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ABSTRACT

Solution casting technique was cast-off to create a novel kind of magnesium ion conductive
nanocomposite polymer electrolyte membrane. The films include dissimilar weight percentages of
ALO, nanofillers embedded in the congregation polymer PVDF-co-HFP, containing magnesium
triflate Mg(CF,S0O,),. The distinctive crystalline phases of the polymer and its segment dynamics
are considerably changed by changes in the component content of these SPEs. The structural
morphology of these films were characterized by the techniques such as FTIR, DSC, SEM, and
XRD. Fourier transform infrared spectroscopy (FTIR) was used to affirm the chemical composition
of the polymer electrolyte membrane, Differential scanning calorimetry (DSC) was used to verify a
decline in melting temperature, Scanning electron microscopy (SEM) was used to affirm the exterior
morphology of the film, and Xray diffraction (XRD) was used to ensure the drop in crystallinity. It was
observed that 8wt% of Al,O, exhibits the best among them. The addition of nano filler was found
to trigger the band of C—O-C stretching to move to a lesser wave number and the strength of the
peaks to drop, signalling that the films' crystalline nature had changed to an amorphous one.
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INTRODUCTION

Solid-state polymer electrolytes have
garnered a lot of attention due to its potential in solid-
state electrochemical devices-which span a extensive
range of applications, including chemical sensors,
fuel cells, super capacitors, and rechargeable
batteries'23+. Solid polymer electrolytes (SPEs),

as compared to liquid electrolytes, have an array of
features. The advantages of this technique include
preventing leakage of electrolytes, safe handling, a
broad range of operating temperatures, and improved
device longevity.5®” Fabricating devices in the desired
shape can be made easier by the flexibility, mold ability,
mechanical, thermal, and electrochemical stability of
polymer electrolyte thin films. The alkali or alkaline
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earth metal salt is dispersed in the host polymer to
generate these polymer electrolytes8®10.11.1213 Poly
ethylene oxide, poly vinyl alcohol, and poly vinylidene
fluoride are a few examples of host polymers.
However, of all the polymers, PVDF-co-HFP has
been studied the most because it contains crystalline
vinyl groups (-CH,-CF-) that have the ability to attract
ions of ionic salts''5. The magnesium ion that was
used in this work is obtained using the ionic salt
Mg(CF_SO,),, which is affordable, readily available,
easy for handling in an open environment, and has
no adverse effects on health3. At room temperature,
SPE usually has reduced ionic conductivity. Various
researchers investigated on nano composite solid

polymer electrolytes (NCPEs) in an attempt to solve
th|S iSSUe.16’17’18’19’20’21’22’23’24'25

In general, composite polymer electrolytes
are made up of two phases: a solid polymer
electrolyte in the early stages and an inert filler
material in the later stage, such as ZrO,, CeO,, Al,O,,
Si0,, and TiO,, among others.??72829 Since fillers'
dispersion improves polymer electrolytes' mechanical
durability, thermal stability, biodegradability, and
ionic conductivity. we're looking at the Dispersion of
AI203 nano-filler in this study. The rise in amorphous
nature of the polymer electrolyte, which facilitates
fast ion transport and favors ion pair dissociation,
as well as segmental movement of the polymer
chain, are what's responsible for the upsurge in
ionic conductivity. The majority SPE/NCPE films are
cast through the solution casting methodology. This
method is affordable as well as easy to perform.

Li technology is expensive and highly
reactive, which makes it challenging to utilize in
an open environment. Therefore, efforts have
been made to find alternative options, such as Mg
batteries. Magnesium ions, which have an ionic
radius of 0.086 nm, are about the same size as
lithium ions, which have an ionic radius of 0.090 nm.
They are also stable by nature, cheap, and easily
accessible. Wu et al. reported on a magnesium-
based polymer electrolyte in 2017.
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We investigated the impact of Al,O, nano-
filler dispersion in the ideal conducting composition
of 70 wt%PVDF-30 wt%Mg(CF,SO,), on the ionic
conductivity of Solid Polymer Electrolyte thin films
made by solution casting technique. To examine the
structural and thermal characteristics of the material,
X-ray diffraction (XRD) and Differential scanning
calorimetry- (DSC) were performed. -To know there
structural morphology FTIR & SEM analysis is done.

