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A B S T R A C T   

A nickel-vanadium-based bimetallic precursor was produced using the polymerization process by 
urea-formaldehyde copolymers. The precursor was then calcined at 800 ◦C in an argon ambiance 
to form a Ni3V2O8-NC magnetic nanocomposite. Powerful techniques were used to study the 
physical characteristics and chemical composition of the fabricated Ni3V2O8-NC electrode. PXRD, 
Raman, and FTIR analyses proved that the crystal structure of Ni3V2O8-NC included N-doped 
graphitic carbon. FESEM and TEM analyses imaging showed the distribution of the Ni3V2O8 
nanoparticles on the layered graphitic carbon structure. TEM images showed the prepared sample 
has a particle size of around 10–15 nm with an enhanced active site area of 146 m2/g, as 
demonstrated by BET analysis. Ni3V2O8-NC nanocomposite exhibits magnetic behaviors and a 
magnetization saturation value of 35.99 emu/g. The electrochemical (EC) studies of the syn-
thesized Ni3V2O8-NC electrode proceeded in an EC workstation of three-electrode. In a 5 M po-
tassium hydroxide as an electrolyte, the cyclic voltmeter exhibited an enhanced capacitance (CS) 
of 915 F/g at 50 mV/s. Galvanic charge-discharge (GCD) study also exhibited a superior capac-
itive improvement of 1045 F/g at a current density (It) of 10 A/g. Moreover, the fabricated 
Ni3V2O8-NC nanocomposite displays a good power density (Pt) of 356.67 W/kg, improved ion 
accessibility, and substantial charge storage. At the high energy density (Et) of 67.34 W h/kg, the 
obtained Pt was 285.17 W/kg. The enhanced GCD rate, cycle stability, and Et of the Ni3V2O8-NC 
magnetic nanocomposite nominate the sample as an excellent supercapacitor electrode. This 
study paves the way for developing effective, efficient, affordable, and ecologically friendly 
electrode materials.   

1. Introduction 

In past decades, non-renewable energy sources have provided almost all human needs, but they intensify climate change by raising 
the temperature, hazardous compounds, and a variety of other problems [1,2]. In addition, population growth increases the energy 
demand, and the available resources are continuously decreasing, making it difficult to find a solution [3]. The rapid growth of the 
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worldwide economy has led to a great interest in generating clean and efficient energy, especially in managing, storing, and producing 
this valuable energy [4–6]. Energy is humanity’s most important concern due to its need in various fields. Given the exhaustion of 
available natural resources and the continued retrogradation of the environment over time, the call for efficient, sustainable, green 
energy alternatives and novel technologies for converting and storing the energies are vitally crucial and necessary [2,5–8]. In the 
realm of renewable energy, the growth potential is unparalleled. According to field experts, wind and solar are the most promising 
renewable energy sources for electricity generation [2,6]. However, they cannot be managed as necessary because they occur infre-
quently. Energy storage is a vital part of energy management and utilization, and it has been a great challenging scientific topic for 
industrially important. Turning chemical energy into electrical energy using novel electrochemical energy storage systems innovation 
has recently become a viable alternative to traditional sources [5]. Supercapacitors have received much attention in many applica-
tions, especially in energy storage owing to their desirable characteristics, including long-time charge storage, low cost, safety, and 
lightweight [9–11]. Supercapacitors are classified into two groups depending on their methods for storing electrical charge and the 
materials used for their electrodes: pseudocapacitors based on transition metal oxides and electrical double-layer capacitors (EDLC) 
based on carbon. Capacitance determination pseudocapacitors rely on rapid and continuous Faradaic redox processes which occur at 
or near the electrode surface. 

