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these materials as electrodes for a hybrid electrochemical capacitor are determined. It was found that the value of
the specific capacity of the investigated electrochemical system of LaMnOs / electrolyte / AC is 52 F/g during the
discharge of the system to 1 V and the value of specific energy is 112.1 J/g at a discharge current of 1 mA.

Keywords: LaMnOs manganite, activated carbon, Li-SO4 electrolyte, specific capacity.

Received 18 Juiy 2021; Accepted 2 September 2021.

Introduction

Electrochemical capacitors (EC) are one of the most
promising electrical energy storage devices. Thus, ECs
fill the gap between batteries and conventional
capacitors, demonstrating a relatively high specific
energy and power, as well as the ability to operate at a
significant number of charge/discharge cycles [1].
However, there are certain disadvantages associated with
the limitation on the increase of the specific energy of
EC. These limitations are the main impetus for the
implementation of non-standard solutions to problems
related to the values of battery parameters, in particular
the relatively small number of charge / discharge cycles
and insufficiently high specific power and specific
energy. One of the non-standard solutions is the concept
of a hybrid electrochemical capacitor (HEC), which is a
mixed battery-capacitor electrochemical system [2]. HEC
is characterized by two mechanisms of charge
accumulation: the Faraday process and the double
electric layer (DEL). The first mechanism is carried out
due to the redox reaction on the electrode surface by the
ionic intercalation / deintercalation process [3]. The
second mechanism is characterized by the formation of a
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double electric layer at the interface between the
electrode material and the electrolyte [4]. Increasing the
capacity and stability of the charge-discharge cycle are
the main reasons for finding new electrode materials for
both EC and HEC [5].

Recently, as electrode materials for electrochemical
capacitors, much attention is paid to materials with a
perovskite structure. Perovskite materials have the
chemical formula ABOs, where position A is occupied
by a rare earth ion, such as lanthanum (La), neodymium
(Nd), and position B is occupied by transition metal ions
with 6-fold coordination. If position B is occupied by
manganese ions, then such compounds are called
manganites [6, 7]. A feature of the perovskite structure is
its ability to possible combinations with fragments of
other structures, as a result of which new frame or
layered composite structures may appear and their
characteristics can be significantly improved [8].
Materials of this type are also widely studied as
functional materials of electronic technology, laser
materials, sensors, catalysts [9], and materials for solar
cells [10]. The resistance of these materials to high
temperatures allows them to be used as electrode
materials in energy storage and conversion devices [11-
14]. Among the most widely used perovskite materials,
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much attention is paid to lanthanum manganite
(LaMnO3), which is characterized by environmental and
economic affordability and fairly high electrochemical
performance [15]. The unique structure of perovskite
materials allows improving the capacity of the material
due to the vacancies in the cationic and anionic
sublattices. The capacity of the material can be generated
by changing the oxidation states of the transition metal.
The LaMnOs; compound of the stoichiometric
composition contains only Mn®* cations, and violation of
stoichiometry leads to a change in the valence of some
parts of manganese cations [16]. The conversion of Mn3*

to Mn** can be achieved by the presence of
stoichiometric oxygen 6 in undoped manganites
LaMnOs:.  In the  nonstoichiometric  compound,

LaMnO;:s manganese is in three states Mn*, Mn?,
Mn*. The oxygen index for manganites is in the range of
2.5 to 3.29 [17]. Excess oxygen (6> 0) in the compound
leads to an increase in the content of Mn** ions, and with
oxygen deficiency (8 < 0) - anionic vacancies appear, and
Mn®* ions are oxidized to Mn?*. Oxygen vacancy and the
ability to ionic intercalation are important characteristics
of the structure of perovskite material and significantly
affect the specific capacity of LaMnOs; nanoparticles
[18]. The authors of [19] report that the electrochemical
characteristics of LaMnO3; material can be improved due
to the porosity of the structure, which depends on the
method of material synthesis. Mesopores and micropores
in highly porous LaMnOs create channels for electrolyte
diffusion. Accordingly, the rapid Kinetics of charge
transfer leads to an increase in electrochemical capacity.
The electrochemical properties of perovskite material are
dependent on the concentration and type of electrolyte
ions. With the increasing concentration of electrolyte
ions, there is an increase in oxygen vacancies, which in
turn enhances the pseudocapacitor properties of materials
with a perovskite structure [20]. Recently, many
perovskite-carbon composites have appeared, such as
LaMnOs / carbon [21], doped with LaNiO3z/ N-carbon
[22], La;xCaxMnQ3 / graphene [23], RGO / LaAlO3 [24],
La;NiO4s @ Ag// AC [25], CaTiOs3/ activated carbon
[26], which were obtained by various methods, including
solid-phase synthesis, chemical deposition, sol-gel
method, autoburning and others.