EXPERIMENTAL

Chemicals Required

The ingredients used for the synthesis of
nanocomposite polymer electrolyte membranes
comprises Poly(vinylidene fluoride-co-
hexafluoropropylene), average M, ~400,000, the salt
Magnesium trifluoromethanesulfonate Mg(CF_SO,),
(MW1t=322.4), Nano filler Al,O,(~50nm) from sigma
aldrich and Tetra hydro furan [THF] solvent are
acquisition from Merck. The membrane is made
using a technique known as solution casting. 30wt%
Mg(CF,S0,), and 70wt% PVDF-co-HFP were
employed in this procedure. As was already said,
fervently mix for 48 h at an uninterrupted temperature
of 50°C to create an even mixture. To generate a
50 pm-thick nanocomposite polymer electrolyte
membrane, a viscous solution containing PVDF-co-
HFP/Mg(CF,S0,)./Al,O, was put into a petri dish, and
THF was allowed to exit under ambient conditions.
Table 1 displays the codes for the four electrolyte
samples that were created and made ready.

Fig. 1(a). The schematic illustration of Nanocomposite
polymer electrolyte membranes

Table1: Composition ratio of Synthesized samples

S.No Samplecode  PVDF-co-HFP(wi%)  Mg(CF,S0O,),(wt%)  ALO,(wi%)  THF(wt%)
1 PMA-0 70 30 0 50
2 PMA-4 70 30 4 50
3 PMA-8 70 30 8 50
4 PMA-12 70 30 12 50
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Instrumentation

Using an Ultima-IV X-ray diffractometer
and a Copper X-ray tube as the radiation source,
the X-ray diffraction pattern was captured at
40kV/30mA. Polymer electrolyte membrane SEM
micrographs were taken with an FEI Quanta
200 microscope. A ‘Shimadzu’ 8202 PC “Fourier
transform infrared” (FTIR) ‘spectrophotometer’ with
a transmittance range of 2000 to 450 cm™' was used
to assess the films' structural and functional efficacy.
The differential scanning calorimeter used was a
Shimadju DSC-60.

RESULT AND DISCUSSION

X-ray diffraction analysis

XRD results show that Al nanoparticles
Successfully encapsulated in PVDF-co-HFP/
Mg(CF,S0O,), membranes. Crystal peaks of
Al nanoparticles encapsulated in PVDF-co-HFP/
Mg(CF,80,), membrane clearly visible. PVDF-
co-HFP/Mg(CF_,SO,), membranes' amorphous
nature is only apparent from two peaks before Al
nanoparticles are added. The XRD spectral peaks
of the PVDF-co-HFP: Mg(CF,S0O,), doped nano
composite electrolyte membranes were analyzed.
The XRD arrays of all created NCPEMs can be
conspired using the Bragg angle 26 against their
respective intensities, as illustrated in Fig. 1. By
broadening the XRD peaks, planar PVDF-co-
HFP films show the observed semi-crystalline
phase at 18, 20.3, 27, and 39 degrees. The
crystallization characteristics of the ionic salt
are demonstrated by the strong peaks of the
Mg(CF,SO,), salt at the following angles: 17.6,
19.2°,20.18°, 30.2°, and 32.6°, respectively. when
introducing nano-Al nanoparticles into PVDF-co-
HFP/Mg(CF,SO,), membrane, new peak related
to presence Al nanoparticles with coordinates
28.44°,37.71°and 40.73°. Peak intensity declines
with increasing Al nanofiller concentration until it
is attained by PVDF-co-HFP/Mg(CF,S0O,),/Al,O,
(8%Al,0,), indicating a transition in the film's
properties from crystalline to amorphous, which
commendation to an escalation in the electrolyte
membrane's conductivity. Additionally, the XRD
peak's intensity slightly increases with increasing
weight percentage, particularly at 12 wt% ALQO,,
suggesting the restoration of semi-crystalline
nature as shown in Figure 1(b).
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Fig. 1(b). Elaborate The XRD peaks of pure PVDF-co-HFP
polymer, Mg(CF,SO,),, are displayed
The polymer electrolytes both with and
without nanoparticles at varying weight percentages
(i.e., 4, 8, and 12 wt.% ALO,).

