resin composition. The polypropy-
lene resin composition was extruded with an extruder to pro-
duce an unstretched polypropylene (PP) resin film (C-1) hav-
ing a thickness of 50 M and an unstretched polypropylene
(PP) resin film (C-2) having a thickness of 90 uM

Back Surface Film C-3

[0153] A polyvinylidene fluoride (PVDF) film, Kynar 302-
PGM-TR (thickness: 30 um), produced by Arkema, Inc., was
used as the back surface film C-3.

Back Surface Film C-4

[0154] A polylactic acid (PL.A)resin film (Ecoloju S, thick-
ness: 25 pm), produced by Mitsubishi Plastics, Inc., was used
as the back surface film C-4.

Back Surface Films C-5 and C-6

[0155] The prescribed additives were added to a low den-
sity polyethylene resin, followed by sufficiently kneading, to
prepare alow density polyethylene resin composition, and the
low density polyethylene resin composition was extruded
with an extruder to produce an unstretched low density poly-
ethylene (LDPE) resin film (C-5) having a thickness of 50 um
and an unstretched low density polyethylene (LDPE) resin
film (C-6) having a thickness of 100 pm.

Back Surface Film C-7

[0156] Homopolypropylene was used, and MBNO5A
(2.8% by mass), produced by Japan Polypropylene Corpora-
tion, as a master batch of a crystallization nucleating agent,
and titanium oxide (8% by mass) as a whitening agent were
added to the homopolypropylene, which were sufficiently
kneaded to prepare a homopolypropylene resin composition.
In the resin composition, the content of the crystallization
nucleating agent was 0.15% by mass per 100 parts by mass of
the homopolypropylene. The homopolypropylene resin com-
position and an ethylene-propylene random copolymer were
extruded with an extruder to a multilayer structure at a layer
thickness ratio of 0.1/0.8/0.1 (the homopolypropylene resin
layer for the center layer and the ethylene-propylene random
copolymer layers for the outer layers) to produce an
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unstretched polypropylene resin film having a thickness of
190 pm. The film had an elastic modulus of 1,250 MPa and a
crystallization onset temperature of 131° C. The film was
used as the back surface film C-7.

Back Surface Films C-8, C-9 and C-10

[0157] Polyethylene terephthalate (PET) films (Diafoil
T-100), produced by Mitsubishi Plastics, Inc., having a thick-
ness of 50 pm (C-8), a thickness of 100 um (C-9) and a
thickness of 188 um (C-10) were used.

Back Surface Film C-11

[0158] A hydrolysis resistant polyethylene terephthalate
(PET) film (P100, thickness: 50 pm), produced by Mitsubishi
Plastics, Inc., as a hydrolysis resistant polyester film, was
used as C-11.

Back Surface Film C-12

[0159] A polyamide (PA) 6 film (Santonyl SNR, thickness:
25 um), produced by Mitsubishi Plastics, Inc., was used as
C-12.

Back Surface Film C-13

[0160] An ethylene-tetrafluoroethylene copolymer (ETFE)
film (Aflex SON, 1250NT, thickness: 50 um), produced by
Asahi Glass Co., Ltd., was used as C-13.

Back Surface Film C-14

[0161] A biaxially stretched polyethylene naphthalate
(PEN) film (Q51C25, thickness: 25 pm), produced by Teijin
DuPont Films Japan Ltd., was used as C-14.

Back Surface Films C-15 and C-16

[0162] Evaflex EV150 (EVA)38 um, produced by Du Pont-
Mitsui Polychemicals Co., Ltd., was used as the back surface
film C-15. Three sheets of Evaflex EV150 were fused by
heating the sheets each on one side to 70° C., thereby produc-
ing the back surface film C-16 having a thickness of 114 pm.
[0163] The structures, the thicknesses and the melting
points of C-1 to C-16 are shown in Table 1.

Plastic Film

[0164] A polyethylene terephthalate (PET) film (Diafoil
T-100), produced by Mitsubishi Plastics, Inc., having a thick-
ness of 100 um was used as the plastic film.

Encapsulant Material

[0165] FIRSTEVAF806 (thickness: S00 um), atrade name,
produced by Hangzhou First PV Material Co., Ltd., was used
as the EVA encapsulant material.

Example 1

[0166] The adhesive coat liquid 1 was coated on the weath-
erproof film A-1 and dried to make a solid content of 6 g/m?,
to which the moisture proof film B-1 was adhered by dry
lamination at a tension of approximately 80 N/m, with the
inorganic thin film layer thereof being directed to the adhesive
surface.

