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Abstract 

Supercapacitors (SCs) are an extremely effective and environmentally 

friendly type of electrochemical energy storage devices that have gained a lot 

of attention as an alternative for batteries. The limited electrical conductivity 

of a supercapacitor must be greatly boosted in order to facilitate rapid 

charging and discharging. Among the diverse electrode materials examined, 

iron oxide compounds have attracted extensive investigation as promising 

anode constituents for supercapacitors owing to their broad operating 

potential range under negative bias, exceptionally high theoretical 

gravimetric capacity, favorable redox kinetics, natural abundance, and 

environmental friendliness. However, iron oxides continue to struggle with 

deficiencies of inadequate longevity and weak conductivity. This survey aims 

to recapitulate recent breakthroughs involving iron oxide-derived 

nanostructures, such as carbon-coated iron oxides (C@Fe2O3) and nickel and 

carbon-coated iron oxide (Ni@C@Fe2O3) that exhibit utility as electrode 

components for supercapacitors. Supercapacitors show great promise for 

applications in portable electronics and wearable technology. Iron oxide 

nanomaterials can be engineered into versatile electrode composites with 

properties well-suited to these uses. When configured as all-solid-state or 

transparent, flexible assemblies, such supercapacitors leverage the wide-

ranging capabilities of their constituent nanoscale components. Continued 

progress in the synthesis of multicomponent nanocomposites will likely guide 

future leaps toward increasingly powerful and durable energy storage 

solutions. 
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1. INTRODUCTION 

Ancient people made the innovation of the storage of electric charge on a surface as a result of phenomena 

related to amber rubbing. The effects of such occurrences were known around the middle of the eighteenth 

century when Static Electricity, a branch of physics, was researched and several kinds of electric gear 

were constructed [1]. The 1800 discovery of voltaic electricity by Volta opened the door for the creation 

of electrochemical energy. Following then, it underwent several changes during the 1900s. Reversible 

rechargeable batteries have since emerged as a significant advancement in the field of applied 

electrochemistry [2]. With the Becker patent, which was issued in 1957, a latest category of repairable, 

electrical, and analytical energy storage device was industrial. This device also make to use of a specific 

capacity linked to the charge-discharge of a double 1ayer at electrode interface or a pseudo-capacitance 

coupled to electro-sorption or oxidation-reduction process that take place at the electrode interface. The 

better specific capacity of the active electrode materia1 at the interface, whether in powdered or felted 

form, the larger the specific area of carbon will be [3]. When using conductive polymers with a elevated 

surface area or oxides, an important amount of pseudo capacitance may be produced [4]. 

Recent decades have seen a decline of the energy and environmental issue caused by the use of fossil 

fuels, foremost to enormously high governance costs. There will inevitably be an energy crisis because of 

the rising usage of energy equipment brought on by rapid economic and population expansion [5]. The 

public's interest in research on renewable energy and energy efficiency has increased as a result. Society 

must transition to clean and renewable energy sources while simultaneously managing resource use. But 

there are issues with current energy storage systems that need to be fixed. As a result, the present level of 

energy usage will continue for a while. To solve these problems and lessen pollution and resource loss, 

scientists are developing innovative materials and techniques [6-11]. The most obvious result of the 

previous several decades has been an increase in the production of green, clean energy from numerous 

sources. Many electric cars and pieces of equipment utilize this green energy. Uneven geographical 

distribution limits fuel use, calling for creative energy storage systems and effective energy conversion 

technologies. Utilizing the sporadic power generated by these renewable resources requires an effective 

energy storage system. Additionally, the growth of renewable and hygienic energy sources quickens as 

living standards rise, environmental consciousness increases, and the economy grows [12,13]. 