It is should be noted that carbon materials are
considered the best materials for the EC. Moreover,
carbon materials are inexpensive, easy to obtain, have
high specific energy-intensive characteristics, chemically
and electrochemically stable [27]. A significant
improvement in the electrochemical parameters of such
systems can be achieved due to combining carbon
materials with other compounds, such as spinels [28] or
manganese oxide [29]. Activated carbon (AC) is used as
the active electrode material for supercapacitors due to
its relatively low cost and high specific surface area of
about 1000-2000 m?/g [5, 30]. It is obtained from carbon-
enriched organic precursors by carbonization (heat
treatment) in an inert atmosphere followed by oxidation
in CO,, water vapor, or KOH to increase the specific
surface area and pore volume. Natural or synthetic
materials are used, such as coconut shells, wood resin,
coal, or polymers, can be used as precursors. Activated
carbon material with available micropores (<2 nm),
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mesopores (2 - 50 nm), and macropores (< 50 nm) was
obtained by chemical activation. The wide pore size
distribution is characteristic of the porous structure of
carbon. Higher temperature or longer activation time
leads to an increase in pore size [31].

Thus, by combining carbon materials with perovskite
structures, it is possible to obtain hybrid electrode
materials for supercapacitors, which are characterized by
low cost, high values of electrical conductivity, and
chemical stability. Therefore, to solve the problem of low
specific energy, specific power, and service life of
conventional supercapacitors, here we propose and
characterize a new type of electrochemical system, and
particularly a hybrid electrochemical capacitor based on
the composite LaMnO3z / activated carbon.

I. Methodology of the experiment

1.1 Synthesis of LaMnOs

The complex LaMnO3 oxide was synthesized by the
sol-gel method with the participation of autoburning, the
procedure of which is described in detail in [11]. Thus,
0.01 M lanthanum nitrate (La(NOs); - 6H.0), 0.01 M
manganese nitrate (Mn (NOgz)2 - 6H,0) and 0.02 M citric
acid (C¢HsO7 - H20) were dissolved in deionized water
and stirred on a magnetic stirrer. For establish the pH of
7 in the obtained solution was added a small amount of
25 % aqueous ammonia solution. The obtaining a
solution was a milky pink color. A solution of dark
burgundy color (purple) was obtained after continuous
stirring of the solution for 4 hours.

The obtained sol was placed in a furnace at 400 K
for 10 to 12 hours until the sol was completely dry. The
polycondensation reaction with the formation of a gel has
been performed during the dehydration process between
citric acid and metal nitrates. Then the obtained material
was heated to 570 K. After that, a few minutes later, the
xerogels auto-burn process has been performed, as a
result of which a free-flowing product LaMnOs; was
obtained.

The polarized electrode had been formed based on
carbon material, which previously was experimentally
obtained by carbonization and thermochemical activation
with potassium hydroxide of raw materials of natural
origin, the procedure of which is described in detail in
[32].

1.2. Methods of investigation

The morphology of the obtained LaMnO3; material
was researched by field emission scanning electron
microscope (SEM) JSM - 6700F. Secondary electron
images were obtained on samples coated with the
investigated of LaMnOs; material under operating
conditions of an accelerating voltage of 10 kV and a
beam current of 0.75 nA.

The crystal structure of the sample was studied by
X-ray diffraction (XRD) wusing a DRON 3.0
diffractometer with filtered Cu (Ka) radiation (A =
1.5418 A) in the range 15°-70°. The results of the
obtained diffractograms were performed by full-profile
analysis by the Rietveld method using the program
"FullProf" using the methodic described in [33]. From
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the analysis of X-ray structural analysis data, the size of
nanocrystallites of the studied sample and its phase
composition were determined using methods described in
[34].