[0167] Thereafter, the adhesive coat liquid 1 was coated on
the opposite side to the inorganic thin film layer and dried to
make a solid content of 6 g/m?, to which the corona treated
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surface of the back surface film C-1 was adhered, followed by
aging at 40° C. for 5 days, thereby providing a surface pro-
tective material D-1 having a thickness of 104 um. Glass, the
encapsulant material and the surface protective material D-1
(with the back surface film being directed to the encapsulant
material) were laminated in this order, subjected to vacuum
lamination under conditions of 150° C. for 15 minutes, and
then subjected to the pressure cooker test for measuring the
interlayer strength and the moisture prootness. The results are
shown in Table 2. The heat resistance was also evaluated. The
result is shown in Table 3.

Example 2

[0168] A surface protective material D-2 having a thickness
of 144 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-2, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.

Example 3

[0169] A surface protective material D-3 having a thickness
of 84 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-3, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.

Example 4

[0170] A surface protective material D-4 having a thickness
of 79 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-4, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.

Example 5

[0171] The adhesive coat liquid 1 was coated on one sur-
face of a polyethylene terephthalate (PET) film (Diafoil
T-100) having a thickness of 100 pm, produced by Mitsubishi
Plastics, Inc., and dried to make a solid content of 6 g/m?, and
the corona treated surface of the back surface film C-2 was
directed to the adhesive surface and adhered thereto by dry
lamination.

[0172] The adhesive coat liquid 1 was coated on the weath-
erproof film A-1 and dried to make a solid content of 6 g/m?,
and the inorganic thin film layer of the moisture proof film
B-1 was directed to the adhesive surface and adhered thereto
by dry lamination at a tension of approximately 80 N/m.
[0173] Thereafter, the adhesive coat liquid 1 was coated on
the opposite side to the inorganic thin film layer and dried to
make a solid content of 6 g/m?, to which the corona treated
surface of the back surface film C-2 was adhered, followed by
aging at 40° C. for 5 days, thereby providing a surface pro-
tective material D-5 having a thickness of 250 um (weather-
proof film A-1/moisture proof film B-1/back surface film
C-2/PET film). Glass, the encapsulant material and the sur-
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face protective material D-5 (with the PET film being directed
to the encapsulant material) were laminated in this order,
subjected to vacuum lamination under conditions of 150° C.
for 15 minutes, and then subjected to the pressure cooker test
for measuring the interlayer strength and the moisture proot-
ness. The results are shown in Table 2. The heat resistance was
also evaluated. The result is shown in Table 3.

Example 6

[0174] A surface protective material D-6 having a thickness
of 104 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-5, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.

Example 7

[0175] A surface protective material D-7 having a thickness
of 154 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-6, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.

Example 8

[0176] The adhesive coat liquid 2 was coated on the weath-
erproof film A-1 and dried to make a solid content of 6 g/m?,
to which the moisture proof film B-1 was adhered by dry
lamination at a tension of approximately 80 N/m, with the
inorganic thin film layer thereof being directed to the adhesive
surface.

[0177] Thereafter, the adhesive coat liquid 2 was coated on
the opposite side to the inorganic thin film layer and dried to
make a solid content of 6 g/m?, to which the corona treated
surface of the back surface film C-7 was adhered, followed by
aging at 40° C. for 5 days, thereby providing a surface pro-
tective material D-8 having a thickness of 244 um. Glass, the
encapsulant material and the surface protective material D-8
(with the back surface film being directed to the encapsulant
material) were laminated in this order, subjected to vacuum
lamination under conditions of 150° C. for 15 minutes, and
then subjected to the pressure cooker test for measuring the
interlayer strength and the moisture prootness. The results are
shown in Table 2. The heat resistance was also evaluated. The
result is shown in Table 3.

Comparative Example 1

[0178] A surface protective material D-9 having a thickness
of 104 um was produced in the same manner as in Example 1
except that the back surface film C-1 in Example 1 was
changed to C-8, and after subjecting to vacuum lamination,
the surface protective material was subjected to the pressure
cooker test for measuring the interlayer strength and the mois-
ture proofness. The results are shown in Table 2. The heat
resistance was also evaluated. The result is shown in Table 3.
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Comparative Example 2

[0179] A surface protective material D-10 having a thick-
ness of 154 pm was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-9, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2. The
heat resistance was also evaluated. The result is shown in
Table 3.

Comparative Example 3

[0180] A surface protective material D-11 having a thick-
ness of 242 pm was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-10, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2. The
heat resistance was also evaluated. The result is shown in
Table 3.

Comparative Example 4

[0181] A surface protective material D-12 having a thick-
ness of 104 uM was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-11, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2.

Comparative Example 5

[0182] A surface protective material D-13 having a thick-
ness of 79 uM was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-12, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2.