As a result of worldwide warming, environmental deterioration, and the reduction of fossil fuel supplies, 

effective energy sources are critically needed today (3). The conventional usage of fossil fuels for energy 

must be reduced to create a low-carbon economy and reduce pollution. Devices using clean and renewable 

energy must be developed for this purpose [14-19]. Because electricity is a clean energy source and it is 

frequently utilized in daily life for a variety of functions. Electric energy storage technology (like 

supercapacitors and secondary batteries) are in high demand as the use of consumer electric devices and 

electric vehicles increases. (Fig. 1.1). They require energy and power devices with superior energy and 

power densities and longer life spans. The most frequently used secondary batteries in the recent world 

are lithium-ion batteries (LIBs), nickel-metal hydride batteries, and lead-acid batteries. Abundant other 

batteries are also offered including Na-ion batteries (SIBs), Zinc-ion batteries (ZIBs), Li-ion batteries 

(LIBs), Li-S batteries (LSBs), Li-metal batteries (LMBs), Mg-ion batteries (MIBs), and electrochemical 

capacitors (ECs) [20-27]. Their drawbacks include their slow rate of charging, little power density, and 
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tiny cycle life. In the direction of a larger extent, significant work has been done to enhance their 

performance and develop effective electrode materials [28]. 

 

Figure 1.1: Kinds of Energy Storage Devices [18] 

Performance of the energy storage devices may be described by two key variables: energy and power. 

Power density explains how quickly and evenly charges are dispersed, whereas energy density specifies 

how much a device can store charge [29-37]. The Ragone plot, shown in Fig. 1.2, is a useful tool for 

explaining both energy and power densities [38]. 

 

Figure 1.2: Power energy density range for different electrochemical energy storage of ragone plot 

[38] 
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When specific power is increased, i.e., when the rate of charging of a device is increased, then the stored 

amount of energy is decreased at the maxima point. This happens because of oxidation and reduction 

reactions and ion transport mechanisms. This means that changing electrical energy to charge storage is 

not taken a maximum time frame. As a consequence, excessive energy is lost in type of heat to the 

surroundings [39-47]. Fig 1.2 represents the performance of four electrochemical capacitor devices 

through a reparatory funnel that is being charged from basal hole. Whether every device has a similar 

mass, then the whole volume of the funnel is specific utmost energy (U). It is described as the maximum 

amount of charge which is stored in a device. The area of the opening in the stopcock is attributed to 

specific highest power (P) [48-55]. Specific maximum power increases rates of charge and discharge by 

the utmost. Comparing the performance of four devices, the first device represents the lowest power 

density and energy density while second device shows maximum energy and power like a super capacitor 

[56]. 

2. Materials and methods 

Scheme of Research Work: 

 

Figure 2.1: Schematic diagram of Fe2O3 nanorods, C@ Fe2O3, Ni@C@ Fe2O3prepared via 

Hydrothermal Method 

2.1. Chemical Reagents: 

Ferric chloride hexahydrate (FeCl3.6H2O) [sigma-99.9% pure], 6M Potassium Hydroxide (KOH) [sigma-

99.9% pure], Water (H2O) [distilled for two times], Urea (NH2CONH2) [sigma-99.9% pure], Ethanol 

(C2H5OH) [gradient grade], and Glucose (C6H12O6) [sigma-99.9% pure]. All these chemicals were 

supplied by Hajvery traders Lahore (Pakistan). 

Fe2O3(nanorods)
C@Fe2O3

Ni

Ni@C@Fe2O3

NiNO3.6H2O

Glucos

H2O & C2H5OH 

Stirrer,heat,dry  

H2O & 

C2H5OH 

Stirrer,heat,

dry  
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2.2. Synthesis of Iron Oxide (Fe2O3) Nano rods: 

0.5 g FeCl3.6H2O was added to aqueous solution containing 2 ml of 6 M KOH, 10 ml H2O and 1 g urea 

with magnetic stirring for 1 h. Then this solution was taken in Teflon-lined stainless steel autoclave of 50 

ml after that it was heated at 160 °C for 20 h in an oven. The product obtained from autoclave was cooled 

at room temperature then washed several times in centrifuge machine with water and ethanol ultimately 

dried in oven about 60 °C for 7 h to get Fe2O3 nano rods. 

