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Abstract. Two methods for producing lithium-conduc-
tive polymer films based on polyvinylidene fluoride
(PVDF) were studied: saturating a dielectric PVDF film
with a lithium-conductive solution and incorporating a
lithium-conductive solution into a PVDF solution,
followed by the fabrication of a lithium-conductive film.
A comprehensive set of electrophysical studies on the
properties of the proposed gel-polymer electrolyte across
a wide temperature range (20-70 °C) and frequency range
(0.1 Hz - 32 MHz) was conducted. Li-ion battery
prototypes constructed using the engineered membrane
exhibit improved performance and enhanced stability
during charge / discharge cycling compared to cells with a
commercial Celgard 2400 separator.

Keywords: polymer membrane, polyvinylidene fluoride,
lithium-ion batteries.

1. Introduction

In the past decade, lithium-ion batteries (LIBs)
have become an integral part of everyday life for
humanity. They power mobile devices, electric vehicles,
and store energy from solar panels and wind turbines'.
The growing demand for more efficient, safe, and durable
batteries is driving research efforts to explore new and
improve existing components of LIBs. One area receiving
intensified attention from scientists and engineers is solid,
polymer, and gel electrolytes™ °. These materials have
found application not only in solid-state lithium or
lithium-ion batteries but also in other electrochemical
devices such as supercapacitors and electrochemical
sensors. Research on polymer electrolytes was first
initiated by Fenton et al. in 1973, and was later continued

' V. I. Vernadsky Institute of General and Inorganic Chemistry NAS
Ukraine, 32/34, Academic Palladin Avenue, Kyiv, 03142, Ukraine

? Kyiv National University of Technologies and Design, 2,
Nemyrovycha-Danchenka str., Kyiv, 01011, Ukraine

5 i-lisovskii@ji.ua

© Kovalenko L., Lisovskyi I., Khomenko V., Patlun D., Potapenko
0., Belous A., 2025

by the team led by Armand er al., several years later”.
These authors suggested that crystalline complexes for-
med from alkali metal salts and polyethylene oxide (PEO)
could exhibit acceptable ionic conductivity, emphasizing
their potential application as electrolytes in LIBs.

One method to enhance the ionic conductivity of
electrolytes is through the use of gel, which combines the
advantages of liquid and polymer electrolytes. Gel
electrolytes are typically formed by retaining a certain
amount of liquid electrolyte within a polymer framework.
This framework acts as a medium to maintain the physical
form of the electrolyte, while the percolated liquid
medium facilitates the transport of lithium ions. The use
of such a system eliminates the need for a conventional
polymer separator, allowing all components of the LIB,
both electrolyte and electrodes, to be laminated using
existing coating technologies’. The main advantages of
this class of electrolytes include:

1. Suppression of dendrite growth: The use of
non-porous polymer membranes, which do not contain
free pathways for electrolyte solution, is one successful
approach to addressing lithium dendrite growth. This is
significant because dendrite growth typically occurs in
spaces where electrolytes can freely move®.

2. Enhanced resistance to electrode volume
changes during cycling: Polymer electrolytes, being more
flexible than solid electrolytes made from inorganic glass
or ceramics, can accommodate the volume change of
electrodes  during  lithium-ion  intercalation  /
deintercalation. This property is particularly beneficial in
solid-state batteries using new anode materials based on
tin and silicon, as it helps to oppose these volume
changes.

3. Reduced Reactivity with Metallic Lithium: It is
established that none of the solvents used in LIBs are
thermodynamically stable with metallic lithium’. Gel
electrolytes, with their lower solvent content, are expected
to exhibit reduced reactivity compared to liquid electrolyte
counterparts, mitigating risks associated with solvent-
lithium reactions.
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4. Improved Safety: The solid-state battery struc-
ture, incorporating a gel-polymer electrolyte, offers incre-
ased resistance to impacts, vibrations, and mechanical
deformations. Furthermore, gel electrolytes, due to the
absence (or significantly reduced presence) of free
solvent, exhibit higher thermal stability and are less prone
to ignition. This significantly enhances the safety profile
of batteries employing these electrolytes.

