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Abstract

In this work, polymer blends based on ethylene vinyl acetate (EVA) and polyolefin (PO) at
different weight ratios, also in the presence of a crosslinking agent (CA) and stabilizers (STAB),
were investigated as potential encapsulants for PV modules. The EVA/PO blends were processed
by melt mixing and then subjected to compression moulding following industrial lamination
processing conditions. The EVA/PO films were characterized by mechanical tensile tests and
thermogravimetric analysis, and the obtained results highlight the beneficial effect of PO at low
amounts on the mechanical behaviour and thermal resistance at high temperatures (>300 °C). All
EVA/PO films were subjected to UVB exposure, and the photoaging extent was monitored by FTIR
and UV-visible spectroscopies. Therefore, EVA-rich blends can be considered as good candidates

for PV module encapsulants, given a compromise in the behaviour before and after photoaging.
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1. Introduction
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Everyday, our energy demand is greater because of the Earth’s population increase, and as
calculated, it is expected to double during the next two decades, reaching approximately 778
exajoules (EJ) by 2035. [1] Energy recovery by combustion of traditional fossil fuel sources, such as
coal, crude oil and natural gas, produces carbon dioxide and pollutants, which have negative
environmental and health impacts. The recovery of energy, which is inherent in natural phenomena,
such as sunlight, winds and tides, is extremely attractive, and numerous current searches and pilot
industrial productions demonstrate its feasibility and advantages. Therefore, given its opportunity to
produce energy without emissions or pollutants, energy recovery using solar photovoltaic (PV)
devices is being unceasingly developed.

According to the current statement by 3SUN (ENEL Green Power, Italy), the efficiency for
energy recovery can be significantly increased using a novel, highly reliable bifacial heterojunction
PV module (see Figure 1a-b). This innovative PV module offers the possibility to recover energy
using both external surfaces, as shown in Figure 1a-b. The cells of the bifacial PV module are based
on heterojunction technology that combines two different amorphous and crystalline silicons. The
heterojunction PV module is more efficient and durable than the traditional one-face PV module
because of its ability to efficiently capture and recover solar radiation, and extension of its life cycle

from 25 to 35-40 years, showing high performance even under extreme climatic conditions. [2]
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Figure 1 Novel, highly reliable bifacial heterojunction glass/glass PV module: (a) image and (b)
schematic structure representation (by 3SUN - ENEL Green Power, Italy)

However, PV devices must be produced using materials with appropriate weatherability and
durability, and for efficient energy recovery, PV modules must maintain unchanged material
properties and performance during service. The polymer materials in PV modules are used to
produce backsheets for one-sided PV modules and encapsulants located between the PV cells and

glass sheets, with a special task in protection against atmospheric agents. [3-4]



The encapsulant polymer materials must ensure and maintain optical transparency in the solar
spectrum, i.e., between 380 and 1200 nm, and provide coupling between the solar cells and glass
sheets, ensuring suitable protection from detrimental environmental elements. Overall, polymer-
based encapsulants must have (i) high barrier properties against water and oxygen; (ii) optical
transparency; (iii) easy processability and flexibility; (iv) electrical and physical isolation; and (iv)
good adhesion with PV cells and glass sheets, avoiding delamination and humidity penetration. [5-
8]

The first-generation encapsulants for PV modules were based on polydimethylsiloxane (PDMS)
because of its excellent thermal and UV stability. Due to high production costs, PDMS has been
replaced by cheaper and similar performing materials, such as ethylene vinyl acetate (EVA),
polyvinyl butyral (PVB), and thermoplastic polyolefins (TPOs). Unfortunately, the adhesion
between EVA, PVB, TPO encapsulants and PV components must be improved using suitable
adhesion promoters/primers, such as trialkoxy silane. [9] According to the literature, interface
encapsulation/glass is stronger than encapsulation/cell [10-12], and for both interfaces, the use of
adhesion promoters/primers is required to facilitate and ensure correct PV assembly. [13-15]
Unfortunately, the adhesion promoters/primers could degrade during PV module lamination and
assembly, developing low molecular weight gas, which could cause delamination and often precede
corrosion in fielded PV modules. [13, 16-17] Interestingly, TPO-encapsulated films are more
durable than EVA films because their yellowing upon UV irradiation is less pronounced, but TPO
films require a large use of adhesion promoters/primers. [18]

