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Polymer (PVdF-CO-HFP) composites containing nanoMgOfiller and lithiumtriflate saltwere preparedusing a so-
lution cast technique. All samples were characterized using different techniques such as X-ray diffraction (XRD),
thermal analysis (TG, DSC), Fourier transform infra–red spectroscopy (FT-IR) and scanning electron microscopy
(SEM). Structural investigation of all samples were conducted in a well – sequence; firstly, in presence of nano
filler, and secondly in presence of LTF salt to study the structural changes (crystallinity), and their effects onmelt-
ing, morphology and thermal stability behavior. In presence of definite filler and salt concentrations, the basic
polymer matrix exhibited suitable structure, followed by good conduction properties. A sample containing
6wt%MgO and 25wt% LTF showed AC-ionic conductivity value of about 8.78× 10−5 ohm−1·cm−1 at room tem-
perature. The same sample exhibited good thermal stability behavior (Td=402.99 °C). To further investigate the
stability of this sample, electrochemical and mechanical stability properties were also studied.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

The research and development of polymer electrolyte based batte-
rieswith high specific energy, good reliability and safety has been an ac-
tive area for the past three decades [1–3]. Advances in microelectronic
industry, especially mobile phones and portable computers, have cre-
ated a demand for new and improved power sources. Presently,
world-wide efforts are directed towards the development of advanced
battery technologies based on lithium negative electrodes (anode).

To date, the rechargeable lithium ion battery has been one of the best
choices in view of specific capacity and cyclic stability [4]. However, the
electrolytes which are used in the rechargeable lithium ion battery still
need improvement especially in terms of ionic conductivity at room tem-
perature, thermal stability and mechanical stability [5]. To accomplish
these requirements, extensive research has been conducted on several
polymer hosts [6–13]. Among the various polymers, the PVdF-CO-HFP
based electrolyte has received much attention due to its unique proper-
ties i.e. the host polymer possesses both amorphous and crystalline
phases in which the crystalline VdF phase acts as a mechanical stiffer
lty of Science, BenhaUniversity,
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and the amorphous HFP phase helps in improving the ionic conductivity
[14,15]. The positive effect of various ceramic particles, like SiO2, TiO2,
Al2O3, etc., on the conductivities and electrochemical stability of polymer
electrolytes is also well documented in the literature [16–18]. The addi-
tion of the fillers with Lewis acids surface groups usually leads to reduc-
tion in ion paring and therefore to an increase in the conductivity. On
the other hand, stabilization of the interphase and lowering of the overall
resistance of lithium electrodes was observed when using surface modi-
fied inorganic fillers as additives [19–21].

Many researchers present encouraging results for P (VdF-HFP)-
based polymer electrolytes with different types of dopant salts,
such as lithium fluoroalkyl phosphate [22], lithium perchlorate
[23] and lithium bis(trifluoromethanesulfonyl)imide [24]. Lithium
trifluoromethanesulfonate salt, LTFMS, is one of themost common lith-
ium salts used in polymer electrolyte research. As a continuation of our
previous studies on polymer electrolytes materials, we try to prepare a
novel polymer composite delivering a high ionic conductivity and good
thermally stable behavior, to be used as an efficient polymer electrolyte
for the lithium ion batteries applications. On this way and in our present
work, we try to use nano filler with a suitable concentration achieving
the two main properties of the electrolyte; ionic conductivity and ther-
mal stability. Nanomagnesium oxide (MgO) filler; one of the fillers that
has not been used enough to enhance the polymer electrolyte perfor-
mance, especially the thermal stability behavior. In this research
paper, a gel composite of PVdF-CO-HFP, Ethylene carbonate (EC) and
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Diethyl carbonate (DEC) containing lithium trifluoromethanesulfonate
as a salt and nano magnesium oxide (MgO) as filler will be studied
and investigated in different concentrations of both salt and filler to
achieve the required electrolyte properties of conductivity and stability.
2. Experimental

2.1. Preparation of nano magnesium oxide filler

Nanomagnesiumoxide fillerwas prepared using the solution combustion process [25]. Briefly, appropriate amounts ofMg (NO3)2 and urea (used
as a fuel) were dissolved in distilled water. Following, the above solution was heated to dryness at 100 °C and then the dried mass was calcined at
around 450 °C for 5 h to get MgO filler.