A large number of polymer electrolytes have been
investigated, mostly based on PEO®, polyacrylonitrile
(PAN)’, polymethyl methacrylate (PMMA)', polyvinyl
chloride (PVC)", and polyvinylidene fluoride (PVDF)".
Among the advantages of PVDF are its high electro-
chemical stability, attributable to the strong electron-
accepting functional group -C-F, and a high dielectric
constant (¢ = 8.4). This promotes the ionization of lithium
salts, thus providing an acceptable concentration of charge
carriers'™ '*. These benefits, along with PVDF’s ability to
form homogeneous hybrid films with lithium salts in
aprotic solvents, led to our choice of this polymer for
membrane fabrication. However, the properties of the
films, both mechanical and physicochemical, cited in the
literature vary significantly depending on the grade of
PVDF used, the solvents employed, film preparation
conditions, their composition, etc.

To enhance the ionic conductivity of the
electrolyte, a 1 M LiClOy solution in propylene carbonate
(PC) was introduced into the PVDF membrane. Although
lithium-ion batteries with various types of solvents, such
as ethers, lactones, polymers, solid oxides, and ionic
liquids, have been developed, commercial batteries mostly
use organic carbonate solvents. For example, ethylene
carbonate (EC), propylene carbonate (PC), and dimethyl
carbonate (DMC) are commonly used"> '®. These solvents
have high dielectric properties (EC has a dielectric
constant of 89.78, while PC has 64.92 at room
temperature)’’, making them viable options for
electrolytic applications as they contribute to a long
service life for the battery'®. The conductivity of these
organic electrolytes is much lower than that of aqueous or
protonic electrolytes, but their properties facilitate
commercialization and stability with metallic lithium".

Lithium perchlorate (LiCIOy4) is one of the most
common lithium salts used in lithium-ion batteries™ *'.
This salt is relatively stable to hydrolysis compared to
LiPF¢ or LiBF,4, simplifying the battery manufacturing
process. Moreover, unlike LiPFs or LiBF,4, the use of
LiClO4 does not result in the formation of HF, which
leads to the degradation of electrode materials and
electrode corrosion’>. Marom et al. showed that LiClO4
possesses many properties comparable to those of the
significantly more expensive LiPFs~. Furthermore, by
using LiClOy instead of LiPFg or LiBF,, the formation of
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toxic fluorine-containing compounds due to uncontrolled
thermal reactions can be avoided™.

The aim of this study was to develop a technology
for obtaining lithium-conductive PVDF films, to study the
electrophysical properties of the obtained films over a
wide temperature range (20—70 °C) and frequency range
(0.1 Hz — 32 MHz), to create a prototype LIB, and to
investigate its charge/discharge characteristics.

2. Experimental

2.1. Materials

During the fabrication of lithium-conductive films,
commercial PVDF grade KF 1100, with a molecular
weight of 1100 from Kureha Corporation, was used, with
N,N-dimethylacetamide serving as the solvent. The
concentration of  PVDF solution in  N,N-
dimethylacetamide was 10 wt. %. A 1M LiClOy solution
in PC was employed as the lithium-conductive solution. A
commercial sample of LiNigsCopoMng,0, (NMC 622)
manufactured by MTI Co was used as the cathode
material.

2.2. Methods

The lithium-conductive PVDF film was obtained
using two different methods:

The first method, as described” , involves immer-
sing a dry dielectric PVDF film in a lithium-conductive
solution (IM LiCIO4 in PC). The dry dielectric PVDF
film was prepared by dissolving PVDF granules in N,N-
dimethylacetamide, followed by solvent evaporation at
85 °C for 24 hours in a drying oven (without vacuum).
The resulting dry PVDF film was then placed in the 1M
LiClOy solution in PC. The film’s mass was periodically
measured until it stabilized, indicating that saturation had
been reached. Over five days at 20 °C, the PVDF
film’s weight increased by 0.007 g, corresponding to a
35.5 wt. % gain.