Today, the most common encapsulant material for PV devices is EVA copolymers because of
its good compromise between cost and performance, e.g., excellent optical properties,
impermeability towards water and gas and good mechanical properties. However, due to exposure
to atmospheric agents, particularly UV irradiation and humidity, EVA degrades by a chain scission
mechanism that produces acetic acid, which lowers the pH and increases the speed of surface
corrosion. [19] Unfortunately, according to the literature, the byproducts of low molecular weights,
coming from both EVA degradation and/or degradation of adhesion promoters/primers, could
induce incorrect PV module assembly and further delamination, which negatively affect the energy
recovery efficiency of the devices in service. [20-21] The lowering efficiency of the photovoltaic
cells due to all these factors is reported by electroluminescence analysis carried out on the modules
to check the operating status of the cells. [18, 22-25]. Therefore, in the past, the degradation
pathway of EVA has been accurately studied and documented [26-30] under extreme conditions,

such as damp-heat and hot air ageing [31-32], and currently, due to interest in using this material as



PV encapsulants, the degradation pathway is confirmed accurately by innovative luminescent
spectroscopic techniques [33-34] and accurate infrared spectroscopy analysis. [35]

However, the durability and weatherability of EVA films/sheets can be significantly improved
by adding appropriate additives, such as antioxidants, UV absorbers and crosslinking agents. [36-
37] Unfortunately, some of these additives can induce untimely EVA yellowing and opacification,
negatively affecting the use of this polymer as a PV encapsulant. [38-40]

In addition, currently published papers by Deng et al. [41] report a failure risk of PV modules
due to a significant local hot spot temperature increase [42-43]. Specifically, the simulated and
measured temperature values are between 150 °C and 170 °C for the undamaged 60- and 72-cell PV
modules, respectively. In addition, the authors demonstrated that the hot spot temperatures for
defect type 1x1 mm? cells can reach ca. 294 °C on the cells surface and ca. 211 °C on the backsheet
surface. Surprisingly, the hot spot temperature can rise up to ca. 350 °C for 10x10 mm? cells defect
area. Therefore, the encapsulant films next to both cells and the backsheet are subjected to
occasional hot spot temperature increases, and EVA degradation and deacetylation are favoured
under these extreme thermal conditions.

In this work, potential encapsulants for PV modules based on blends of ethylene vinyl acetate
(EVA) and polyolefin (PO), linear low-density polyethylene, at different weight ratios, were
formulated and investigated, considering partial EVA replacement by thermoplastic olefin-based
polymers. The introduction of PO in EVA blends aims to slow EVA degradation and yellowing,
reduce acetic acid formation while keeping the VA units separated, and increase the thermal
resistance to temperatures above 300 °C. EVA/PO blends were combined with appropriate cross-
linker, such as peroxide agent; and stabilizing systems, such as UV absorbers, antioxidants and
metal deactivators. Their performance was compared to that of blends without additives. Therefore,
EVA/PO blends, with and without crosslinking agent (CA) and stabilizers (STAB), were prepared
by melt mixing in a mini-extruder, and then, the blends were subjected to prolonged thermal
treatments under pressure to induce conditions similar to those experienced by PV modules during
industrial lamination and assembly. The EVA/PO films with and without CA and STAB were
characterized by tensile tests and thermogravimetric analysis. In addition, to evaluate the
photooxidative resistance and durability, the EVA/PO blends were subjected to accelerated UVB
exposure, and the progress of the degradation was monitored over time by accurate spectroscopic

analysis.



2. Experimental section

2.1.Materials

Both commercial polyethylene vinyl acetate (EVA) and linear low-density polyethylene
(LLDPE) were used to formulate blends with compositions EVA/PO = 100/0, 75/25, 50/50, 25/75,
and 0/100 wt/wt%.