2.2. Preparation of polymer nano composites

The polymer nano compositeswere prepared using a simple solution casting technique. PVdF-CO-HFPwasfirst dissolved in di-methyl formamide
(DMF) under heating (40 °C). Following, plasticizers (EC: DEC, 1:1 in volume) were added to the polymer viscous solution. After that, differentMgO
filler amounts were added according to the following concentration formula:

33−x PVdF−CO−HFPð Þ þ 67 EC−DECð Þ þ x MgOð Þ½ �; x ¼ 0;2;4;6 wt%½ �

The slurrywas continuously stirred for 24h to avoid thefiller aggregation and to get thefinemixing. The obtained homogenous viscous slurrywas
then poured into the Petri dish. The solvent was allowed to evaporate slowly from the composite at room temperature and then all samples were
dried at 60 °C for 3 h to get nano composites membranes.

2.3. Preparation of polymer nano composites electrolytes

The polymer nano composites electrolytes were prepared using the same method and according to the following concentration formula:

PVdF−CO−HFPð Þ þ EC−DECð Þ þ MgOð Þ½ �100−x þ x LiCF3SO3ð Þ; x ¼ 0;5;15;25 wt%
� �

Similarly to the first preparation, the stirring, pouring, and solvent evaporation processes were performed to get nano composites electrolytes
membranes having a thickness between 330 and 350 μm.

Additionally, and to easy hereafter mention all investigated different samples, all samples were denoted as following:
Samples containing PVdF-CO-HFP, EC, DEC and nano MgO filler were denoted as MC1, MC2 and MC3; for nano MgO filler concentrations: 2, 4 and
6wt%, respectively. In contrast, samples containing PVdF-CO-HFP, EC, DEC, optimizednanoMgOfiller concentration and lithiumtriflatewere denoted
as MCE1, MCE2 and MCE3; for lithiumtriflate salt concentrations: 5, 15 and 25 wt%, respectively. Also, lithiumtriflate salt was denoted as LTF.
2.4. Characterization of samples

X-ray diffraction analysis was performed on a Diano (made by Diano Corporation, U.S.A.) with Cu-filtered CuKα radiation (λ= 1.5418 Å) ener-
gized at 45 kV, and 10 mA. The samples were measured at room temperature in the range from 2θ = 10 to 70o. Differential scanning calorimetry
(DSC, in a temperature range of 298–473 K) and thermal gravimetric analysis (TG, in a temperature range of 298–873 K) were performed in air at-
mosphere with a constant heating rate of 10 °C/min using Shimadzu DSC-60H. The Fourier transform infrared spectra of the samples were recorded
in the range of 650–4000 cm−1 using a Brucker - FT-IR. Scanning electronmicroscopywas carried outwith JOEL scanning electronmicroscope (JSM-
35CF). The thickness of each sample wasmeasured using a micrometer screw gauge. Electrical properties were studied in a temperature range from
298 to 423 K and a frequency one from 100 Hz to 1 MHz. Also, these properties were estimated with the help of stainless steel blocking electrodes
using a programmable automatic LCR bridge (Model RM 6306 Phillips Bridge).