FTIR-Spectroscopic Studies

The sample's vibrational modes,
functional groups, and bonding characteristics
have all been identified via infrared spectroscopy.
Additionally, it is utilized to examine interactions
between atoms or ions that exist in electrolyte
systems. These collaborations encourage
alterations to the polymer electrolyte
complexation's vibrational modes.

Molecular interactions cause the bands
of FTIR absorption peaks to move, broaden, and
eventually become extinct when nanofillers are
added to polymer salt complexes. Fig. 2 depicts
FTIR spectra for each thin membrane with the
composition of the electrolyte membrane built of
Al,O, @PVDF-co HFP/Mg?*, pure FTIR spectra
of PVDF-co-HFP, pure Mg(CF,SO,), powder
and pure Al,0,.790 and 1062 cm™ peaks in the
crystalline nature of the phase is indicated by the
absorption spectra of PVDF-co-HFP, where the
phase is represented by 842 cm™. (19-21) HFP
units have an amorphous phase, whereas PVDF
units?2 have a crystalline phase. The AP+ ions'
interaction with the PVDF-co-HFP:Mg(CF_SO,),
polymer electrolyte®® caused the 843 cm™ and
1287 cm™' peaks to dissipate. The reason for
these peaks is that PVDF-co-HFP's extended
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ferroelectric phase has a reversal order. The
peak removal demonstrates that Al3* interacts
with the polymer salt host, and the -C-F-rocking
at 804 cm™ is expected given the chemical
structure of PVDF-co-HFP. Skeletal deformation
results from the diminution of the 797 cm™ peak
by polymer salt nano complexation. The material
is undergoing an alteration. The PVDF-co-HFP
polymer's 871 cm vibrational peak, which was
turned on by CH, rocking, has disappeared and
a innovative group at 1042 cm-' illustrations that
the film is currently in the amorphous segment?*.
The twisting vibration frequency of CH, in the
membrane structure is represented by the C-C
band's 1400 cm™ peak and 1070 cm™ bending
vibration. PVDF-co-HFP's peak intensity dropped.
Stretching vibration with a C-F symmetry is seen
at a second peak at 1280 cm™. The CF, and CF,
groups' symmetric stretching modes migrate and
converge, creating a novel peak at 1230 cm’
and determining its frequency. 1404 cm™ is the
shear frequency of CH,-CF,. A peak forms at
1545 cm™ and the band at 1402 cm' vanishes.
The deformation of CH, is the reason for this new
peak. Salts of AL,O, and Mg(CF_,SQO,), destroy
the peak by decreasing its intensity between
2986 and 3024 cm™. The absorption peak that
was previously assigned has been moved to
3240 cm™' because of the coupling of Mg?* ions
to vinylidene -CH,-CF -, which is connected to
the host polymer's support. It is thought that the
Mg?* ions' effect on HFP stretches the PVDF
bonds to ideal values, encouraging the shift
from the crystalline to the amorphous phase.?
The vibration band shifts from 784-813 cm™' to
813-927 cm™ as the concentration drops when
PVDF-co-HFP is complexed with Mg(CF,S0O,),
salt, signifying the amorphous phase. Al,O,
may form between the host polymer and the
Mg(CF,SO,), salt complex when polymer salts
are present. When the swarm polymer's observed
band frequency changes, some bands vanish and
new bands emerge.

The shift and dearth of infrared bands
in the pure sample and the new infrared spectra
of Al,O,-doped polymer composite films show
important interactions between PVDF-co-HFP/
Mg(CF,S0,),/AlLQ,.
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Fig. 2. Elaborate the FTIR Spectra of Unadulterated PVDF-
co-HFP Polymer, Mg(CF,SO0,),, polymer electrolyte without
nano and with different weight percentages of nano i.e, 4,
8, and 12 wt.% of AlO,
SEM analysis
The morphological features of the
Nanocomposite films are examined by using
Scanning Electron Microscope. Fig. 3 illustrates
scanning electron images of pure PVDF-co-HFP,
pure Mg(CF_SQO,),, and 70wt% PVDF-co-HFP: 30
wt % Mg(CF,SO,),::X wt%Al, O, polymer electrolyte
films with x weight percentages of 4, 8, and 12 are
shown in figure. The SEM micrographs of the
films depicts surface of the film is homogenous.
Upon incorporation of Al,O, nanofiller into solid
electrolyte films there an increase in surface
roughness and decrease in more number of
pores. The porosity of the membrane also
changes resulting enhancement of mobility of
ions. Inside the polymer matrix, a highly porous
structure develops as a result of the solvent and
polymer's interaction. Consequently, the solvent
manages to get out of the polymer layer. The
presence of a linked microporous polymer matrix
and the inclusion of AL,O, promote the mobility of
magnesium ions.?” The presence and size of pores
in the membrane structure increase the mobility of
Mg*2ions, which is a positive factor that increases
the uptake of the polymer salt electrolyte in the
nanocomposite. At the optimal weight percentage
of 70:30:8% [PVDF-co-HFP: ALO,: Mg(CF,SO,),].
This phenomenon is illustrated in Fig. 3(a), and the
same conclusions are drawn in conjunction with
the XRD findings.
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Fig. 3(a). Exemplify the SEM Images of Pure PVDF-co-HFP Polymer, Mg(CF,SO,),, polymer electrolyte
without nano and with different weight percentages of nano l.e, 4, 8, and 12 wt.% of ALO,