Morphological characteristics of carbon material and
LaMnO3; manganite were determined using a NOVA
Quantachrome 2200e gas sorption analyzer by analyzing
nitrogen sorption isotherms at a temperature of T = 77 K.
The essence of the research is to determine the volume of
adsorbed (desorbed) nitrogen by the test sample at its
boiling point and then calculate its morphological
characteristics by various methods. The samples were
pre-degassed in a vacuum chamber with a residual
pressure of ~ 1.3 Pa at a temperature of 470 K for 18
hours. Moreover, the values of the specific surface area
were determined using the BET method (Sget) with a
linear dependence of 1 / [W (po / p) -1] on po / p in the
range of the adsorption isotherm for the ratio po / p in the
range from 0.05 to 0.35. In addition, Langmuir (S.) and
DFT (Sprr) methods were used to determine the total
surface area of LaMnO; perovskite material. Thus, the
area of the micropores was determined by the t-method
(St-micro), and the mesopores by the BJH method (Sgn-
meso). T1he total pore volume (Vi) Was calculated from
the amount of adsorbed nitrogen at P/Py ~ 1.0, the
volume of micropores (Vmicro) Was determined using the
t-method.

1.3. Electrochemical characteristics

A three-electrode cell was used to research the
electrochemical behavior of the electrochemical systems
of LaMnOs/electrolyte and AC/electrolyte. The initial
composition of the active material for the working
electrode was a mixture of test material/acetylene black/
polyvinylidene fluoride (solution in ethanol) in a mass
ratio of 85:10:5. On the next steps, the obtaining mixture
was pressed into a nickel grid with a size of working
electrode is 0.5 x 0.5 cm?. Then, a sample was dried in
an furnace at 350 K for 3 hours. The mass of the active
material of LaMnO3 and activated carbon, which in this
case was 20 mg and 20 mg, respectively, was determined
by weighing of the Ni-grid samples before and after
forming the working electrode.

The additional electrode have been used a platinum
electrode, the reference electrode was a chlorine-silver
electrode (Ag/AgCl). The 3 M Li,SO4 was used as the
electrolyte solution.

The electrochemical behaviors have been performed

36La(NO,), -6H,0 +36Mn(NO,), - 6H,0 +50C_H,0, - H,0
36LaMnO, +90N, T +300CO, T +682H,0 T

The technology and features of the synthesis of the
investigated material are described in [37]. Figure la
shows the diffraction patterns of the obtained material of
LaMnOsz. According to data experimental X-ray
diffraction pattern it was determined that the peak
diffraction (20 = 23, 32, 40, 46, 52, 58, 68) for the
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using an Autolab PGSTAT / FRA-2 spectrometer in the
frequency range from 10 MHz to 100 kHz. The specific
capacitive parameters of LaMnOs/electrolyte systems
have been obtained using the cyclic voltammetry
method. The specific capacitance of cyclic voltammetry
(CVA) based on the integral area of the curves have been
calculated using the equation (1) [35]:

c  Lav
Cm —-— = —_—t
m m-AV-s (1)
" 1dv
where Cn, (F/g) is the specific capacitance, Ivz is the

integral area of the CVA curve, | (mA) is the current, s
(mV/s) is the scan rate, AV =V, —V; is potential
window (V), m (g) is a mass of active material.

To compare the results obtained, the specific
capacity was measured by the galvanostatic method at
operating currents from 1 mA to 8mA. The
measurements of the specific capacity Cmn by
Galvanostatic method of Charge / Discharge curve have
been calculated using the equation (2) [36]:

- At
m- AV

Cc

m

C
- , @)
where Cn (F/g) is the specific capacity, | (mA) is the
charge-discharge current, 4¢ (s) is the discharge time, AV
(V) is the potential during the discharge, m (g) is the
mass of the active material.

The electrochemical behavior of the HECs of
LaMnOg/electrolyte/AC system has been performed in a
two-electrode cell. Furthermore, the HECs electrodes
have been formed based on the same technique. Finally,
the electrodes have been separated by a separator and
placed in an electrochemical cell, which was
hermetically sealed after addition the solution of
electrolyte.