Comparative Example 6

[0183] A surface protective material D-14 having a thick-
ness of 104 pm was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-13, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2.

Comparative Example 7

[0184] A surface protective material D-15 having a thick-
ness of 79 um was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-14, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2.

Comparative Example 8

[0185] A surface protective material D-16 having a thick-
ness of 92 um was produced in the same manner as in
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Example 1 except that the back surface film C-1 in Example
1 was changed to C-15, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2. The
heat resistance was also evaluated. The result is shown in
Table 3.

Comparative Example 9

[0186] A surface protective material D-17 having a thick-
ness of 168 um was produced in the same manner as in
Example 1 except that the back surface film C-1 in Example
1 was changed to C-16, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2. The
heat resistance was also evaluated. The result is shown in
Table 3.

Reference Example 1

[0187] A surface protective material D-18 having a thick-
ness of 104 um was produced in the same manner as in
Example 1 except that the moisture proof film B-1 in Example
1 was changed to B-2, and after subjecting to vacuum lami-
nation, the surface protective material was subjected to the
pressure cooker test for measuring the interlayer strength and
the moisture proofness. The results are shown in Table 2.

Reference Example 2

[0188] A surface protective material D-19 having a thick-
ness of 154 pm was produced in the same manner as in
Comparative Example 2 except that the moisture proof film
B-1 in Comparative Example 2 was changed to B-2, and after
subjecting to vacuum lamination, the surface protective mate-
rial was subjected to the pressure cooker test for measuring
the interlayer strength and the moisture proofness. The results
are shown in Table 2.

TABLE 1

Back surface  Structure of back Thickness of back Melting point of back

film No. surface film surface film (um)  surface film (° C.)
C-1 PP 50 163
C-2 PP 90 164
C-3 PVDF 30 166
C-4 PLA 25 170
C-5 LDPE 50 108
C-6 LDPE 100 108
Cc-7 RPP/HPP/RPP 190 131
C-8 PET 50 253
Cc-9 PET 100 253
C-10 PET 188 253
C-11 PET P100 50 252
C-12 PA 25 220
C-13 ETFE 50 270
C-14 PEN 25 263
C-15 EVA 38 66
C-16 EVA 114 66

HPP: homopolypropylene
RPP: random polypropylene



US 2014/0124017 Al

May 8, 2014

TABLE 2
Moisture proofness
Surface Moisture Back After pressure Interlayer
protective proof  surface Plastic Initial cookertest  Deterioration strength
material film  film film (g/m? - day) (g/m? - day) rate (N/15 mm)
Example 1 D-1 B-1 C-1 — 0.01 0.10 9 9.6
Example 2 D-2 B-1 C-2 — 0.01 0.14 13 9.5
Example 3 D-3 B-1 C-3 — 0.01 0.19 18 9.5
Example 4 D-4 B-1 C-4 — 0.01 0.12 11 9.5
Example 5 D-5 B-1 C-2 PET 0.01 0.10 9 9.3
Example 6 D-6 B-1 C-5 — 0.01 0.10 9 9.6
Example 7 D-7 B-1 C-6 — 0.01 0.10 9 9.5
Example 8 D-8 B-1 C-7 — 0.01 0.16 15 9.5
Comparative Example 1 D-9 B-1 C-8 — 0.01 0.55 54 9.0
Comparative Example 2 D-10 B-1 Cc-9 — 0.01 0.62 61 9.0
Comparative Example 3 D-11 B-1 C-10 — 0.01 0.82 81 9.0
Comparative Example 4 D-12 B-1 C-11 — 0.01 0.36 35 9.0
Comparative Example 5 D-13 B-1 C-12 — 0.01 045 44 9.4
Comparative Example 6 D-14 B-1 C-13 — 0.01 0.44 43 8.8
Comparative Example 7 D-15 B-1 C-14 — 0.01 0.65 64 8.9
Comparative Example 8 D-16 B-1 C-15 — 0.01 0.12 11 9.0
Comparative Example 9 D-17 B-1 C-16 — 0.01 0.11 10 9.0
Reference Example 1 D-18 B-2 C-1 — 0.2 0.50 1.5 9.5
Reference Example 2 D-19 B-2 Cc-9 — 0.2 0.55 1.75 9.3
TABLE 3 Reference Examples 1 gnq 2 each having a IOW initial mois-
ture proof capability exhibited a small deterioration rate of the
Surface  Moisture  Back ~ Heat moisture proof capability, and showed that the deterioration
protective - proof surface  Plastic  resist- rate of the moisture proof capability was increased with a
material film film film ance . .. . -
higher initial moisture proof capability.
EXHIHPF 1 D-1 B-1 C-1 — A [0191] Accordingly, it was thus apparent that the highly
Eiﬁglzg gj gj g§ — i moisture proof surface protective material for a solar cell of
Example 4 D-4 B-1 C-4 _ A the .present invention haq a notab!e effect of n.laintainir}g the
Example 5 D-5 B-1 C-2 PET A moisture proofness particularly in such a highly moisture
Exmf’}e g g'g g'} 82 — 2 proof film that was liable to suffer deterioration of the mois-
xample - . y _ - . R
Fxample 8 D8 B P _ N ture proof capability. Accordlngly, the e}pphgatlon thereof toa
Comparative Example 1 D-9 B-1 c-8 _ A solar cell module particularly prevents invasion of moisture to
Comparative Example 2 D-10 B-1 Cc9 — A the solar cell device and deterioration of the surface protective
Comparative Example 3 D-11 B-1 G110 — A material itself, and thus the durability of the solar cell module
Comparative Example 8 D-16 B-1 C-15 — B mav be notably enhanced
Comparative Example 9 D-17 B-1 c16 — B Y y :

