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Energy is the source of life obtained by exploiting various natural
resources, including fossil fuels. Nowadays, one of the most important
challenges in this field is the combination of production sources with
electric energy storage systems. Supercapacitors have received a
great deal of attention as a new technology for producing and storing
electrical energy. In this research, a simple hydrothermal method was
used to prepare bimetallic mixed hydroxide CuSn(OH)s on a nickel
foam substrate, and then the electrochemical behavior of the
electrode was tested for use in electrochemical supercapacitors. Field
emission scanning electron microscopy (FESEM) and transmission
electron microscopy (TEM) were used to examine the morphology
and structure of the synthesized electrodes. In addition, X-ray energy
dispersive (EDX) and elemental mapping techniques were used to
identify the composition and phase of the produced nanostructures.
The electrochemical performance of modified electrodes in 2 M KOH
electrolyte solution was investigated by several electrochemical
methods including cyclic voltammetry (CV), galvanostatic charge-
discharge (GCD), and electrochemical impedance spectroscopy (EIS).
The electrode prepared in this study showed high specific capacity
(2012.84 F g! at a current density of 1 A g1) and excellent cycle
stability (90.44% after 3000 cycles). Moreover, this supercapacitor
electrode's maximum energy and power density were 140.88 Wh kg
Land 29.16 kW kg, respectively.
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EXTENDED ABSTRACT

Introduction

The use of various natural resources provides energy, which is the basis of life. Due to
the ever-growing demand of modern society for multifarious renewable and high-efficiency
energy storage in the current electronic industry, the state of fossil fuel depletion and
following environmental pollution problems, the hybridization of electrical energy
production and storage sources, as well as the choice of source type in the desired
applications with an eye on technical and economic categories, are currently among the top
issues of energy researchers. Supercapacitors have been seriously discussed as the newest
technology for electrical energy storage in recent years. This is due to their key benefits,
which include a longer lifetime, quicker charge time, and a significantly higher power
density. Electrode materials play an important role in the capacitive performance of
supercapacitors. Various materials that are currently used include carbon materials, metal
oxides and hydroxides, and conductive polymers. Among them, transition metal hydroxides
are known as promising positive electrode materials for electrochemical capacitors. Recent
research has shown that mixed metal hydroxide compounds have many advantages over
single compounds because mixed metal compounds improve electrochemical performance.

Methodology

The current research was conducted to prepare new materials with high performance
to be used as electrode materials in electrochemical supercapacitors. For this purpose,
CuSn(OH)e nanostructures were successfully fabricated on a Ni foam substrate through a
simple hydrothermal approach. Electrochemical measurements were carried out using a
microtubule PGSTAT 30 potentiostat-galvanostat and a three-electrode system including
Ag/AgCl electrode, platinum rod, and modified electrode as a reference, auxiliary electrode,
and the working electrode, respectively. An autoclave purchased from Nanosize and an
electric oven made by Shimazu were used for the synthesis of the desired electrode. All the
experiments were conducted at laboratory temperature and Excel software was used to
draw graphs and process data.

Results and discussion

Various techniques such as FESEM, TEM, and X-ray energy dispersive were used to
identify the structure and examine the prepared morphology. FESEM images showed that
Ni foam has a three-dimensional structure, and the formation of CuSn(OH)s nanoparticles
isin the form of a cubic structure. TEM images also confirmed these results. In the EDX chart
related to CuSn(OH)s nanostructures, copper, tin, and oxygen peaks were present, and the
weight percentage of the elements can indicate the purity of the product. The resulting
electrode voltammograms had a pair of oxidation-reduction peaks in the potential range of
-0.35 to +0.85 V, which can be related to the Faraday reactions of Cu3*/Cu2* species and
metallic tin with hydroxide ions which is characteristic of the quasi-capacitive behaviour of
the CuSn(OH)s electrode. With the increase in scanning speed, the oxidation and reduction
peaks shifted to higher and lower potentials respectively, which is thought to be related to
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the internal resistance of the electrode and the limitation of charge transfer kinetics. From
GCD tests, the ohmic drop was small even in very high current densities such as 35 A g1,
which indicates high conductivity and low internal resistance of the system. The high
conductivity and low resistance of the system reduce the loss of capacity and lead to an
increase in efficiency as well as improving the speed capability of the electrodes. Moreover,
cyclic stability is one of the most important parameters in evaluating the electrode
properties of supercapacitors. For the proposed electrode, maintaining 90.44% capacity
after 3000 charge-discharge cycles showed good stability. In addition, by comparing the
impedance spectrum before and after 3000 charge-discharge cycles, the charge transfer
resistance of the CuSn(OH)s electrode increased, which indicates a decrease in specific
capacity after long stability tests.

Conclusion

In summary, a new electrode of CuSn(OH)e nanoparticles was prepared by a simple and
efficient hydrothermal method on a nickel foam substrate; then, relevant characterizations
were done to confirm the structure and morphology of the proposed material. Next, the
electrochemical behaviour of the electrode prepared in this research was investigated for
use as an electrode material in the preparation of high-performance supercapacitors. The
results of this research showed that the growth of CuSn(OH)es nanoparticles on the substrate
is in the form of nanocubes and the average size of nanoparticles is 65 nm. After conducting
various electrochemical tests, including CV, GCD, and cyclic stability, it was found that the
proposed electrode showed a very good electrochemical capacitance performance with a
high capacity of 2012.84 F g1 at a current density of 1 A g'. The maximum energy density
and power density for the CuSn(OH)s electrode were obtained as 140.88 Wh kg1 and 29.160
kW kg1, respectively, which is comparable to other cases reported in this research. Cyclic
stability of Ni foam electrode modified with CuSn(OH)s was obtained by maintaining
90.44% capacity after 3000 cycles. This preservation of stability can be attributed to good
electrical conductivity and accessible surface areas above the electrode. The discovery of
such supercapacitor electrodes will provide new ways to build high-efficiency renewable
energy storage devices in the future.

Acknowledgment
The authors thank the Graduate Education Department of Guilan University for
supporting this research.

Table 1. Comparison of CuSn(OH)s electrode specific capacity and cyclic stability with some recent research.
Electrode material Cs(Fg1) Stability (%) after cycles

CoSn(OH)s 695 98% after 8000 cycles
CoSn(OH)s/MnO; 1472 95.3% after 5000 cycles
Ni-Co binary Hydroxide 1030 97.3% after 1000 cycles
CuSn(OH)s (thiswork) 201284  90.4% after 3000 cycles
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Figure 1. Electrochemical cell arrangement in the three-electrode system.
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