 

Figure 2.2: Synthesis of Iron Oxide (Fe2O3) Nano rods 

2.3. Synthesis of Carbon and Iron Oxide (C@Fe2O3) Nano rods: 

To obtain Fe2O3@C, 0.01 g precursor was added in aqueous solution containing 10 ml ethanol and 5 ml 

distilled water by continue stirring in magnetic stirrer about 10 min. Then 0.1 gram glucose was added in 

solution after that the solution stirrer with the help of magnetic stirrer for 10 min. The resulting solution 

transferred to a 50 ml Teflon-lined stainless steel autoclave and heated at 120 °C for 16 h. The product 

obtained was cooled at room temperature then washed several times with water and ethanol by using 

centrifuge machine ultimately at 70 °C for about 9 h. 

2.4. Synthesis of  Nickel, Carbon and Iron Oxide (Ni@C@Fe2O3) Nano rods: 

0.01 g Fe2O3 and 0.1 g Glucose were added in 20 ml ethanol and 5 ml H2O solution stirred that solution 

for 10 minutes. Added 0.06 g Ni(NO3)2. 6H2O in above solution and stirred for 15 minutes, placed that 

solution in autoclave and was heated at about 180 °C for 20 hour in an oven. After heating in oven 

centrifuge the solution and dry in oven at 70 °C for 6 h. Additionally, the sample was put into Ni boats 

with flowing nitrogen heated at 500 °C for 2 hour by using heating rate of about 5 °C per minute. The 

sample was then preserved for further characterization needs.  
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2.5. Characterization: 

SEM and FT–IR were utilized to know the morphological and structural information of all of the 

synthesized samples. A QUANTA 450 (FEI, America) was used to take SEM images, which were united 

with energy dispersive spectroscopy (EDS) to observe the chemical constitution of samples. The structural 

features of porosity were investigated using N2 adsorption desorption measurements. The distinct 

functional groups of samples were firm to use FT–IR spectroscopy lying on a Bruker–Tenson 27 in the 

4000–400 cm-1 range. The X-ray diffraction patterns were recorded at room temperature to use a 

Netherlands' PANalyticalX'pert power diffractometer with Cu K (=0.15408 nm) radiation to generate at 

40 kV & 40 mA with a scan rate of 16° min-1 utilizing Cu K (=0.15408 nm) radiation generated at 40 kV 

& 40 mA with a scan rate of 16° min-1. 

2.6. Electrochemical Tests: 

A conventional three electrode cell was engaged for electrochemical capacity. The electrode for working 

was made as follows: as to synthesize samples, carbon blacks with binder (60% polytetrafluorethylene 

suspension in aqueous) were added at a mass ratio of 8:1:1 and was mixed thoroughly in N–methyl–2–

pyrrolidone (NMP) in anticipation of a slurry with required viscosity was generated. Then slurry 

equivalently painted over a nickel foam like disk (with an active area of 1 cm2) by sinking, dried up at 80 

°C for 12 hours in a vacuum drier oven, and pressure of 4 M Pa was applied for 30 seconds to make sure 

good electronic contact. So, working electrode was produced in this way. On a CHI 760e electrochemical 

terminal (CHENHUA, Shanghai, China), electrochemical capacity were measured. 

3. Results and Discussion 

3.1 Morphological and spectral properties: 

SEM imaging technology is used to monitor the morphology of the formed sample. As to illustrate in Fig. 

4.1 the Fe2O3, C@Fe2O3, and Ni@C@Fe2O3 samples have a distinct rod-like morphological structure with 

diameters of about 200 nm. It is obvious that nickel and carbon are both deposited over the surface of 

Fe2O3 nanorods to create Ni@C@Fe2O3 and C@Fe2O3, respectively. 