In contrast, the capacitance determination in EDLC depends entirely on the buildup charges at the electrode interface [12–14]. 
More study has been done to develop electrode substances with structural properties and high reactivity for providing advanced 
electrochemical activity. Recently reported research suggested using mixed nanocomposites of transition-metal oxides owing to their 
many features, such as various oxidation states and their synergistic contributions, which would enhance the capacitive performance 
of the electrode [15,16]. It is well known that nickel vanadate was employed in supercapacitor applications because it is inexpensive, 
environmentally friendly, and naturally abundant. Moreover, it contains multiple vanadium valence states that enrich the composite 
structural makeup [17]. The application of nickel vanadate as a high-performance supercapacitor is significantly hampered by its low 
conductivity of electricity and change in volume extinction, resulting in a low consumption rate and quick power fading through the 
cycle. For instance, nanostructured Ni3V2O8 of different morphologies as nanoparticles, nanowires, and nanorods, demonstrated great 
electrochemical utilization but insufficient stability [18–21]. Thus, further work is required to improve the stability and the use of 
active components. Using structures constructed of carbon matrix (C-matrix) containing nanomaterials, such as carbon pellets and 
carbon nanotubes to construct high-performance electrodes is an effective strategy [22,23]. However, recent researchers have revealed 
that introducing heteroatom nitrogen insertion into the carbon matrix may generate covalent polar connections among nitrogen and 
carbon atoms owing to their identical atomic size [24,25]. In addition, the bond between carbon and nitrogen exhibits greater strength 
than the bond between carbon and carbon due to the accelerated charge development between the nitrogen and carbon atoms [26–28]. 
Interestingly, a small amount of N-doping resulted in several local structures that are beneficial for improving electrical conductivity 
[26]. The n-doping technique has an impact on electrocatalysis and on other fields that deal with energy storage and energy conversion 
[29]. 

In this study, we used urea-formaldehyde copolymers to prepare N-doped carbon to combine with nickel vanadate to form Ni3V2O8- 
NC as an electrode substance for supercapacitors to be used for energy storage. The Ni3V2O8-NC magnetic nanocomposite achieved 
advanced Cs of 915 F/g at 50 mV/s in a 5 M potassium hydroxide through a cyclic voltmeter (CV). At an It of 10 A/g, a GCD study also 
showed an ultrahigh capacitive enhancement of 1045 A/g. The nano-size scale, excellent surface area, mesoporous framework, and 
large pore volume of the Ni3V2O8-NC electrode contributed to its superior electrochemical efficiency. In addition, the Ni3V2O8-NC 
electrode displays a good Pt of 356.67 W/kg, excellent ion accessibility, and substantial charge storage. The obtained Pt was found to be 
285.17 W/kg at a high Et of 67.34 W h/kg. 

2. Experiments 

2.1. Materials 

The precursors were bought from Sigma Aldrich grade and experimented as supplied; the manufacture of Ni3V2O8-NC magnetic 
nanocomposite involved the use of the chemicals sodium hydroxide (NaOH), urea (purity 99%), formaldehyde (purity 37% aqueous 
solution), Ni (NO3)2⋅6H2O (purity 99.999%), and NH4VO3 (purity 99.95%). 

2.2. Fabrication of Ni3V2O8-NC magnetic nanocomposite 

The Ni3V2O8-NC magnetic nanocomposite was synthesized using the polymerization technique to create the precursors [27,28]. In 
the first step, the salts mixture consisting of (5.8 g (0.02 mol) of Ni (NO3)2⋅6H2O was dissolved with 2.334 g (0.02 mol) of NH4VO3 in 
40 ml of double distilled H2O), labeled as M-1. At the same time, a mixture of formaldehyde (10 ml, 0.2 mol, 37% aqueous solution) 
and urea (6.0 g, 0.1 mol) was combined at pH 8–10 (NaOH was utilized for the adjustment) and labeled as M-2. The resulting sus-
pension mixture (M − 2) was then stirred at 70 ◦C for 1 h to create the urea-formaldehyde (UF) polymer ligand. In the second step, the 
M − 1 was blended with the M − 2 for 4 h at 70 ◦C, forming a polymeric of two metals named NiV2-UF. Subsequently, the resulting 
NiV2-UF was meticulously washed multiple times using distilled H2O and ethanol before being dried at 50 ◦C. To yield the Ni3V2O8-NC 
magnetic nanocomposite, the NiV2-UF precursors were subjected to calcination at 800 ◦C in an argon chamber ambiance, with a 
5 ◦C/min heating rate for 4 h. Scheme 1 illustrates the process of preparing the targeted nanocomposite. 
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2.3. Electrochemical experiments 

CHI 608e electrochemical (EC) workstation of three electrodes program was applied to explore the EC properties of the fabricated 
Ni3V2O8-NC magnetic nanocomposite. 0.004 ml of Nafion aqueous, 2 ml of isopropanol, and about 3 mg of the prepared Ni3V2O8-NC 
sample were sonicated for 20 min. Approximately 0.05 ml of the mixture was loaded on the glassy carbon and desiccated in an enclosed 
vacuum chamber at 50 ◦C. The coated mass of the sample on the glassy carbon electrode was nearly 0.075 mg [5,30,31]. In this 
experiment, the counter electrode was the Pt wire, the reference electrode was the Ag/AgCl, and a potassium hydroxide (KOH) solution 
(5 M) was the electrolyte. Various studies, such as CV, GCD, and EC impedance spectroscopy (EIS), were investigated. The EIS analysis 
involved conducting tests in an open circuit, applying an alternating current (AC) voltage with an amplitude of 5 mV. The frequencies 
ranged from 10 kHz to 0.1 MHz. 

