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Abstract: Photovoltaic (PV) modules are environmentally energy conversion devices to generate electricity via photo-
voltaic effect of semiconductors from solar energy. One of key elements in PV modules is “Backsheet,” a multilayered bar-
rier film, which determines their lifetime and energy conversion efficiency. The representative Backsheet is composed of
chemically resistant poly(vinyl fluoride) (PVF) and cheap poly(ethylene terephthalate) (PET) films used as core and skin ma-
terials, respectively. PVF film is too expensive to satisfy the market requirements to Backsheet materials with production
cost as low as possible. The promising alternatives to PVF-based Backsheet are hydrocarbon Backsheets employing
semi-crystalline PET films instead of PVF film. It is, however, necessary to provide improved barrier property to water va-
por to the PET films, since PET films are suffering from hydrolytic decomposition. In this study, a polyurethane adhesive
with reduced water vapor permeation behavior is developed via a homogeneous distribution of hydrophobic silica
nanoparticles. The modified adhesive is expected to retard the hydrolysis of PET films located in the core and inner skin.
To clarify the efficacy of the proposed concept, the mechanical properties and electrochemical PV performances of the
Backsheet are compared with those of a Backsheet employing the polyurethane adhesive without the silica nanoparticles, af-
ter the exposure under standard temperature and humidity conditions.
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Table 1. Fundamental Properties of PET Films[15]

Sample Thickness (pum) Density (g/cm’) Crystalline percentage (%)
PET-rl 50 = 1 1.48 88
PET-2 120 = 1 1.36 12

Table 2. Chemical Composition of Silica Nanocomposite Adhesive

PU adhesive layer in a Half Backsheet series (PET-rl | PU layer | PET-12)

Silica content (wt%) PE6400 content (wt%)

PU
PU-silica0.5-PE6400
PU-silical-PE6400
PU-silica2-PE6400
PU-silica3-PE6400

0 0
0.5 1.5
1 3
2 6
3 9
2 0
0 3
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with average particle size of 7 Organic
nm) surfactants
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Fig. 1. The concept of inorganic nanoparticle distribution[13].
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Fig. 2. FE-SEM images of PU adhesive layers ((a) PU-sili-
ca2-PE6400 and (b) PU-silica2) on PET-r2 film.
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Fig. 7. Electrochemical cell performances of PV modules.
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