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ABSTRACT

High mechanical strength and ionic conductivity of solid-state electrolyte (SSE) are currently
conflicting targets that are very difficult to achieve. Polyethylene oxide (PEO) is one of the most
common polymers adopted for SSE because of its very high ionic conductivity, but its mechanical
strength is very low. This work discusses the manufacturing and testing of PEO blends using
polysulfone (PSf) and Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) to assess the mechanical
response under microtensile testing and the ionic conductivity with electrochemical impedance
spectroscopy (EIS). Mechanical tests demonstrated a beneficial effect of LiTFSI with significant
increase in maximum stress and ductility measured as strain at failure. The blending of PEO and PSf
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showed promising conductivity values at room temperature with the 90-10 PEO-PSf composition
achieving the highest value (1.06 x 107 S/cm) and for the 70-30 composition achieving the
highest maximum stress (3.5 MPa) with a conductivity of 3.12 x 1077 S/cm.

Introduction

As the world energy demand increases, energy storage
has gained a substantial interest as it plays a key role in
many fields from flexible electronics to electric vehicles
and renewable energy."") Lithium-ion is the most com-
mon battery technology, but one of the main concerns is
the need for organic liquid electrolytes, which are highly
flammable and toxic. The introduction of solid-state
electrolyte has solved some of the issues related to
degradation, but it does not provide mechanical stability
to the battery, making it still prone to damage and
requiring the use of heavy shielding. For this reason,
there has been a significant effort to develop safer elec-
trolytes, either polymeric, ceramic, or composites, pos-
sessing high conductivity and cyclability as well as
flexibility and mechanical stability. One of the most
studied polymer used as electrolyte is polyethylene
oxide (PEO), which is capable of dissolving lithium
oxides and can achieve good ionic conductivity at high
temperature,[z] but suffers from low mechanical
strength. The mechanical strength reported in the lit-
erature ranges between 1 and 15 MPa,>4 depending on
the manufacturing process and molecular weight. On
the other hand, there have also been attempts to
improve the sustainability of the electrolyte by combin-
ing or replacing PEO with natural polymers such as
alginate!® or gum tragacanth,'®’ which achieved

promising conductivity (3.46 x 10~ and 1.06 x 107> S/
cm at RT, respectively), or by using water as a solvent.!”’

One strategy to improve the conductivity of the poly-
meric electrolyte is the addition of fillers either inactive
like SiO,® or AL,O5,! or active such as Li;GeP,S,;,'”
or Li1_5Alo_5Ge1,5(PO4)3,[11_13] although the effects of the
additives on the mechanical properties are not always
reported. Moreno et al.™*! investigated the effect of ben-
tonite blended with low molecular weight (6x10°> g/mol
LMW) and high molecular weight (4x10° g/mol HMW)
PEO, with LiPFq as lithium salt for an Ethylene Oxide/
Lithium (Eo/Li) ratio of 35:1. The bentonite was inter-
calated with a PEO-salt blend with the same composi-
tion of the matrix before mixing them. The tensile
strength of LMW-PEO was 0.7 MPa compared with
9.4 MPa for HMW-PEO, and the addition of 3 wt%
intercalated bentonite changed the respective values to
7.5 and 8.5 MPa. The conductivity at room temperature
was increased from 1.23 x 10™° S/cm to 1.81 x 1077 S/cm
for LMW-PEO and from 2.45 x 10~ S/cm to 2.48 x 10~
S/cm for HMW-PEO. Wen et al.'* used graphene
oxide (GO) as a filler for a PEO electrolyte with
LiTFSI salt in a 10:1 Eo/Li ratio. The tensile strength
of PEO was about 0.2 MPa and increased to the max-
imum value of 1.31 MPa with the addition of 1 wt% GO.
The observed conductivity was 1.5 x 10~® S/cm, which
was 7 times higher than for PEO alone but decreased for
further addition of GO.
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Li et al.!"® prepared a composite HMW-PEO elec-
trolyte using several wt% of MnO, nanosheets as filler,
and the Lithium salt was LiTFSI in an Eo/Li ratio of
20:1. The best mechanical performances were obtained
at 5wt%, with an achieved maximum strength of about 2
MPa, almost twice that of PEO alone. The room tem-
perature conductivity achieved was 1.95 x 107> S/cm
and 1.38 x 107> S/cm for the filled and unfilled compo-
sitions, respectively.