The second method for obtaining a lithium-
conductive PVDF film, as outlined%, involves simulta-
neously dissolving PVDF polymer in the solvent and
adding the lithium-conductive component to the resultant
solution. PVDF granules were dissolved in N,N-dimethyl-
acetamide, to which a lithium-conductive solution (1M
LiClO4 in PC) was added. The resulting mixture was dried
at 85 °C for 24 hours in a drying oven (without vacuum)
to form the lithium-conductive film. The obtained films
were used in the following measurements.

A composite solid electrolyte was prepared by
incorporating Li; 3Alp;3Ti; 7(POg4); (LATP) nanoparticles,
with a NASICON structure synthesized via the sol-gel
method, into a mixture of PVDF in N,N-dimethyl-
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acetamide and 1M LiClO,4 in PC. The mixture was then
dried in a drying oven (without vacuum). The mass ratio
of LATP nanoparticles to dry PVDF was 1:1.

The conductivity values of the film materials were
determined from the results of complex impedance
analysis. Impedance measurements were conducted using
a Solartron SI 1260 impedance and amplitude-phase
characteristics analyzer with a specialized attachment for
studying film materials. IR spectra were obtained using a
Shimadzu IRAffinity-1S IR-Fourier spectrometer (Japan).

Cells with lithium electrodes, specifically
symmetric cells (Li/ Li) and lithium batteries (NMC / Li),
were assembled in a coin-type 2016 cell using the
obtained membranes and a commercial separator,
Celgard 2400. To assemble the cells, the separators were
wetted with electrolytes: 1 M LiClO4 in PC and a
commercial electrolyte LP 71 (1 M LiPFg solution in a
mixture of ethylene carbonate, diethyl carbonate, and
dimethyl carbonate with a mass ratio of 1:1:1). The
volume of the electrolyte was 50 pL in symmetric cells
(Li / Li) and 120 pL in lithium batteries (NMC / Li) to
ensure complete wetting of the separator and cathode
material. The performance of the laboratory-developed
cells was compared with cells assembled using
commercial materials, specifically the LP 71 electrolyte
and Celgard 2400 separator, as these components are
widely used in commercial batteries.

The fabricated composite solid electrolyte was
investigated in laboratory LIB samples featuring two
types of cathode materials: original NMC 622 and NMC
622 modified using the sol-gel method. The procedure for
modifying the cathode material is detailed in reference®’.
Metallic lithium served as the anode.

Electrochemical studies were conducted using an
automatic 32-channel ARBIN system, designed for
investigating power sources (manufactured by Arbin
Instruments Co., Texas, USA), at a current density of
0.15 mA/cm”. The effective electrode area was 2 cm’
(16 mm in diameter). For symmetric cells (Li / Li), the
lithium deposition / stripping capacity was set at 1.5 mAh.
The internal resistance of the symmetric cells (Li / Li) was
measured using the current pulse method with an
amplitude of 40 mA at a frequency of 1 kHz.
Galvanostatic charge / discharge testing of the lithium
batteries (NMC / Li) was performed at a cycling rate of
0.2 C within a voltage range of 2.5-4.25 V.

3. Results and Discussion

The results of the conductivity measurements for
PVDF films are presented in Fig. 1. As shown in the
Fig. 1, the PVDF lithium-conductive film produced by the
first method exhibits low conductivity at 20 °C, measured

Leonid Kovalenko et al.

at 10° S/cm. This film formation method has certain
advantages, notably the absence of solvent during
fabrication, which is known to negatively impact the
electro-physical characteristics and discharge properties of
prototypes. However, this method also presents several
drawbacks, including the uncontrolled infiltration of the
PVDF film by the lithium-conductive solution, low
conductivity, and poor reproducibility. Currently, the
effect of temperature on the degree of infiltration of the
dry PVDF film by the lithium-conductive solution
remains unclear. In contrast, the conductivity of the PVDF
film obtained using the second method is significantly
higher, on the order of 10~* S/cm at 20 °C, surpassing that
of the film produced by the first method. Consequently,
we chose the lithium-conductive PVDF film developed by
the second method to create LIB prototypes.
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Fig. 1. Temperature dependence of conductivities: 1 —dry
PVDF film; 2 — lithium-conductive PVDF film obtained by the
first method; 3 — lithium-conductive PVDF film obtained by the

