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Abstract 
 

β-Nickel hydroxide (Ni(OH)2) nanosheet–modified glassy carbon for pseudocapacitors was successfully prepared. The 

nanosheets were synthesized via a conventional growth seeding method combined with hydrothermal treatment. Trans-

mission electron microscopy (TEM) characterization indicated the hexagonal structure of the nanosheets of around 15 

nm in size, and X-ray diffraction (XRD) pattern confirmed the β-phase lattice crystal. These nanosheets used to modify 

the glassy carbon surface, increased the electroactive surface area by around 15 times. Furthermore, electrochemical 

investigation of the modified glassy carbon revealed an excellent performance and a specific capacitance of 628.01 F g−1 

at a 1 A g−1 current density. Moreover, an outstanding stability was demonstrated, with 89.9% retention of the capacitance 

observed after 3000 cycles at a 1 A g−1 current density. 

 

Keywords: energy storage, glassy carbo, pseudocapacitor, surface modification, β-Ni(OH)2 
 

 

 

Introduction 
 

The technology of energy conversion, namely, biofuel 

and solar cells, has been extensively investigated [1, 2]. 

Solar and fuel cells use the energy transformation derived 

from natural sources, such as, wind, solar, geothermal, 

and bioenergy into electricity, represent a major techno-

logical development for energy-harvesting devices. 

However, renewable energy sources are unreliable as a 

result of ecological and geographical limitations caused 

by natural movements and environmental mechanisms. 

Therefore, new strategies are required to mitigate the ef-

fect of inconsistent energy production using renewable 

sources. One promising solution is the usage of an energy 

storage system that can aid in saving electricity for future 

purposes. 

 

Batteries by far show exceptionally prevalence in energy 

storage development. However, the related major safety 

and hazard issues have led to the reconsideration of bat-

teries as storage devices. Overheated batteries can lead to 

severe damage, such as thermal runaway and cell rupture; 

they may burst into flames and cause widespread damage 

[3]. Battery usage as energy storage also features some 

drawbacks, namely, long charging time, overheating, and 

environmental issues [4, 5]. In contrast to batteries, su-

percapacitors are known for their relative lightness and 

environmental friendliness [6, 7]. In addition, superca-

pacitors require a notably shorter charging time com-

pared with conventional batteries and capacitors but can 

be discharged similar to a normal battery. 

 

Supercapacitors fall under two main types based on their 

charge storage mechanisms: electric double-layer capac-

itors (EDLCs) and pseudocapacitors [8, 9]. EDLCs store 

energy through ion adsorption mechanisms or double-

layer capacitance, and pseudocapacitors (Faradaic capac-

itors) store energy through reversible charge–transfer re-

actions at the electrode–electrolyte interface [7, 8, 10]. 

Pseudocapacitors typically attain higher capacitances and 

energy densities than EDLCs due to their surface-acti-

vated redox reactions, which offer considerably faster 

discharge rates compared with batteries [11]. 

 

Nickel hydroxide [Ni(OH)2] has garnered considerable 

attention for its potential in energy storage applications; 

such potential can be attributed to its excellent redox be-

havior and high theoretical capacity, which make it a 
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promising material for electrodes in supercapacitors and 

alkaline batteries [12]. The morphology of Ni(OH)2 con-

siderably influences its electrochemical performance and 

has prompted extensive efforts to controlling its specific 

surface area, ionic transport pathways, and conductivity 

[13]. Ni(OH)2 exists in two primary crystalline forms: α 

and β. The α form exhibits a higher theoretical capacity 

but is unstable and susceptible to conversion to the more 

stable β form, which offers an improved stability and 

higher discharge voltage, which makes it suitable for 

electrode materials [14–17]. 

 

Carbon-based materials have been widely explored to 

improve the electrochemical performance of β-Ni(OH)2, 

particularly its stability and conductivity. These materials 

offer wide potential windows, high power density, excel-

lent cycling lifetime, and high conductivity. The combi-

nation of metal–carbon electrodes can considerably im-

prove the conductivity of Ni(OH)2. Examples include the 

Ni(OH)2 deposited on carbon dots [18], nitrogen-doped 

multiwalled carbon nanotubes [19], biomass-derived car-

bon–Ni(OH)2 composites [20, 21], and graphene-based 

electrode [22]. 

 

In this study, glassy carbon electrodes (GCEs) were se-

lected due to their high electrical conductivity, chemical 

stability, and ease of modification. We used growth seed-

ing method and hydrothermal treatment to synthesize β-

Ni(OH)2 nanoparticles deposited them on GCEs to serve 

as the main catalyst for pseudocapacitors. To enhance the 

performance, we incorporated activated carbon to in-

crease the electroactive surface area (approximately 15 

times) and provide numerous active sites. Notably, a spe-

cific capacitance of 628.01 F g⁻¹ was achieved at a cur-

rent density of 1 A g⁻¹. The activated carbon also aided 

in the dispersion of Ni(OH)2 catalyst ink onto the GCE 

surface. In addition, Nafion was used as a polymer binder 

to protect the catalyst layers and improve the durability 

[23]. The combined benefits of Ni(OH)2, activated car-

bon, and Nafion on GCE resulted in enhanced electrocat-

alytic activity and durability, which make these materials 

suitable for high-performance pseudocapacitor applica-

tions [24, 25]. 

Experimental Design 

Materials and chemicals. Nickel chloride (NiCl2) and 

Nafion (5 wt%) were purchased from Sigma-Aldrich (St. 