Another strategy to increase the conductivity of PEO
is blending with other polymers and plasticizers"® as
reviewed by Xue et al,®! since the conductivity was
higher in the amorphous phase. However, again, the
effect over the mechanical properties was not always
reported and would be assumed to decrease when the
amorphous phase was increased. Wang et al.'” used an
ultrasonic treatment on a PEO-20 wt% LITFSI electro-
lyte, increasing the conductivity from 1.8 t0 3.2 x 107° S/
cm but this reduced the yield strength from 0.6 to 0.46
MPa. Lee et al.'®) observed a similar behavior in PEO
with LITFSI, which decreased from 14.7 MPa to 2.1
MPa, while the addition of different amounts of Li; 4
Aly 4Ge 6(POy); particles increased the elastic modulus,
but not the yield stress and did not significantly impact
the conductivity. Ramesh et al.'”! studied the mechan-
ical properties of PVC-PEO blend but the conductivity
was not discussed. The yield stress they measured for
PEO was 0.67 MPa, which increased with PVC content
to 3.62 MPa for a 50-50 composition. The addition of
a Lithium methanesulfonate reduced the yield stress to
one-fifth of the original value at 20 wt%.

Chun-Guey et al.*” blended PEO and polyacryloni-
trile (PAN) with LiClO, as the Lithium source, and
found that the conductivity increased by adding PAN
only when the amount of LiClO, reached 15 wt%, at
which composition the room temperature conductivity
was 8.2 x 107 S/cm and could be maximized with 3 wt%
addition of PAN to 1.2 x 1077 S/cm.

Lim et al.'*'! prepared blended PEO and poly-
methylmethacrylate (PMMA) at different weight
ratios with and without silica aerogel and using ethy-
lene carbonate as plasticizers and LiClO, as lithium
source. The molar ratios of polymer to EC and
LiClO4 were 9:1 and 6:1, meaning the salt was about
35.3 wt%. The conductivity at 30°C of PEO was
2.53 x 107 S/cm, and the maximum conductivity
measured was 6.7 x 107° S/cm for a PEO:PMMA
molar ratio of 8:1. The addition of silica aerogel
increased this value to a maximum of 1.47x10™* S/
cm at 8 wt%. Tao et al.'*? produced a PEO/thermo-
plastic polyurethane (TPU)!**! at different weight
ratios and with 30 wt% of LITFSI. The mechanical
strength of PEO was just 0.18 MPa and was increased

by the addition of TPU to 1.38 MPa for a 1:3 ratio.
However, the room temperature conductivity
decreased from 107> S/cm for the PEO to 107° S/cm
for the 1:3 TPU/PEO blend.

Xu et al.'**! prepared a similar composition using
a TPU and PEO in a 1:3 ratio with LiTFSI in a 18:1
Eo/Li ratio. They also added Li;La;Zr,0;, (LLZO)
nanoparticles to increase the overall performance. The
unfilled electrolyte showed a tensile strength of 0.28
MPa, which increased to 0.41 MPa with a 10 wt% of
nanoparticles addition, while the conductivity at 30
©C was initially in the order of 107> S/cm, and increased
to 10~* S/cm with the addition of NPs.

Xu et al.**! prepared a blended electrolyte containing
PEO and polyvinylidene-fluoride (PVDF) in a 7:3
weight ratio and ZnO as filler. The tensile strength of
the PEO/PVDEF blend was 1.28 MPa and reached
a maximum of 2.35 MPa with 2 wt% of ZnO filler. The
conductivity measured at room temperature ranged
from 2 x 107> S/cm to around 6 x 107> S/cm, indicating
the optimal 2 wt% concentration, since it increased both
mechanical and electrical responses compared to other
concentrations.

