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Abstract: Co-doped Fe2O3 nanoparticles were synthesized by the co-precipitation method. These crystalline 
nanostructures were characterized using X-ray powder diffraction (XRD), scanning electron microscopy (SEM), 
and transmission electron microscope (TEM). The electrochemical characteristics include charge–discharge 
cycling, which improves the conductivity and capacitance for the high-performance supercapacitor. The CV 
analysis of the pure Fe2O3 and Co-doped Fe2O3 electrode was distinctive in the 1 M KOH solution case. The 
nanoparticle size electrode reveals enhanced specific capacitance compared to Co-doped Fe2O3 and Fe2O3 to 
the electrode has a specific capacitance of about 33.50 F⋅g-1 and 13.74 F⋅g-1 with a scan rate 5 mV⋅s-1. 
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1. Introduction 

As global demand increases for electrical energy use today, such as in electronic devices, electric vehicles, and 
households, a new era of energy technology production and storage has come to meet various needs. For the energy 
storage system, supercapacitors and batteries become a good candidate for electrical energy storage [1]. Today, 
batteries have been paid good attention in many fields of energy storage due to their large energy storage system 
and ease of use. Compared to the supercapacitor, the supercapacitor had limited use up until now [2]. The energy 
density of a supercapacitor is less than that of a battery and other energy storage technology, such as fuel cells. 
However, the supercapacitor has an advantage in several ways, such as being reusable and having power density over 
the battery [3-5]. 

 The electrical capacitor is divided into two types: an electrochemical double-layer capacitor EDLC and a 
pseudocapacitor [6]. The EDLC, where the electrolyte solution is absorbed in two layers on the electrodes when the 
electrical energy is supplied, while pseudocapacitors store charge on the surface of the electrode like EDLCs. In 
addition, there is electron transfer, or redox reactions occur within the material used as the electrode [7]. As a result, 
pseudocapacitors can hold a higher electrical charge density than EDLC [8]. 

Metal oxide substances containing iron (Fe) as the main component have been paid much attention for use 
as the supercapacitor application. Because it has a low cost and is less harmful to the environment [9]. In the case of 
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iron oxide nanomaterial, many researchers have been focused on electrochemical energy storage for a few decades 
[10]. Iron oxide and some deviations, such as forming composite to the carbon materials or doping with other materials, 
show an excellent supercapacitor performance. Metal-doped Fe2O3 supercapacitor electrodes show enhanced 
capacitance compared to pure Fe2O3. This is mainly due to the improved charge storage capability resulting from 
metal doping. The addition of metals such as cobalt or nickel changes the electronic structure and introduces extra 
redox reactions, leading to higher specific capacitance, better rate capability, and improved cycling stability [11]. 
Electrochemical properties play a crucial role in the application of metal oxides, such as Fe2O3, in energy storage 
devices. Co-doped Fe2O3 has shown promising potential for enhanced capacity compared to pure Fe2O3, primarily 
due to its lower resistivity [12]. In contrast to earlier research, this study used the co-precipitation method with varying 
precursor concentrations. This method proved effective in producing significant quantities of substances. Previous 
research had employed hydrothermal synthesis, which led to the creation of nanocomposites consisting of nickel oxide 
and cobalt oxide with a layer of iron oxide on the surface. 

The present research studied iron oxide and Co-doped iron oxide as materials for supercapacitor electrodes 
[13-14]. The products were synthesized by the co-precipitation method. The materials were characterized by various 
X-ray diffraction, scanning electron microscopy, and transmitted electron microscopy [15]. All electrochemical properties 
related to the supercapacitors were also investigated using the electrodes method and potentiostat [16-17]. 
 

2. Methodology  

 2.1 Materials  

Analytical grade chemicals were from ferric nitrate nonahydrate (Fe(NO3)3⋅9H2O, ferric nitrate nonahydrate 
Loba Chemie PVT.LTD, (CH3COO)2Co⋅4H2O cobalt (II) acetate Ajax Finechem Pty Ltd., NaOH sodium hydroxide pellets 
for analysis made in Germany Merck KGaA, 64271 Darmstadt Germany. KOH Supelco potassium hydroxide-pellets for 
analysis made in Germany Merck KGaA, 64271 Darmstadt Germany.     

2.2 Synthesis of Fe2O3 and Co doped Fe2O3 nanoparticles  

Fe2O3 was synthesized by the co-precipitation method. Briefly, 2.02 g of Fe(NO3)3⋅9H2O was dissolved in 
60 ml of DI water with stirring for 10 min, then 3 M of NaOH was added into the above yellow aqueous solution with 
stirring for 2 h. The sample was washed with DI water and ethanol and dried at 60 °C for 24 h. The sample was calcined 
at 500 °C for 2 h. Co-doped Fe2O3 nanoparticle was synthesized by the co-precipitation method like Fe2O3; only 0.6 g 
of (CH3COO)2Co⋅4H2O was added to the synthesis.     

2.3 Electrochemical study  

The working electrode for test electrochemical characterizations as-synthesized materials (80%) were 
mixed with (10%) carbon black and (10%) PVDF as binder. The uniform slurry of the above material was prepared using 
N-methyl-2-pyrrolidone (NMP) as solvent. For the electrode system, a uniform layer of slurry was painted on the 
working electrode. The as-prepared slurry was coated onto a piece of nickel foam (1×2 cm2) and then dried in a 
vacuum oven at 110 °C overnight.

