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ABSTRACT 
In this particular study, porous structured solid PVDF-co-HFP: MgTf3 polymer electrolytic membranes are made by 
using the solution cast method. PVDF-co-HFP is a material that has outstanding performance and has been extensively 
used in the preparation of solid polymer electrolyte membranes (SPEM). The use of SPEM with high porosity structure 
has the potential to increase the conductivity, which may result in enormous applications in the development of future 
batteries. The addition of the inorganic salt particles (Magnesium trifluoromethanesulfonate (MgTf3)) and coating of 
the SPEM with a variety of polymer media for the manufacture of storage devices are just two of the many methods 
that have been tried in an effort to decrease the pore size and the number of pores in the SPEM. The current research 
was successful in decreasing pores’ size and increasing the amorphous nature of the solid polymer membrane with the 
addition of the metal salt particles as an inorganic filler. The chemical structure of the prepared SPEM was investigated 
using Fourier transform infrared spectroscopy (FTIR), and a scanning electron microscope (SEM) was utilized to 
explore the surface morphology and to find pores in the SPEM. X-ray diffraction (XRD) analysis was used to confirm 
the surface morphology of the PVDF-co-HFP membrane and the PVDF-co-HFP-MgTf3. A differential scanning 
calorimetry (DSC) investigation was carried out the determining the electrochemical consistency of the PVDF-co-
HFP and PVDF-co-HFP: MgTf3 membranes. According to the research, inorganic salt particles can make PVDF-co-
HFP: MgTf3 membranes less porous, increase the conductivity of ions and make the membrane more stable when it 
is filled with electrolytes and electrodes.  
Keywords: PVDF-HFP-MgTf3 Polymer, Thermal Stability, and Solid Polymer Electrolyte Membranes. 
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INTRODUCTION 
Electrochemical energy storage systems play an extremely important part in a wide variety of technological 
applications, including but not limited to supercapacitors, electrochemical devices, sensors, fuel cells, and 
many more.1-6 In the middle of the technologies that are developing today, it is anticipated that there will 
be an even bigger need for rechargeable batteries that have high specific energy, high power, give excellent 
metal surface stability, and that have high electrochemical stability.7-9 Multivalent ion-based secondary 
batteries for large-scale stationary energy storage applications have been developed during the last two 
decades due to their abundance, extensive distribution, chemical stability, low cost, and environmental 
friendliness. As opposed to monovalent cations (Li+, Na+, K+, etc.), the same number of reacted ions in 
multivalent ion batteries would provide doubled or tripled capacity. In order to achieve carbon neutrality 
by 2050, batteries will play a significant role. As a result of their dependence on essential elements like 
cobalt and graphite and the resulting social and environmental consequences, more and more attention is 
being paid to Li-ion batteries (LIBs), the technology that is now in the lead position. Although lithium-ion 
batteries are still necessary for some applications, the storage of energy in the future will require a greater 
variety of storage chemistries that are capable of providing higher energy density, longer lifespans, faster 
charging, and improved safety in a manner that is both cost-effective and environmentally friendly.10 
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Extensive research had been conducted on potential replacements for cathode materials, such as MVIBs 
based on magnesium, calcium, aluminum, or zinc; Li-S and Li-O2; solid-state topologies; and the 
substitution of lithium with other alkali metals, such as sodium and potassium. Li-S and Li-O2 are two 
examples of these alternate cathode materials that are currently being researched.11, 12 Polymers are present 
in the electrodes, where they perform the function of binders and ensure that the various components adhere 
well to one another and make excellent contact with one another.13 In addition, the majority of membranes 
use polymers as their foundation. In this case, the macromolecules need to be able to conduct ions in 
addition to having strong mechanical and chemical properties. In addition, organic batteries use polymeric 
active components as their fuel source. This article is an overview of the many applications of polymers in 
batteries as well as a discussion of how the properties of polymers influence the overall performance of 
various kinds of batteries.14,15 Ion transporting polymer electrolyte systems. This makes them useful for 
other solid-state devices like capacitors and batteries. The organic sol-gel electrolyte now utilized in these 
devices is expected to be phased out in favor of SPEMs. Battery technology has a lot of benefits for SPEMs, 
such as a low cost to make and better performance, low toxicity, structural and chemical stability, as well 
as dual electrode separator function. But its lower ionic conductivity is the main thing that keeps it from 
being widely sold. One way to get around this problem is to use ionic liquids that can be used at room 
temperature. At room temperature, inorganic salts that are molten are ionic liquids. They don't change when 
exposed to heat or light, are highly ionic, have an extensive electrochemical stability window, and most of 
them are clear because of how they are made. In comparison to polyvinylidene fluoride (PVDF), PVDF-
co-HFP for short has been shown to have a lower degree of crystallinity, making it an attractive candidate 
for use in polymer electrolytes. It has been shown to have a high level of compatibility with ionic liquids 
and has been employed in the making of alternate batteries and quasi-solid-state materials in DSSCs. 

