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Abstract

LaMnOs soft ferrite nanoparticles were successfully synthesized using the citrate—nitrate auto-
combustion method and investigated as electrode materials for electric double-layer capacitor (EDLC)-type
supercapacitors. The LaMnOS3 sample was prepared on nickel foam using the hydrothermal method. The
prepared sample was calcined in air at 500°C for 2 h. The prepared sample is subjected to electrochemical
performance cyclic voltammetry (CV). The charge-discharge process of the sample is determined using
galvanostatic charge-discharge (GCD), and its impedance is calculated using electrochemical impedance
spectroscopy (EIS). The Na2ClO4 is used as an electrolyte for the electrochemical measurement. The specific
capacitance of the sample changed from 214 F g-1 to 75 F g-1 when the current density increased_ from 1 to
8Adg-1.
Keywords: LaMnQOs; Perovskite oxide; Supercapacitor; Electric double-layer capacitor (EDLC);
Electrochemical impedance spectroscopy (EILS); Cyclic voltammetry (CV); Galvanostatic charge—discharge
(GCD); Energy storage.

Introduction

Metal oxide materials are the best choice for supercapacitors, offering high-rate
performance, energy-storage characteristics, and excellent cycle retention required for energy
storage devices. [17]. By combining various metal oxides, it is possible to improve electrical
conductivity, electrochemical performance, and cycling duration [27]. Previous studies have shown
that the best supercapacitor electrode materials are metal oxides, for example, Mn-Ni, Co-Ni, and
Mn-Co. Among transition metals, Mn is a promising material with excellent performance and can
serve as an electrode for a supercapacitor due to its good long-term stability, redox activity, and
high reversibility. Mn is abundant; therefore, we have chosen Mn2+ for supercapacitor studies [3-

5].

Perovskites are inorganic materials with the general formula ABX3 [67]. The perovskite
material has attracted researchers from various disciplines, including materials science, chemistry,
and physics, for its diverse properties [7]. LaMnO3 has a perovskite structure and exhibits
interesting chemical and physical properties useful for electrochemical reactions [87]. When the A
and B ions in the perovskite structure vary, the structure remains stable; therefore, we can improve
its physical and chemical properties by changing the A and B elements. In ABO3, the A-site cation
is a trivalent lanthanide (Sm8+, Bi8+, Las+, etc.) or a bivalent alkali-earth element (Ba2+, Sr2+,
etc.), and the B site is occupied by transition elements (Mn, Co, Ni, Fe, etc.).

In this work, we prepared a LaMnO3 sample through the hydrothermal method. The
electrochemical performance has been investigated, and its influence assessed.

Synthesis and Characterization of LaMnO: system

In the present work, a LaMnO83 perovskite sample was prepared by the hydrothermal
method. The high-purity AR-grade (99.99%) starting materials used were La (NO3) 3 - 6H20,
manganous nitrate (Mn (NOS3)2 - 5H20), (99.9% sd-fine). All reagents were weighed in
stoichiometric proportions. All the metal nitrates were dissolved in a specified amount of deionized
water and mixed together to obtain a clear solution. The reaction was carried out in a natural
medium. The autoclave was heated at 100°C for 8 h. The as-prepared sample was heated at 500°C
for 2 h to get the final product. The heat-treated sample was used for further characterization.

LaMnOs3, as the active electrode material, and its performance in an ELDC-type
supercapacitor were examined using cyclic voltammetry (CV), galvanostatic charge-discharge rate
measurements, and electrochemical impedance spectroscopy (EIS). The LaMnO3-based electrode
on nickel foam, with an area of 1 cm?, was used for all the above performances.
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Result and discussion
Cyclic Voltammetry and Galvanostatic Charge-Discharge Tests

To investigate the charge-storage characteristics of the LaMnOgs-coated nickel foam electrode, cyclic voltammetry (CV)
and galvanostatic charge—discharge (GCD) techniques were employed. The CV curves were recorded over a potential range of
0.2—0.7 V at scan rates of 5- 100 mV s™', as shown in Fig. 1.