Li et al.?® produced a similar PEO-PVDF blend at
different weight ratios (up to 50-50) and 20 wt% of
LiTFSI. The conductivity of the samples at 30°C ranged
from 3 x 107 S/cm to 4.2 x 107> S/cm with a 10 wt%
addition of Lis,Gag LasZr; 5Big50;, LLZTO but no
mechanical properties were reported. A more complex
approach was developed by Hu et al.*”! designing
a multicomponent polyether comprising nitroxide radi-
cal TEMPO (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl)
groups (T), ethylene oxide brushes (E) and cross-
linkable allyl moieties (V). This polyether material
could work as a cathode and when integrated through
crosslinking with a PEO electrolyte containing 50 wt%
of LiTFSI achieved a maximum strength of 2.6 MPa,
while the PEO alone and the cathode alone demon-
strated 1.6 and 1.25 MPa, respectively. The properties
of gel-polymer electrolyte instead are mechanically too
low for a structural application, Lee et al.”®! produced
a gel based on poly(ethylene glycol) diglycidyl ether
(PEGDE), bisphenol A diglycidyl ether (BADGE) and
polyethyleneimine (PEI) soaked with 1 M LiPF6 in
ethylene carbonate/diethylene carbonate, and their
most resistive sample achieved a conductivity above
1 mS/cm with a maximum strength around 220 kPa.
A similar work by Ye et al.'*”! investigated a ternary
blend of PEO, PMMA and polyvinylidene fluoride-co-
hexafluoropropylene (PVDF-HFP) with a weight ratio
of 1:1.5:1 immersed in a plasticizer made of LiTFSI,
succinonitrile (SN) and Fluoroethylene carbonate in
a weight ratio of 10:2.5:1. A conductivity of



1.08 x 107> S/cm at RT was achieved, but mechanical
properties were not reported.

One class of polymers that has rarely been used in
electrolytes are polysulfone, which are known for their
chemical and mechanical stability. Lu et al.®>* synthe-
sized a copolymer based on PEO and polysulfone, using
a PEO to LiTFSI ratio of 8:1 and also produced electro-
lyte with succinonitrile (SN) in a PSF-PEO: SN: LiTFSI
weight ratio of 50:35:15. For the best composition of
35 wt% PEO, the conductivity was 1077 S/cm at 30 C,
while the addition of SN increased it to 10°* S/cm. The
tensile strength at breaking was reported to be 14.7 MPa
decreasing to 9.6 MPa with the addition of SN. Xu
et al.*Y prepared a composite electrolyte from PEO-
polyoxyphenylene sulfone-polyvinylacetate (PVA) and
LiTFSI for a ratio of 16:1 Eo/Li. The best composition
having 30 wt% of PVA and 20 wt% PSf had a room
temperature conductivity in the order of 107> S/cm, but
mechanical properties again were not reported.

In this work, we investigate the mechanical and elec-
trochemical properties of a blend of a low molecular
weight polysulfone with PEO to evaluate its suitability as
a solid-state electrolyte for a composite structural bat-
tery. The blend is obtained using dimethyl sulfoxide as
the solvent, since it is nontoxic compared to other
common solvents used for solvent casting like acetoni-
trile and tetrahydrofuran. The blend obtained does pos-
sess improved mechanical strength and ionic
conductivities at low salt concentration, which suggests
that sulfones could be a valuable alternative polymer to
blend with PEO to obtain high-performance electrolyte
films.

1. Material and method
1.1. Materials

Polyethylene oxide PEO (Molecular weight 4 x 10° from
sigma Aldrich), dimethyl sulfoxide (DMSO) (99% from
Sigma Aldrich), polysulfone (PSf) (Molecular weight
and 30000-40000 Sigma Aldrich) and Lithium
Bis(trifluoromethanosulfonyl)imide  LiTESI  (99%
Sigma Aldrich) were dried before use in a vacuum
oven at 50°C (PEO) and 110°C (PSf and LITFSI) over-
night to remove excess moisture. Each of the compo-
nents was dissolved in 4.5 mL DMSO separately using
ultrasonication (PS) or stirring for 4 h (PEO). The
solutions were mixed together, and the LITFSI salt was
added and stirred for another 4 hrs. Different weight
ratios of PEOPS, of 100-0, 90-10, 80-20 and 70-30 with
a constant 10 wt% LITFSI were manufactured. The
solution was then placed in a plasma-cleaned Teflon
mold and dried in a vacuum oven at 60°C for 48 h to
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obtain a self-supporting continuous film with nominal
0.2 mm thickness and 50 x 50 mm area.

1.2. Sample characterization

To characterize the composite films a number of analy-
tical techniques were carried out. X-ray diffraction
(XRD) analysis was performed on a Siemens D5000, to
determine the degree of crystallinity using the
relationship:

x=k
Iy
where X is the crystallinity degree, I. is the intensity of
the crystalline peaks and I, is the total peak intensity.