The electrochemical stability of optimized composite electrolyte of high ionic conductivity was evaluated using a stainless steel (SS) as
working and counter electrode, by linear sweep voltammetry at room temperature using an EG&G Electrochemical analyzer (Model-6310)
in the scan rate of 1 mV/s. The mechanical properties (stress-strain characteristic) were studied at room temperature using Bruker – Digital
force gauge (1000 N). The sample was cast in a dimension of 60 mm × 20 mm. The thickness of cast sample is 2 mm.
3. Results and discussion

3.1. Effect of MgO filler concentration on PVdF-co-HFP

3.1.1. X-ray diffraction analysis
X-ray diffraction patterns of MgO, PVdF-co-HFP, MC1, MC2 andMC3

are displayed in Fig. 1. The pattern of MgO filler revealed a single phase
cubic structure. The particle size of MgOwas calculated bymeans of the
well-known Debye Scherer's formula [26]. Thus, the mean crystallite
size of MgO was found to be 40 nm. In contrast, the XRD pattern of
the PVdF-CO-HFP polymer confirmed its semi crystalline nature [27].
Furthermore, as obviously observed, the nano MgO filler presence in
MC1, MC2 and MC3 samples was confirmed by the weak peaks.
Moreover, the filler showed an effect on the semi crystalline nature of
PVdF-CO-HFP, as weak and sharp peaks were observed. This means
that there is an interaction between the filler and the polymer, and
also means that the three samples have different crystalline structure
percent in presence of the different nano MgO filler concentrations.
Also, from Fig. 1, one can conclude that the MC3 sample has the lowest
crystalline structure percent compared to MC2 and MC3 ones, as more
weak peaks observed.

3.1.2. Differential scanning calorimetry (DSC) analysis
DSC thermograms of PVdF-CO-HFP, MC1, MC2 and MC3 are shown

in Fig. 2. Obviously, the peak observed at a temperature range between
160.61 and 163. 34 °C for all investigated sampleswasmainly due to the



Fig. 3. X-ray diffraction patterns of LTF, MC3, MCE1, MCE2 and MCE3.
Fig. 1. X-ray diffraction patterns of MgO, PVdF-CO-HFP, MC1, MC2 and MC3.
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melting temperature (Tm). All values of melting temperatures were ex-
actly determined and tabulated, Table 1. As we can see, the nano MgO
filler samples showed higher Tm than that of PVdF-co-HFP; and MC3
sample showed the lowest one value compared to MC1 and MC2.
These melting temperatures values come in a good matching with
what observed above. As mentioned in X-ray diffraction analysis, the
MC3 sample has the weakest crystalline peaks; and here DSC one con-
firmed that it has the lowest melting temperature (Tm, 160.92 °C).
This shows that the sample of the lowest crystalline structure has the
lowest melting temperature (Tm). Also, to practically confirm this
point, all values of crystallinity relative percentage (Xc) were calculated
using the equation [28]:

Xc ¼ ΔHc=ΔHp ð1Þ

where ΔHp equals to 104.7 J/g which is the heat enthalpy of 100% crys-
talline PVdF [29], and ΔHc is the heat enthalpy of PVdF-co-HFP, MC1,
MC2 andMC3. All valueswere tabulated, Table 1. As shown, crystallinity
Fig. 2. Thermal analysis (DSC) patterns of PVdF-CO-HFP, MC1, MC2 and MC3.

Table 1
Values of melting temperature (Tm), heat enthalpy ofmelting (ΔHm) and crystallinity per-
cent (Xc) of PVdF - CO - HFP, MC1, MC2 and MC3.

Sample Tm, °C ΔHm, J/g Xc, %

PVdF - CO - HFP 160.61 37.81 36.11
MC1 163.34 27.59 26.35
MC2 161.81 30. 14 28.79
MC3 160.92 20.74 19.81
relative percentage confirmed all mentioned above. The MC3 sample
showed the lowest value (19.81%) compared to MC1 (26.35%) and
MC2 (28.79%).

3.2. Effect of LTF concentration on MC3

3.2.1. X-ray diffraction analysis
Fig. 3 shows X-ray diffraction patterns of LTF, MC3, MCE1, MCE2 and

MCE3. The figure showed the good dissolution behavior of PVdF-CO-
HFP matrix in presence of nanoMgO filler, as LTF peaks completely dis-
appeared in all MCE1, MCE2 andMCE3 samples. This means that all LTF
concentrations were completely dissolved in MC3 sample. More nota-
bly, LTF samples (MCE1 and MCE3) showed lower intensive crystalline
peaks than that ofMCE2. This also can confirm the different interactions
presence between LTF and MC3 sample.