Table.1. Electrochemical specification

Scan rate (A/g) Discharge time (s) Specific capacitance (F/g)
1 136 214.1732283
2 65 204.7244094
3 34 160.6299213
4 23 144.8818898
5 16 125.984252
8 6 75.59055118
Deposited mass 1.27 mg
Potential window 0.5V
Charge transfer ratio (Rct) 17.08 ohm Calculated using EIS (half
circle)
6
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Figure 1. CV profiles of the LaMnOg3-based electrode with scan rates of from 5 to 100 mV s™' for a supercapacitor device

In this potential window, the lowest scan rate of 5 mV s™' was maintained, and the performance at this rate shows a

nearly rectangular shape, indicating a predominantly non-Faradaic charge-storage mechanism. Faradaic redox peaks showing
electric double-layer capacitance (EDLC)-type behavior were investigated. Increased internal resistance and polarization effects
during the ultrafast charging—discharging process indicate that the slight asymmetry observed in the CV curves at higher scan
rates can be attributed to these effects. Such non-Faradaic behavior is characteristic of electric double-layer capacitors, whereas
pseudocapacitors or supercapacitors primarily store charge through reversible Faradaic redox reactions. The areal and specific
capacitances of the fabricated supercapacitor device were calculated from the CV curves using the following equations:

[avidv

areal = me————— 1
Careat = F/c fAVx SxA
AVidVv

Copecific = F/ 8= Vasxm 2

where the potential window corresponding to the cathodic current is represented by AV, s is the scan rate (V s™'), A is the area of
the two electrodes (cm?®), and m is the active mass of the material deposited on both electrodes (g). The areal and specific
capacitances of the fabricated device, calculated from the CV curves, varied from 214 F g™ to 75 F g™ as the scan rate increased.
The typical characteristic of electric double-layer capacitors (EDLCs) observed decrease in capacitance with increasing scan rate is
a, arising from limitations in ion diffusion and charge transport kinetics at higher scan rates. In the porous structure of the
LaMnOj3 active layer, electrolyte ions penetrate deeply and have sufficient time to do so, resulting in enhanced charge
accumulation and higher capacitance at lower scan rates. In contrast, ion diffusion becomes restricted, and charge storage
predominantly occurs at the electrode's outer surface, leading to a reduction in capacitance at higher scan rates.

Figure 2 presents the galvanostatic charge—discharge (GCD) profiles recorded within a potential range of 0.0-0.5 V. The charge—
discharge curves exhibit a nearly symmetrical shape, and the discharge segments remain highly linear following the initial iR drop,
even at low current densities. These features are characteristic of predominantly non-Faradaic electric double-layer capacitance
(EDLC) behavior in the LaMnOj3-based supercapacitor. The IR drop at the beginning of the discharge cycle is attributed to the
internal resistance at the electrode-electrolyte-current collector interfaces. Furthermore, the pronounced linearity and symmetry
of the GCD curves suggest efficient ion transport, excellent charge—discharge reversibility, and stable capacitive performance. The
areal and specific capacitances were determined from the discharge curves' linear portion using the following equations:

1
Careal = F/cm2=g
- X.

at

27


https://ijersd.com/

International Journal of Engineering Research for Sustainable Development
ISSN: 3067-2325 / Website: https://ijersd.com / Volume 2, Issue 1/ Feb- 2026

Csperiﬁc = F/g = dv; 4
a Xxm

where i represents the constant applied current (A), dV/dt is the discharge curve slope measured within the potential range of 0.0—
0.5 V for consistency, while m and A retain their previously defined meanings as the active mass of the material and the average
area of the electrodes, respectively. The areal and specific capacitances calculated from galvanostatic charge—discharge (GCD)
curves varied from 214 F g7' to 75 I g™' as the current density increased from 1 A g™ to 8 A g™'. The gradual decrease in
capacitance at higher current densities is attributed to insufficient time for electrolyte ions to fully diffuse into the porous electrode
structure during rapid charge—discharge cycles. Consequently, charge storage becomes increasingly surface-limited at higher
current densities, resulting in reduced capacitance. The energy and power densities calculated from cyclic voltammetry (CV) and
galvanostatic charge—discharge measurements are summarized in Table .1. The results demonstrate the promising electrochemical
performance of the fabricated LaMnO3 supercapacitor device. Furthermore, the device's energy density could be enhanced by
extending the operational potential window, provided that the electrolyte and electrode materials remain electrochemically stable
within the expanded voltage range.
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Figure 2 Galvanostatic charge—discharge curves of the LaMnO; —based EDLC under varying current density.