I1. Results and discussion

The compound LaMnOs is formed as a result of a
chemical reaction:

NH,-H,0
3 2

—

®)

obtained material is well indexed with the cubic phase of
LaMnOs;. Thus, can be assuming that the obtained
material has a perovskite structure of the spatial group
Pm - 3m. It should be noted that LaMnOsz with a
perovskite structure can have both cubic (Pm - 3m) and
rhombic (Pnma) lattices. Calculations have been carried


https://www.scopus.com/authid/detail.uri?authorId=57194169666

Mechanisms of Charge Accumulation of the Electrochemical System LaMnQ3/ AC

800 |

= 600 ‘

, 4.

=y 400—. |’

] "‘N‘ f
200{ !
MW‘NM/ M fa, . ﬁ‘
] A M \wﬁ"wpﬂ‘d \’MW‘M

Intensi

04

T T T 1} T B T % T T T

10 20 30 40 50 60 70
20, Degree

Fig. 1. The diffractograms of LaMnQOjz; material, and
model of LaMnOs crystal structure (view along the C
axis) (insert).

out similarly to the methods described in [38-41] showed
that LaMnOs with a perovskite structure forms exactly a
cubic crystal lattice. Figure 1b shows a model of the
crystal structure of the obtained material of LaMnOs;
(view along the C axis), which shows that the Mn cation
is in an octahedral environment of O anions. It was
determined that the formed Mn-O bonds in the equatorial
plane and axial vertices have a length of about 1.944 A,
and the length of O-O bonds through the axial vertices is
about 2.7492 A, according to the simulation data.

Moreover, La ions are located between equally
oriented octahedral. The coordinate polyhedron has the
shape of a cubic octahedron. The lattice constant of the
synthesized material is a= 3.945 A, and the volume is
V =61.38 A3, According to X-ray analysis, the density of
the material is p = 6.54 g/cm®. The average size of the
coherent scattering regions is 24 nm.

Typical SEM images of the surface of the obtained
material at various magnifications are shown in Fig. 2. It
was found that the synthesized LaMnOs; has a
mesoporous structure with a particle size from 40 nm to
60 nm. The SEM images of high resolution show the
clear crystallinity of the obtained material.

! ‘

SEI 10.0kV 00 1pum

WD 6.2mm

Fig. 2. SEM micrographs of LaMnOs,

From adsorption-desorption isotherms of nitrogen by
LaMnOs; material was determined the pore size
distribution by the DFT method Fig 3. The specific
surface area of the obtained material is 42 m?/g, was
determined based on data of the BET method.

The pore size distribution according to the DFT
method is presented in Fig. 3. The obtained material is
mesoporous with a cavity size of 3 to 5nm. It was
determined that the mesoporous structure of the LaMnOs3;
material is favorable for the diffusion of electrolyte ions.
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Fig. 3. Pore size distribution of the LaMnOs.

Furthermore, assuming that the particles of the
formed phase have a spherical shape, the average particle
diameter d. and the specific surface area S are related by
the relation:

de = —,
¢” s ()
where p is the density of the material. It was determined
that the average particle size is 22 + 2 nm based on X-ray
density and the measured specific surface area by the
BET method of the obtained material. Thus, on the one
hand it can be assumed that the obtained material
consists of particles with a size of 20 nm. On the other
hand these particles are aggregated into particles with a
size of 50 - 60 nm.
Quantitative characteristics of the porous structure of
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the LaMnOszand AC are presented in Table 1.

The obtained activated carbon material is
microporous with mesopores, accounting for up to 15 %
of the total surface area. The surface area equal to
1236 m?/g is determined by three methods correlated
within an error of 10 %. The volume of micropores
determined by the t-method is 0.41 cm?®/g, which is about
60% of the total pore volume determined at maximum
pressure. Furthermore, the transport channels for the
adsorbate or electrolyte into the micropores are due to by
mesopores.

2.1. Electrochemical characteristics

The electrochemical behavior of the obtained
LaMnO3; material have been performed by cyclic
voltammetry in the potential range from 0 V to 1V
relative to the Ag/AgCI reference electrode in the range
of scan rate from 1 mV/s to 20 mV/s.