 

3. Results and discussion  

Characterization 

Figure 1 shows the X-ray diffraction of pure Fe2O3 and Co-doped Fe2O3. As a result, the peak of pure Fe2O3 
shows much crystallinity formation, which matches well to the hematite Fe2O3 (PDF 00-033-0664). The diffraction peaks 
located at 32.76°, 35.31°, 43.49°, 49.15°, 53.70°, 56.10°, 63.74° and 77.45° correspond to the (104), (110), (202), (024), 
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(116), (211), (300) and (306) miller indices. Meanwhile, the Co-doped into the Fe2O3 shows a slightly different pattern. 
The Co-doped Fe2O3 shows poor crystallinity when compared to the un-doped. The observed decrease in crystallinity 
in Co-doped Fe2O3 can be attributed to several factors. When cobalt is doped into the Fe2O3 lattice, it can distort the 
crystal structure and lattice parameters due to the difference in ionic radii between iron and cobalt. The quality of the 
crystals can also be influenced by the concentration of dopants, synthesis methods, and annealing conditions. High 
dopant concentrations or non-optimal synthesis and annealing processes could result in defects, dislocations, or phase 
impurities, leading to decreased crystallinity in the doped material [18]. Nevertheless, the main peak position remains 
the Fe2O3. Thus, this evidence reflected to the successfully doped by Co into the parent Fe2O3 lattice. 
 

 
 

Figure 1 XRD patterns of pure Fe2O3 and Co-doped Fe2O3. 

 
Figure 2 shows the SEM images of pure Fe2O3 and Co-doped Fe2O3. In Figure 2(a) SEM images of pure Fe2O3 

show a Nanostructure where the average particle size is approximately 100 nm in diameter. Figure 2(c) shows the 
analysis for the elemental composition of materials (or EDS) of Co-doped Fe2O3, which confirms the co-existence of 
iron, oxygen, and cobalt. Figure 3(a) shows the overview, and Figure 3(b) shows the high-resolution TEM images of 
pure Fe2O3. As a clear result, there is one phase belonging to the pure Fe2O3. The d-spacing of 1.40 nm is specified to 
the (125) Miller plane. Figure 3(c) shows the overview, and Figure 3(d) shows HRTEM images. The d-spacing of 1.40 nm 
is assigned to the (125) of Co-doped Fe2O3. 

Electrochemical properties 

Figure 4 shows the CV of pure Fe2O3 and Co-doped Fe2O3 at scan rates 5, 10, 25, 50, 75, and 100 mV⋅s-1, and 
compares the pure and doped at scan rates of 5 mV⋅s-1. The results indicate that the CV curves of both substances, 
pure Fe2O3 and Co-doped Fe2O3, have the shape of a pseudocapacitor. The estimate of the specific capacitance of 
pure Fe2O3 and Co-doped Fe2O3 electrodes is in Table 1. 
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Figure 2 (a) SEM image of pure Fe2O3, (b) SEM image of Co-doped Fe2O3, and (c) EDS of Co-doped Fe2O3. 

 

 
 
Figure 3 (a) TEM images of pure Fe2O3, (b) HRTEM images of Fe2O3, (c) TEM images of Co-doped Fe2O3, and (d) 
HRTEM image of Co-doped Fe2O3. 
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Figure 4 Electrochemical measurements of simple; (a) CV curve of pure Fe2O3, (b) CV curve of Co-doped Fe2O3, and 
(c) comparison CV curves of pure and doped at a scan rate of 5 mV⋅s-1. 

 

Table 1 Specific capacitance of pure Fe2O3 and Co-doped Fe2O3 at a scan rate of 5 mV⋅s-1 

Electrode materials Capacitance (F⋅g-1) 

pure Fe2O3 13.74 

Co-doped Fe2O3 33.50 

 
Figure 5 shows the GCD curves of as-synthesized electrodes of pure Fe2O3 and Co-doped Fe2O3 at applied 

charge-discharge current density of 0.1 mA⋅g-1 within the potential window 0 to 0.5 (V) in 1 M KOH electrolyte. The 
nonlinear GCD curves indicate the characteristic pseudocapacitive behavior, which can be attributed to the reversible 
redox reaction with negligible voltage loss. The pseudocapacitive mechanism corroborated the surface intercalation 
of K+ ions onto pure Fe2O3 lattices. The result indicates that the electrode fabricated from the Co-doped Fe2O3 
electrode shows a higher discharging time than pure Fe2O3. 
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Figure 5 Characteristics of GCD electrode of pure Fe2O3 and Co-doped Fe2O3 samples at current density 0.1 mA⋅g-1. 

 
 

Figure 6 shows the EIS diagram for materials pure Fe2O3 and Co-doped Fe2O. The latter has the low resistivity. 
The low resistance value allows the anion flowed through the device [18]. According to this, it will result in a greater 
capacity value, which can be confirmed by the measured capacity value. In addition, combining cobalt with Fe2O3 
affects the crystal structure and morphology, resulting in better production capacity. The addition of cobalt can alter 
the crystal lattice, increase structural stability, and prevent deterioration during cycling. These modifications can help 
improve the electrical system [19-20]. The addition of cobalt to Fe2O3 changes the redox potential and allows for more 
redox reactions, increasing the charge storage capacity. This process can create new active sites or modify existing 
ones, leading to improved utilization of redox-active materials and greater capacity [20-21]. 
 

 
 

Figure 6 Nyquist plot of two electrodes, pure Fe2O3 and Co-doped Fe2O3. 
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4. Conclusion 

This work explored the pure Fe2O3 and Co-doped Fe2O3 nanomaterials for supercapacitor applications. The 
products were synthesized by the co-precipitation method. The XRD revealed that Fe2O3 has a hexagonal hematite 
phase. At 5% Co doping, the main phase of the material was still similar to the pure phase, implying that the Co atom 
successfully substituted in the host Fe2O3. The electrochemical studies showed the improvement of Co substitution by 
increasing the specific capacitance of the main Fe2O3. 
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