2.4. Characterization techniques 

The elements’ oxidation states were studied using the XPS technique by the PHI 5000VersaProbe III. The Raman spectrum of 
Ni3V2O8-NC magnetic nanocomposite was obtained using a Raman confocal (WITec alpha 300RA) microscope. The magnetization 
properties have been investigated at ambient conditions using a vibrating sample magnetometer (VSM) (7410 Series VSM). The Bruker 
Tensor II spectrometer obtains the Fourier-transferred infrared (FTIR) fingerprints ranging from 400 to 4000 cm− 1. The thermogra-
vimetric analyzer (TGA) analysis of the produced Ni3V2O8-NC magnetic nanocomposite was performed using an SII 6300 EXSTAR at 
10 ◦C/min reaction temperature and the differential thermal (DTA) as well attached to the TGA. The surface area for Ni3V2O8-NC 
magnetic nanocomposite was determined by the Tristar II Plus (BET Micromeritics analyzer). The crystalline phase of obtained 
Ni3V2O8-NC was confirmed using an X-ray diffractometer (Rigaku- = 1.54059, Cu–K radiation). The morphology of the Ni3V2O8-NC 
was determined using high-resolution scanning electron microscopy (FESEM, JSM-7600F) and transmission electron microscopy 
(TEM, Tecnai G2, F30). 

3. Results and discussions 

XPS analysis was employed to find the elemental components responsible for the composition of the Ni3V2O8-NC magnetic 
nanocomposite. Fig. 1a shows that Ni3V2O8-NC contained nickel, vanadium, oxygen, carbon, and nitrogen elements on the surface of 
the magnetic nanocomposite. On the other side, Fig. 1b displays the high-resolution-XPS (HR-XPS) of N 1s, fitted into three peaks 
indexed for graphite-N at binding energy (400.22 eV), pyrrolic-N at binding energy (399.31 eV), and pyridinic-N at (398.42 eV) [27, 

Scheme 1. Systematic preparation of Ni3V2O8-NC magnetic nanocomposite.  
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28,32,33]. The presence of pyrrolic-N in Ni3V2O8-NC magnetic nanocomposite ensures a high electrical conductivity for the sample 
[34]. Fig. 1c illustrates that Ni3V2O8-NC has a sharp HR-XPS of the C 1s spectrum at 284.82 eV credited to C=C/C–C [35]. C 1s core 
level has been further fitted to three peaks at 286.87 and 290.21 eV are congruent with C–N/C=N and O–C=O, respectively, and 
292.51 eV is most likely assigned for C=O [36]. The XPS O 1s peak (Fig. 1d) demonstrated three fitted peaks at 532.92, 530.81, and 
529.71 eV corresponding to the C–OH surface group, V–O bonds, and Ni–O, respectively [32,36]. The Ni 2p HR-XPS spectrum of 
Ni3V2O8-NC magnetic nanocomposite exhibits four peaks (Fig. 1e). The prominent peaks at 871.64 eV and 855.38 eV are credited to Ni 
2p1/2 and Ni 2p3/2, respectively. Additional two low-intensity shoulders located at 860.87 eV and 880.18 eV are satellites accredited to 
Ni 2p3/2 and Ni 2p1/2, respectively; this denotes the type of nickel vibration located at the higher binding energy. These four peaks of Ni 
2p show that the Ni3V2O8-NC magnetic nanocomposite is in the Ni2+ valence state [27,32]. Fig. 1f demonstrates two peaks in the 
HR-XPS spectrum attributed to V 2p, the peak at 516.73 eV credited to V 2p3/2 and the other at 523.85 eV, attributed to V 2p1/2. These 
two peaks reveal that the Ni3V2O8-NC magnetic nanocomposite contains vanadium in a valence state of +5 [32,37]. 