A Fourier Transformed Infrared (FT-IR) analysis has
been conducted on a Jasco FT/IR 6200 with a sensitivity
of 4 cm™" in the range 4000-650 cm™".

Microtensile testing was performed on a Deben
Microtest tensile stage (Deben UK Ltd., Oxford, UK)
with a 200 N cell. Samples were cut to obtain dimension
of approximately 25 mm of length and 2 mm of width.
The force and displacement values measured during the
tests whilst applying a constant displacement of 0.1 mm/
min were converted into stress and strain value through
the relationships:

where o is the stress expressed in MPa, F is the force
expressed in Newton, A is the cross section expressed
in mm?, € is strain, Al is the variation in length and I, is
the initial length of the sample both expressed in mm.
The samples were monitored during the tests using an
optical microscopy, and images were taken to capture
key failure modes.

Impedance Spectroscopy was performed on
a potentiostat Gamry 1000E in the range of 3 MHz to
1 hz using a blocking electrode setup with Stainless steel
plates, and the conductivity of the electrolyte was calcu-
lated according to*?! using the relationship:

t
o=
A XR

where o is the conductivity in S/cm, ¢t and A are the
thickness and surface area of the electrolyte, respec-
tively, and R is the bulk resistance obtained from the
impedance spectroscopy. The value of the bulk resis-
tance was obtained by fitting the data using a circuit for
non-ideal blocking electrode®*** as shown in Figure 1.
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CPE,

CPE CPE,

e

Ry

Figure 1. Representation of the circuit used for fitting.

Ry, represents the bulk resistance of the electrolyte, CPEy4
is a constant phase element to represent the non-ideal
behavior of the geometrical capacitance of the SPE/
electrode structure and the CPE, are constant phase
elements to represent the non-ideal behavior of the
electric double layer at the SPE/electrode interfaces.

2. Results and discussion
2.1. Crystallinity properties

XRD data for different film compositions are shown in
Figure 2, with a single peak at 19° and triple peaks at 23°
characteristic of the PEQO crystalline phases.'"**) The
broad background/baseline peak from 15° to 30° con-
firms the presence of a co-existing amorphous phase,
while there is no clear peak associated with PEO,:LiTFSI
that has been associated as an indication of poor
conduction.*”!

The crystallinity of the samples is summarized in
Table 1. The crystallinity of pure PEO is usually between
60% and 80% depending on the manufacturing process
and molecular weight.*®**) The reduction in crystal-
linity observed with the addition of salt is in the range
between 70% and 55% comparable to similar composi-
tions reported in the literature, because salt has
a plasticizing effect.’”~%°1 On the other hand, the addi-
tion of PSf does not appear to induce a significant
variation over the crystallinity, as the lowest observed
value is 47% for the PEO-PSf 80:20 composition, sug-
gesting that it is not an effective plasticizer.®'! A similar
effect has also been observed by Cheng et al.'* in
PVDE-PSf blends where the PSf was influencing nuclea-
tion and crystallization rate of PEO.

2.2. Mechanical properties

The mechanical properties of the different blends are
identified using the force-displacement response mea-
sured during the tensile testing on the polymer samples.
Engineering stress—strain curves are derived, and the
Young’s Modulus and maximum stress are measured.
The curves obtained from the tests are reported in
Figures 3-4.

The values obtained are reported in Table 2 in which
the values related to the pure PEO are compared against
those measured on the blends with salt.

L TN S S NP W

PEO-PSf 90-10 LiTFSI
e S B

_‘2\ s
2 -
3 g . PO |
=
- A PEO-PSf 80-20 L‘iIFS“LM
PEO- LiTFSI
PEO-PSf 70-30 LiTFSI
I ) | I I . I I
10 15 20 25 30 35 40 45 50
20

Figure 2. XRD data for different SPE composition.

Table 1. Crystallinity values.

PEO PEO-LIiTFSI

PEO-PSf 70:30 LiTFSI

PEO-PSf 80:20 LiTFSI PEO-PSf 90:10 LiTFSI

Crystallinity 70% 55%

51%

47% 57%
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Figure 3. Mechanical properties of samples containing Li-salt.
The strain is expressed in %.
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Figure 4. Stress strain curves of PEO and a blend PEO -PSf 80-20
both without LiTFSI. The strain is expressed in %.