Louis, USA), and trisodium citrate (C6H5Na3O7) was ob-

tained from Wako Pure Chemical Industries, Ltd (Osaka, 

Japan). Potassium hydroxide (KOH), sodium hydroxide 

(NaOH), ammonium hydroxide (NH4OH), acetonitrile 

(CH3CN), ethanol (C2H5OH), 2-propanol (C3H7OH), hy-

drochloric acid 38% (HCl), and conductive carbon mes-

oporous were bought from Merck (Darmstadt, Germany). 

Double-distilled water was produced using Millipore Di-

rect-Q® 5 UV. All chemicals were of analytical grade 

and used without further purification. 

Synthesis of β-Ni(OH)2 nanoparticles. Ni(OH)2 nano-

particles were synthesized through a conventional seed-

ing growth technique [26]. Initially, a precursor solution 

prepared from a mixture of 0.212 mM NiCl2 and 1.210 

mM C6H5Na3O7∙2H2O in 20 mL water was added with 10 

mL 0.1 M NaBH4 followed by vigorous stirring until the 

formation of black precipitate. Afterward, the solution 

was stirred at 35 °C for 9 h for the complete oxidation of 

nickel and formation of a stable nickel–citrate complex 

with a clear green color. Then, immediately 5 mL 4 M 

NaOH solution was added to the mixture to form β-

Ni(OH)2 nanoparticles. The mixture was continuously 

stirred for 10 min and then transferred to a Teflon-based 

autoclave and heated at 100 °C for 24 h to ensure the for-

mation of β-Ni(OH)2. The synthesized material was sub-

sequently washed with water and ethanol before its final 

redispersion in water.  

 

Preparation and characterization of the electrodes. 

We prepared the working electrodes by immobilizing β-

Ni(OH)2 on the GCE surface (55 mm diameter). Prior to 

use, the GCE was cleaned mechanically using alumina 

powder, washed in an ultrasonic water bath, and then left 

to naturally dry at room temperature. Next, ultrasoni-

cation was used in the preparation of a homogeneous sus-

pension containing 5 mL β-Ni(OH)2, 2 mL ethanol, 3 mL 

deionized water, and 0.5 mg activated carbon. Then, 10 

µL of this suspension was dropped onto the GCE surface 

and allowed to dry naturally for the immobilization pro-

cess. This step was repeated until the minimum measur-

able weight of the active material reached 75 µg cm−2. 

The preparation process was completed through fixing 

the active material with a drop of 8 µL Nafion as a binder. 

Three additional electrodes, including an unmodified 

GCE, an electrode prepared without the conductive car-

bon and Nafion, and an electrode prepared without the 

Nafion, were also investigated for comparison. 

 

The prepared material was analyzed via transmission 

electron microscopy (TEM, JEOL 2010), powder X-ray 

diffraction (XRD, Rigaku, Rint-2000) with Cu Kα, 45 

kV, 200 mA, scanning electron microscopy (SEM, Hita-

chi SU3500), and X-ray photoelectron spectroscopy 

(XPS, Thermo Fisher XPS K-alpha system). Further, the 

electrochemical properties were determined at room tem-

perature using an IVIUM COMPACTSTAT and EDAQ 

potentiostat (ER466). A three-electrode configuration 

cell, which contained a platinum wire as the counter and 

an Ag/AgCl (RE-1B, ALS) system as the reference elec-

trodes, was utilized as the electrochemical cell, while 2.0 

M KOH was used as the electrolyte. 

Results and Discussion 

Structural and morphological properties. SEM was 

performed to investigate the morphology of the GCE sur-

face before and after the modification with β-Ni(OH)2 na-
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noparticles. Comparison with the unmodified GCE (Fig-

ure 1(a)) revealed the densely grown and well-distributed 

β-Ni(OH)2 on the modified GCE surface (Figure 1(b)). 

The SEM images demonstrated the presence of β-

Ni(OH)2 nanosheet layers with a hexagonal structure, 

which is a characteristic feature of β-Ni(OH)2 [13]. Fig-

ure 1(c) shows the β-Ni(OH)2 nanosheets after their mix-

ture with conductive carbon and subsequent immobiliza-

tion onto the GCE surface. Figure 1(d) displays the final 

modification with the addition of conductive carbon and 

Nafion. The data compromised the clarity of β-Ni(OH)2, 

possibly due to the presence of Nafion, which covered 

the immobilized β-Ni(OH)2 on the electrode surface. 

 

XRD characterization was conducted to analyze the syn-

thesized β-Ni(OH)2 nanoparticles and identify their pol-

ymorph structure. Figure 2 shows the XRD spectra of the 

modified GCE with the summary of diffraction peaks 

presented in Table 1. The findings indicate that the 2θ 

values of the peaks matched the JCPDS No. 00-014-0117 

reference card. The data, as shown by the alignment with 

the JCPDS reference card in Figure. 2 (brown bars), re-

vealed the successful formation of the β-Ni(OH)2 

nanostructure [13]. The graph revealed a noticeable ab-

normal broadening of certain diffraction lines, which in-

dicates the presence of structural defects in the nanopar-

ticles [27, 28]. In addition, the full width at half maxi-

mum measured using the Debye–Scherrer equation indi-

cated an estimated single-crystal particle size of 4.6 nm. 