The CVA curves for the LaMnOs/electrolyte system

at different scan rates are shown in Figure 4.a. CVA
curves are asymmetric with the available redox peaks
near 0.7 V and 0.5 V on the anode and cathode branches
respectively, which shift with increasing scan rate toward
lower potentials. The scan rate significantly affects the
value of the specific capacitance of the electrodes. The
dependence of the specific capacity of the obtained
material LaMnQOs3; on the scan rate is shown in Fig. 4.b.
The maximum value of the specific capacity of the
system LaMnOs / electrolyte is 35 F/g at a scan rate of
1 mV/s. Consequently, in materials with a perovskite
structure, the accumulation and storage of charge occurs
due to the diffusion of anions. The mechanism of anion
diffusion and redox reactions for LaMnOs; in the
charge/discharge process can be represented by the
equations of reactions (5) and (6) and Fig. 5 [42].

La| Mn;:Mn7",, |0, , +200H <> LaMn*0, + 26 +6H,0 ©)
LaMn**0, +250H ™ <> La| Mn};;Mn”,, |0,  +28¢” +H,0 ©

During the oxidation process, at the first stage,
oxygen-deficient  La[ MnZ/;Mn®, ]O,  absorbs  OH

group ions from the electrolyte, which is based on 0%
and H,0.

As a result, O2 ions diffuse along the octahedral
oxygen faces in the perovskite lattice and occupy oxygen
vacancies in the bulk structure of the material. Thus, in
the perovskite structure there is a transition Mn?* to

Mn®*, forming a definitively neutral La Mn®*Os. Finally
in the next stage, manganese ions deviate from the center
of the oxygen octahedron, and the excess oxygen diffuses
on the surface, as a result of which the ions Mn®* are
oxidized to Mn*, forming an excess of oxygen

4+, 3+
La[ Mn;;Mn1, Oy, [42).

Figure 4.b shows that with an increase in scan rate,
the capacity of the material decreases. The total capacity

Table 1
Sorption characteristics of AC and LaMnOs;
Sample SBET, SL, SDFT, St—micro, SBJH-meso, Smicro, Vtotah Vmicro,
m?/g m?/g m/g m?/g m?/g % cm®/g cm®/g
AC 1236 1405 1085 1040 160 84 0,69 0,41
LaMnOs 42 44 28 12 20 28 0.05 0.01
3) ,{/}' 354 b) Q
f 30 &
q % 20mV/s 1
o 7 4, —0—15mV/s o0 25+ \‘iz\
= > 10mV/is = 1 RS
«0- —+—8 mV/s r 204 3
= v 6mV/s © 1 \u‘
——4 mV/s 15+ S5,
4 o 2mV/s 1
—o— 1 mV/s 10 T
'8 T T L T L T L T ¥ T L 1 5 T T ¥ T ¥ T ¥ T
00 02 04 06 08 10 1,2 0 5 10 15 20
Potential, V s, mV/s

T

ig. 4. Potentiodynamic curves obtained for the LaMnOs3 / electrolyte system at scan rate from 1 mV/s to 20 mV/s a)

and the dependence of the specific capacity of the system on the scan rate b).
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of the researched material can be divided into the
capacity of the double electric layer (CpeL) and diffusion-
controlled redox capacity due to Faraday reversible redox

reactions (Cr): C=C,, +C. [43]. In the kinetic model

[43], it is assumed that the scan rate affects the total
specific electrochemical capacity of the system, because
the diffusion component of the capacity (Cg) is a function
of the reaction time. Therefore, the scan rate can be
considered inverse to the time of diffusion. Thus, in the
case of semi-infinite linear diffusion, the total capacity is
related to the scan rate by the following equation:

1
C=C_, +aT, where @ is a constant value, and
s

Coe =C,_, . As follows from Fig. 6 a, the specific

capacity of the material LaMnOs3 linearly depends on
s¥2, Extrapolation of the dependences C from s2 to the
Y axis (Fig. 6,a) made it possible to determine the redox
capacity due to Faraday reversible redox reactions and
the DEL capacity of the investigated materials (Table 2).