second method

Figs. 2, a and b present the IR spectra of a dry
PVDF dielectric film and a film wetted with a small
amount of dimethylacetamide (5 pL), respectively. The
spectrum of the dry film exclusively contains characte-
ristic peaks of PVDF. The absorption peak observed at
1403 cm ' is attributed to the vibrational modes of the
CH, groups. The C-C stretching band of PVDF is
detected™ at 1185 cm ' Additionally, the peaks at 878
and 840 cm ' are associated with the asymmetric stret-
ching vibrations of the C—C—C backbone and the CF
stretching vibrations within the PVDF matrix, respec-
tively””. We also obtained the IR spectrum of the solvent-
wetted film to verify the absence of solvent residues in the
dry PVDF film. As observed in Fig. 2, b, after adding the
solvent to the dry PVDF film, the characteristic peak of
dimethylacetamide (approximately 1640 cm ') is evident
in the IR spectrum. Analysis of the IR spectroscopy data
presented in Figs. 2, a and b allows us to conclude that
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there is no residual solvent present in the dry PVDF film.
Therefore, according to the results of IR spectroscopy, we
claim that the proposed second method of fabrication
successfully produces solvent-free membranes.
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Fig. 2. IR spectrum of dry PVDF film (a) and PVDF film with
added dimethylacetamide (b)

To investigate the stability of the obtained memb-
rane during the lithium reverse deposition / dissolution,
we assembled two types of symmetrical cells with lithium
electrodes. One cell utilized a commercial separator, Cel-
gard 2400, wetted with a commercial electrolyte, LP 71,
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while the other employed a PVDF membrane soaked in
LiClO,4 dissolved in PC. Fig. 3 presents the voltage
profiles of these cells during cycling. Fig. 3, a illustrates
the voltage change over a range from 0 to 1600 hours,
while Figs. 3, b and ¢ focus on the intervals of 100-200
and 1100-1200 hours, respectively. As observed in the
figures, at the beginning of cycling, both cells show a
tendency for voltage decrease. However, the cell with the
PVDF membrane exhibits a smaller change in polarization
during cycling compared to the cell assembled with
commercial materials.

Fig. 4 illustrates the change in internal resistance of
cells with lithium electrodes during cycling. Resistance
measurements were conducted by analyzing current
pulses at a frequency of 1000 Hz. According to the test
results, cells with PVDF-based membranes exhibit a
significantly slower increase in internal resistance during
cycling compared to cells with the Celgard 2400
separator. The internal resistance of cells with PVDF
membranes increased from 11 to 56 Ohms by the 225th
cycle, whereas for cells with the commercial separator and
electrolyte LP 71, the resistance reached 47 Ohms by the
100th cycle. Furthermore, a sharp increase in cell
resistance is observed after 100 cycles, indicating the poor
cyclability of lithium with the Celgard 2400 separator.
The data presented in Fig. 4 suggest that PVDF-based
membranes can significantly enhance the cyclability of
the lithium electrode.
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Fig. 3. Voltage profiles of cells with lithium electrodes during cycling in the intervals 0—1600 hours (a),
100-200 hours (b), and 1100-1200 hours (c): 1 — commercial separator Selgard 2400, 2 — PVDF membrane
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Fig. 4. Change in internal resistance of cells during cycling:
1 — with commercial separator Selgard 2400, 2 — with PVDF
membrane

To evaluate the stability of charge / discharge
characteristics of cells using different membranes, we
performed cyclic tests of a lithium battery with NMC 622
cathodes. Fig. 5, a displays the galvanostatic charge-
discharge curves for the first cycle. Although both types of
cells demonstrate the same initial charge capacity
(166 mAh/g), cells with a PVDF membrane exhibit a
higher discharge capacity and, consequently, a higher
Coulombic efficiency compared to those with a Celgard
2400 separator. Specifically, the discharge capacity for cells
with the Celgard 2400 separator is 153.5 mAh/g, while for
cells with a PVDF membrane, it is 159.15 mAh/g. The
corresponding Coulombic efficiencies are 92.2 % and
95.8 %, respectively.