 

Figure 3.1: SEM images of different synthesized sample 
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To determine the elemental composition, EDS analysis is performed. The photos below display the 

obtained EDS results. Elemental analysis reveals the weight percentages of Fe (72.76%) and O (27.24%) 

corresponding to Fe2O3 nanorods, as seen in Fig. 3.2 (a). The elemental investigation in Fig. 4.2 (b) 

displays the weight percentage of Fe (26.89%), O (36.06%), and C (37.05%) corresponding to C@Fe2O3 

nanorods. Over the surface and all through the middle of the Fe2O3 nanorods, C is shown to be scattered 

equally. The weight percentages of Fe (31.45%), O (35.60%), C (18.01%), and Ni (15.40%) corresponding 

to Ni@C@Fe2O3 nanorods are shown by elemental analysis in Fig. 4.2 (c). It demonstrates that the Ni and 

C components are evenly distributed across the whole Fe2O3 nanorod.The detected nano spheres are 

undoubtedly made of iron oxide since the Fe2O3 has a Fe/O weight percentage ratio of 3:4 and 

Ni@C@Fe2O3 has a Fe/O/C ratio of 3:4:3. Through EDX analysis, the elemental make up of the as-

prepared C@Fe2O3 and Ni@C@Fe2O3 is assessed. Fe and O of the as-prepared Fe2O3 nanorods are shown 

from the corresponding peaks in figure (3.2a). In accordance with Fe2O3 nanorods, the elemental 

composition of the nanorods shows 72.76% weight of iron and 27.24% weight of oxygen. Two distinct 

peaks can be seen in the EDX spectrum, one between 0 and 2 KeV and the other between 6 and 8 KeV, 

which corresponds to crystalline Fe2O3 nanorods. 

 

Figure 3.2: EDX of (a) Fe2O3, (b) C@Fe2O3 nano composite, (c) Ni@C@Fe2O3 nano composite 

FT-IR study is utilized to resolve the various functional groups that are present in various samples of 

Fe2O3, C@Fe2O3, and Ni@C@Fe2O3 (Figure 4.3a). The presence of a major peak, for instance 520 cm-1, 

it can be recognized that Fe and O in FTIR spectra demonstrated iron oxide was present in both as 

synthesized nano composite materials (116). Due to the occurrence of a significant peak at 668 cm-1 that 

may be approved to carbon, iron and oxygen in FTIR spectra of C@Fe2O3 nano composite materials 

(121).Due to the occurrence of a significant peak in the FTIR spectrum at 590 cm-1, which may be proved 
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to Ni, C, Fe and O present in Ni@C@Fe2O3 nano composite materials. Peaks at about 1600 cm-1 and 1400 

cm-1 to cause by stretching vibrations of the O-H bond and C-O bond, respectively, formed by the hydroxyl 

groups over the surface of nano particles (117). 

The phase structures of the samples were studied by powder X-ray diffraction (XRD). Fig.4.3(b), 

illustrates the XRD patterns of the C@Fe2O3, and Ni@C@Fe2O3, respectively. It clearly shows that all of 

these samples present a broad diffraction band at about 23.2º, which is related to amorphous structure of 

carbon. It confirms the presence of carbon in all metal oxides samples.  

Fig.3.3(b), shows XRD pattern of as synthesized C@Fe2O3 exhibiting peaks at 2θ at 30.1º, 35.5º, 42.6º, 

53.6º, 57.0º and 62.8º which can be assigned to diffraction of the (220), (331), (400), (422), (511), and 

(440) planes, respectively of spinal structured magnetite nano particles (118). 

In Ni@C@Fe2O3 sample, diffraction peaks at 2θ values corresponding to 18.91º, 30.5º, 36º, 43.5º, 54º, 

57.5º and 63º can be indexed to (111), (220), (311), (222), (400), (422), (511) and (440) crystal planes of 

Ni and Fe2O3, respectively. 