Polyethylene vinyl acetate, named EVA, is a commercial copolymer Greenflex® (EVA28,
Versalis spa — ex Polimeri Europa) with the following physical characteristics: vinyl acetate 28%;
density = 0.550 g/cm®; MFR (190 °C/2.16 kg) = 25 g/10 min; Tm = 75 °C.

Linear low-density polyethylene, named PO, is a commercial Ziegler-Natta polyolefin
Clearflex® (LLDPE, FG106, Versalis spa - ex. Polimeri Europa) with physical characteristics:
density = 0.918 g/cm®; MFR (190 °C/2.16 kg) = 1 g/10 min; Tm = 125 °C.

Crosslinking agent (CA) and stabilizing systems (STAB) in different percentages were also
used, as follows:

(i) Crosslinking agent (CA), 2,5-bis(tert-butylperoxy)-2,5-dimethylhexane, named Luperox®
101 (LUP); Luperox was purchased from Sigma-Aldrich. LUP was added at 1.5 wt.% during
processing.

(if) An ultraviolet light absorber (UV abs), methanone, [2-hydroxy-4-(octyloxy)phenyl]phenyl,
named Chimassorb® 81, was supplied by Ciba Specialty Chemicals. UVabs was added at 1 wt.%
during processing.

(iii)  Metal deactivator and antioxidant (MD),  2'3-bis[[3-[3,5-di-tert.-butyl-4-
hydroxyphenyl]propionyl]] propionohydrazide, named Irganox® MD1024, was supplied by Ciba
Specialty Chemicals. MD was added at 0.5 wt.% during processing.

(iv) Primary phenolic antioxidant (AO), octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate, named Irganox® 1076, was supplied by Ciba Specialty Chemicals. AO was added at
0.5 wt.% during processing.

2.2.Blend processing and thermal treatment

EVA/PO samples, with and without additives (i.e., crosslinking agent or crosslinking
agent/stabilizers), were processed in a mini-extruder Thermo Haake Minilab at 150 °C for 5 min at
50 rpm. The crosslinking agent (Luperox) was added to the matrices after 4 min of processing and
mixed for 1 min. All stabilizers, i.e., UVabs, MD and AO were added to the matrices after 3
minutes of processing and mixed for 2 minutes. Then, the samples were processed in a Carver press

at 150 °C for 5 min (1 min preheating and 4 min pressing) to simulate the thermal treatment of PV



module lamination/assembly conditions. Films with a thickness (D) of approximately 94 um were

prepared for UVB exposure and spectroscopic characterizations.

2.3. Characterizations

* Accelerated photoageing
UV-visible light irradiation (A > 300 nm) of films was performed in a SEPAP 12/24 unit, which
was designed for studying polymer photodegradation during artificial ageing with medium-
accelerated conditions [44]. The chamber consisted of a square reactor equipped with four medium-
pressure mercury lamps situated vertically at each corner of the chamber. Wavelengths below 300
nm were filtered by the borosilicate envelope of the lamps, acting as a UV filter below 300 nm. The
delivered light intensity was 90 W.m? in the wavelength range of 300 — 420 nm, and the chamber

temperature was measured at 52 °C.

* FTIR Spectroscopy: The spectra were recorded with a Nicolet 6700 FTIR spectrometer
working with OMNIC software. The spectra were obtained using 32 scans and a 4 cm™ resolution.

« A UV-visible spectrometer (UVvis-2600 SHIMADZU) was used to record UV-Vis spectra by
performing 8 scans between 200 and 1100 nm at a resolution of 1 nm. The values of the linear
attenuation coefficient (k) were calculated considering the measured absorption values (A) and
sample thickness (D) using the formula k = A/(2.3D).

* Tensile tests were carried out using a universal testing machine (Instron model 3365, UK),
following the ASTM D882 method, on rectangular samples cut from the films. The tests were
performed using a tensile speed of 1 mm/min for 1 minute to evaluate the Young’s modulus, and

then the velocity was increased to 10 mm/min until sample breakage.

