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S1. Trouser Tear Test method

The method consists in making a notch in the polymer film, which acquires the char-
acteristic trouser shape giving the name to the method (Figure S1).

Figure S1. Details from the trouser tear test of an aged PFA T specimen.

The description of fracture includes three stress modes that determine crack propa-
gation [1]:

* Mode I: opening.

® Mode II: in-plane shear.

* Mode III: out-of-plane shear

The third mode of fracture is one of the most common ones in polymeric films and
thanks to this test the tear resistance offered by these films can be evaluated.

The performance offered by the films during the test depends on several factors and
in order to better characterize the materials, the trajectory of the crack propagation has to
be taken into account, but also the thickness of the film and the speed of load application
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during the test. The effects of the orientation of the film, the geometry and the fracture
mechanism must therefore be discussed [2].

Especially, by observing the Load - Time curves, low or high extensible films can be
distinguished.

In the case of ductile polymeric films, two of the major difficulties are the possible
deformation of the "legs" of the specimen and of the area around the crack, thus recording
the presence of other fracture modes. To understand if other phenomena are involved, the
trend of the force applied as a function of the elongation of the specimen (evaluated as the
distance between the crosspieces) must be observed.

The breakout energy is defined as the energy released per unit area of the surface of
the propagating crack:

T=- (W /dA) (S1)

where T is the energy released, W the elastic energy stored by the specimen and A
the fracture area [3].

The tear energy is considered the driving force for the propagation of the crack and
includes the surface energy, the energy dissipated in the plastic flow and that dissipated
in the viscoelastic process. When it reaches the critical value, Tc, crack growth is observed.
The equations used for the calculation of Tc have been derived from experiments on rub-
ber, but they are also applicable for polymeric films [1]. Furthermore, the trouser tear test
has an advantage: the tear energy depends only on the length of the crack and on the
deformation in the area around the crack itself, while it is independent of the way in which
the force is applied.

The calculation differs in the case of low and high extensible films. In the first case,
the following relationship can be used for the calculation of the critical fracture energy:

Tc=2F/B (52)

where F is the force and B the thickness of the specimen.
In the case of extensible specimens, on the other hand, Tc is evaluated as follows:

Tc = (2FA) /B - wE (S3)

where A is the ratio between the final length of the specimen leg and the initial length,
w the initial leg width and E the strain energy density [N / mm?].

For this tear behavior, it is important to observe how much the deformation of the
legs is relevant: if the weight of the deformation is minimal, (52) can be used for the cal-
culation of Tc. In this way, the critical fracture energy depends solely on the thickness,
and not on the size of the sample.

Furthermore, the work spent during the test corresponds to the area below the Load
- Displacement curve.
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S2. Behavior of the samples during the Trouser Tear Test

Figure S3. Cracks for the unaged Transverse ETFE samples.



Polymers 2022, 14,912

40f8

b)
Figure S4. Cracks for Longitudinal and Transverse unaged PFA samples.

S3. Impact test results

Figure S5 shows the Load - Deflection trends for the three different impact energies

(0.38], 1,54], 3,45]) in unaged ETFE samples.
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Figure S5. Load — Deflection curves for unaged ETFE sample for three impact energies.

Observing the figure, the higher impact energies, 3.45 ] and 1.54 ] are used to perfo-
rate the films. Indeed, a complete rupture occurs in the case of the impact energy of 3.45J

and lateral rupture for 1.54 J.

In the third case, however, the specimen does not break, and a rebound of the dart

was observed.

Figure S6 shows the Energy - Time trend for the three impact energies. For higher
energies, after an increase in energy, a stationary value (a plateau) is observed, maintained
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until the films break. In the case of the lowest impact energy, however, part of the energy
is released. Furthermore, the film breaks before it can absorb all the energy related to the
impact; in the other two cases the material absorbs the entire impact energy.
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Figure S6. Energy - Time curves for unaged ETFE for the three impact energies.

After the accelerated aging cycle by UV-A irradiation, the Load - Deflection and En-
ergy - Time curves are shown in Figures S7 and S8 for the three impact energies.
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Figure S7. Load — Deflection curves for aged ETFE sample for the three impact energies.
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Figure S8. Energy - Time curves for aged ETFE sample for the three impact energies.

In Figure S9, the Load - Deformation curves for the three impact energies are shown.
Considering the Energy - Time curves (Figure 510), the total energy absorbed is not equal
to the impact energy, but lower (about 0.3 J). Indeed, the film breaks before that the rela-
tive impact energy is absorbed.
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Figure S9. Load — Deflection Curves for unaged PFA sample for three impact energies.
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Figure S10. Energy - Time curves for unaged PFA sample for three impact energies.

After aging, the impact curves (S11 and S12) showed a similar behavior to the unaged
samples.
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Figure S11. Load — Deflection Curves for aged PFA samples for three impact energies.
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Figure S12. Energy - Time curves for aged PFA samples for three impact energies.
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