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Abstract: In this work will be presented a promissor material, the ternary oxide CuCo,04 coated on nickel foam electrode
in the construction of a high-performance supercapacitor. The CuCo,04 was synthesized by hydrothermal method for
12 hours at 450°C. The performance analysis was carried out through the physical and electrochemical
characterizations, such as cyclic voltammetry, charge-discharge test and field emission scanning electron microscopy.
The electrode showed the specific capacitance of 203.56 F/g at 0.5 A/g current density, obtained in a 2 M KOH
electrolytic solution. The CuCo204 presented satisfactory results, since it combines the advantages of all components:
good conductivity, good electrochemical performance, low toxicity and pseudocapacitive properties. Also, the FESEM
image confirmed the material in nanosized sheet-like structure with some porosity and high surface area, allowing the
ions movement between the electrode and the electrolyte and turning the reactions faster.
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1. INTRODUCTION

The global development and the necessity of a full time connection through electronic devices enhance the energy
demand. Therefore, it is crucial the process of generation and distribution of energy as well as its storage stage. The most
common electrical charge storage devices used are batteries, which do it electrochemically. Besides them, it can be used
fuel cells, capacitors and supercapacitors, the focus of this work.

Fuel cells convert chemical energy into electrical energy through hydrogen by reactions that unite the hydrogen atoms
with oxygen forming water molecule, or another fuel. Conventional capacitors are formed by two conducting plates
(electrodes) and an isolator material (dielectric) between them. The supercapacitors, or electrochemical capacitors, have
an electrolytic solution (electrolyte) separating the electrodes, which facilitates and allows the charge transport at the
electrolyte/electrode surface (Campanari, 2009; Winter, 2004 and An, 2017).

The Ragone plot (Fig. 1) shows a comparison of these devices. Supercapacitors are intermediate devices between
batteries and conventional capacitors, once they store more energy than capacitors and are capable to release it faster than
batteries. Because of these characteristics, they have been studied for many applications, such as hybrid vehicles and
biosensors (Yu, 2013; Carignano, 2017 and Rodriguez-Silva, 2016).
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Figure 1. Ragone plot.

Usually the supercapacitors can be classified as an electrical double layer capacitor (EDLC), pseudocapacitor or
hybrid supercapacitor. The difference consists in the energy storage form between electrode and electrolyte. The charge
storage form of the EDLCs is electrostatically, through the ions attraction and charges separation. In the electrochemical
storage of pseudocapacitors, the reduction and oxidation (redox or Faradaic) reactions occur at the electrode/electrolyte
interface, turning the charging and discharging processes faster. The hybrid supercapacitors unite both storage types,
combining materials with electrostatic (carbon-based materials — carbon nanotubes, graphite, graphene, etc.) and
electrochemical (transition metals, metal oxides, conducting polymers, etc.) properties in their composition (Babu, 2018
and Maier, 2017).

Among the components used on the pseucapacitors fabrication, conducting polymers, hexacyanoferrates and metal
oxides, like RuO, and MnO; are highlighted. In oxide-based pseudocapacitors, the studies of different metal junctions in
the composition have been revealed better performance than the obtained with single components. Therefore, in this work,
the CuCo,04 was synthesized by hydrothermal method and coated on nickel foam (NF) as a promisor material for
pseudocapacitors electrodes composition (Babu, 2018; Maier, 2017; Wang, 2016; Subramanian, 2004 and Huang, 2015).

2. EXPERIMENTAL PROCEDURE

All the chemical components and the nickel foam electrode were purchased from Synth and Sigma Aldrich. The
ethanol, acetone and isopropyl alcohol were purchased from Dindmica Ltda and the distilled water was obtained by
Cristofoli WS-303 distiller in the laboratory.

The ternary oxide was prepared by hydrothermal method using a solution containing 0.001 M Cu(NOs3)2+3H-0, 0.002
M Co(NO3)*6H,0, 0.012 M CsHgNO, 300 mg of polyvinylpyrrolidone (PVP), 18 ml of distilled water and 18 ml of
ethanol mixed together and kept at 140°C for 24 hours in Teflon lined autoclave in muffle furnace.