 

EXPERIMENTAL 
Materials 
Sigma Aldrich supplied the host polymer PVDF-co-HFP (MW=400,000), the salt Magnesium 
trifluoromethanesulfonate (MgTf3) (MW= 322.4), and Tetrahydrofuran (THF) solvent are purchased from 
Merck. 
 

Fabrication of MgTf3 doped in PVDF-co-HFP Based Polymer Electrolytes 
The solution casting technique was used to fabricate the Mg+2-based polymer electrolyte membrane.  The 
appropriate composition ratio of PVDF-co-HFP and MgTf3 was dissolved in THF (Tetra hydro furan) as 
mentioned in Table-1 and stirred vigorously for 48 hours at a constant temperature of 50 °C to obtain a 
homogenous mixture.  The homogeneous mixture was poured into a Teflon-covered Petri plate that had 
been well-cleaned. The solvent was permitted to dry out at room temperature under a vacuum to generate 
a uniform bubble-free polymer electrolyte membrane and the obtained membrane was preserved for further 
analytical characterization. 

 

Table-1: Illustrates the Composition Ratios of MgTf3 in PVDF-co-HFP Based Polymer Membranes 
No Sample Code PVDF-co-HFP (gm) MgTf3 (gm) THF (mL) 
1 PVDF-co-HFP:MgTf3 (1:0) 1 00 50 
2 PVDF-co-HFP:MgTf3 (0.9:0.1) 0.9 0.1 50 
3 PVDF-co-HFP:MgTf3 (0.8:0.2) 0.8 0.2 50 
4 PVDF-co-HFP:MgTf3 (0.7:0.3) 0.7 0.3 50 

 

Analytical Characterization 
X-ray diffraction (XRD) study was done on the membranes to record the crystalline nature of the PVDF-
co-HFP: MgTf3 using a Goniometer Ultima-IV model X-ray diffractometer operating at 40kV/30mA with 
a Cu X-ray tube as the radiation source. To obtain excellent picture quality, SEM (FEI Apreo LoVac) 
micrographs were taken with a 200 kV accelerating voltage. The structural confirmation of the 
manufactured SPEM was investigated using a Shimadzu 8201 PC Fourier transform infrared (FTIR) 
spectrophotometer with a transmission range of 4000 to 400 cm-1. The membranes’ thermal properties were 
investigated by differential scanning calorimetry (Shimadzu DSC-60). 
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RESULTS AND DISCUSSION 
XRD- Structural Analysis  
Mg-ion batteries are expected to become the industry standard in the near future. The PVDF-co-HFP: 
MgTf3 electrolyte membranes’ XRD spectral peaks were investigated. Figure-1 shows the XRD patterns of 
all synthesized SPEMs plotted against their relative intensities using Bragg's angle 2. The semi-crystalline 
phase is shown by the broadening of the X-Ray diffraction peaks in the plain PVDF-co-HFP membrane, 
which emerged at 20.3°, 27°, and 38°. Intense peaks of MgTf3 salt may be seen to illustrate the crystalline 
character of ionic salt at the following angles: 2 = 10°, 21.55°, 22.94°, 27°, 39°, and 40°  respectively.16 

 
Fig.-1: Illustrates the XRD Peaks of Pure PVDF-co-HFP Polymer, 0.1%, 0.2%, and 0.3% wt.% of MgTf3 Salt in 

PVDF-co-HFP 
 

Figure-1 shows the X-Ray diffraction patterns of all produced films plotted against their relative intensities 
using Bragg's angle 2θ. The semi-crystalline phase is shown by the broadening of the X-Ray diffraction 
peaks in the plain PVDF-co-HFP polymer membrane, which emerged at 17.6°, 20.3°, 24.3°, and 30°. 
Crystalline ionic salt may be identified by the presence of strong peaks of MgTf3 salt at the following 
angles: 17.64°, 19.01°, 19.98°, 28.31°, 30.34°, 32.34°, and 34.28°. It is evident that when MgTf3 salt is 
added to PVDF-co-HFP in increasing amounts (x = 0.1, 0.2, and 0.3 wt. percent), the strength of the X-Ray 
diffraction peaks in the plain PVDF-co-HFP polymer electrolyte progressively decreases, and the peaks 
themselves gradually widen. This supports the idea that the PVDF-co-HFP polymer changes from a state 
of semi-crystalline to a state of amorphous when MgTf3 salt is present. In addition, the optimal 
concentration of PVDF-co-HFP: MgTf3 polymer-salt electrolyte (0.7:0.3), as shown in Fig.-1, produces the 
best amorphous nature in the material. It cannot be denied that the interaction between MgTf3 salt and the 
PVDF-co-HFP polymer matrix reduces the crystalline character of the matrix.17 Therefore, the graph 
indicates that there is a trend toward a rise in the amorphous phase when the polymer-salt electrolyte ratio 
is at its optimal level. In addition to this, the XRD peaks’ strength was somewhat raised to a lower weight 
rate, namely 0.1 wt.% of MgTf3 salt, which is an indication id the semi-crystalline nature had been re-
obtained. It is clearly presented in Fig.-1. According to the researchers18, when PVDF-co-HFP is used with 
a variety of salts, the interaction leads to the production of outcomes that are comparable. 
 

