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Research on environmentally friendly energy storage devices is a
necessary solution to solve the energy crisis and environmental
pollution caused by it. A major challenge for superbarriers is to
introduce cost-effective, stable and suitable electrode nanomaterials
for further industrialization of these tools. For this purpose, in this
research, a polyaniline electrode using a nickel foam substrate for use
in supercapacitors was made. Using X-ray diffraction analysis, the
crystal structure was studied and its surface morphology was
examined using a scanning electron microscope. In addition, Idex
mapping analysis showed the elements on the surface and how they
are distributed. Investigations of current-voltage cycles were
performed at different scanning speeds. The fabricated electrode
showed faradaic behaviour with electron transfer. In addition, the
electrochemical resistance was investigated using electrochemical
impedance analysis, and the resistance due to charge transfer was
found to be approximately 1.2 ohms. Finally, electrochemical
investigations showed a specific capacity of 1100 F/g at a current
density of 1A/g.
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EXTENDED ABSTRACT

Introduction

Among the ideal candidate materials for pseudocapacitors, polyaniline (PANI) has a low
budget, excellent environmental stability, flexibility, high ideal capacity (3000 Fg-1), and
reversibility. However, due to the inherent molecular structure and faradic reaction
limitations, charge-discharge cycles cause structural expansion and contraction of PAN],
which results in poor specific capacitance, rate performance, limited stability, and rapid
degradation. Polyaniline is a type of conducting polymer (CPs) that is formed by repeatedly

linking aniline monomers. In addition to proper conductivity, PANIs also have a good

specific surface area, which can introduce polyaniline electrodes as a suitable option for
making supercapacitor devices. For this purpose, in this research, the construction of a
Polyaniline electrode on the surface of nickel foam was investigated for introduction as a
supercapacitor electrode. The hydrothermal reactor at optimal temperature was used to
make the electrode. The studies were carried outin a three-electrode system and potassium
hydroxide environment. Analyses of current, voltage, electrochemical resistance, and
charge-discharge of the electrode were also investigated.

Methodology

To make polyaniline electrodes on nickel foam substrate, first, nickel foams are cut into
1x2 cm dimensions and sonicated using 0.2 M sulfuric acid solution for 5 minutes to remove
surface impurities. Repeat the process of washing the nickel foam with water and ethanol
several times so that no acid remains on the surface. Next, 0.02 grams of polyaniline was
dispersed in 40 ml of deionized water for 30 minutes and added to the autoclave reactor
along with nickel foam to keep it at 120 degrees Celsius for 10 hours. Finally, the obtained
electrodes were washed with distilled water and ethanol and dried at room temperature.

Results and discussion

Characterization

To check the purity and crystal structure of the synthesized nano material, XRD analysis
was performed. The X-ray reflectance study was carried out using a 3000 EQUINOX INEL
device with a CuKa lamp at room temperature, the corresponding peaks were observed at
20 angles from 10 to 80. Figure 1 shows the XRD pattern of polyaniline. As can be seen, the

index peaks (14.8), (20.5), (25) which correspond to the Miller indices (001), (020), (200)
are in accordance with the reports made about polyaniline.

SEM analysis was used to investigate the surface morphology of the nanocomposite. For
this purpose, SEM images were prepared at magnifications of 200 and 500 and of
nanoparticles on a nickel foam substrate. In dimensions larger than 200 nanometers,
compact patterns were repeated in almost the same order. Next, to check the available
elements, EDS mapping analysis was conducted. The elemental mapping was carried out at
2 micrometers magnification, and the distribution of particles was almost the same on the
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nickel foam substrate. In addition, Figure 2b confirms the presence of C, N and O elements
on the nickel foam substrate.

Electrochemical investigations

To inestigate the behavior of the electrode at different scanning speeds (10 30 50
70 100), CV analysis of polyaniline was performed. For this purpose, two sharp peaks
were observed in the return path at the potentials of 0.3 and 0.2 volts. With an increase
in scanning speed, the area under the graph surface also increased. Next, the specific

capacitance of the electrode material using CV analysis based on equation 1 was
obtained; the specific capacitance was obtained at different scanning speeds which are
considered acceptable values. GCD analysis was performed on the electrode made at
different current densities. To obtain the specific capacitance using this test, the
following relationship was used.

In this equation, C is the capacitance (farads per gram), i is the current density (amps
per gram), tis the discharge time (seconds) and V is the working potential difference of the
electrochemical cell. For this purpose, galvanostat charge and discharge analysis was
performed at current densities of 1, 2, 4, and 6 ampere/gram. As Figure 4 shows, the
charging and discharging time decreased with the increase in current density.

Capacitive capacity for the current density of 1, 2, 4 and 6 A/g was calculated as 1100,
705,438, and 190 F/g respectively.

EIS measurements were also performed. The diameter of the semicircle represents the
resistance to charge transfer, which is approximately 1.2 ohms for the polyaniline electrode.
Furthermore, the slope of the Warberg line, which represents the resistance to ion transfer,
also shows the acceptable behavior of the electrode capacitance (Figure 5).

Conclusion

In summary, in this research, the fabrication of supercapacitor electrodes using nickel
foam substrate and polyaniline conductive polymer was discussed. The hydrothermal
method was used to modify the nickel foam electrode. The current-voltage investigations
showed the faradaic behavior of the electrode in addition to the electron transfer and the
maximum current density of approximately 0.2 A/g. Moreover, charge-discharge studies
showed the maximum specific capacity of 1100 F/g at a current density of 1 A/g. The
electrochemical resistance of approximately 1.2 ohms of this electrode showed that the
resistance to charge transfer for this electrode is very low and the electrode made
possessed good conductivity. Finally, the results showed thatit is possible to continue the
research for use in supercapacitor devices as well as more industrial applications
regarding the polyaniline electrode on nickel foam.
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Table 1. The specific capacity at different scanning speeds.
100mv/s 70mv/s 50mv/s 30mv/s 10mv/s Scanrate
F/g 210 F/g 492 F/g 740 F/g 982 F/g1284 Specific capacity
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