 

 
 

Figure 1. SEM Images of GCE (a) Before and (b–d) after Modification with β-Ni(OH)2, β-Ni(OH)2 in the Presence of Activated 

Carbon, and β-Ni(OH)2 in the Presence of Activated Carbon and Nafion 

 
Table 1. XRD Parameters of β-Ni(OH)2 Determined using 

the Lattice Parameters in JCPDS No. 00-014-

0117 
 

Miller Indices 

(hkl) 
2θ (°) 

Broadened by 

Stacking Faults 

(001) 19.3 ● 

(100) 33.1  

(101) 38.5  

(102) 51.4 ● 

(110) 59.1  

(111) 62.7  

(200) 69.3 ● 

(201) 72.7 ● 

 

 
 

Figure 2. XRD Patterns of the Prepared β-Ni(OH)2 (Brown 

Bar: JCPDS Reference Card) 
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TEM was performed to confirm the morphology of the 

synthesized β-Ni(OH)2 nanoparticles. Consistent with 

the SEM image, the findings of TEM analysis verified 

the hexagonal structure of β-Ni(OH)2 (Figgure 3(a)). The 

TEM image did not distinctly reveal a hexagonal 

structure, but our methodology successfully produced 

thin hexagonal β-Ni(OH)2 at 100 °C, consistent with the 

observations of Wang et al., 2015 [26] at the same 

temperature. Notably, hexagonal-like particles were 

detected in large-sized Ni(OH)2 synthesized at high 

reaction temperatures (>80 °C). These morphological 

differences may be due to particle orientation, with the 

hexagonal morphology associated with the (100) facet 

and hexagonal-like morphology associated with the (001) 

facet of Ni(OH)2. Consequently, our synthesized 

Ni(OH)2 exhibited desired hexagonal shapes, as 

corroborated by our procedure and XRD analysis based 

on references.  

 

ImageJ software (Figure 3(b)) was used to determine the 

size distribution ranging from 4 nm to 30 nm, with a 

predominant size of 15 nm. The less uniform size 

distribution observed possibly a result of the 

agglomeration caused by attractive forces between 

nanoparticles. As revealed by TEM, β-Ni(OH)2 has a 

morphology revealing the presence of ultrathin 

nanosheets, as indicated by their transparency. The TEM 

inset in Figure 3(b) displays the randomly distributed and 

interconnected crumpled nanosheets, with an average 

thickness of approximately 2 nm. The 24 h hydrothermal 

reaction influence the observed nanosheet morphology, 

which is similar to that of a previous publication [26]. A 

previous report investigated the phase transition of β-

Ni(OH)2 via a hydrothermal reaction at 180 °C, in which 

the reaction up to 10 h resulted in the formation of 

flattened nanosheets and a compressed stacking structure 

[13]. This finding was also confirmed by a recent 

research conducted on the hydrothermal synthesis of β-

Ni(OH)2 at 200 °C for 12 h, which also led to the 

formation of a three-dimensional nanosheet structure 

[29]. 

 

The presence of β-Ni(OH)2 and NiOOH was analyzed for 

further characterization via XPS. The XPS spectra of the 

GCE before modification (Figure 4(a), black line) 

showed the fluorine (F 1s) peak, which indicates the 

presence of an impurity introduced during XPS 

measurement. The spectra implied the presence of C and 

O before and after modification with β-Ni(OH)2 (Figure 

4(b), red line), whereas the composite spectra did not 

show the presence of Ni peak. The peaks of Ni 2p1/2 and 

Ni 2p3/2 were detected at the binding energies of 

approximately 890–850 eV (Figure 4(b), and the 

deconvolution peak of Ni 2p3/2 revealed two peaks 

attributed to β-Ni(OH)2 and NiOOH at the binding 

energies of 855.4 and 856.6 eV, respectively. Moreover, 

the Ni 2p3/2 peak was observed at 855.4 eV, together 

with a satellite peak at approximately 861.3 eV. In 

addition, the peak of Ni 2p1/2 appeared at 873.3 eV with 

a satellite peak at around 879.5 eV. The spin–orbit 

splitting energy between Ni2p1/2 and Ni2p3/2 reached 

17.9 eV, which indicates the presence of Ni2+ [30](Chang 

et al., 2014). In addition, the O 1s spectrum showed the 

peak at 531.2 eV, which corresponded to the nickel–

oxygen bonds (Figure 4(c)) was confirmed by previous 

findings [30].  

 

Electrochemical performances. Cyclic voltammetry 

(CV) was applied in a 2.0 M KOH solution to 

investigated the properties of GCE before and after 

modification with β-Ni(OH)2. The same process was 

applied to assess the effect of the modified β-Ni(OH)2 in 

the absence and presence of carbon materials and Nafion. 

Figure 5(a) shows the absence of oxidation or reduction 

peak in the voltammogram of the unmodified GCE (black 

line), whereas the modified ones exhibited a typical 

oxidation and reduction peaks at around +0.40 V to +0.30 

V (vs. Ag/AgCl), respectively, which indicates the 

pseudocapacitive behavior of nickel in the alkaline 

environment. This result is consistent with the oxidation 

and reduction peaks of β-Ni(OH)2 in previous reports 

[29, 31, 32]. This characteristic was also likely due to the 

Faradaic reactions occurring on the Ni(OH)2 surface, 

coupled with proton mobilization from β-Ni(OH)2 

toward the GCE current collector [33]. 

 

The presence of carbon as a supporting matrix in the 

modified GCE affected the lower current responses com-

pared with the one without activated carbon, which is rea-

sonable given the lower conductivity of activated carbon 

than β-Ni(OH)2. Despite the decrease in the current re-

sponse, the presence of carbon favored the achievement 

of stable capacitance for the β-Ni(OH)2 compared with 

the absence of carbon. The activated carbon showed ad-

vantages in the control of the diffusion reaction on the 

electrical double-layer surface, which stabilizes the 

chemical reactions on the surface electrode [31, 34, 35]. 

In the presence of Nafion, despite the low capacitance, 

the onset of oxidation potential of nickel considerably 

shifted to around +0.45 V (vs. Ag/AgCl), and the reduc-

tion potential shifted from +0.29 V and +0.32 V to +0.35 

V. This phenomenon can be attributed to less energy re-

quired to initiate redox reactions. These effects indicate 

that a more stable capacitance can be achieved with the 

use of Nafion membrane as the conductive binder beside 

activated carbon. 

