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Abstract Among different active materials, nickel hydroxide is one of the most promising pseudocapacitive
materials; however, its electrochemical performance is notably restricted because of its low conductivity and
weak stability. To overcome these drawbacks, several solutions were suggested including making it composite
with electrically conductive materials such as metal particles, various carbon materials, and conductive
polymers. In addition, removing the insulating polymer binder used in the electrode prepration can reduce the
internal resistance of the electrode, thus leading to improvement in its energy storage performance. In this
research, a novel, facile, and efficient approach was developed to prepare a binder-free nickel hydroxide
electrode, which includes the layer-by-layer chemical deposition of nickel hydroxide nanoparticles with B-phase
structure on the nickel foam. The structural characterization and surface morphology of the as-prepared electrode
was investigated using X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), and Field
Emission Scanning Electron Microscopy (FESEM). Further, the energy storage performance of the prepared
supercapacitor electrode was evaluated using cyclic voltammetry and galvanostatic charge-discharge techniques.
The prepared electrode showed a specific capacitance of 767 F g at the discharge current density of 1 A g and

cyclic stability of 91.4 % after 1000 cycles.
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1. INTRODUCTION

In recent years, energy storage is one of the most
popular reaserach topics in the scientific community.
With the increasing progress in the human societies, the
consumption of energy, especially clean energy, has
significantly accelerated, which rose concerns about
environmental pollution [1]. As one of the most
advanced energy storage devices, supercapacitors
exhibit significant capability and efficiency in the world
of electronics due to their high energy storage capacity
and very high cycle stability [2]. Pseudocapacitors, in
which the electric charge is stored through an
oxidation/reduction process, use metal oxides and
nitrides such as RuOx, MnOy, and VN as well as
conducting polymers such as polyaniline as electrode
material [3]. Nickel hydroxide (Ni(OH),) is one of the
best electroactive materials for pseudocapacitors due to
its convenient synthesis, environmental friendliness,
low cost, and acceptable theoretical specific capacitance
[4]. However, this electrode material has relatively low
electrical conductivity, which in turn reduces its
practical specific capacitance. Due to the very low
electrical conductivity of the binder used in preparing
practical energy storage electrodes such as
Polyvinylidene Fluoride (PVDF), a simple and efficient
approach was employed in the present study to prepare

binder-free nickel hydroxide supercapacitor electrode
based on the layer-by-layer deposition of active material
according to the chemical precipitation method on the
nickel foam current collector without using any
expensive equipment.

2. MATERIALS AND METHODS

Before chemical deposition of the active material on
the substrate, the nickel foam must be devoid of any
pollution and oxide layer. For this purpose, the nickel
foam was immersed in a 1 M HCI solution for about 10
minutes to remove the surface oxide layer and then, it
was rinsed with distilled water. In order to deposit nickel
hydroxide nanoparticles on the nickel foam, three
solutions were prepared, and the nickel foam substrate
was immersed in these solutions, respectively:

1. The first solution was a 1 % aqueous solution of
ammonia at room temperature.

2. The second solution was 0.2 M nickel nitrate aqueous
solution containing 1.5 wt % Triton X-100 surfactant at
room temperature.

3. The third bottle contains pure double distilled water
at 80 °C.

The chemical deposition of nickel hydroxide on the
nickel foam was conducted by successive immersion in
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solutions (1) to (3). Briefly, the cleaned nickel foam
substrate was immersed in the first solution, i.e., 1 %
ammonia solution, for five seconds and then, it was
immediately transferred to the second solution
containing nickel ions and immersed in it for 15 seconds
until the nickel ions could react with the hydroxide ions
absorbed on the nickel foam and nickel hydroxide was
precipitated. Finally, the electrode was transferred to
pure water with the temperature of 80 °C and placed in
it for another 15 seconds. The structural and chemical
characterization of the prepared eclectrode was
conducted using XRD and FTIR, respectively. The
surface morphology of the as-prepared electrode was
evaluated using the FE-SEM method. Further, the
performance of the electrochemical charge storage of
the prepared electrode was evaluated in a three-electrode
cell containing 6 M KOH aqueous electrolyte using

cyclic voltammetry and galvanostatic charge-discharge
techniques.

3. RESULTS AND DISCUSSION
3.1. Characterization of nickel hydroxide electrode

Figure 1 demonstrates the XRD pattern of the nickel
foam with and without chemical deposited active
material. As observed in this figure, regardless of the
peaks related to pure nickel, the other peaks are
attributed to crystal planes (001), (100), (101), (102),
(110), and (111), respectively. The peaks correspond to
the card number 117-14, which is related to the beta
phase of nickel hydroxide (B-Ni(OH),) with a hexagonal
crystal structure [5].
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Figure 1. XRD patterns of the bare nickel foam and nickel hydroxide electrode

Figure 2 depicts the FESEM images of the bare nickel
foam and nickel foam coated with nickel hydroxide in
various magnifications. It can be seen that the
precipitated nickel hydroxide active material has a three-
dimensional porous morphology with a well-arranged
flower-like structure, and it consists of nano-sheets that
are intersected with each other. This unique structure
can prevent their agglomeration and ensure the
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maintenance and stability of their porous and three-
dimensional morphology. The obtained three-
dimensional porous structure enjoys many advantages in
terms of charge storage because the electrolyte ions can
easily migrate to the active material and thus increase its
electrochemical utilization. As a result, an enhancement
in both specific capacity and rate capability of the
prepared electrode can be expected.
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Figure 2. FESEM images of the (a) bare nickel foam and (b, ¢) Ni(OH)2 deposited nickel foam
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3.2. Electrochemical performance of nickel
hydroxide electrode

Figure 3(a) illustrates the CV curve of the nickel
hydroxide electrode at the scanning rate of 10 mV s™'.
As observed, the voltammogram has two oxidation and
reduction peaks which appear at the voltages of about
0.38 and 0.15 V (vs. Ag/AgCl reference electrode),
respectively. The formation of these peaks is attributed
to the faradic reactions of oxidation/reduction, which is
a characteristic of the charge storage mechanism in the
electrochemical pseudocapacitors. To better understand
the rate capability of the prepared binder free nickel

150

hydroxide electrode, the specific capacitance of the
electrode was calculated at different current rates, and
the results are shown in Figure 3(b). According to this
figure, with an increase in the discharge current rate, the
electrode capacity would decrease. This behavior was
observed in all pseudocapacitive electrodes that resulted
from the insufficient time for electrolyte ions to difuse
into the active material of the electrode. However, it
should be noted that despite the ten-fold increase in the
discharge current rate from 1 to 10 A g*!, the capacitance
decreased from 767 to 305 F g”!, indicating a 60.2 %
decrease in the specific capacitance.
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Figure 3. (a) Cyclic voltammetry and (b) current rate performance of the nickel hydroxide electrode
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4. CONCLUSION

In the present research, nickel hydroxide was
deposited on the nickel foam current collector using a
new method of layer-by-layer chemical deposition
without using any non-conductive polymer binders. The
structural and morphological characterization as well as
the charge storage performance of the prepared
electrode was carefully investigated. The results
confirmed the successful precipitation of the beta phase
of nickel hydroxide with a porous and three-dimensional
structure consisting of intersected nanosheets, which
showed a high specific capacity of 767 F g at the
current rate of 1 A g™!. Of note, the prepared electrode
showed good cyclic stability with 90.6 % capacitance
retention after 1000 charge and discharge cycles.
Finally, the obtained results revealed that the proposed
method for preparing the electrode can be promisingly
employed to prepare other supercapacitor and batteries
electrodes.
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