3.2.2. Differential scanning calorimetry (DSC) analysis
As shown in Fig. 4, thermograms of MC3, MCE1, MCE2 and MCE3,

showed that LTF samples have lower melting temperature (Tm) values
than that of MC3, as observed by peak decrease shifting. Moreover,
the MCE3 sample showed the lowest melting temperature value com-
pared to MCE1 and MCE2 samples. This also supports our previous ob-
servation of X-ray diffraction analysis, as the same sample has low
intensive crystalline peak. All melting temperatures (Tm) values were
also exactly determined and tabulated, Table 2.

Also, to investigate and confirm the crystallinity structure of LTF
samples, all relative crystalline percentage (Xc, %) values were calcu-
lated using Eq. (1). All values were tabulated, Table 2. The table showed
that theMCE3 sample has the lowest value (24.97%) compared toMCE1
Fig. 4. Thermal analysis (DSC) patterns of MC3, MCE1, MCE2 and MCE3.



Table 2
Values of melting temperature (Tm), heat enthalpy ofmelting (ΔHm), crystallinity percent
(Xc), decomposition temperature (Td) and AC-ionic conductivity (ơAC) of PVdF - CO - HFP,
MC3, MCE1, MCE2 and MCE3.

Sample Tm, °C ΔHm, J/g Xc, % Td, °C ơAC (ohm−1·cm−1) at 303 K

PVdF - CO - HFP 160.61 37.81 36.11 431.92 1.5 × 10−10

MC3 160.92 20.74 19.81 454.68 1.95 × 10−7

MCE1 161.63 29.41 28.09 386. 24 2.14 × 10−5

MCE2 160.73 40.51 38.69 396.49 5.27 × 10−5

MCE3 159.97 26. 14 24.97 402.99 8.78 × 10−5
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(28.09%) and MCE2 (38.69%). Here, above discussion can also be con-
firmed, as low intensive crystalline peak, lowest melting temperature
(159.97 °C) sample has the lowest crystalline structure (24.97%).
Fig. 6. FT-IR spectra of PVdF-CO-HFP, MgO, MC3, LTF, MCE1, MCE2 and MCE3.

3.3. Thermal stability behavior

Asmembrane thermal stability is one of themost important proper-
ties of polymer nano composite electrolyte application, thermal gravi-
metric analysis, TG, was studied to investigate the effect of both nano
MgO filler and LTF on PVdF-CO-HFP matrix. Fig. 5 shows thermal pat-
terns of PVdF-CO-HFP, MC3, MCE1, MCE2 and MCE3. As we can see, all
samples showed almost stable weight against temperature, but till dif-
ferent certain temperatures. In general, the slightly weight decrease
up to 400 °C may be attributed to both of the removal of moisture
and/or the absorbance of water by the sample during the loading and
melting. Following, the sharp weight decrease of all samples can be at-
tributed to the degradation of the side chains of the polymer. Addition-
ally, the different remaining weight percentage of all samples could be
due to the presence of nano MgO filler or due to the presence of\\CF
based back bones of the PVdF-CO-HFP polymer [30]. All degradation
temperatures (Td) of all investigated samples were exactly determined
and tabulated, Table 2. From table, we can conclude that the MC3 sam-
ple showed higher decomposition temperature (Td = 454.68 °C) than
that of PVdF-CO-HFP (Td = 431.92 °C), and this also can confirm the
nano filler interactions with the polymer matrix. On the other hand,
LTF samples showed the following decomposition temperature (Td)
order: [MCE3, Td = 402.99 °C N MCE2, Td = 396.49 °C N MCE1, Td =
386. 24 °C]. So we can conclude that the LTF sample (MCE3) has the
highest thermal stability behavior compared to the other ones. This
sample can introduce also the lowest crystalline structure in addition
to the melting temperature, the features of a good polymer nano com-
posite electrolyte.
Fig. 5. Thermal analysis (TG) patterns of PVdF-CO-HFP, MC3, MCE1, MCE2 and MCE3.
3.4. FT-IR analysis