 

A remarkable electrochemical result was exposed in the 

presence of activated carbon. In addition, Nafion in the 

electrode exerted a notable effect on the electrochemical 

behavior, specifically in controlling Faradaic reactions 

and ion mobility on the electrode surface. In correlation 

with the result displayed in Figure 5(a), the β-Ni(OH)2 

exhibited a higher oxidation peak compared with theGCE 

with the presence of activated carbon and Nafion. This 

finding indicates that without the addition of activated 
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carbon and Nafion, the Faradaic reaction on the electrode 

surface can be also rapid and excessive. In the case of a 

supercapacitor, the reaction must be controlled not only 

for rapid charging time but also for efficient energy stor-

age in the form of electrons. The application of support-

ing media on substrates contributes to the reduction of the 

polarization potential and facilitation of redox reactions 

on the electrode surface. Figure 5(a) also indicates that 

the addition of Nafion shifted the potential oxidation 

peak to a lower potential value, with Nafion controlling 

the ion mobility from the electrode surface to the diffu-

sion layer. 

 

 
 

Figure 3. (a) TEM Image of β-Ni(OH)2 Nanoparticles with (b) Particle Distribution Obtained using ImageJ Software; The 

Inset of (b) Shows the Thickness of the Interconnected β-Ni(OH)2 Stack 

 

 
 

Figure 4. (a) XPS Spectrum of the GCE before (Black Line) and after (Red Line) Modification with β-Ni(OH)2 Together with 

the Related Deconvolutions Peaks of (b) Ni 2p and (c) O 1s 
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Figure 5. Voltammograms of 2.0 M KOH at GCE (a) Before (Black Line) and after the GCE modification with β-Ni(OH) (Red 

Line), with β-Ni(OH) and Activated Carbon (Blue) Line, and with β-Ni(OH)2, Activated Carbon and Nafion (Green 

Line) with an Applied Scan Rate of 100 mV/s, and (b) GCE Modified with β-Ni(OH), Activated Carbon, and Nafion 

in Various Scan Rates 

 
Table 2. Electrochemical Active Surface Area of the Prepared Electrodes 

 

Electrode Linear equation 

Electroactive 

Surface Area 

(mA cm−2) 

Unmodified GCE y = 8.15 × 10−7 × + 8.20 × 10−7 0.34 × 10−9 

β-Ni(OH)2-modified GCE y = 1.23 × 10−5 × + 3.88 × 10−5 5.18 × 10−9 

β-Ni(OH)2-modified GCE in the presence of activated carbon y = 1.85 × 10−5 × − 1.17 × 10−6 7.79 × 10−9 

β-Ni(OH)2-modified GCE in the presence of activated carbon 

and Nafion 
y = −1.29 × 10−5 × + 2.95 × 10−5 5.45 × 10−9 

 

The modification of the GCE surface also influenced the 

electrochemically active surface area, and this finding 

was directly correlated to the electron transfer kinetics 

between the reactant and electrode surface. Further, 2.0 

M KOH was used to analyze the electroactive surface 

area at various scan rates. The current responses were 

used in the computation of the active surface area via 

Randle’s Sevcik equation below: 

 

𝑖𝑝 = 2.687 × 105𝑛
3

2 𝐴 𝐷
1

2𝐶𝑣
1

2  (1) 

 

The peak current was proportional to the concentration 

(𝐶) and square roots of the diffusion coefficient (𝐷) and 

scan rate (𝑣). In addition, the transferred electrons coef-

ficient (𝑛) of the redox substance affected the current. 

Figure 5(b) indicates consistent increase in the current re-

sponses of the modified GCE at the potentials of +0.45 

and +0.35 V, proportional to the scan rates. Typical find-

ings were also obtained during the use of unmodified and 

other modified GCEs. Accordingly, the electroactive sur-

face area measurements were calculated (Table 2).  

 

The Table 2 shows the high electroactive surface areas typ-

ically recorded after GCE modifications. Modification 

with β-Ni(OH)2 caused the increase in the electroactive 

surface area from 3.43 × 10−10 mA cm−2 to 5.18 × 10−9 mA 

cm−2. Meanwhile, the addition of activated carbon to the 

β-Ni(OH)2-modified GCE considerably increased the elec-

troactive surface area to values 30% higher than 7.79 × 

10−9 mA cm−2. However, further addition of Nafion de-

creased the electroactive surface area to 5.45 × 10−9 mA 

cm−2. Regardless, this value is still slightly higher than that 

of the modification without carbon. The increase in the 

electroactive surface area of a pseudocapacitor material 

leads to the decrease in its electrochemical performance as 

a result of the thickened diffusion layer on the electrode 

surface [36, 37]. This limitation can be overcome by the 

modification of Ni(OH)2 with a stable and conductive ma-

terial, such as activated carbon, for the effective control of 

ion mobility and improved conductivity. The modification 

was further enhanced by the presence of Nafion, which in-

creased the selectivity toward specific ions (such as oxy-

gen and hydrogen) and facilitated their passage through the 

permeable membrane layer formed by mixing the prepared 

modified Ni(OH)2 with Nafion [38, 39]. The Nafion binder 

caused a back diffusion effect at the diffusion layer on the 

β-Ni(OH)₂ surface, which resulted in continuously sup-

pressed ionic diffusion. This mechanism required ionic 

species (H+, K+, and OH−) to pass through a diffusion layer 

of finite thickness to reach or leave the electrode surface. 