 

 

 

 

 

 

 

 

Figure 3.3: (a) Spectrum of FTIR of C@Fe2O3 and Ni@C@Fe2O3 (b) Xrd of  C@Fe2O3 and 

Ni@C@Fe2O3 

3.2 Electrochemical performance of C@Fe2O3 and Ni@C@Fe2O3 

By using of cyclic voltammetry (CV), galvano static charge discharge (GCD), cyclic-stability, and 

electrochemical impedance spectroscopy, the electrochemical character of C@Fe2O3 and Ni@C@Fe2O3 

samples are examined. At potentials range from 1.5 to -0.5 V versus Ag/AgCl and at different scan speeds 

range from 2 to 100 mVs-1, cyclic voltammograms (CVs) were captured in 1.0 M KOH solution. As seen 

in Fig. 4.4(A), the curve of CV exhibits a nonrectangular shape, demonstrating the pseudo capacitance 

characteristics of the C@Fe2O3. Additionally, when rate of the scan increase, these CV shape curves 

essentially remains same, showing a rapid redox reaction and easy to access for ions to the electrode 

electrolyte boundary, favouring marvelous capacitance and electrochemical performance at low 

resistance. The fast redox reaction and ion transport are thought to be aided by the excellent dispersion 
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and well oriented structure of the C@Fe2O3 nanocomposites. The C@Fe2O3 CV curves in Fig. 3.4(A) 

clearly suggested that it had two redox peaks and a typical pseudo capacitive nature. Scan rate is seen 

against specific capacitance within Figure 3.4(C). 

The equation is used to calculate the Cs values from CV curves. 

 

In this case, IdV stand for the potential window (V), mass of the samples (X), scan rate (Vs-1), and 

incorporated area of the CV curve. At the scan speed of 2 to 100 mVs-1, the Cs values of the 

nanocomposites C@Fe2O3 and Ni@C@Fe2O3 are displayed in Fig. 3.4 (A,B). The steady decrease in 

capacitive behavior of the samples is seen in Fig. 3.4 (C) when scan rate is amplified. At low scan rates, 

electrolyte ions strongly utilize both the exterior and interior surface pores of the active material, 

increasing the material's specific capacity. At high scan rates, the available active material's surface to 

electrolyte (OH-) ions is constrained (just the external regions of the holes). C@Fe2O3 shows Cs values of 

870 Fg-1, and at a scan rate about 2 mVs-1, Ni@C@Fe2O3 nanorods exhibit the largest specific capacitance 

(1360 Fg-1). This is thought to be due to their high SSA. 

 

Figure 3.4: (A) CV curve of C@Fe2O3  (B) CV curve of Ni@C@Fe2O3   
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(C) Specific capacitance vs scan rate 

In 1.0 M KOH electrolyte at 1 and 5 Ag-1 current density contained by the potential window of -0.6 to 0.6 

V against Ag/AgCl, GCD curves of C@Fe2O3 and Ni@C@Fe2O3 nanocomposites samples were 

conducted (figure 4.5, 4.6, 4.7, 4.8). As illustrated in Fig. 4.5, 4.6, 4.7, and 4.8 discharge patterns of 

electrodes are not usual straight lines but fairly curved, demonstrating the pseudo capacitive characteristics 

of C@Fe2O3 and the prolonged discharge times of Ni@C@Fe2O3 nanocomposites, which display high 

specific capacitance. 

C@Fe2O3 has a cyclic stability of 70% withholding over 1500 cycles, whereas Ni@C@Fe2O3 nanorods 

have a cyclic stability of 85% retention over 1500 cycles, which is much privileged than that of C@Fe2O3 

nanorods (Figure 3.9. a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5: GCD curve of 

C@Fe2O3 

Figure 3.6: GCD curve of C@Fe2O3 

Figure 3.7: GCD curve of 

Ni@C@Fe2O3 

Figure 3.8: GCD curve of 

Ni@C@Fe2O3 



KJMR VOL.02 NO. 09 (2025) IRON OXIDE BASED … 

  
 

pg. 223 
 

 

 

 

 

 

 

 

 

Electrochemical impedance spectroscopy (EIS) is a method for measuring the character of any substance's 

conductivity as a task of frequency. Data collected from the EIS may be expressed to use the Nyquist plot. 