FTIR- Spectroscopic Studies 
FTIR analyses the functional groups and blending of MgTf3 salt in PVDF-co-HFP. Figure-2 shows the 
FTIR spectra for each thin membrane. 790 and 1062 cm-1 peaks in PVDF-co-FTIR HFP's absorption spectra 
relate to the phase's crystalline property, whereas 842 cm-1 refers to the –phases.19-21 PVDF units22 include 
crystalline phases, whereas HFP units contain amorphous. Mg2+ ions' interaction with PVDF-co-HFP 
polymer23 causes 844 cm-1 and 1286 cm-1 peaks to vanish. These peaks were caused by the PVDF-co-HFP 
Ferroelectric-protracted phase's trans-sequence. Based on PVDF-co-chemical HFP's structure, -C-F-
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wagging at 804 cm-1 can be expected, and peak removal indicates Mg2+ interaction with the polymer host. 
The 798 cm-1 peaks are lowered by polymer salt complexation, causing skeleton deformation. The substance 
is in changing phases. The 871cm-1 vibration peak of the PVDF-co-HFP polymer, which was caused by 
CH2 rocking, has gone away, and a new band at 1041 cm-1 shows that the membranes are in their amorphous 
phase.24 The C-C-band's 1070 cm-1 bending vibrations and 1400 cm-1 peak correspond to CH2's twisted 
vibrational frequency in the structure of the membrane. PVDF-co-peak HFP's strength is reduced. Another 
peak at 1280 cm-1 shows C-F extending symmetrically stretching vibration. The symmetrical stretching 
modes of the CF3 and CF2 groups migrate and club to generate a new peak at 1230 cm-1, which is assigned 
its frequency. The CH2-CF2 scissoring frequency is 1404 cm-1. The 1402 cm-1 band had vanished, and a 
1545 cm-1 peak had formed. This new peak was caused by the CH2 deformation. The MgTf3 salts lower the 
intensity of peaks between 2986 and 3024 cm-1, causing their destruction. Because of the coupled Mg2+ ion 
with vinylidene -CH2-CF2-, the previously assigned absorption peak has relocated to the level of 3240 cm-

1, which correlates to the support of the host polymer. The action of the Mg2+ ion on HFP is thought to 
stretch the PVDF-linked bond to an ideal value, facilitating the change of the crystalline phase into an 
amorphous phase.25 When PVDF-co-HFP was complexed with MgTf3 salt, a shift in the vibrational band 
from 783-812 cm-1 to 812-925 cm-1 with decreasing intensity verified the amorphous phase. It is possible 
that a complex was formed between the host polymer and the MgTf3 salt since the observed band 
frequencies of the host polymer altered, certain bands vanished, and new peaks arose while the polymer 
was in the presence of the MgTf3 salt. 

 
Fig.-2: Illustrates the FTIR Spectra of Pure Host Polymer, and 0.1%, 0.2%, and 0.3% wt.% of MgTf3 Salt  in PVDF-