In addition, this modification minimized the self-poison-

ing process of β-Ni(OH)₂, which prevented it from becom-

ing an inactive substrate, similar to NiO₂, due to the over-

potential reactions that decreased during the charging and 

discharging processes of supercapacitors, as described in 

Reactions (1) and (2). 
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Oxidation: β-Ni(OH + OH− → NiOOH + H2O + e− (charging)  (1) 

 

Reduction: NiOOH + H2O + e− → β-Ni(OH + OH− (discharging) (2) 

 

Analysis of GCE modified with β-Ni(OH) as 

pseudocapacitor. Analysis of the supercapacitor charac-

teristic was attained through the use galvanostatic 

charge–discharge (GCD) and specific capacitance, en-

ergy density, and power density at various current densi-

ties during GCD measurements. Calculations revealed 

the highest charge–discharge performance observed at a 

1 Ag−1 current density with a discharge time of 630 s. As 

shown in Figures 6(a and b), a 1 Ag−1 current density of 

the GCE modified with β-Ni(OH)2 in the presence of ac-

tivated carbon and Nafion required 260 s discharge time 

to complete the measurement. A specific capacitance of 

628.01 F g−1 was achieved, and this value is higher than 

other applied current densities of 2, 5, and 10 A g−1, with 

specific capacitance of 579.71, 362.31, and 241.54 F g−1, 

respectively. 

 

Moreover, longer charging time result was observed 

compared with the discharging time. This finding sug-

gests that the developed β-Ni(OH)2 required a long pe-

riod to accommodate the oxidation reaction that affected 

the energy density the performance. Furthermore, the 

energy density of the prepared electrode showed a linear 

decrease at 113.04, 104.35, 65.22, and 43.48 Wh kg−1 to 

the applied current of 1, 2, 5, and 10 A g−1. As a result, a 

density of 4.348 kW kg−1 was reached at an applied cur-

rent of 10 A g−1 (Figure 6(c)). These findings suggest the 

potential of the modified electrode to be used as a super-

capacitor. It also offers a balance between energy storage 

and power delivery. 

 

Assessing electrode stability is vital for determining the 

effectiveness of electrodes in supercapacitor applica-

tions. Accordingly, a CV for 3000 cycles was performed 

to evaluate the electrode stability. CV was applied in the 

potential range between 0 and 0.6 V using a 2 M KOH 

electrolyte at a 100 mV s−1 scan rate. The charge–dis-

charge data were obtained for every 100 cycles. A re-

markable retention of 89.9% was observed for the GCE 

modified with β-Ni(OH)2 in the presence of activated car-

bon and Nafion after 3000 cycles. This finding confirms 

that the modification of β-Ni(OH)2 with activated carbon 

and Nafion remarkably improved its stability perfor-

mance as a pseudocapacitor material. Figure 7(a) reveals 

the slight decrease in the current responses of the oxida-

tion and reduction peaks, which confirmed the excellent 

stability of the proposed electrode. In summary (Figure 

7b), the prepared electrode exhibited an impressive long-

term stability, which verified its exceptional condition 

and stability and thus makes it a promising material for 

supercapacitor applications. 

 

 
 

Figure 6. GCD Plots (a) of GCE Modified with β-Ni(OH) in the Presence of Activated Carbon and Nafion using a 2 M KOH 

Solution Together with the Related Plots of (b) Energy Density and Power Density, (c) Specific Capacitance at Var-

ious Currents 
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Figure 7. Stability Tests of GCE Modified with β-Ni(OH)2 in the Presence of Activated Carbon and Nafion using (a) 3000 

Cycles in CV in a Solution of 2.0 M KOH with a 100 mV s−1 Scan Rate and (b) 3000 Cycles Charge–Discharge 

Retention Counted by Every 100 Cycles 

 
Table 3. Comparison of the Specific Capacitances of Some Reported Supercapacitors based on Ni(OH)2 and Carbon 

 

Electrode 
Specific Capaci-

tance (F.g−1) 
Electrolyte Cycle Stability (%) Reference 

β-Ni(OH)2/ɤ-NiOOH 1420 at 2 A·g−1 1 M KOH  [40] 

β-Ni(OH)2/GO/CNTs 1815 at 2 A·g−1  97% after 2000 cycles [13] 

Ni(OH)2@N-MWCNT 350 at 0.5 A·g−1 6 M KOH  [19] 

β-Ni(OH)2from NiAl-LDHs precur-

sor 
829 at 1 A·g−1 10 M KOH 57.3% [41] 

β-Ni(OH)2 nanoflakes/CC 815.67 at 1 A·g−1  98.1% after 4000 cycles [42] 

 

Graphene-Ni(OH)2/CC 1825 at 1 A·g−1 2 M KOH 83.5% [43] 
 

 

RH-C/Ni(OH)2 952 at 1 A·g−1 6 M KOH  [21]  

Ni(OH)2/Activated Carbon 198 at 1 A·g−1 1 M KOH 84% after 1500 cycles [44]  

Ni(OH)2-3DOMC 552.50 at 1 A·g−1 6 M KOH  [45]  

GCE modified with β-Ni(OH)2 and 

activated carbon and Nafion 
628.01 at 1 A·g−1 2 M KOH 89.9% after 3000 cycles This work  

 

The unique structure of β-Ni(OH)2 demonstrated excel-

lent performance compared with previously reported 

Ni(OH)2-based materials. Table 3A displays the compar-

ison of the stability test results and the evidence showing 

that the proposed material outperformed the others. After 

3000 cycles, the GCE modified with β-Ni(OH)2 in the 

presence of activated carbon and Nafion maintained an 

impressive retention of 89.9% of the charge–discharge 
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performance. Furthermore, a 100% performance was re-

tained after 1000 cycles, and it only slightly decreased to 

98% after 2000 cycles while still exhibiting favorable 

specific capacitance. For further optimization of the pro-

posed material, the size of the unique nanostructure of β-

Ni(OH)2 and activated carbon must be controlled to im-

prove the specific capacitance. This goal can be achieved 

through the utilization of a stable capping agent and ex-

ploration of potential hydrothermal synthesis pathways 

that incorporate hard templates to improve particle ho-

mogeneity. In addition, the improvement of the current 

collector is an important consideration for considerably 

increasing the specific capacitance and overall stability 

of the pseudocapacitive material. In addition, different 

ratios of the catalyst ink must be explored to determine 

the optimal composition, which ensures that the presence 

of Nafion does not excessively compromise the pseudo-

capacitive performance. 