r
v
R e

Table 2

Specific capacitive characteristics of the LaMnO3 /
electrolyte system

Cr, Flg 44,83
Cmax, F/g 50,00
CF/Cmax 0,89

&&
ﬁck%ﬁumkw

The dependence of the specific capacitance of the
LaMnOg/electrolyte system on the scan rate can also be
extrapolated to the other side to s = 0, using the
functional dependence on s. Since C increases linearly
with s2, then 1/C shut decrease linearly with s, Then,

1 1
—=——+b
C s=0
capacity that can be obtained, b is a constant value (Fig.
6,b). Figure 6,b shows the value inverse to the specific
capacity linearly depends on sY2.  Moreover,
extrapolation of C* dependences from s¥? to the Y axis
(6.b) made it possible to determine the maximum specific

\/g where CS=0 is the maximum specific
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Fig. 5. The mechanism of diffusion of OH groups in LaMnOs . 5.
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capacity of the researched system of LaMnOQs/electrolyte
(Table 2).

The CVA curves of the AC/electrolyte system are
typical for EC with DEL (Fig. 7,a). As the scan rate
increases from 1 mV/s to 10 mV/s, the potentiodynamic
curves deviate from the rectangular shape due to the
increase in the internal resistance of the system.

The shape of the obtained CVA curves is typical for
EC with carbon electrodes in aqueous electrolytes [32].
At low CVA scan rates, the curves have a symmetrical
close to rectangular shape and, typically, there are no
peaks that are responsible for the course of redox
processes in this system. The maximum value of the
specific capacity (Fig. 7,b) of the carbon electrode in the
Li,SO. electrolyte is 45 F/g. Figure 7,b shows that the
value of the specific capacity of the system
ACl/electrolyte decreases monotonically with increasing
of scan rate. It shut be noted that the change in specific
capacity from the scan rate for both systems is almost the
same, which is positive in the operation of these systems
in co-operation.

Based on of the electrochemical behavior of carbon
material and perovskite material LaMnQOs in the negative
potential and in the positive region, a hybrid
electrochemical system type AC / Li,SO4 / LaMnO3s was
formed. Thus, the use in the electrochemical system of
materials with different nature of charge accumulation
allows it to function at higher voltages, and, accordingly,
increases the energy performance of the electrochemical
characteristics of system. The research of the joint
functioning of electrode materials in a hybrid
electrochemical system was carried out by the
potentiodynamic method. The optimal operating voltage
of a single element has been determine, potentiodynamic
investigations were performed with a gradual increase in
the maximum voltage in steps of 0.2 V in the range from
0Vto2V (Fig. 8).

The operation of the electrochemical system was
stable in the whole voltage range, so further
electrochemical investigations were performed in this
potential range.

All CVA curves (Fig. 9,a) are characterized by the
presence of redox peaks, which are responsible for the
redox reactions, mainly according to the scheme:
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Fig. 8. Potentiodynamic curves of the AC / Li»SO4 /
LaMnQO; system at a scan rate of 1 mV/s.

3+ charge 4+
Mn discharge M n
Based on the experimentally obtained

potentiodynamic curves (Fig. 9, a) the dependence of the
specific capacity of the HEC of the AC/Li.SO./LaMnOs
system on the scan rate was determined (Fig. 9, b). The
maximum value of the specific capacity is 53 F/g at a
scan rate of 1 mV/s. The HEC model showed stability in
the voltage range from 0V to 2V for more than 500
cycles.

The discharge curves of the investigated
electrochemical systems are shown in Fig. 10. The
discharge curves for the LaMnOg/electrolyte system in
the positive potential range (Fig. 10, a) are characterized
by two linear sections with different slope angles, which
indicates two different mechanisms of accumulation of
electrical energy. The charge-discharge curve for the
LaMnOg/electrolyte system shows that the discharge time
decreases with increasing current. This probably due to
the fact that at high discharge currents there is not
enough time for the electrolyte ions to fully penetrate
into the electrode materials and enter the vacancy.
Consequently, there is a linear dependence of the voltage
on time, at a constant current, which indicates an
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electrostatic ~ accumulation of charge for the
ACl/electrolyte electrochemical system in the negative
potential range (Fig. 10, b).