Fig. 6 shows FT-IR spectra of PVdF-CO-HFP, MgO, MC3, LTF, MCE1,
MCE2 and MCE3. The basic characteristic bands of PVDF-CO-HFP [30]
are shown in Table 3. To investigate and also confirm the interactions
that can take place between nano MgO filler and polymer matrix,
PVdF-CO-HFP, a comparison between the wave number values of the
basic polymer matrix and basic polymer matrix containing nano MgO
filler (MC3) was established, Table 3. As seen, there is an observed de-
crease/increase shifting in wave number values of MC3 sample,
confirming the interactions presence between the two components.
Likewise, an observed decrease/increase shifting between MC3 and
LTF samples (MCE1, MCE2 and MCE3) was also observed, Table 3, and
also confirmed the interactions presence between LTF and polymerma-
trix (MC3).

3.5. Scanning electron microscope (SEM)

As well known, the basic polymer matrix of PVdF-CO-HFP has a po-
rous structure. So an investigation of the morphology porous nature in
presence of nanoMgO filler and LTF was performed using FE - scanning
electron microscope, FE-SEM, Fig. 7(A, B). Fig. 7A showed the porous
structure of the basic polymer matrix, PVdF-CO-HFP. In contrast,
Fig. 7B revealed a non-porous structure, reflecting the good role of
nano filler and salt in filling the polymer matrix pores with a homoge-
neous nature. This filling process attributed the thermal decomposition
temperature increase of MC3 compared to the basic polymer matrix,
PVdF-CO-HFP, Table 2.

3.6. Electrical conductivity properties

The temperature dependence of AC - electrical conductivity of PVdF-
CO-HFP, MC3, MCE1, MCE2 and MCE3 was investigated in a tempera-
ture range of 303–423 K and at a frequency of 100 Hz, and illustrated
in Fig. 8. In general, the figure shows that the AC-conductivity of all in-
vestigated samples increases with temperature increase. As the
Table 3
FT-IR spectral basic bands assignment of PVdF - CO - HFP, MC3, MCE1, MCE2 and MCE3.

Wave number
(cm−1)

PVdF - CO - HFP MC3 MCE1 MCE2 MCE3

763 Crystalline phase VdF unit of
PVDF-CO-HFP

751 758 742 765

1200 \\CF2 group of PVdF-CO-HFP 1209 1213 1214 1199
1390 CF2 - deformation of PVdF-CO-HFP 1399 1370 1394 1383



Fig. 7. FE-SEM photographs of A: PVdF – CO – HFP and B: MCE3.

Fig. 9. AC-conductivity values versus LTF concentration (wt.%) for MC3, MCE1, MCE2 and
MCE3 at room temperature and a frequency of 100 Hz.
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conductivity–temperature data follow Arrhenius behavior, the mecha-
nism of ion transport is deduced to be similar to that in ionic crystals,
where ions jump into neighboring vacant sites and thus increase the
ionic conductivity to a higher value. Themotion of ions in polymer elec-
trolytes is a liquid-like mechanism, by which the movement of ions
Fig. 8. Temperature dependence of AC-conductivity for PVdF-CO-HFP, MC3, MCE1, MCE2
and MCE3 at a frequency of 100 Hz.
through the polymer matrix is assisted by the large amplitude of the
polymer segmental motion. Thus, greater segmental motion at higher
temperatures either permits the ions to hop from one site to another
or provides a pathway for ions tomovewith faster ionic conduction. Ad-
ditionally, thefigure showed the positive effect of nanoMgOfiller on in-
creasing the AC-conductivity of the basic polymer matrix of PVdF-CO-
HFP, where MC3 sample showed higher AC-conductivity values
than that of PVdF-CO-HFP. The filler can play two important roles in in-
creasing the conductivity; thefirst is its ability to decrease the crystallin-
ity of the basic polymermatrix as previously confirmed by DSC analysis,
and the second is as suggested by Coce et al. [31]; the filler can provide
special conducting pathways at the filler surface region through
Lewis acid – base interactions among different species in the polymer
matrix. At the same time, all LTF samples showed higher AC-
conductivity values compared to that of MC3, reflecting the positive
effect of LTF salt on increasing the AC-conductivity of MC3 sample.
All room temperature AC-conductivity values are tabulated, Table 2.
Also, the effect of LTF salt addition onMC3 sample at room temperature
and a frequency of 100 Hz was shown in Fig. 9. The figure revealed
the continuous increase of AC-conductivity value upon LTF salt
concentration increase. The AC-conductivity values have the
following order: [σAc (MCE3, 8.78 × 10−5 ohm−1·cm−1) N σAc (MCE2,
5.27 × 10−5 ohm−1·cm−1) N σAc (MCE1, 2.14 × 10−5 ohm−1 cm−1) N
σAc (MC3, 1.95 × 10−7 ohm−1·cm−1)]. Here, it is a worthwhile to men-
tion that the sample having the lowest crystalline structure, lowest
melting temperature and highest thermal stability is the same having
Fig. 10. Activation energy values of 1: PVdF – CO – HFP, 2: MC3, 3: MCE1, 4: MCE2 and 5:
MCE3.