Cyclic stability test
The stability of the LaMnOj electrodes was examined ata 2 A g~

! current density over 500 consecutive galvanostatic

charge—discharge cycles (GCD). The LaMnOj3 supercapacitor retained 99.7% of its initial capacitance even after prolonged cycling,
demonstrating the excellent electrochemical stability, reversibility, and structural robustness of the LaMnO3 electrodes under
continuous charge—discharge operation. The outstanding capacitance retention indicates minimal degradation of the electrode
material and confirms its suitability for long-term energy storage applications.

Electrochemical Impedance Spectroscopy

The impedance (resistive and capacitive) characteristics of the LaMnO3z-based supercapacitor were examined using
electrochemical impedance spectroscopy (EIS) measurements to better understand ion diffusion and charge transport within the
device. The EIS analysis was performed using an AC perturbation amplitude of 10 mV over a frequency range from 150 kHz to 0.1
Hz, with the baseline potential maintained at 0 V. Figure 3 presents the Nyquist plot of the LaMnO3 supercapacitor prior to the
5000 galvanostatic charge—discharge cycles, where the imaginary (out-of-phase) impedance component is plotted against the real
(in-phase) impedance component. The Nyquist plot in the high-frequency domain is represented by a semicircle, and the low-
frequency region by a nearly vertical line, corresponding to charge-transfer resistance and ideal capacitive behavior, respectively.
To further analyze the device's electrochemical response, the Nyquist, Bode, and frequency—phase angle plots were fitted using a
modified Randles equivalent circuit model. An equivalent circuit was employed to evaluate key electrochemical parameters,
including solution resistance, charge-transfer resistance, double-layer capacitance, and ion-diffusion characteristics at the
electrode/electrolyte interface. The fitting results confirm the efficient charge transport properties and favorable capacitive
behavior of the fabricated LaMnO3 supercapacitor device.
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Figure 8 Nyquist plots.

The impedance spectrum of a typical electric double-layer capacitor (EDLC) is characterized by a semicircle at high
frequencies and a straight line in the low-frequency domain. The intercept of the high-frequency end of the semicircle with the real
impedance (Z') axis corresponds to the value of R1 in the equivalent circuit. This parameter represents the combined resistance of
the aqueous NaClO, electrolyte, intrinsic electrode resistance, and current-collector resistance, collectively referred to as the
equivalent series resistance (ESR). Since charge migration and ion transport during the charge—discharge process occur through
the electrolyte, R1 is connected in series with the remaining circuit elements. The fitted ESR value was 17 £, as shown in Table 1,
indicating relatively low internal resistance and favorable electrical conductivity in the supercapacitor device. The diameter and
curvature of the semicircular region were simulated using a constant phase element (Q1) and a resistor (R2) connected in parallel,
which represent interfacial charge-transfer processes and non-ideal capacitive behavior at the electrode/electrolyte interface. In
the high-frequency region, the short charging duration prevents electrolyte ions from diffusing effectively into the inner pores of
the LaMnOj3 electrode material. Instead, the ions accumulate mainly at the electrode surface, forming an electrostatic double layer
that accounts for the observed capacitive response.

Conclusions

In this work, LaMnOj soft ferrite nanoparticles were successfully synthesized through the hydrothermal technique and
employed as active electrode materials for EDLC-type supercapacitor applications. The fabricated LaMnOj3/nickel foam electrodes
exhibited excellent electrochemical performance, as confirmed by cyclic voltammetry, galvanostatic charge—discharge, cyclic
stability, and electrochemical impedance spectroscopy analyses. The nearly rectangular CV profiles and highly symmetric linear
GCD curves confirmed the predominantly non-Faradaic electric double-layer charge storage mechanism of the device. The
supercapacitor delivered a maximum specific capacitance of 214 F g™ at a lower current density, which gradually decreased to 75
I g™ at a higher current density due to ion-diftusion limitations and reduced electrolyte accessibility within the porous electrode
structure.
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