Fig. 2a displays the Raman scattering spectrum of the Ni3V2O8-NC magnetic nanocomposite. The compositional characteristics of 
the materials and the formation of graphite carbon were investigated. The graphite G bands and the D defect were found to be related 
to the double vibrational peaks located at 1348 and 1589 cm− 1, respectively. The band G is generated by the E2g phonon, which is 
present in C sp2 hybridized atoms, whereas the D band is produced by the k-point phonons, which have A1g symmetry [27,33,37,38]. 
The Ni3V2O8-NC magnetic nanocomposite has a band intensity ratio (ID/IG = 1.59). This value demonstrates the high quality of the 
graphite, which has pores and vacant positions in the carbon matrix. These porosities enhance the active site area of the Ni3V2O8-NC, 
increasing the charge transport activity while boosting charge storage mobility and structural robustness, which are essential for 
energy storage [28]. The peaks that appeared at 332-480 cm− 1 are ascribed to the stretching of V–O–V bonds. In contrast, Ni3V2O8-NC 
has shown a peak at 815 cm− 1 that can be credited to V–O tetrahedral’s distortion and bending vibration, which matches the reported 
literature [37–42]. The Raman spectrum clearly showed that Ni3V2O8-NC magnetic nanocomposite was successfully formed. Fig. 2b 
illustrates the magnetic properties of the fabricated Ni3V2O8-NC magnetic nanocomposite using VSM analysis (at room temperature 
with applied magnetic fields of ±20 kOe). The investigation was carried out to determine the coercivity (HC), saturation magnetization 
(MS), and remnant magnetization (MR). It was found that MS, HC, and MR have the value of 35.99 emu/g, 292.33 Oe, and 10.47 emu/g, 
respectively. 

The molecular structure of the fabricated NiV2-UF precursor and Ni3V2O8-NC magnetic nanocomposite has been studied and 
compared using FTIR spectroscopy (Fig. 3a). Before calcination, the configuration derived a distinct FTIR spectrum of NiV2-UF 

Fig. 1. (a) XPS comprehensive survey spectrum, and HRXPS of (b) N 1s, (c) C 1s, (d) O 1s, (e) Ni 2p, and (f) V 2p of Ni3V2O8-NC magnetic 
nanocomposite. 
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complex between 1700 and 1200 cm− 1 and aromatic C–N heterocycles in the stretched mode, with the C=C and C=N stretch modes 
located at 1577 and 1640 cm− 1, respectively, where the aromatic C–O and C–N vibratory stretching modes, and the C–H bending are 
located at 1234–1317, 1404, and 1461 cm− 1, respectively [27,33,43,44]. A solid fingerprint at 818 cm− 1 and a minimal one at 881 
cm− 1 were observed, attributed to the distinct beaks in the graphic carbon nitride [44], where the shift in these bonds is due to their 
overlapping with the stretching vibrational band of the V–O group [45,46]. The peaks in the region between 3079 and 3465 cm− 1 

resulted from stretching the N–H and O–H bonds, respectively [2,28,33,43]. The specific vibratory peak at 465 cm− 1 designates the 
existence of the Ni–O vibrational mode, whereas the band at 690 cm− 1 is accredited to the Ni–O–H vibratory stretching mode [45,47, 
48]. However, most of the FTIR bands (C–H, N–H, and O–H) vanished, whereas the C–N and C–O bonds were reduced, and the bands of 
the metal oxide were prominent (Fig. 3a) [27]. As a consequence of the breakdown of the NiV2-UF during the calcination process, the 
chemical structure of NiV2-UF changed to Ni3V2O8-NC magnetic nanocomposite. 

The carbon content of the Ni3V2O8-NC magnetic nanocomposite was measured by thermogravimetric analysis (TGA) under at-
mospheric conditions. The results revealed four phases of the thermal breakdown (Fig. 3b). In the first stage, the presence of moisture 
caused a mass loss of 5.68% between 25 and 140 ◦C. The next phase is characterized by a 13.21% weight loss owing to the oxidative 
breakdown of organic materials at (140–350 ◦C), and the thermal deterioration of carbon graphite during the third phase led to a 
weight loss of 32.47% at (350–650 ◦C). In the fourth phase, other organic components caused a weight loss of 25.35% between 650 and 
800 ◦C [27,28,33,42]. As predicted, Fig. 3b shows the DTA curve has three peaks, indicating the fabricated Ni3V2O8-NC magnetic 
nanocomposite was formed by exothermic processes. The peak at 326 ◦C represents organic weight loss and the disintegration of the 
gel structural system, whereas the peak at 632 ◦C represents carbon dioxide release. Ni3V2O8-NC exhibits a peak at 730 ◦C, which is 
above the Néel temperature, indicating the transformation of the martial from antiferromagnetic to paramagnetic [49,50]. 