Fig. 11. Dielectric constant versus A: temperature; at different frequencies and B:
frequency; at different temperatures for MCE3 sample.

Fig. 12.Dielectric loss versus A: temperature; at different frequencies and B: frequency; at
different temperatures for MCE3 sample.

Fig. 13. Complex impedance spectra for MCE3 sample at different temperatures.

242 E.M. Masoud et al. / Journal of Molecular Liquids 260 (2018) 237–244
the highest AC-conductivity value at room temperature. This feature
confirms our previous structural properties investigation results of
this sample.

Furthermore, as curves appear linear, so the apparent activation en-
ergies (Ea) are obtained using the Arrhenius model σ = σ0 exp(−Ea/
RT), where R, T, σ and σ0 are gas constant, temperature, the AC-
conductivity and the pre-exponential factor, respectively. According to
this equation, the activation energies can be calculated from the slope
of straight line. All activation energy values were shown in Fig. 10. The
activation energies (Ea) values come as in the following order: [Ea
(MC3) b Ea (MCE2) b Ea (MCE1) b Ea (MCE3) b Ea (PVdF-CO-HFP)].

As a conclusion and from all above investigations, the MCE3 sample
is the best one delivering good conductivity value at room temperature.
So more studies will be conducted hereafter to investigate this sample,
and to confirm its ability to be an efficient polymer electrolyte within
lithium ion batteries.

3.7. Dielectric constant

Temperature and frequency dependence of dielectric constant at dif-
ferent frequencies (100 Hz to 1MHz) and temperatures (303 to 423 K),
respectively of optimized MCE3 sample was also studied, Fig. 11(A, B).
Firstly, Fig. 11A showed an increase behavior of dielectric constant
with temperature at different frequencies. It is observed that this in-
crease behavior can be divided into two ranges; weakly dependent
one (303–353K), and other strongly one (363–413K). Generally, the in-
crease behavior of dielectric constant with temperature can be attrib-
uted to the viscosity decrease [32] of the polymer matrix, and
dissolving of crystalline or semi-crystalline phases in the amorphous
phase [33]. Secondly, Fig. 11B represented a decrease behavior of
dielectric constant with frequency at different temperatures. This de-
crease behavior can be attributed to the contribution of charge accumu-
lation at the interface and leads to a net polarization of the ionic
medium results in the formation of space charge region at electrode–
electrolyte interface [34]. The MCE3 sample exhibited a value of dielec-
tric constant (ϵ`) equals 450 at room temperature (303 K) and 100 Hz.