The change in internal resistance of lithium batteries
with PVDF and Celgard 2400 membranes during cycling is
presented in Fig. 5, b. We observed that lithium batteries
with PVDF-based membranes soaked in a 1M LiClO,4
solution in PC exhibit a higher initial resistance compared
to lithium batteries with a Celgard 2400 separator soaked in
commercial LP 71 electrolyte. This difference is attributed
to the lower electrical conductivity of the 1M LiClO4
solution in PC compared to the commercial electrolyte LP
71 (24 vs. 13 mS/cm). The study primarily focused on
comparing the changes in internal resistances of cells with
different membranes throughout cycling.

As illustrated in Fig. 5, b, the internal resistance of
cells with a PVDF membrane and Celgard 2400 separator
monotonically increases during cycling. Notably, for the
cell with the Celgard 2400 separator, a significant increase
in resistance is observed after 150 cycles, indicating degra-
dation in the lithium electrode’s functionality for further
charge / discharge cycles. These observations are consistent
with the capacity versus cycle number relationship depicted
in Fig. 5, c¢. Cells with different membranes show
comparable initial charge/discharge characteristics, yet the
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half-cell with the PVDF membrane exhibits superior
capacity retention throughout cycling. Specifically, as
depicted in Fig. 5, ¢, the cell with the Celgard 2400
separator exhibits a rapid capacity decline after 175 cycles,
whereas the cell with the PVDF membrane maintains
performance beyond 200 cycles. Therefore, PVDF-based
membranes offer several advantages over the commercial
Celgard 2400 membranes and show promise for the deve-
lopment of lithium-ion batteries with high energy density.
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lithium batteries: 1 — with commercial separator Selgard 2400,
2 —with PVDF membrane
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Fig. 6, a presents the initial charge / discharge
characteristics of laboratory cells featuring our fabricated
composite solid electrolyte. According to the figure, both
cells display similar initial charge capacities and discharge
capacities, approximately 142 mAh/g. Meanwhile, as
shown in Fig. 6, b, the cell with the modified cathode
material demonstrates significantly lower internal resis-
tance compared to the cell with the original cathode ma-
terial. These findings lay the groundwork for further re-
search aimed at optimizing the composition and manu-
facturing process of composite solid electrolytes based on
PVDF and LATP, which will be explored in future stu-
dies.
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Fig. 6. Charge/discharge curves of the first cycles (a), and
change in internal resistance (b) of LIBs prototypes: 1 — with
initial cathode material, 2 — with modified cathode material

4. Conclusions

We have analyzed various methods of obtaining
membranes based on PVDF. The results presented in this
study demonstrate the potential of PVDF as a polymer
matrix for separators in lithium-ion batteries. The PVDF
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membranes obtained can suppress the formation of
lithium dendrites and improve the cycle life of lithium
electrodes. Cells with PVDF membranes exhibit high
stability in their characteristics during charge-discharge
cycles. PVDF-based membranes possess the necessary
qualities for the further development of a new generation
of safe, solid-state batteries with high energy density.

The next stage of our research involves developing
a fire-safe polymer electrolyte based on PVDEF. This
electrolyte will incorporate nanoparticles of a lithium-
conductive oxide material Lij3Alg3Ti;#(POs); with a
NASICON structure.

Acknowledgements

This work was supported by the NAS of Ukraine
within the framework of the projects “Development of film
composite lithium and sodium conducting electrolytes and
electrode materials for solid-state batteries” (Grant No.
0125U000641) and “Inorganic and hybrid cation exchange
membranes with high lithium-ion selectivity for
electrochemical systems” (Grant No. 0125U001318).