N2 adsorption/desorption isotherms measurement for the Ni3V2O8-NC magnetic nanocomposite was done to study the specific 

Fig. 2. (a) Raman analysis, and (b) VSM curve of Ni3V2O8-NC magnetic nanocomposite.  

Fig. 3. (a) FT-IR bands of the NiV2-UF and Ni3V2O8-NC, (b) TGA/DTG of Ni3V2O8-NC magnetic nanocomposite.  
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active surface and the porous structure of the composite [51]. Fig. 4a demonstrates the hysteresis loops attributed to the IV isothermal 
type, which ensure a typical mesoporous structure of the sample [52,53]. The distribution of the mesoporous was estimated using the 
BJH model and calculated to be ~3.3287 nm (Fig. 4a). The calculated BET-specific area of Ni3V2O8-NC was around 146 m2/g. The 
carbon matrix contains numerous interconnected pyramidal pores and long-winding hollow channels, which are crucial in retaining 
and facilitating access to electrolytes. Two key factors enhance the rate of electrochemical energy storage. Firstly, the enhanced surface 
area increased the number of active sites. Secondly, mesoporous structures enable the highly efficient transfer of electrolyte ions [28, 
42,54]. The structure and crystallinity of the Ni3V2O8-NC magnetic nanocomposite were confirmed using PXRD. Fig. 4b showed the 
exesitnce of the nitrogen-doped graphitic carbon in the strucuture of Ni3V2O8-NC, which clearly assigns in the miller levels (002) and 
(100) at 2θ of 25.17◦ and 43.75, respectively [11,27,28,33,54–56]. Fig. 4b showed that the strong and maximum intense XRD peaks at 
35.73◦ and 44.07◦ attributed to (221) and (240) planes, respectively, attributed to the Ni3V2O8 (JCPDS card No. 70–1394) [3,23,57]. It 
is well known that at a higher calcination temperature, the nickel-vanadium phase would transfer to other phases [58]. Therefore, the 
minor peaks could be assigned for the residuals of different nickel-vanadium phases, mainly corresponding to the Ni2V2O6 (ICSD 
#3388) [59]. XRD results are in line with Raman and FTIR analyses. 

The FESEM was used to examine the morphology of the fabricated Ni3V2O8-NC electrode. Fig. 5 shows the composite has a layered 
structure embedded with an irregular aggregation of nanoparticles. This irregular agglomeration of nanoparticles might be owed to the 
energy of the sample’s surface and magnetic properties [60]. Elemental mapping of the Ni3V2O8-NC is shown in Fig. 5, demonstrating 
Ni, V, O, C, and N are the elements of the nanocomposite construction. 

Fig. 6a and b displays the TEM images of the Ni3V2O8-NC; the grains/particles size was calculated to be about 10–15 nm. HR-TEM 
images illustrate the high crystallinity of the prepared Ni3V2O8-NC magnetic nanocomposite. Fig. 6c and d shows that there are two 
different d-spacing to be 0.354 nm assigned for (002) and 0.204 nm given for (240) miller levels, which belong to graphitic carbon 
matrix and Ni3V2O8, respectively [23,33]. Hence, the HR-TEM finding is well-matched with XRD analysis. The selected area electron 
diffraction (SAED) configuration for Ni3V2O8-NC displays two condensed circles pointed as (221) and (240) of the miller levels of 
Ni3V2O8 and one circle pointed as (002), which is assigned to the graphite carbon (Fig. 6e). Henceforth, the SAED pattern of 
Ni3V2O8-NC indicates the nanostructure is strongly linked with the graphite carbon framework. SAED pattern of Ni3V2O8-NC dem-
onstrates that the Ni3V2O8 nanostructure is firmly complexed with the N-doped graphite carbon structure. As a result, the SAED result 
is well in agreement with HR-TEM and XRD analyses. The presence of ordered cycles and dots in the SAED image provides evidence of 
the crystalline nature of the prepared nanocomposite, promoting long-term structural stability. This architecture undoubtedly greatly 
enhances the electrochemical performance, making it highly efficient for supercapacitor applications [61]. 