Fig. 14. I-V curve for MCE3 sample at room temperature.
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3.8. Dielectric loss

Temperature and frequency dependence of dielectric loss at differ-
ent frequencies (100Hz to 1MHz) and temperatures (303 to 423 K), re-
spectively of optimized MCE3 sample was also studied, Fig. 12(A, B).
Firstly, Fig. 12A showed an increase behavior of dielectric losswith tem-
perature at different frequencies. This increase behavior is due to the re-
laxation of the dipole molecules in co-operation with the resulting drop
in the relaxation time, this in turns exerts a double effect on the dielec-
tric loss, on one hand, the friction between the dipoles will be increased
and then the increase in energy dissipation. Secondly, Fig. 12B showed a
logic decrease behavior of dielectric loss with frequency at different
temperatures. The MCE3 sample exhibited a value of dielectric loss
(ϵ``) equals 11,750 at room temperature (303 K) and 100 Hz.

3.9. Complex impedance

Fig. 13 shows a complex impedance of MCE3 sample at three differ-
ent temperatures (303, 363, and 423K). Thefigure exhibited a spectrum
consists of a semi – circle and an inclined straight line. As obviously
shown, the diameter and height of semi – circles decreases upon tem-
perature increasing, reflecting the impedance decrease with tempera-
ture increase. The semicircle is due to the conduction process and the
Fig. 15. Stress - strain curve for MCE3 sample at room temperature.
linear region is due to the effect of the blocking electrode [35-39] that
results in a charge polarization in the bulk of the polymer. All bulk
ionic conductivity values were calculated at different temperatures
and exhibited the following order: [(σb = 7.02 × 10−5 ohm−1·cm−1

at 303 K) b (σb = 2.00 × 10−4 ohm−1·cm−1 at 363 K) b (σb = 1.23
× 10−3 ohm−1·cm−1 at 423 K)]. The equivalent circuit was also deter-
mined from the spectrum and shown in Fig. 13.Where R1 is the bulk re-
sistance of the electrolyte, C1 is the bulk capacity of the electrolyte and
C2 is a capacity of bulk electrode – electrolyte interface.

3.10. Electrochemical stability of MCE3

Fig. 14 shows the I-V characteristic curve. The onset voltage for an-
odic current is determined at around 3 Vwhich is assumed to be the de-
composition voltage of the optimized sample (MCE3).

3.11. Mechanical properties of MCE3

The stress – strain curve of the optimized sample (MCE3) was also
investigated, Fig. 15. The figure showed yield strength of about 1 MPa
with an elongation –at- break of 5.7%. Also, the energy per unit volume
i.e. toughness is 0.12 J.

4. Conclusions

Nano magnesium oxide filler was prepared using the solution com-
bustion process. Different polymer nano composites were prepared
using solution cast technique. Structural investigation of all samples
were conducted in a well – sequence; firstly, in presence of nano filler,
and secondly in presence of LTF salt to study the structural changes
(crystallinity) and their effects on melting, morphology and thermal
stability behavior. Different techniques such as X-ray diffraction, FT-IR,
SEM, TGandDSCwere used to study these changes. In brief, the addition
of nano filler and LTF salt exhibited an obvious effect on the basic poly-
mer matrix, PVdF-CO-HFP. With a concentration of 6 wt% MgO and
25wt% LTF, the optimized sample (MCE3) showed low crystalline struc-
ture (Xc = 24.97%) and melting temperature (159.97 °C) with a good
thermal stability behavior (Td = 402.99 °C). Electrical conductivity
properties of this sample were completely studied. The sample showed
values of AC-ionic conductivity, dielectric constant, dielectric loss and
bulk ionic conductivity equal 8.78 × 10−5 ohm−1·cm−1, 450, 11,750
and 7.02 × 10−5 ohm−1·cm−1 at room temperature and 100 Hz, re-
spectively. Additionally, the sample exhibited good electrochemical
(decomposition voltage = 3 V) and mechanical (an elongation –at-
break of 5.7%) stability. At last, we can conclude that using nano MgO
filler and LTF salt in definite concentrations with the basic polymer ma-
trix formed a suitable matrix structure for lithium ions motion, making
this polymer nano composite electrolyte sample a promised thermally
stable electrolyte for lithium – ion batteries application.
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