Table 2. Young's Modulus and maximum stress values for dif-
ferent blends.

Yield stress (MPa) Young Modulus (MPa)

PEO 5 128
80-20 37 277
PEO LITFSI 0.32 24
90-10 LiTFSI 1.54 69
80-20 LiTFSI 3 119
70-30 LiTFSI 35 208

The measured maximum stress of pure PEO was 5
MPa in line with literature data!”'®! where it has been
reported as a value between 0.1 and 14 MPa. The addition
of PSf shows a different behavior compared to the pure
PEO. The blend of PEO and PSf shows a change in
ductility as strain at failure, maximum stress and mod-
ulus of elasticity. The particular example of the 80-20
PEO-PSf blend compared with PEO for the case where
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both are without LiTFSI (Figure 4) shows that the mod-
ulus of elasticity is significantly higher for the blend
(more than double), but the maximum stress is much
lower (30% lower than PEQO) as is the strain at failure.
The PEO-PSf blend has the tendency to show a brittle
behavior,*"*?! which might be due to a limited degree of
blending in the absence of LiTFSI or a different confor-
mation of the molecular chains, as suggested by FT-IR.

The addition of LiTFSI to the polymer improves the
ductility of the PEO-PSf blends and the strain at failure as
shown in Figure 3. This phenomenon has already been
reported in the literature’®”*® where it has been
observed that the addition of LiTFSI reduces the mechan-
ical strength of the PEO. This effect is not observed in the
blended polymer samples. While the PEO with LiTFSI
can reach a maximum stress of 0.35 MPa, all the blended
compositions can sustain a higher maximum stress, with
a maximum of 3.5 MPa observed for the PEO-PSf 70-30
case. The variation in terms of elastic modulus is even
more pronounced. The PEO alone has a value of 128
MPa, whilst the addition of the salt reduces it to 24
MPa (-75%). Increasing the amount of PSf helps to
restore the original value at a concentration of 20 wt%
and this further increases up to 208 MPa for 30 wt%. This
indicates that the PSf is well integrated within the blend,
allowing the film to sustain a higher load even with
a similar amount of crystalline and amorphous phases,
which indicates that the salt is acting as a compatibilizing
agent,*>** enhancing the interaction between the PEO
and the PSf. This is probably related to the presence of
polar groups and the similarity between the salt and the
PSf which both possess sulfur and oxygen bonds.

Figure 5 shows the difference in fracture mode
between the pure PEO (Figure 5b) and the blend with
LiTFSI (Figure 5a). The pure PEO shows necking whilst

a)

2 A

Figure 5. a) Fracture observed for 80-20 sample with LiTFSI b)
Fracture of PEO without LiTFSI.



1024 (&) F.GUCCIET AL.

the blend shows a brittle fracture with significant reduc-
tion of the transversal cross section as the sample
approaches failure. In an actual application, it would
be preferable to have a high stiffness with less deforma-
tion than the opposite, so the improvement obtained
would be suitable for a structural battery application.

2.3. FT-IR analysis

The main peaks for the PEO are visible in Figure 6 and
can be associated with different stretching and bending of
C-C, C-H and C-O, but a significant one is the triplet
centered around 1090 cm™' which belongs to the
C-O-C stretching (Figures 6-7)*) which is typical of the
crystalline phase.*”! The reduction in intensity between
the pure PEO sample and the other composition is an
indication that the crystallinity is reduced. By incorpor-
ating PSf in PEO, the absorption band of C-H stretching
around 2880 cm™" (Figure 6) is changed suggesting an
interaction between PSf and PEO™® because of the pre-
sence of similar bonds in PSf and LITFSI.

