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A B S T R A C T   

The role of electrode materials is crucial for determining the energy storage capacity of supercapacitors. The use 
of active nanostructures fabricated on conducting substrates to achieve good conductivity and high surface area 
augments the energy storage ability of supercapacitors. The fabrication techniques for the assimilation of hier-
archical nanostructures on a large electrode surface area without using binders are expected to enhance the 
energy and power densities of supercapacitors. The fabrication techniques should be simple, scalable, and of low- 
cost. In this work, a simple process for developing high-surface morphological nickel sulfide (NiS) nanostructures 
on commercial nickel foam at ambient temperature is developed. Further, these electrodes are used in the 
fabrication of supercapacitors. The surface morphological and electrochemical studies have demonstrated high 
energy density values of 27.58 Wh/kg and ultralong stability of 97 % even after 5000 cycles. Moreover, the 
fabricated electrode material exhibited properties such as quicker electron and ion transfer, a larger surface area, 
and superior structural integrity. The galvanostatic charge-discharge (GCD) study of the fabricated device has 
shown a high specific capacitance of 613 F/g. Such electrodes exhibit their suitability in supercapacitors for 
enhanced energy storage applications.   

1. Introduction 

Energy generation from non-conventional sources has gained larger 
importance in recent times owing to technological innovations, limita-
tions of conventional energy sources, and encouragement by the con-
cerned governments for energy production using renewable energy 
sources [1–3]. Energy storage systems play a vital role in reducing the 
gap between demand and production which is a major limitation of 
renewable energy sources [4]. 

Among various energy storage mechanisms, the electrochemical 
energy storage method is convenient, effective, modular, and reliable 
[5]. Battery energy storage system (BESS) and supercapacitor energy 
storage fall under this category. Supercapacitor energy storage is 
attractive because of its sustainability, superior charging and discharg-
ing capacity, augmented life cycle, excellent power density, acceptable 
energy density, risk-free operation, and eco-friendliness [6–8]. Never-
theless, the storage capacity and desirable electrochemical characteris-
tics of supercapacitors strongly depend on the electrode material used 
[9–16]. A large surface area, rapid charge/discharge cycles, controlled 

porosity, chemical stability, superior conductivity, and cost- 
effectiveness are some of the desirable properties of electrode mate-
rials used in supercapacitors for enhanced storage capacity [17,18]. 

Several materials have been reported in contemporary research ar-
ticles as suitable for supercapacitor electrode preparation. These include 
conducting polymers and their composites [19], RuO2 [20], MnO2 [21], 
MoS2 [22], Ni3S4 [23], and Ni3S2 [24]. However, these reported mate-
rials either suffer from certain drawbacks of noncompliance with all 
desirable properties or require a complex process for their synthesis. 
Hence, the onus is on the concerned stakeholders to fabricate the elec-
trode materials that exhibit most of the desirable features and are pro-
duced in large quantities. The thin films of different materials on 
reference substrates have attracted the attention of researchers. These 
thin films significantly reduce the series resistance, resulting in an 
increased power density [25]. In addition, the fabricated electrodes 
should have a network with superior electrolyte accessibility for the 
better acceleration of ion transfer during charge-discharge cycles. A 
highly electrolyte-accessible network is essential to accelerate ion 
transport at a good rate during the charge-discharge process. 
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