4. Electrochemical performance 

It is well-established that the structure and morphology of the nanocomposite determine the electrochemical electrode’s perfor-
mance, and its increased surface area accelerates the intercalation phenomenon [62]. A three-electrode program was performed to 
study the EC properties of the Ni3V2O8-NC magnetic nanocomposite. The EC activity of Ni3V2O8-NC magnetic nanocomposites as an 
electrode for storing the energy (Fig. 7). Various scan rates between 50 and 200 mV/s were used to determine the CV of Ni3V2O8-NC 
with KOH 5 M as the electrolyte solution. The voltage range of operation was between (− 0.45 and + 0.45 V), as displayed in Fig. 7a. 
The CV displayed no noticeable redox peaks, implying that its characteristics are similar to those of a standard double-layer capacitor 
(Fig. 7a). There were found semi-rectangular shapes without oxidation peaks. Redox peaks are absent due to the constant charging and 

Fig. 4. (a) BET surface area of the Ni3V2O8-NC (b) XRD patterns of Ni3V2O8-NC magnetic nanocomposite.  

A.R.Z. Almotairy et al.                                                                                                                                                                                               



Heliyon 9 (2023) e18496

7

discharging rate during the cycle [63,64]. The CS of the Ni3V2O8-NC magnetic nanocomposites was calculated using Equation (1) and 
estimated to be around 915 F/g at 50 mV/s; the plot of the value (CS) vs diverse scan rates from the CV curve is illustrated in Fig. 7b. 

Cs =

∫
I(V)dV

m × ΔV × v
(F / g) (1)  

Where m (mg) is the active mass of the composite, ΔV (V) is the potential window, 
∫

I (V) dV symbolizes the area obtained from the (CV) 
curve, and ν (V/s) is the scan rate. Electric double-layer capacitors (EDLC) performance is confirmed by the EC response in CV 
(Equations (2)–(5)). This performance is owing to the intricate interplay between the electrode’s interface and the electrolyte ions 
within the sample porosity.  

Ni3V2O8 + 12 OH− → 2VO4 + 3NiO2 + 6H2O + 12 e− (2)  

Ni2++ 2OH− → Ni (OH)2                                                                                                                                                          (3)  

4 Ni (OH)2 + 2e− → 3NiO + 3H2O + 2OH− + Ni (0)                                                                                                                    (4)  

Ni (0) + 4OH− ↔ NiO2 + 2H2O + 4e− (5) 

The GCD studies were also conducted between voltages (0–0.7 V) at different CDs from 10 to 50 A/g, as displayed in Fig. 7c. 
Equation (6) was employed to determine the CS of the electrode (for the three-electrode program) relying on GCD rates of the Ni3V2O8- 
NC magnetic nanocomposites at different It [33,63]. 

Cs =
I × Δt

m × ΔV
F
/

g (6)  

Where I (mA) discharge current and Δt (s) is the discharge time. The CS values were found to be 1045, 715.44, 502.6, 321.83, and 
197.76 F/g for It of 10, 20, 30, 40, and 50 A/g, respectively. According to the GCD of the Ni3V2O8-NC magnetic nanocomposites, the 
highest value for Cs is around 1045 F/g at 10 A/g. With the raising of the It from 10 A/g to 50 A/g, the Cs of the Ni3V2O8-NC magnetic 
nanocomposite reduced from 1045 to 197.76 F/g (Fig. 7d). The Pt, Et, and specific capacitance of the symmetric electrode (Ct) are 

Fig. 5. FESEM and elemental mapping images of Ni3V2O8-NC magnetic nanocomposite.  
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measured by a two-electrode testing system using the bellow Equations (7)–(9): 

Ct =
4I × Δt
m × ΔV

F
/

g (7)  

Et =
1

8 × 3.6
CtΔV2 Wh

/

kg (8)  

Pt =
Et

Δt
× 3600 W

/

kg (9) 

The symmetric cell showed Et values of approximately 67.34, 46.11, 32.39, 20.74, and 12.74 W h/kg at Pt of 285.15, 291.22, 
300.84, 314.42, and 356.67 W/kg, respectively. Decreasing the Et values from 67.34 to 12.74 W h/kg, the Pt increased from 285.15 to 
356.67 W/kg. Therefore, the Ni3V2O8-NC magnetic nanocomposite exhibits exceptional Pt and Et, which is vital for environmental 
sustainability and commercial viability [65]. 