 Thermogravimetric analysis

Thermogravimetric analysis (TGA) was carried out using an Exstar TG/DTA Seiko 7200
instrument with a heating rate of 10 °C/min from 30 to 600 °C under nitrogen flow. The reported
results are the average of three independent measurements on the samples (approximately 5 mg).

The standard deviation was approximately 0.4% for each investigated sample.



3. Results and Discussion

3.1.Characterization of EVA/PO blends before ageing

To investigate the mechanical behaviour of EVA/PO blends with and without crosslinking
agents and stabilizers, thin films were prepared by compression moulding and subjected to tensile
testing. In Figure la-c, the trends of elastic modulus (E), tensile strength (TS) and elongation at
break (EB) as a function of the EVA/PO blend composition are shown. It is worth noting that the
values of the elastic modulus increased significantly with PO addition, and the PO-rich blends
showed a higher overall system rigidity than the EVA-rich blends (see Figure 1a). Due to the
addition of a crosslinking agent, the elastic modulus values of EVA-rich blends were slightly
higher, while those of PO-rich blends were slightly lower, in comparison to the elastic modulus
values of EVA/PO blends without additives. Similar considerations can also be made for the E
trends of EVA/PO blends containing both crosslinking agents and stabilizers. Therefore, the values
of tensile strength of EVA- and PO-rich blends, with and without additives, were very similar and
remained almost unchanged with blend composition (see Figure 1b). Similar observations were also
seen for the trends of the elongation at break of all investigated EVA/PO blends (see Figure 1c).
Therefore, the slight decreases of the properties at break, due to the presence of CA and CA+STAB,
can be understood by considering that the system heterogeneity increases and the CA radicals are
more efficient for EVA crosslinking, rather than PO, at chosen processing conditions. To improve
the environmental resistance of the encapsulant films for PV modules, the films must imperatively
contain both crosslinking agents and stabilizing systems, and for this specific application, high
values of the properties at break are not required. Therefore, the observed decreases in the TS and
EB values of EVA/PO+CA+STAB blends, which are 10% lower than the values of the EVA/PO
blend, do not compromise the use of EVA-rich films as PV encapsulants. In summary, the EVA/PO
= 75/25 wt/wt% blend, with and without CA and STAB, showed a mechanical behaviour very
similar to that of neat EVA, with and without CA and STAB, and it can thus be considered a good
candidate for PV encapsulant applications.

To evaluate the effect of the EVA/PO blend composition on the thermal resistance,
thermogravimetric analysis in an inert atmosphere of EVA/PO+CA+STAB was carried out, and the
obtained thermograms are shown in Figure 2. EVA+CA+STAB was stable up to 290 °C, and then
weight loss began due to EVA deacetylation at high temperatures (> 400 °C) from polymer
decomposition. The weight losses of EVA+CA+STAB were ca. 2% at 300 °C, ca. 17% at 350 °C
and ca. 23% at 400 °C, suggesting a reduced thermal resistance of this material in this temperature

interval. PO+CA+STAB is more stable in the temperature range between 300 and 400 °C, and its



weight loss results ca. 8% at 400 °C. Therefore, it is evident that the EVA/PO+CA+STAB blends
showed slightly improved thermal stability at temperatures between 300 and 400 °C in comparison
to EVA+CA+STAB, suggesting a beneficial effect due to the presence of PO. Considering that the
PV modules in service conditions could be subjected to occasional hot-spot temperature increases,
the improved thermal resistance of EVA/PO blends at high temperatures, i.e., between 300-400 °C,
make these blends good candidates for PV encapsulants.

3.2.Photoaging of EVA/PO blends

To investigate the photooxidative resistance of EVA/PO blends with and without crosslinking
agent and stabilizers, thin films (thickness ca. 94 um) were subjected to accelerated artificial UVB
ageing, and the degradation extent was monitored by infrared analysis.