Conclusion 

The β-phase Ni(OH)2-modified activated carbon was 

synthesized through the combined seeding growth 

method and hydrothermal treatment. The resulting β-

Ni(OH)2 exhibited a distinct nanostructure characterized 

by hexagonal layer sheets atop the beta phase lattice 

crystal and with particle sizes ranging from 4 nm to 30 

nm and being predominantly around 15 nm. The 

incorporation of activated carbon into the β-Ni(OH)2 

considerably improved the electrochemical active 

surface area compared with that of the unmodified 

material. Subsequent modification with Nafion resulted 

in a remarkable stability, which retained 89.9% of the 

initial performance of the studied material after 3000 

cycles. The prepared material showcased a specific 

capacitance of 628.01 Fg−1, an energy density of 113.04 

Wh kg−1, and a power density of 0.44 kW kg−1 at an 

applied current density of 1 A g−1, which underscore its 

potential as an electrode for the advancement of energy 

storage technologies.  

Acknowledgement 

This research is partly funded by Hibah PDUPT Ministry 

of Education, Culture, Research, and Technology with 

Grant No. NKB-330/UN2.RST/HKP.05.00/2020. 

Author Contribution 

M.B.S.P.: data curation, formal analysis, investigation, 

and writing; A.A.: investigation, writing-review, and 

editing; A.R.S: investigation, writing-review, and 

editing; R.K.P.: investigation, writing-review, and 

editing; H.C.: conceptualization, supervision, validation, 

writing-review, and editing; T.A.I: conceptualization, 

supervision, validation, funding acquisition, writing-

review, and editing. All authors are equally contributing 

and have given approval to the final version of the 

manuscript. 

Declaration of Competing Interest 

There are no conflicts to declare. 

References 

[1] Gielen, D., Boshell, F., Saygin, D., Bazilian, M.D., 

Wagner, N., Gorini, R. 2019. The role of renewable 

energy in the global energy transformation. Energy 

Strateg. Rev. 24: 38–50, https://doi.org/10.1016/j.es 

r.2019.01.006. 

[2] Østergaard, P.A., Duic, N., Noorollahi, Y., 

Kalogirou, S. 2023. Advances in renewable energy 

for sustainable development. Renew. Energy. 

219(Part 1): 119377, https://doi.org/10.1016/j.renen 

e.2023.119377. 

[3] Feng, X., Ren, D., Ouyang, M. 2023. Safety of 

lithium battery materials chemistry. J. Mater. Chem. 

A. 11: 25236–25246, https://doi.org/10.1039/d3ta04 

182d. 

[4] Ali, M., Elsaid, K., Wilberforce, T., Kamil, M., 

Taha, E., Olabi, A. 2021. Environmental aspects of 

fuel cells : A review. Sci. Total Environ. 752: 

141803, https://doi.org/10.1016/j.scitotenv.2020.14 

1803. 

[5] Chen, Y., Kang, Y., Zhao, Y., Wang, L., Liu, J., Li, 

Y., et al. 2021. A review of lithium-ion battery 

safety concerns: The issues, strategies, and testing 

standards. J. Energy Chem. 59: 83–99, https://doi.or 

g/10.1016/j.jechem.2020.10.017. 

[6] Prasad, G.G., Shetty, N., Thakur, S., Rakshitha, 

Bommegowda, K.B. 2019. Supercapacitor technology 

and its applications: A review. IOP Conf. Ser. Mater. 

Sci. Eng. 561: 012105, https://doi.org/10.1088/17 

57-899X/561/1/012105. 

[7] Olabi, A.G., Abbas, Q., Al Makky, A., 

Abdelkareem, M.A. 2022. Supercapacitors as next 

generation energy storage devices: Properties and 

applications. Energy. 248: 123617, https://doi.org/1 

0.1016/j.energy.2022.123617. 

[8] Fleischmann, S., Mitchell, J.B., Wang, R., Zhan, C., 

Jiang, D., Presser, V., et al. 2020. Pseudocapacitance: 

From fundamental understanding to high power 

energy storage materials. Chem. Rev. 120(14): 6738–

6782, https://doi.org/10.1021/acs.chemrev.0c00170. 

[9] Sahani, S., Mahajan, H., Han, S.S. 2024. Unveiling 

the hybrid era: Advancement in electrode materials 

for the high-performance supercapacitor: A 

comprehensive review. J. Energy Storage. 90(Part 

B): 111808, https://doi.org/10.1016/j.est.2024.111 

808. 

[10] Sekretaryova, A. 2020. Chapter 4–Powering 

wearable bioelectronic devices. In Parlak, O., Salleo, 

A., Turner, A. (eds.), Wearable Bioelectronics, 

Elsevier Ltd. United State. pp. 89–132. 

[11] Balasubramaniam, S., Mohanty, A., Balasingam, 

S.K. 2020. Comprehensive insight into the 

mechanism, material selection and performance 



Preparation of β-Ni (OH)2 Nanosheet–Modified Glassy Carbon    183 

Makara J. Sci.   June 2024  Vol. 28  No. 2 

evaluation of supercapatteries. Nano-Micro Lett. 12: 

85, https://doi.org/10.1007/s40820-020-0413-7. 