The Nyquist plot compare the pretend impedance constituent (Z') to the real impedance component (Z"). 

The higher frequency intercept of the actual component of impedance is what to determine the solution 

resistance (Rs) of the composite. In the upper frequency range, a depressed semicircular is employed to 

show the charge transfer resistance (Rct) that is predominantly produced by the charge transfer process of 

the electrode materials. The C@Fe2O3 sample has a short solution resistance and charge transfer. The 

lowest Rct value for Ni@C@Fe2O3 nanorods, however, is attributed to substantial electrical conductivity. 

In comparison to C@Fe2O3 nanorods, Ni@C@Fe2O3 nanorods have a smaller semicircle diameter, which 

suggests high conductivity. Fig. 3.9 (b) shows that the activated Ni@C@Fe2O3 nanorods exhibit good 

electronic conductivity and a low Rct for charge transfer. Ni@C@Fe2O3 nanorods have a straighter profile 

than C@Fe2O3 nanorods at low frequencies. This demonstrates the superior specific capacitance and low 

ion diffusion resistance of Ni@C@Fe2O3 nanorods. Ni@C@Fe2O3 nanorods have shown to be ideal for 

usage in super capacitor type applications with high electrochemical characteristics due to their 

comparably reduced resistance. 

Conclusion 

There will inevitably be an energy crisis because of the rising usage of energy equipment brought on by 

rapid economic and population expansion. The public's interest in research on renewable energy and 

energy efficiency has increased as a result. Society must transition to clean and renewable energy sources 

while simultaneously managing resource use. High electrochemical characteristics, including high 

porosity, low rate, efficient capacitance, and a variety of morphologies, including nano wires, nanorods, 

nano walls, nano flowers, and nano sheets, are displayed by Ni@C@Fe2O3 based nanocomposites. In this 

study, we used the conventional hydrothermal approach to create Ni@C@Fe2O3 based nanocomposites 

employing cost effective ingredients such as urea, ferric chloride hexahydrate, potassium hydroxide, 

glucose, and nickel nitrate hexahydrate. Urea, ferric chloride hexahydrate, and potassium hydroxide are 

used to make Fe2O3 nanorods. To create a composite of C@Fe2O3 nanorods, carbon is deposited on top 

of the as prepared Fe2O3 nanorods, which are employed as templates. Then, to create Ni@C@Fe2O3 

nanorods composite, the as prepared Fe2O3 nanorods are employed as templates and carbon with nickel is 

Figure 3.9: (a) Cyclic stability of C@Fe2O3 and Ni@C@Fe2O3 (b) EIS 

graph of C@Fe2O3 and Ni@C@Fe2O3 
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deposited over the Fe2O3 nanorods. Fe2O3, C@Fe2O3, and Ni@C@Fe2O3 nanorods as synthesized are 

structurally determined using SEM, XRD, EDS, and FT-IR.  

Through CV, Cyclic Stability, GCD curve measurements, and EIS, the electrochemical characteristics of 

nanocomposites have been examined. 1.0 M KOH aqueous solution of Ni@C@Fe2O3 nanorods showed 

elevated specific-capacitance of about 840 Fg-1with a scan rate of 10 mVs-1 and capacitance-retention 85% 

over about 1500 cycles. From all of these findings, it can be deduced that nanocomposites made of 

C@Fe2O3 and Ni@C@Fe2O3 perform extremely well electrochemically. Ni@C@Fe2O3 nanocomposites 

can have their electrochemical characteristics further enhanced by heated at high temperatures, such as 

500 oC for 2 h.  
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