Figure 3 shows the spectra of a selection of EVA/PO blend films with different ratios of EVA
vs. PO, with and without CA and STAB, before and after 400 h of exposure to UV light.

The spectrum of EVA/PO 100/0 (Fig. 3a) is that of EVA, characterized by the typical
absorption bands attributed to ester groups of EVA at 1734, 1234, 1018, and 607 cm™. The spectra
of EVA/PO with increasing amounts of polyethylene (Fig. 3c, d) showed a progressive decrease in
the EVA absorption bands, which were not observed in the case of the EVA/PO = 0/100 sample
(Fig. 3b). Processing the samples with the crosslinking agent produced a weak absorption band at
1720 cm™, as observed in the spectrum of the EVA/PO = 0/100 sample (Fig. 3b). This likely
reflects a slight oxidation of the polymeric matrix induced by processing in the presence of the
crosslinking agent. This band cannot be observed in the spectra of the samples containing EVA
since the broad EVA band at 1734 cm™ prevents the observation of any weak absorption band at the
same frequency. The introduction of the stabilizing system gave a few supplementary absorption
bands. One can be observed at 1740 cm™, but only in the case of the EVA/PO 0/100 sample (Fig.
3b), for the reasons explained above. This absorption maximum is attributable to Irganox® 1076. A
broad band was also observed between 1650 and 1550 cm™, with several maxima at 1610, 1595 and
1580 cm™ for the main maxima (Fig. 3b and e). This broad band was observed for all the samples
containing the stabilizing system.

Exposing the samples to irradiation in the presence of atmospheric oxygen provoked dramatic
modifications of the infrared spectra. The main modifications occurred in the domain 1900-1500
cm™ and reflect the oxidation of the polymeric matrix. In the case of the EVA/PO = 0/100 sample
(Fig. 3b), one observes the well-known oxidation bands of polyethylene reported many times in the
literature (see, for example, [45]). According to the literature, PO photodegradation proceeds

overall with the formation of new bands in the carbonyl range 1700-1800 cm™, as follows: at 1715



cm™, due to carboxylic acid vibrations; at 1725 cm™, due to carbonyl (aldehyde and ketone)
stretching vibrations; at 1738 cm™, due to ester stretching vibrations; and at 1780 cm™, due to y-
lactone vibrations; a new band at 1645 cm™, due to vinyl alkene vibrations; and new bands in the
hydroxyl range 3200-3600 cm™, due to hydroxyl group vibrations. [48]

In the case of the samples containing EVA (Figs. 3a, c-e), broadening of the acetate band at
1740 cm™ can be noticed. In the carbonyl domain (1900-1500 cm™), the subtracted spectra reveal
the formation of carboxylic acid and lactone at 1718 and 1780 cm™, respectively [46-47]. The
photooxidation mechanism of EVA can be considered fairly well understood [30]. Hydrogen
abstraction on the polymeric backbone either on a methylene group (in PE sequences) or on a
tertiary carbon atom in the a-position of the acetate produces macroradicals. These radicals react
with oxygen, leading to a peroxy radical that gives a hydroperoxide by abstraction of a labile
hydrogen atom. The alkoxy radical formed on PE sequences leads to the formation of alcohol or
ketone. The oxidation of the tertiary carbon atoms leads only to the formation of ketones, and no
alcohols are obtained from this route. Both routes of oxidation lead to similar chain ketones.
Photolysis of the ketones by Norrish | and Norrish Il reactions produces various species that give
rise to carboxylic acids or lactones and to vinyl unsaturated groups (from Norrish Il reactions).

Taking into account these considerations, to compare the photoaging behaviour of blends of
EVA/PO = 100/0, 75/25, 50/50, 25/75 and 0/100 wt/wt%, with or without CA and Stab, we chose to
follow the changes in absorbance at 1780 cm™ due to lactone carbonyl vibrations.

Figures 4a and 4b show the variations in absorbance at 1780 cm™ calculated as the difference in
the absorbance after light exposure for 200 h and 400 h, respectively, and the absorbance before
exposure (0 h). The data concerning all the samples studied here are presented.