The aqueous oxide solution passed through the centrifugation process. It was washed several times with distilled
water and isopropyl alcohol to remove all the impurities, and then it was dried at room temperature. The final precipitate
was dried at 60°C and finally calcined at 450°C for 3 hours.

The nickel foam electrode was pre-cleaned with 3 M HCI solution for 30 min in a sonication process. After the
synthesis and cleaning processes, a homogeneous mixture of CuCo,04, PVDF binder and activated carbon powder in the
ratio of (8:1:1) was coated on the nickel foam surface uniformly and dried at 100°C for 24 hours.

3. RESULTS AND DISCUSSION

The physical characterization was carried out using field emission scan electron microscopy (FESEM) to study the
morphology and the size of the material. From the image obtained by FESEM technique (Fig. 2) it can be noted that the
formed material shows a sheet-like shape with numerous pores. The size of the nanoparticles is less than 50 nm, being
easily attached on the high-porosity NF surface and the layer’s gap facilitates the ions absorption and desorption during
the loading and releasing charge in the electrochemical process.
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Figure 2. FESEM image of CuCo020a.

The electrochemical measurements were carried out with three-electrode system multi-potentiostat, using Ag/AgCl
as the reference electrode, platinum mesh as the counter electrode and CuCo,04/NF as the working electrode, submersed
in 2 M KOH electrolyte solution. The cyclic voltammogram behavior, showed in Fig. 3, reveals the Faradaic property of
the electrode, in which the peaks associated to the redox reactions occur in the potential window from 0 to 0.6 V. For this
potential window it was applied a scan rates from 5 to 150 mV/s, reaching around 100 mA. Along the scan rate increasing,
the anodic peak shifted to positive potential while the cathodic peak reduction moved to lower potentials, confirming the
quasi-reversible characteristics of the electrode.
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Figure 3. Voltammogram of CuCo204 at different scan rates from 5 to 150 mV/s.

After the cyclic voltammetry study, the galvanostatic charge-discharge (CD) test was carried out, in which the
electrode was submitted to many CD cycles using different current densities from 0.5 to 5 A/g. From the Fig. 4 it can be
observed that when the current density increases, the time of charge and discharge decreases. It occurs due to the fast ions
transfer between the electrode and electrolyte surface. The charge and discharge times are almost the same, giving a
symmetric behavior expected for an ideal supercapacitor CD graph.
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Figure 4. Charge-discharge behavior of CuCo0204/NF electrode.
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From the CD test it was calculated the specific capacitance (Sc) using the Eq. (1) bellow, where i is the discharge
current, V is the potential window, m is the mass of the material coated on the NF substrate, and t is the discharge time.
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Figure 5. Specific capacitances at different current densities of CuC0204/NF.

The graph in Fig. 5 shows the specific capacitance found at different current densities. The higher capacitance value
of 203.56 F/g is associated to the lower current density of 0.5 A/g. The high current density of 5 A/g makes the charge
and discharge processes faster (Fig. 4), decreasing the specific capacitance to 113.33 F/g. Despite this, it still maintaining
the redox reactions on the electrode surface and thus showing the good ability of the CuCo,04/NF nanoparticles electrode
to store energy.

4. CONCLUSIONS

This work presented a new promising material to be used in supercapacitors applications. The ternary metal oxide
CuCo,0. showed a high-performance, because it combines the advantages of good conductivity, low toxicity and
pseudocapacitive properties of the single components. The voltammogram confirmed the reversible property of the
material, even at high scan rates. The FESEM image also confirmed that the material nanoscale structure presents high
surface area and porosity, which allows the movement of ions between the electrode and the electrolyte solution,
accelerating the redox reactions. This facile charge transport provides a high specific capacitance of 203.56 F/g, including
this ternary oxide in the list of materials applied in the energy storage field.
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