References

[1] Chen, W.; Liang, J.; Yang, Z. Li, G. A Review of Lithium-Ion
Battery for Electric Vehicle Applications and Beyond. Energy
Procedia 2019, 158, 4363-4368.
https://doi.org/10.1016/j.egypro.2019.01.783

[2] Mukbaniani, O.; Aneli, J.; Plonska-Brzezinska, M.;
Markarashvili, E.; Tatrishvili, T. Interpenetrating Network on the
Basis of Methylcyclotetrasiloxane Matrix. Chem. Chem. Technol.
2019, 73, 64-70. https://doi.org/10.23939/chcht13.01.064

[3] Mukbaniani, O.; Aneli, J.; Tatrishvili, T.; Markarashvili, E. Solid
Polymer Electrolyte Membranes on the Basis of Fluorosiloxane
Matrix. Chem. Chem. Technol. 2021, 15, 198-204.
https://doi.org/10.23939/chcht15.02.198

[4] Rollo-Walker, G.; Malic, N.; Wang, X.; Chiefari, J.; Forsyth, M.
Development and Progression of Polymer Electrolytes for Batteries:
Influence of Structure and Chemistry. Polymers 2021, 13, 4127.
https://doi.org/10.3390/polym13234127

[5] Schnell, J.; Giinther, T.; Knoche, T.; Vieider, C.; Kohler, L.;
Just, A.; Keller, M.; Passerini S.; Reinhart, G. All-Solid-State
Lithium-Ion and Lithium Metal Batteries-Paving the Way to Large-
Scale Production. J. Power Sources 2018, 382, 160—-175.
https://doi.org/10.1016/j.jpowsour.2018.02.062

[6] Cao, D.; Sun, X.; Li, Q.; Natan, A.; Xiang, P.; Zhu, H. Lithium
Dendrite in All-Solid-State Batteries: Growth Mechanisms,
Suppression Strategies, and Characterizations. Matter 2020, 3, 57—
94. https://doi.org/10.1016/j.matt.2020.03.015

[7] Wang, J.; Ge, B.; Li, H.; Yang, M.; Wang, J.; Liu, D.;
Fernandez, C.; Chen, X.; Peng, Q. Challenges and Progresses of
Lithium-Metal Batteries. J. Chem. Eng. 2021, 420, 129739.
https://doi.org/10.1016/j.cej.2021.129739

[8] Jiang, Y.; Yan, X.; Ma, Z.; Mei, P.; Xiao, W.; You, Q.; Zhang,
Y. Development of the PEO Based Solid Polymer Electrolytes for
All-Solid State Lithium Ion Batteries. Polymers 2018, 10, 1237.
https://doi.org/10.3390/polym10111237



276

[9] Wang, X.; Hao, X.; Xia, Y.; Liang, Y.; Xia, X.; Tu, J. A
Polyacrylonitrile (PAN)-Based Double-Layer Multifunctional Gel
Polymer Electrolyte for Lithium-Sulfur Batteries. J. Membr. Sci.
2019, 582, 37-47. https://doi.org/10.1016/j.memsci.2019.03.048
[10] Hosseinioun, A.; Niirnberg, P.; Schonhoff, M.; Diddens, D.;
Paillard, E. Improved Lithium Ion Dynamics in Crosslinked PMMA
Gel Polymer Electrolyte. RSC Advances 2019, 9, 27574-27582.
https://doi.org/10.1039/C9RA05917B

[11] Sashmitha, K.; Rani, M. U. A Comprehensive Review of
Polymer Electrolyte for Lithium-Ion Battery. Polym. Bull. 2023, 80,
89—135. https://doi.org/10.1007/s00289-021-04008-x

[12] Barbosa, J. C.; Correia, D. M.; Fernandez, E. M.; Fidalgo-
Marijuan, A.; Barandika, G.; Gongalves, R.; Ferdov, S.; de Zea
Bermudez, V.; Costa, C. M.; Lanceros-Mendez, S. High-
Performance Room Temperature Lithium-lon Battery Solid
Polymer Electrolytes Based on Poly(vinylidene fluoride-co-
hexafluoropropylene) Combining Ionic Liquid and Zeolite.