co-HFP 
 

SEM Analysis for Morphological Study of the Membranes 
Figure-3 displays scanning electron micrographs of pure MgTf3 salt, pure PVDF-co-HFP, and PVDF-co-
HFP: x wt % MgTf3 polymer electrolyte thin membranes with x values of 0.1, 0.2, and 0.3 respectively. It 
has been discovered that the number of pores in PVDF-co-HFP dropped when MgTf3 salt was added to it. 
Changing the size of pores in the polymer-salt matrix enhanced Mg2+ mobility in the side polymer network. 
HFP groups improve polymer membranes' mechanical behavior, which is needed for porosity and 
amorphousness. Figure-3 shows the semi-crystalline PVDF-co-HFP polymer by its rough, granular surface 
with a few dark micropores. It is clear that the addition of MgTf3 salt causes the transformation of nature, 
as shown by a gentle touch on the surface and a reduced level of micropores.26 This conclusion may be 
reached because of the presence of both of these characteristics. 
Within the structure of a polymer membrane, the presence of a microporous structure makes the movement 
of Mg2+ ions more likely. As a consequence of the mutual interaction of the solvent and the polymer, a 
highly porous structure is produced inside a polymer matrix. This allows the solvent to escape from the 
polymer membrane. The movement of magnesium ions is encouraged by the presence of an interconnected 
micro-porous polymer matrix.27 The pores and their sizes present in the membrane structure help to improve 
the Mg+2 ion mobility, which is accountable for increased polymer-salt electrolytes absorption and is a 
positive factor. At an ideal weight percent of (0.7:0.3) [PVDF-co-HFP: MgTf3], an equal share of the 
interlinked and sufficient relative extent of a large number of micropores with an even surface, which is 
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clear from its amorphous character, and comparable findings are also obtained with the XRD data. Figure-
3 depicts this phenomenon, and the same results are observed along with the results of XRD. 
 

 
Fig.-3: Illustrates the Pure MgTf3 salt’s (a & b) SEM Images, Pure PVDF-co-HFP Polymer (c & d), 0.1% (e & f), 

0.2% (G, H & I) and (J, K & L) 0.3% wt.% of MgTf3 salt  in PVDF-co-HFP Membrane Composition 
 
 

Thermal Analysis of the Membranes 
Differential Scanning Calorimetry (DSC) Analysis 
Figure-4 shows the DSC thermograms for the copolymer, which were scanned at a heating rate of 10 °C/min 
and within an acceptable temperature range (30 to 200 °C). PVDF-co-HFP copolymer has a Tg of 
approximately 54.04 °C  and a melting point (Tm) of around 140.11 °C (endothermic peak), as illustrated 
in Fig.-4. Pure MgTf3 salt has a glass transition (Tg) temperature and melting points (Tm) at 94.24 °C and 
134.74 °C respectively. As the MgTf3 salt concentration increases, the melting temperature drops 
considerably, which might be explained by a change in crystallinity or the local impact of polymer 
conformation on MgTf3, as seen in Fig.-4.  

 
Fig.-4: Illustrates the DSC Curves of pure PVDF-co-HFP Polymer, Pure MgTf3 salt, 10%, 20%, and 30% wt.% of 

MgTf3 Salt  in PVDF-co-HFP 
 

Despite the fact that MgTf3 is injected in a modest amount, the crystallinity degree drops dramatically at 
0.7:0.3 weight percent of MgTf3 when compared to the optimal content. As a consequence, membranes that 
include an excessive amount of MgTf3 may not function as well as those that do not. There was no 
superficial melting temperature for any of the MgTf3 salt concentrations added to the PVDF-co-HFP: MgTf3 
electrolyte membranes, suggesting that all of the MgTf3 added to the PVDF-co-HFP electrolyte membranes 
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were amorphous which helps in the increasing of the conductivity of the SPEMs.28 These results were 
confirmed by XRD and SEM studies. Ions may be able to travel more easily along the chain of polymers 
due to the amorphous nature of MgTf3 added to PVDF-HFP: MgTf3 polymer membranes.29 
 

CONCLUSION 
In the present study, MgTf3 doped porous structured PVDF-co-HFP polymer SPEMs were prepared using 
the solution cast method. The use of SPEMs with high porosity and amorphous nature has the potential to 
increase the conductivity, which may result in enormous applications in the development of future batteries. 
The addition of the MgTf3 has been tried in an effort to decrease the pore size and increase the number of 
pores in SPEMs. The current research was successful in decreasing pores’ size and increasing the 
amorphous nature of the solid polymer membrane with the addition of MgTf3 as an inorganic filler. FTIR 
analysis confirmed the chemical interaction of the MgTf3 with PVDF-co-HFP and the phase transition from 
the phase of semi-crystalline to the phase of the amorphous phase of the prepared PVDF-co-HFP-MgTf3 
SPEMs. The obtained SEM studies revealed the surface morphology and porous nature of the prepared 
PVDF-co-HFP-MgTf3 SPEM. XRD illustrated that the intensity of the XRD peaks of PVDF-co-HFP was 
slightly decreased at a weight percent of 0.3 of MgTf3 salt, pointing that the nature of semi-crystalline was 
re-obtained and at 0.1% of MgTf3 salt the membrane was completely in an amorphous phase. DSC 
characterization confirmed both the glass transition temperature and melting points of the pure components 
and the salt incorporated PVDF-co-HFP: MgTf3 membranes. According to these results, inorganic salt 
particles can make PVDF-co-HFP: MgTf3 membranes porous, increasing the mobility of the ions and 
making the membrane more stable when it is filled with electrolytes and electrodes.  
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