[12] Sharma, S., Kadyan, P., Sharma, R.K., Kumar, N., 

Grover, S. 2024. Progressive updates on nickel 

hydroxide and its nanocomposite for electrochemical 

electrode material in asymmetric supercapacitor 

device. J. Energy Storage. 87: 111368, https://doi.or 

g/10.1016/j.est.2024.111368. 

[13] Ma, X., Liu, J., Liang, C., Gong, X., Che, R. 2014. 

A facile phase transformation method for the 

preparation of 3D flower-like β-Ni(OH)2/GO/CNTs 

composite with excellent supercapacitor performance. 

J. Mater. Chem. A. 2: 12692–12696, https://doi.or 

g/10.1039/C4TA02221A. 

[14] Zhou, L., Li, C., Liu, X., Zhu, Y., Wu, Y., van Ree, 

T. 2018. 7–Metal oxides in supercapacitors. Metal 

Oxides in Energy Technologies. In Wu, Y. (eds.), 

Metal Oxides in Energy Technologies, Elsevier. 

United State. pp. 169–203. 

[15] Kimmel, S.W., Hopkins, B.J., Chervin, C.N., 

Skeele, N.L., Ko, J.S., DeBlock, R.H., et al. 2021. 

Capacity and phase stability of metal-substituted α-

Ni(OH)2 nanosheets in aqueous Ni–Zn batteries. 

Mater. Adv. 2: 3060–3074, https://doi.org/10.103 

9/D1MA00080B. 

[16] Kettaf, S., Guellati, O., Harat, A., Kennaz, H., 

Momodu, D., Dangbegnon, J., et al. 2019. 

Electrochemical measurements of synthesized 

nanostructured β-Ni(OH)2 using hydrothermal 

process and activated carbon based nanoelectroactive 

materials. SN Appl. Sci. 1: 34, https://doi.org/10.10 

07/s42452-018-0038-3. 

[17] Wang, S., Tan, C., Fei, L., Huang, H., Zhang, S., 

Huang, H., et al. 2020. Rational design and in-situ 

synthesis of ultra-thin β-Ni(OH)2 nanoplates for high 

performance all-solid-state flexible supercapacitors. 

Front. Chem. 8: 602322, https://doi.org/10.3389/f 

chem.2020.602322. 

[18] Han, C., Si, H., Sang, S., Liu, K., Liu, H., Wu, Q. 

2020. Carbon dots doped with Ni(OH)2 as thin-film 

electrodes for supercapacitors. ACS Appl. Nano 

Mater. 3(12): 12106–12114, https://doi.org/10.10 

21/acsanm.0c02604. 

[19] Ramesh, S., Karuppasamy, K., Yadav, H.M., Lee, 

J.-J., Kim, H.-S., Kim, H.-S., et al. 2019. Ni(OH)2-

decorated nitrogen doped MWCNT nanosheets as 

an efficient electrode for high performance 

supercapacitors. Sci. Rep. 9: 6034, https://doi.org/1 

0.1038/s41598-019-42281-z. 

[20] Yan, X., Wu, S., Sun, X., Yang, J., Wang, J., Tian, 

S., et al. 2024. Flower-shaped Ni(OH)2 decorated 

with biomass-derived carbon TPB-1 for asymmetric 

supercapacitors. Nanotechnology. 35: 135402, 

https://doi.org/10.1088/1361-6528/ad115c. 

[21] Cai, J., Zhang, D., Ding, W.-P., Zhu, Z.-Z., Wang, 

G.-Z., He, J.-R., et al. 2020. Promising rice-husk-

derived carbon/Ni(OH)2 composite materials as a 

high-performing supercapacitor electrode. ACS 

Omega. 5(46): 29896–29902, https://doi.org/10.10 

21/acsomega.0c04117. 

[22] Ran, J., Liu, Y., Feng, H., Shi, H., Ma, Q. 2024. A 

review on graphene-based electrode materials for 

supercapacitor. J. Ind. Eng. Chem. 137: 106–121, 

https://doi.org/10.1016/j.jiec.2024.03.043. 

[23] Salleh, N.A., Kheawhom, S., Ashrina, A., Hamid, 

N., Rahiman, W., Mohamad, A.A. 2023. Electrode 

polymer binders for supercapacitor applications: A 

review. J. Mater. Res. Technol. 23: 3470–3491, 

https://doi.org/10.1016/j.jmrt.2023.02.013. 

[24] Auer, E., Freund, A., Pietsch, J., Tacke, T. 1998. 

Carbons as supports for industrial precious metal 

catalysts. Appl. Catal. A-Gen. 173(2): 259–271, 

https://doi.org/https://doi.org/10.1016/S0926-860X 

(98)00184-7. 

[25] Yang, J., Fu, L., Wu, F., Chen, X., Wu, C., Wang, 

Q. 2022. Recent developments in activated carbon 

catalysts based on pore size regulation in the 

application of catalytic ozonation. Catalysts. 12(10): 

1085, https://doi.org/10.3390/catal12101085. 

[26] Wang, R., Lang, J., Liu,. Y., Lin,. Z., Yan, X. 2015. 

Ultra-small, size-controlled Ni(OH)2 nanoparticles: 

elucidating the relationship between particle size 

and electrochemical performance for advanced 

energy storage devices. NPG Asia Mater. 7: e183, 

https://doi.org/10.1038/am.2015.42. 

[27] Tessier, C., Haumesser, P.H., Bernard, P., Delmas, 

C. 1999. The structure of Ni ( OH ) 2: From the ideal 

material to the electrochemically active one. J. 