ACS Appl. Mater. Interfaces 2021, 13, 48889-48900.
https://doi.org/10.1021/acsami.1c15209

[13] Li, Q.; Chen, J.; Fan, L.; Kong, X.; Lu, Y. Progress in
Electrolytes for Rechargeable Li-based Batteries and Beyond.
Green Energy Environ. 2016, 1, 18-42.
https://doi.org/10.1016/j.gee.2016.04.006

[14] Prasanth, R.; Shubha, N.; Hng, H. H.; Srinivasan, M. Effect of
Poly(Ethylene oxide) on Ionic Conductivity and Electrochemical
Properties of Poly (Vinylidenefluoride) Based Polymer Gel
Electrolytes Prepared by Electrospinning for Lithium lon Batteries.
J. Power Sources 2014, 245, 283-291.
https://doi.org/10.1016/j.jpowsour.2013.05.178

[15] Neuhaus, J.; von Harbou, E.; Hasse, H. Physico-chemical
Properties of Solutions of Lithium bis (Fluorosulfonyl) Imide
(LiFSI) in Dimethyl Carbonate, Ethylene Carbonate, and Propylene
Carbonate. J. Power Sources 2018, 394, 148—159.
https://doi.org/10.1016/j.jpowsour.2018.05.038

[16] Uchida, S.; Kiyobayashi, T. What Differentiates the Transport
Properties of Lithium Electrolyte in Ethylene Carbonate Mixed with
Diethylcarbonate from Those Mixed with Dimethylcarbonate? J.
Power Sources 2021, 511, 230423.
https://doi.org/10.1016/j.jpowsour.2021.230423

[17] Hall, D. S.; Self, J.; Dahn, J. R. Dielectric Constants for
Quantum Chemistry and Li-Ion Batteries: Solvent Blends of
Ethylene Carbonate and Ethyl Methyl Carbonate. J. Phys. Chem. C
2015, 119, 22322-22330. https://doi.org/10.1021/acs.jpce.5b06022
[18] Petibon, R.; Harlow, J.; Le, D. B.; Dahn, J. R. The Use of Ethyl
Acetate and Methyl Propanoate in Combination with Vinylene
Carbonate as Ethylene Carbonate-Free Solvent Blends for
Electrolytes in Li-lon Batteries. Electrochim. Acta 2015, 154, 227—
234. https://doi.org/10.1016/j.electacta.2014.12.084

[19] Chen, R.; Bresser, D.; Saraf, M.; Gerlach, P.; Balducci, A.;
Kunz, S.; Schroder, D.; Passerini S.; Chen, J. A Comparative
Review of Electrolytes for Organicl1Material[1Based
Energy(]Storage Devices Employing Solid Electrodes and Redox
Fluids. ChemSusChem. 2020, 13, 2205-2219.
https://doi.org/10.1002%2Fcssc.201903382

[20] Daubert, J. S.; Afroz, T.; Borodin, O.; Seo, D. M.; Boyle, P. D.;
Henderson, W. A. Solvate Structures and
Computational/Spectroscopic Characterization of LiClO,
Electrolytes. J. Phys. Chem. C. 2022, 126, 14399-14412.
https://doi.org/10.1021/acs.jpcc.2c03805

[21] Kamal, F. Z.; Hameed, N. J.; Salim, E. T.; Gopinath, S. C.
Review on the Physicl Properties of Polyethylene Oxide.
Engineering and Technology Journal 2023, 41, 1220-1231.
https://doi.org/10.30684/etj.2023.139937.1447

Leonid Kovalenko et al.

[22] Aravindan, V.; Gnanaraj, J.; Madhavi, S.; Liu, H.-K. Lithium-
Ion Conducting Electrolyte Salts for Lithium Batteries. Chem. Eur.
J. 2011, 17, 14326-14346. https://doi.org/10.1002/chem.201101486
[23] Marom, R.; Haik, O.; Aurbach, D.; Halalay, I. C. Revisiting
LiClO, as an Electrolyte for Rechargeable Lithium-Ion Batteries.