Several comments should be noted concerning these figures:

- Regarding the non-crosslinked samples (curve a), the results indicate that polyethylene
(EVA/PO = 0/100) is more sensitive to photooxidation than EVA (EVA/PO = 100/0). The most
noticeable result involves the samples with various amounts of EVA vs. PO: it is indeed observed
that the absorbance at 1780 cm™ varies linearly with the respective amount of EVA and PO. This
suggests that there is no interaction of one polymer on the other, as far as photooxidation is
concerned. This is not a general rule, and it has been reported that in the case of polyethylene-
polyamide blends with different compositions, the rates of photooxidation for all blends were higher
than the rates corresponding to the two homopolymers [49].

- In the case of the crosslinked samples (curve b), the results indicate that there is no effect of
crosslinking on the rate of oxidation of EVA, whereas one observes that crosslinking results in a

slight degrading effect on the samples containing polyethylene. One also observes linear variations



of the absorbance with the respective amount of EVA and PO. The degradation effect could result
from the weak oxidation of PO due to processing in the presence of the crosslinking agent.
Oxidation of EVA due to processing cannot be observed because of the presence of the broad EVA
band at 1734 cm™. Our results suggest that EVA is less sensitive to oxidation resulting from
processing in the presence of a crosslinking agent.

- In the case of those samples crosslinked and stabilized (curve c), the variations with the
relative amount of EVA and PO are different. In the case of EVA (EVA/PO = 100/0), a stabilizing
effect of the stabilizer was observed, approximately a factor of 1.9. A weaker factor of
approximately 1.6 was observed in the case of the sample EVA/PO = 75/25. However, when the
amount of PO increased (samples EVA/PO = 75/25 to 0/100), the stabilizing effect increased much
more, and the differences with curve b increase with the amount of polyethylene, reaching a value
of approximately 5.6 for the stabilizing effect in the case of polyethylene. In this case, there was no
linear variation opposite to that reported above. The stabilizer was much more efficient in
stabilizing polyethylene than EVA.

These results indicate that crosslinking has no influence on the photostability of EVA but has a
slight prodegrading effect in the case of blends with polyethylene. It is worth noting that the
stabilizer system can protect the various blends but is much more efficient in the case of
polyethylene than in the case of EVA.

To investigate the optical performance of EVA/PO blend films, UV-visible spectroscopy
analysis was performed, and the obtained spectra before (0 h) and after UVB exposure (400 h) are
plotted in Figure 5. Interestingly, in the UV-vis spectra of EVA/PO films containing both
crosslinking agent and stabilizers, a beneficial effect was noticed due to the presence of the
stabilizers. As expected, the EVA/PO+CA+STAB films showed pronounced absorbance in the UV
range, which can be attributed to the protective activity of added stabilizers, specifically UV
absorbers.

Therefore, to evaluate the EVA/PO film transparency, the values of the linear attenuation
coefficient (k) were calculated considering the measured absorption values (A) and sample
thickness (D) using the formula reported in the experimental section. In Figure 6a-d, the values of
the linear attenuation coefficient (k) at different wavenumbers of 390 and 700 nm for all
investigated EVA/PO films, with and without additives, before and after UBV exposure are
reported. We chose to calculate the values of the linear attenuation coefficient at 390 and 700 nm
because these variations can be related to film transparency. It is worth noting that the values of
linear attenuation coefficients at 390 nm for EVA/PO+CA+STAB films before exposure were
higher than the values of EVA/PO blends and EVA/PO/CA (see Figure 6a). The same trends can



also be noticed after 400 h of exposure time (see Figure 6b), and the latter can be attributed to the
presence of stabilizers that are able to absorb UV irradiation. In the visible range, i.e., at 700 nm,
the values of the linear attenuation coefficients for the EVA/PO+CA+STAB blends are lower than
those for the EVA/PO and EVA/PO+CA films, again highlighting the beneficial effect of the
stabilizing systems used. However, all obtained data from UV-visible analysis suggest that
EVA/PO = 75/25 wt/wt%, containing CA and STAB, shows transparency similar to that of neat
EVA+CA+STAB, making this blend a good candidate as an encapsulant material for bifacial PV

modules.