The use of materials with different nature of charge
accumulation and in different potential ranges made it
possible to design a hybrid electrochemical system
operating at a maximum voltage of 2 V in an aqueous

electrolyte (Fig. 11, a).

At low operating currents on the discharge curves
(Fig. 11, a), there is practically no voltage drop during
discharge, which indicates the minimum internal
resistance of the designed electrochemical system. The
system under investigation is electrochemically stable in
this voltage range, as evidenced by the constant value of
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Fig. 9. Potentiodynamic curves of AC/Li,SO4/LaMnQj3 systems in the voltage range from 0V to 2V at scan rate of
from 1 mV/s to 20 mV/s a) and the dependence of the specific capacity of the system on the scan rate b).
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the Coulomb efficiency over more than 500 operating
cycles. Therefore, based on the obtained discharge curves
(Fig. 10 and Fig. 11,a), the specific energy characteristics
of the systems under research were determined (Fig.
11,b), namely, the dependence of the specific energy on
the discharge current. Finally, the maximum values of
the specific energy for the systems LaMnOas/electrolyte,
AC/electrolyte, and HEC with electrodes based on
AC/LiSO4/LaMnO; are 14.3, 739, and 112.1J/qg,
respectively.

Conclusions

Analyzing the X-ray diffraction and electron
microscopy data, it was determined that the investigated
LaMnOs; material has a perovskite structure with particle
sizes of 22+2nm and from 40 nm to 60 nm
respectively.

The investigation of the electrochemical behavior for
the LaMnOs/Li2SOs4 system has been performed.
Moreover, the specific capacity of the investigated
material has been determined, which in this case is
35 F/g at a scan rate of 1 mV/s.

The total capacitance of the electrochemical system
LaMnOs/Li,SO4 is divided into a capacitance the
accumulation of charge in the double electric layer and a
diffusion-controlled redox capacitance due to fast
Faraday reversible redox reactions. It is determined that
the main contribution to the total capacity is made by the
Faraday capacity, which is ~ 90 % of the total capacity.
The electrochemical processes occurring in the
AC/Li,SO, system are described, and it is shown that the
obtained CVA curves are typical for EC with DEL. The
maximum value of the specific capacity of this system is
45 F/g.

A hybrid electrochemical capacitor based on
LaMnQOs, as the active material of the Faraday electrode,
in combination with a polarized electrode based on
carbon material obtained from raw materials of organic
origin and its main energy parameters were determined
in a potential range of 0 - 2 V. Moreover, it is shown that
the electrochemical system based on an aqueous
electrolyte of 3 M Li,SO,4 is stable in the operating
voltage range 0—-2V and has a maximum value of
specific capacity of 53 F/g.

It was determined that the maximum values of
specific energy for LaMnQOg / electrolyte,
AC / electrolyte, and HEC systems with electrodes based
on AC / Li;SO4 / LaMnQg are 14.3, 73.9, and 112.1 J/g,
respectively.
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Y  poboTi AOCHIIKYETBCS €JEKTpOXiMiuHa TOBeNiHKAa MepoBcKiToBoro warepianry LaMnOs Ta
HAHOIOPHUCTOTO BYTJICLIEBOTO MaTepially y BOZHOMY pO3uUuHI cynbdary JiTiro. BU3HaueHO 3aKOHOMIpHOCTI
JOIJIBHOCTI CHUTBHOTO (DYHKIIOHYBaHHS IIMX MaTepialiB K €JEKTPOAIB IS TIOPHAHOTO eNeKTPOXIMIYHOTO
KOHJICHCaTopa. BCTaHOBICHO, IO 3HAYEHHS IUTOMOI €MHOCTI [OCTI/PKYBaHOI €JIEKTPOXIMi4HOI cHUCTeMH
LaMnOs / enexrponit / 3MiHHE cepenoBue cTaHOBUTH 52 O/t min wac pospsay cucremu 1o 1 B, a muroma
eneprist - 112,1 [k / T pu ctpyMi po3psay 1 MA.

Kuirouosi ciioBa: manranit LaMnOs, akTiBoBaHe ByTiwis, enekTpoiit Li2SOs, muToMa €MHICTS.
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