J. Electrochem. Soc. 2010, 157, A972—-A983.
https://doi.org/10.1149/1.3447750

[24] Mauger, A.; Julien, C. M.; Paolella, A.; Armand, M.; Zaghib,
K. A Comprehensive Review of Lithium Salts and Beyond for
Rechargeable Batteries: Progress and Perspectives. Mater. Sci. Eng.
R. Rep. 2018, 134, 1-21. https://doi.org/10.1016/j.mser.2018.07.001
[25] Shi, X.; Ma, N.; Wu, Y.; Lu, Y.; Xiao, Q.; Li, Z.; Lei, G.
Fabrication and Electrochemical Properties of LATP / PVDF
Composite Electrolytes for Rechargeable Lithium-Ion Battery. Solid
State Ion. 2018, 325, 112-119.
https://doi.org/10.1016/.ss1.2018.08.010

[26] Niitani, T.; Shimada, M.; Kawamura, K.; Dokko, K.; Rho,

Y.-H.; Kanamura, K. Synthesis of Li* Ion Conductive PEO-PSt

Block Copolymer Electrolyte with Microphase Separation Structure.
Electrochem. Solid-State Lett. 2005, 8, A385—-A388.
https://doi.org/10.1149/1.1940491

[27] Lisovskyi, L. V.; Solopan, S. O.; Belous, A. G.; Khomenko,

V. G.; Barsukov, V. Z. An Effective Modification of
LiNiO.(,CO().zMHO.zOz with Li1.3A10.3Ti1.7(PO4)3 asa ngh-
Performance Cathode Material for Li-ion Batteries. J. Appl.
Electrochem. 2022, 52, 1701-1713. https://doi.org/10.1007/s10800-
022-01736-4

[28] Rahimpour, A.; Madaeni, S. S.; Zereshki, S.; Mansourpanah,
Y. Preparation and Characterization of Modified Nano-Porous
PVDF Membrane with High Antifouling Property Using UV Photo-
Grafting. Appl. Surf. Sci. 2009, 255, 7455-7461.
https://doi.org/10.1016/j.apsusc.2009.04.021

[29] Gu, S.; He, G.; Wu, X.; Hu, Z.; Wang, L.; Xiao, G.; Peng, L.
Preparation and Characterization of poly(Vinylidene fluoride) /
sulfonated poly(Phthalazinone ether sulfone ketone) Blends for
Proton Exchange Membrane. J. Appl. Polym. Sci. 2010, 116, 852—
860. https://doi.org/10.1002/app.31547

Received: March 25, 2024 / Revised: September 16, 2024/
Accepted: October 02, 2024

PO3POBJIEHHSI MEMBPAH HA OCHOBI
MHNOJIBIHUVILIEH®TOPUAY AJIA JITIEBUX
AKYMVYJIATOPIB

Anomauin. JJocniooceno 06a memoou OMpumManHs aimii-
NPOGIOHUX NONIMEPHUX NIIGOK HA OCHOGI NOMIGIHLNIOeHmopudy
(IIB®): nacuuennss Oienexmpuunoi nuiexu ITIBAD  nimii-
NPOGIOHUM POZYUHOM | 68€0eHHsT IIMIUNPOBIOHO20 pO3YUHY 8
posuun TIBJ® i3 nooamvuuum 6U20mosneHHsIM JimitinpogioHol
nuieku. Buxonano komniexc enekmpo@isutHux 0ocuiodcenb enac-
mueocmell 3aNPONOHOBAHOL0 2€Nb-NONIMEPHO20  EleKMPONimy
wiupoxomy memnepamypromy (20—-70 °C) i ywacmommnomy (0,1 I'y—
32 MI'y) oianazonax. Ilokazano, wjo maxemu Jimiti-iOHHUX AK)-
MYISIMOpIE, NoOy008aHI i3 BUKOPUCMAHHSIM PO3POOIEHOT MeMOpaHu,
O0EeMOHCMPYIOMb KPAawyi XapaKmepucmuky ma euwyy cmaoiibHicmy
Yynpoooedc 3aps0 / po3psOHO20 YUKILYB8AHHS, HIJIC eleMeHmu 3
komepyitinum cenapamopom Celgard 2400.

Knrouoei  cnosa: nonimepna memOpana,  nONIGIHLNI-
OeHghmopuo, Himit-ioHHi aKyMyIsimopu.