[0189] As described above, it was apparent from the evalu-
ation by the pressure cooker test that the surface protective
materials of Examples 1 to 8, which are each a highly mois-
ture proof surface protective material for a solar cell that
contains a highly moisture proof film containing a substrate
having on one surface thereof an inorganic thin film layer and
having a water vapor permeability of less than 0.1 g/m*-day,
and comprises, on the opposite side of the inorganic thin film
layer included in the moisture proof film, a back surface film
that has a melting point in the particular range, maintained the
moisture proof capability for a prolonged period of time even
after subjecting to a heat treatment in a vacuum lamination
process. It was also found that the surface protective materials
of Examples 1 to 8 had a sufficient interlayer strength for a
prolonged period of time even after subjecting to the heat
treatment. In particular, Example 5 having the plastic film in
addition to the back surface film further maintained the mois-
ture proof capability even after the heat treatment.

[0190] On the other hand, it was apparent that Comparative
Examples 1 to 7, which each had a film having a melting point
outside the particular range, on the back surface side of the
moisture proof film, suffered notable deterioration of the
long-term moisture proof capability after the heat treatment.

1. A surface protective material, comprising:

a moisture proof film that comprises a substrate having on
one surface thereof an inorganic thin film layer and has
a water vapor permeability of less than 0.1 g/m>-day;

a weatherproof film on a side of the inorganic thin film

layer of the moisture proof film; and

aback surface film that has a melting point 0o£80° C. to 180°

C. on an opposite side of the inorganic thin film layer of
the moisture proof film.

2. The surface protective material of claim 1, wherein the
moisture proof film has a water vapor permeability of 0.05
g/m>-day or less.

3. The surface protective material of claim 1, wherein the
moisture proof film has a water vapor permeability of 0.01
g/m>-day or less.

4. The surface protective material of claim 1, wherein the
back surface film has a melting point of 130° C. to 180° C.

5. The surface protective material of claim 1, wherein the
back surface film has a thickness of 25 pm to 300 pm.

6. The surface protective material of claim 1, wherein the
back surface film comprises, as a major component, at least
one kind of a resin selected from the group consisting of
polyethylene, polypropylene, polylactic acid, polyvinyl fluo-
ride and polyvinylidene fluoride.
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7. The surface protective material of claim 1, wherein the
back surface film is a polypropylene resin film that comprises
polypropylene as a major component and has an elastic
modulus at 23° C. of 1,000 MPa or more and a crystallization
onset temperature of 120° C. or more.

8. The surface protective material of claim 1, wherein the
back surface film is a polypropylene resin film that comprises
polypropylene as a major component and comprises a crys-
tallization nucleating agent in an amount of 0.05 to 5.0 parts
by mass per 100 parts by mass of the polypropylene.

9. The surface protective material of claim 6, wherein the
back surface film comprises polypropylene, wherein the
polypropylene is mainly homopolypropylene.

10. The surface protective material of claim 7, wherein the
polypropylene resin film comprises more than one layer.

11. The surface protective material of claim 1, wherein the
substrate is a polyester resin film.

12. The surface protective material of claim 1, further
comprising an adhesive layer between the moisture proof film
and the back surface film.

13. The surface protective material of claim 1, wherein the
surface protective material has, on the opposite side of the
inorganic thin film layer included in the moisture proof film,
the back surface film and a plastic film disposed in this order.

14. The surface protective material of claim 1, wherein the
surface protective material further comprises an encapsulant
material laminated thereon.

15. A solar cell module comprising the surface protective
material of claim 1.

16. The surface protective material of claim 1, which is
suitable for use in a solar cell.

#* #* #* #* #*