Since they both have SO, bonds, the main differences
are the peak at 1200 cm™ (Figure 7) which does not
appear in the absence of salt and can be assigned to the
CF; stretching!”’ and the small peak at 865 cm™'
(Figure 7) which is associated with the benzene ring[3 1
and does not show up in the absence of PSf. The CF;
peaks changes intensity at different PSf content suggest-
ing a stronger interaction with the PEO-PSf 80-20
blends which would reduce its dissociation and corre-
late with the lower conductivity of the sample. The two
independent peaks at 1359 cm™' and 1340 c¢cm™'
(Figure 7) can be related to the wagging of the

PEO-PSf 70-30 LiTFSI

PEO-PSf 90-10 LiTFSI

ey

PEO-PSf 80-20

PEO-LITFSI

T

PEO

_ N
- /

1
2880 cm

1090 cm_

% T 2 T % T : T = T ’ T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm'1)

Figure 6. IR spectra of various manufactured blends of PEO-PSf
with LiTFSI compared against the spectrum of the pure PEO.
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Figure 7. FT-IR spectra in the wavenumber region 1800-
650 cm™".

methylene group (-CHj3) in the crystalline phase. Its
presence further confirms the semi-crystalline nature
of the films, these two peaks tend to merge and become
broader,!**! suggesting that LiTFSI and PSf combined
influenced the crystallinity of PEO and this effect is
particularly marked for the PEO-PSf 80-20 blend.

The PEO-PSf 80-20 blend showed a brittle behavior
compared to all other films and is the only sample
showing a different relative ratio between the peaks at
1250 cm ™! and 1280 cm™ (Figure 7). These are asso-
ciated with CH, twisting,*®! and according to Kim et -
al.*! the relative ratio of these bands can be related to
a different chain orientation induced by a different
coordination of the ether bonds.

2.4. Electrochemical/electrical properties

Nyquist plots for the various electrolytes measured at
20°C data are presented in Figure 8, excluding the sam-
ples without Lithium salts due to their expected insuffi-
cient conductivity in comparison to LiTFSI containing
samples.

The electrolyte containing PSf has a higher impe-
dance compared to PEO, but this behavior is non-
linear. Conductivity values are calculated from the EIS
and reported in Table 3. The sample containing 10% of
PSf has a slightly lower conductivity 1.06 x 10~° S/cm
compared to the sample without, 1.76 x 10~° S/cm. The
PEO-PSf 80-20 blend resulted in the lowest conductiv-
ity of 2.03 x 10”7 S/cm, despite having the lowest crystal-
linity, which indicates that it is not the only parameter
influencing the conductivity, for this system at least, as
further confirmed by the properties measured for the
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Figure 8. EIS data obtained from samples tested under blocking
electrodes configuration.

Table 3. Summary of conductivity values.

Sample Conductivity (S/cm)
PEO LiTFSI 176 x 107°
PEO-PSf 90-10 LiTFSI 1.06 x 107°
PEO-PSf 80-20 LiTFSI 2.03x1077
PEO-PSf 70-30 LiTFSI 3.12x 1077

PEO-PSf 70-30 blend with a conductivity of 3.12 x 10~
S/cm.

The low-temperature conductivity value for the PEO-
LiTFSI system is higher than reported in the literature
when compared with similar or slightly higher ethylene
oxide/lithium ratios."”'®*>*! The higher conductivity
measured at low concentration of LiTFSI can probably
be related to the presence of trapped DMSO, due to its
high boiling point, which makes it difficult to fully
remove compared to other solvents, which have also
been used as electrolytes, as for instance by Xu et al.*"!
In fact, the presence of traces of solvent within a solid
electrolyte has been discussed as a potential way to
improve conductivity,[sz] as variations have been
observed as dependent on the drying procedure followed.

3. Conclusion

Solid electrolytes with a percentage in weight of PSf
equal to 0, 10%, 20% and 30%, and 10% in weight of
LiTFSi have been manufactured and tested using DMSO
as a casting solvent. Samples were characterized with
XRD, FT-IR, microtensile testing and Electrochemical
Impedance Spectroscopy. The addition of PSf did not
offer a significant impact over the crystallinity of the
PEO, in comparison to the added LiTFSI salt. The main
FTIR characteristic peaks associated with PSf, LiTFSI
salt and PEO were identified, suggesting an interaction
between the two polymers. The blends of PEO and PSF
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were more brittle than PEO, while in the presence of
LiTFSI all samples had increasing tensile strength with
the amount of PSf. The conductivity values of PEO-PSf
blend were lower than the PEO alone, with 10 wt% of
PSf reducing the conductivity by less than 50%. It has
also been observed that the sample with 30% in weight
of PSfhad a conductivity slightly higher than the sample
with 20% in weight due to a stronger interaction
between the PEO-PSf 80-20 and LiTFSI.
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