4. Conclusions

EVA/PO blend films, with and without crosslinking agent (CA) and stabilizing systems
(STAB), were formulated through melt mixing and then subjected to compression moulding at high
temperature and under pressure, simulating a thermal treatment similar to that experienced by
encapsulant films during PV module laminations and assembly.

All obtained results highlight that the addition of CA and STAB to the EVA/PO blend slightly
increased the rigidity of the EVA-rich blend, and no beneficial effect on the rigidity of the PO-rich
blend was noticed. Due to the presence of CA and STAB, the breakage properties of all EVA/PO
blends slightly decreased; however, these decreases were less than 10%, and the EVA-rich film can
be considered a good candidate for PV encapsulants.

The thermal resistance at high temperature of EVA/PO blends, i.e., between 300 °C and 400
°C, increased with increasing PO content. The EVA-rich blend containing CA and STAB showed
increased thermal resistance in comparison to neat EVA containing CA and STAB, highlighting a
beneficial effect due to the presence of PO at low amounts.

Concerning the photoaging behaviour, it is worth noting that crosslinking had no influence on
the photostability of EVA but had a slight pro-degrading effect in the case of blends with
polyethylene. All the results indicate that the stabilizer systems can protect the various blends but
are much more efficient in the case of polyethylene than in the case of EVA.

Overall, the PV encapsulants must have properties that are a compromise between good
mechanical behaviour before exposure, thermal resistance at high temperature (considering that the
PV modules are subjected to an occasional hot-spot temperature increase), transparency and
photoaging resistance in service, and considering all obtained results, an EVA-rich blend could be
considered a good candidate for PV encapsulants, although its photoaging behaviour is slightly
worse than that of neat EVA.
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Figure captions

Figure 1. Mechanical properties: (a) elastic modulus, E, (b) tensile strength, TS, and (c) elongation
at break, EB, of different EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB

Figure 2. TGA curves of EVA/PO blends containing crosslinking agent (CA) and stabilizers
(STAB)

Figure 3. FTIR spectra of films (94 microns) of (a) EVA/PO 100/0, (b) EVA/PO 0/100
+CA+STAB and (c) EVA/PO 50/50, (d) EVA/PO 50/50 +CA and (e) EVA/PO 50/50 +CA+STAB
before (0 h) and after UVB exposure (400 h)

Figure 4. Variation of absorbance at 1780 cm™ of EVA/PO, EVA/PO/CA and EVA/PO/CA/STAB
with various amounts of EVA and PO after: (4a) 200 h and (4b) 400 hs exposure SEPAP 12.24/52
°C

Figure 5. UV-visible spectra of EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB before (0 h) and
after UVB exposure (400 h)

Figure 6. Linear attenuation coefficient, K, of EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB
under different conditions: (a) 0 h, at 390 nm, (b) 400 h, at 390 nm, (c) 0 h, at 700 nm, (d) 400 h, at
700 nm.
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Figure 1. Mechanical properties: (a) elastic modulus, E, (b) tensile strength, TS, and (c) elongation
at break, EB, of different EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB
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Figure 2. TGA curves of EVA/PO blends containing crosslinking agent (CA) and stabilizers
(STAB)
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Figure 3. FTIR spectra of films (94 microns) of (a) EVA/PO 100/0, (b) EVA/PO 0/100
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before (0 h) and after UVB exposure (400 h)
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Figure 5. UV-visible spectra of EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB before (0 h) and after UVB exposure (400 h)
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Figure 6. Linear attenuation coefficient, K, of EVA/PO, EVA/PO+CA and EVA/PO+CA+STAB
under different conditions: (a) 0 h, at 390 nm, (b) 400 h, at 390 nm, (c) 0 h, at 700 nm, (d) 400 h, at
700 nm.