Fig. 8a illustrates the EIS finding, depicted as Nyquist frequency for the Ni3V2O8-NC composite. The curve was generated within 10 
Hz to 0.1 MHz (the frequency), with an AC and an amplitude of 5 mV. The Nyquist plot shows two distinct components: a semicircular 
feature and a linear section depicting the Warburg impedance (Zw) and the charge transfer resistance (Rct) associated with the elec-
trolyte and electrode junction. The semicircle’s diameter determines the electrode material’s interfacial resistance Rct influences. The 
internal resistance (Rs) can be calculated using the actual axis intercept, which leans on the contact and electrolyte resistance [18,33, 
63]. The EIS spectrum and the equivalent circuit model can be seen in Fig. 8a. The circuit consists of the EDLC, Cdl, Rs, Rct, and Zw. For 
Ni3V2O8-NC magnetic nanocomposites, the values were Rs and Rct at roughly 20.49 and 19.49 Ω, whereas Zw was valued at 
approximately 2.7 kΩ. These values indicate excellent conductivity and stability of the prepared electrode [63,66,67]. The comparison 
of the current work with earlier studies is shown in Table 1. Our material demonstrates notable electrochemical performances for 
supercapacitors for energy storage. For example, the studied sample showed about three times higher specific capacitance than re-
ported graphene/nickel vanadate (Ni3V2O8) and Ni3V2O8@GO [45,68]. 

The GCD performance was carried out to assess the cyclic proficiency of the Ni3V2O8-NC electrode at an It of 50 A/g, as depicted in 
Fig. 8b. The Cs gradually decrease throughout the cyclic process due to the electrode materials’ activation process [41,63,74]. Even 

Fig. 6. (a, b) TEM, (c, d) HR-TEM, and (e) SAED images of the Ni3V2O8-NC magnetic nanocomposite.  
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after 10,000 cycles, the device demonstrates remarkable cyclic stability, with 86.2% retention of its original Cs (as shown in the inset 
figure displaying the last 10 GCD cycles). We attribute this exceptional cyclic stability primarily to the morphology and structure of the 
Ni3V2O8-NC magnetic nanocomposite. The Coulombic efficiency has been established for the Ni3V2O8-NC nanocomposite and 
measured to be 99.5% after 10,000 cycles at 50 A/g scan rate. These outcomes further confirm the sample’s proficiency as a super-
capacitor device. However, the fabricated Ni3V2O8-NC electrode’s EC behavior is primarily owing to its high porosity and specific 
active surface area, as shown in Fig. 4a. 

Fig. 7. EC analyses of Ni3V2O8-NC magnetic nanocomposites (a) CV, (b) Cs by CV (c) GCD, and (d) Cs by GCD.  

Fig. 8. (a) EIS curve of the Ni3V2O8-NC magnetic nanocomposites and (b) Cs and Coulombic efficiency against cycle number by the Ni3V2O8-NC 
magnetic nanocomposite in the inset presents the last 10 GCD curves. 
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5. Conclusion 

The Ni3V2O8-NC magnetic nanocomposite was produced using the polymerization technique at 800 ◦C for 4 h with a size of about 
10–15 nm. BET analysis showed the Ni3V2O8-NC magnetic nanocomposite feature with a great specific active surface of 146 m2/g. 
FTIR, XRD, and Raman analyses investigated the structure of the Ni3V2O8-NC. FESEM and TEM explore the morphology and grain size 
of the sample. VSM demonstrated the Ni3V2O8-NC exhibited excellent magnetic characteristics with a Ms = 35.99 emu/g. The 
Ni3V2O8-NC electrode displayed an improved CS of 915 F/g at 50 mV/s by CV in a 3-electrode program. Additionally, GCD analysis 
display enhanced capacitive performance (Cs = 1045 F/g) at an It of 10 A/g. The maximum Et of the replica cell was obtained at 67.34 
W/kg with an Et of 285.17 W/kg before dropping to 12.74 W/kg with a Pt of 356.67 W/kg. After 10,000 cycles, the electrode displays 
86.2% retaining its original capacitance, showing excellent cyclical stability. The Coulombic efficiency has been confirmed for the 
Ni3V2O8-NC electrode and measured to be 99.5% after 10,000 cycles at a rate scanning equal to 50 A/g. The nitrogen-doped graphitic 
carbon was shown to have a synergistic effect that increased conductivity while improving electron transport, making Ni3V2O8-NC an 
enhanced electrode material for energy storage applications. 
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