DSC anaylsis

Utilizing differential scanning colorimetry,
the thermal behavior of the membranes is
examined. In Fig., the DSC thermograms are
displayed The melting point (Tm) and melting point
(Tq) of the PVDF-co-HFP copolymer are +53.04°C
and 140.11°C, respectively, according to Fig.
3(b). The glass transition temperature (Tg) and
melting point (Tm) of pure magnesium(CF_,SO,),
salt are 91.24°C and 133.74°C, respectively. It
is observed that the melting temperature of pure
polymer PVDF-co-HFP including Mg(CF,SO,),
(PM-0) is 101.5°C. The properties of the film
alter when Al,Q, is introduced; diffusion peaks
show that the semi-crystalline nature is destroyed
and complex formation occurs, which is entirely
consistent with the findings of the FTIR and XRD
analyses. Furthermore, a change in the melting
peak towards lower temperatures was observed,
suggesting a reduction in the crystallinity
of the film. The peak changes toward lower
temperatures as the Al,O, concentration rises,
offering compelling evidence of rising amorphous
content?®. The maximum shifting and broadening
of the peak was noticed for 8wt%Al,O,. While at

higher concentrations of Al,O,, contrary trend is
observed and transfer of peak towards higher
temperature indicating the enhancement of
crystalline nature, depicting decrease of ionic

conductivity.

Fig. 3(b). Exemplify the thermograms of Pure PVDF-co-HFP
Polymer, Mg(CF,SO,),, polymer electrolyte without nano
and with different weight percentages of nano i.e, 4, 8,
and 12 wt.% of ALO,
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CONCLUSION

Solution casting was used in this study
to prepare the Al,O, nanofiller-doped porous
structured PVDF-co-HFP:Mg(CF_,SQO,), polymer
NCPEM. NCPEM has the ability to improve electrical
conductivity because of its substantial porosity and
amorphous structure, which may prove helpful in
the future when creating new kinds of batteries. In
order to shrinkage the aperture size and enhance
the quantity of apertures in NCPEM, Al,O, nanofillers
are added. Employing Al,O, nanofillers as inorganic
fillers, the current work successfully decreases the
pore size and promotes the amorphous oddity of
solid polymer membranes. The phase transition of
the prepared PVDF-co-HFP-Mg(CF,SO,), NCPEM
from the semi-crystalline phase to the amorphous
phase was verified by FTIR analysis, which also
inveterate the chemical interface of Mg(CF,SO,),
with PVDF-co-HFP. SEM analysis reveals the surface
shape and porosity characteristics of the right
away PVDF-co-HFP-Mg(CF,SO,)2-AlL,0, NCPEM..
XRD reveals that the XRD peak intensity of PVDF-
co-HFP:Mg(CF,SO,), somewhat drops at 8wt%
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weight percentage of Al,O,, suggesting that the
semi-crystalline nature is recovered at 12%. There
is no amorphous phase left in the Al,O, nandfiller
film. Tg and Tm of pure component and salt-doped
PVDF-co-HFP:Mg(CF,S0O,), films confirmed by
DSC characterization. These findings suggest that
when electrolytes and electrodes are added to the
PVDF-co-HFP:Mg(CF,SO,), membrane, inorganic
nanofiller particles can increase the membrane's
porosity, ion mobility, and stability.
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