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Abstract  Energy storage is one of the most important issues in the scientific community. Among the other
significant concerns in this field are the economic and environmental issues. Chemical deposition has attracted
the attention of a number of researchers owing to its advantages such as its binder-free, fast, and simple electrode,
compared to the electrochemical synthesis, as well as its one-step production and coating. In this research, a
coating of Nickel hexacyanoferrate nanoparticles (NiHCF) was deposited on a Stainless-Steel Mesh (SSM)
substrate through the chemical deposition method. The electrode was analyzed through X-Ray Diffraction
(XRD) and Field Emission Scanning Electron Microscopy (FE-SEM) methods based on which, the presence of
nickel hexacyanoferrate nanoparticles on the substrate was confirmed. The electrochemical performance of the
binder-free NiHCF electrode as the supercapacitor electrode in a solution containing 0.5 M sodium Sulfate
(NaOH) aqueous electrolyte (vs. Ag/AgCl) electrode was evaluated using the cyclic voltammetry and
galvanostatic charge/discharge tests. According to the findings, the mentioned electrodes were characterized by
a high specific capacitance of 465.7 F g and current density of 1 A g, an appropriate rate capability and
structure. The current research primarily aimed to obtain an electrode with high specific capacity and acceptable

stability, and the obtained results highlighted its wide applications as the supercapacitor.
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1. INTRODUCTION

Among different types of energy storage,
supercapacitors have drawn considerable attention
owing to their high-power capability, good cyclic
stability, high charge/discharge speed, and low
maintenance costs in industrial applications. In
supercapacitors, electrodes are made of carbon materials
with a large surface area, oxides, sulfides, ceramics, and
conductive polymers. Due to their high specific surface
area, the nanostructured active materials can shorten the
path of ion and electron transfer and consequently
increase the kinetics of electrochemical reactions [1].
The transition metals of hexacyanoferrates are also
important materials that are widely used in the charge
storage owing to their specific three-dimensional and
porous structures [2]. In this regard, transition Metal
Hexacyanoferrates (MHCFs) with the general chemical
formula of AyMxk [Fe(CN)g]i.mH2O (where A is alkali
metal cation, M is transition metal cation, and h, k, and
I are the stoichiometric numbers) [3-5]. This study used
nickel as the transition metal due to its high capacity in
cation storage and ion exchange selectivity, and
potassium as an alkali metal cation. This compound
belongs to the category of polynuclear compounds and
insoluble multivalent [6]. In this research, for the first
time, the chemical deposition method and stainless-steel

mesh substrate were simultaneously utilized in the
construction of nickel hexacyanoferrate supercapacitor
electrode.

2. MATERIALS AND METHODS
2.1. Materials

All used materials (Nickel(II) nitrate hexahydrate,
potassium hexacyanoferrate, hydrochloric acid, acetone,
ethanol, sodium sulfate, EDTA
(ethylenediaminetetraacetic acid)) were purchased from
Merck, Germany, and laboratory graded.

2.2. Experiments

Prior to coating, the substrate must be cleansed of any
contamination. In order to coat the nanoparticles of
nickel hexacyanoferrate on the stainless-steel mesh, it is
necessary to prepare two aqueous solutions. The first
solution contains 1.7 ml of hydrochloric acid, 35.3 ml of
distilled water, 0.1 gr of EDTA powder, 0.291 gr of
Nickel(II) nitrate hexahydrate salt. The second solution
is prepared in the same way as the first solution with the
difference that 0.329 gr of potassium hexacyanoferrate
was used instead of EDTA and Nickel(Il) nitrate
hexahydrate. The chemical deposition was created in the
temperature range of 40 °C and 50 °C by successively
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immersing the substrate in the heater. At the end, the thin
films of NiHCF layer were washed with distilled water,
and the prepared electrode was dried. The structure of
the created coating was analyzed based on the XRD, FE-
SEM, and FT-IR analyses. The electrochemical
performance of the supercapacitor electrode was
investigated using Cyclic Voltammetry (CV) and
charge/discharge.

3. RESULTS AND DISCUSSION

3.1. Characterization and electrochemical
performance evaluation of the electrodes

The XRD pattern demonstrates the card number
(JCPDS No. 00-051-1897) as well as the crystalline
surfaces of the nickel hexacyanoferrate nanoparticle
(Figure 1a) [7]. The image obtained from the FE-SEM
is characterized by a dense and coherent structure
consisting of a large number of interconnected
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nanoparticles. In order to better investigate the
hexacyanoferrate nanoparticles, Fourier Transform
Infrared (FT-IR) spectroscopy was used (Figure 1b).
The chemical structure of the NiHCF electrode was also
elaborated using Fourier Transform Infrared (FTIR)
spectroscopy. The peaks 0f 2099 cm™ and 2165 cm™! can
be attributed to the stretching vibration of the C=N
group in the nickel hexacyanoferrate structure [8]. A 0.5
M NaOH aqueous electrolyte was utilized to evaluate
the supercapacitor performance of the produced NiHCF
electrode, electrochemical properties of the electrodes,
and Galvanostatic Charge-Discharge (GCD) in a three-
electrode configuration cell (Figure 1c). As observed in
Figure 1d, the GCD curves have relatively good
symmetry which completely matches the oxidation-
reduction peaks of the CV curves.

Table 1 presents a summary of a comparison of the
results from this study and those from other ones.
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Figure 1. (a) XRD pattern of NiHCF electrode, (b) FT-IR images of NiHCF electrode, (c) Cyclic voltammetry curves of NiHCF
electrode, and (d) Charge/discharge diagram of NiHCF at current densities of 1, 2, 5, and 10 A/g

Table 1. Comparison of results with other researches.

Reference Capacity retention Current capacity 1 A g*! Electrode
This work 40.5%in 10 A g'! 456.7F g! NiHCF
[7] 76.8%in3 A g 127.1C ¢! Ni2CoHCF
[8] 479 % in20 A g 730F g! PANI/MnHCF
[9] 66.7 % in 10 A g'! 367F g! MnHCF
4. CONCLUSION methods, NiHCF nanoparticles were found deposited on

In conclusion, the binder-free NiHCF electrodes of the
nanoparticles were provided using the chemical method
in this study. Through the XRD patterns and FE-SEM

the substrate. The results confirmed the good
pseudocapacitive performance of such electrodes in 0.5
M NaOH with a higher specific capacitance of 465.7
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F g'! and stability of 40.5 % at the current density of 1
A g’!. Therefore, it can be concluded that this material
can be appropriately used in supercapacitor applications.
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