Electrochem. Soc. 146: 2059, https://doi.org/10.114 

9/1.1391892. 

[28] Ramesh, T.N., Kamath, P.V. 2006. Synthesis of 

nickel hydroxide: Effect of precipitation conditions 

on phase selectivity and structural disorder. J. Power 

Sources. 156(2): 655–661, https://doi.org/10.10 

16/j.jpowsour.2005.05.050. 

[29] Yi, X., Sun, H., Robertson, N., Kirk, C. 2021. 

Nanoflower Ni(OH)2 grown in situ on Ni foam for 

high-performance supercapacitor electrode 

materials. Sustain. Energy Fuel. 5: 5236–5246, 

https://doi.org/10.1039/d1se01036k. 

[30] Chang, I-C., Chen, T.-T., Yang, M.-H., Chiu, H.-T., 

Lee, C.-Y. 2014. Self-powered electrochemical 

deposition of Cu@Ni(OH)2 nanobelts for high 

performance pseudocapacitors. J. Mater. Chem. A. 2: 

10370–10374, https://doi.org/10.1039/C4TA01152J. 

[31] Alhebshi, N.A., Rakhi, R.B., Alshareef, H.N. 2013. 

Conformal coating of Ni(OH)2 nanoflakes on carbon 

fibers by chemical bath deposition for efficient 

supercapacitor electrodes. J. Mater. Chem. A. 1: 

14897–14903, https://doi.org/10.1039/c3ta12936e. 

[32] Jadhav, S.M., Kalubarme, R.S., Suzuki, N., 

Terashima, C., Mun, J., Kale, B.B., et al. 2021. 

Cobalt-doped manganese dioxide hierarchical 

nanostructures for enhancing pseudocapacitive 

properties. ACS Omega. 6(8): 5717–5729, 

https://doi.org/10.1021/acsomega.0c06150. 



184   Nataniel, et al. 

Makara J. Sci.   June 2024  Vol. 28  No. 2 

[33] Vijayakumar, S., Nagamuthu, S., Muralidharan, G. 

2013. Supercapacitor studies on NiO nanoflakes 

synthesized through a microwave route. ACS Appl. 

Mater. Interfaces. 5(6): 2188–2196, https://doi.org/1 

0.1021/am400012h. 

[34] Zhai, Y., Dou, Y., Zhao, D., Fulvio, P.F., Mayes, 

R.T., Dai, S. 2011. Carbon materials for chemical 

capacitive energy storage. Adv. Mater. 23(42): 

4828–4850, https://doi.org/10.1002/adma.201100984. 

[35] Yan, H., Bai, J., Wang, J., Zhang, X., Wang, B., Liu, 

Q., et al. 2013. Graphene homogeneously anchored 

with Ni(OH)2 nanoparticles as advanced 

supercapacitor electrodes. CrystEngComm. 15: 

10007–10015, https://doi.org/10.1039/c3ce41361f. 

[36] Putri, Y.M.T.A., Gunlazuardi, J., Ivandini, T.A. 

2022. Electrochemical preparation of highly 

oriented microporous structure nickel oxide films as 

promising electrodes in urea oxidation. Chem. Lett. 

51(2): 135–138, https://doi.org/10.1246/cl.210634. 

[37] Putri, Y.M.T.A., Chamberlain, T.W., Degirmenci, 

V., Gunlazuardi, J., Krisnandi, Y.K., Walton, R.I., et 

al. 2023. Crystallization of NiCo MOF-74 on a 

Porous NiO film as an anode for the urea/H2O2 fuel 

cell. ACS Appl. Energy Mater. 6(4): 2497–2507, 

https://doi.org/10.1021/acsaem.2c03938. 

[38] Li T, Yang S, Zuo Y, Li W, Yue H, Kment Š, et al. 

Hydrogen bond stabilized β-Ni(OH)x–SO4 

interlaminar materials for highly active 

supercapacitors. Inorg Chem Front 2023;10:1001–

10. https://doi.org/10.1039/D2QI01992B. 

[39] Kim, T., Lee, J., Yang, T.H., Yoon, Y.G., Park, S.H., 

Yim, S.D. 2012. Novel catalyst layer synthesized by 

an in situ sol-gel process with tetraethoxysilane in a 

Nafion ionomer solution with Pt/C for PEFCs: The 

effect of self-assembled Nafion-SiO2 on Pt ORR 

activity and an increased water content in the 

polymer membranes. RSC Adv. 2: 6957–6969, 

https://doi.org/10.1039/c2ra20796f. 

[40] Yuan, Y.F., Xia, X.H., Wu, J.B., Yang, J.L., Chen, 

Y.B., Guo, S.Y. 2011. Nickel foam-supported 

porous Ni(OH)2/NiOOH composite film as 

advanced pseudocapacitor material. Electrochim. 

Acta. 56(6): 2627–2632, https://doi.org/10.1016/j.el 

ectacta.2010.12.001. 

[41] Chen, L., Yang, X., Tian, Y., Wang, Y., Zhao, X., 

Lei, X., et al. 2022. Fabrication of β-Ni(OH)2 

particles by alkaline etching layered double 

hydroxides precursor for supercapacitor. Front. 

Energy Res. 9: 810568, https://doi.org/10.3389/fen 

rg.2021.810568. 

[42] Liu, Q.X., Lu, C.X., Li, Q. 2017. The hydrothermal 

synthesis of β-Ni(OH)2 nanoflakes on carbon cloth 

and their electrochemical properties Carbon. 124: 

722, https://doi.org/10.1016/j.carbon.2017.05.014. 

[43] Hong, Y., Xu, J., Chung, J.S., Choi, W.M. 2020. 

Graphene quantum dots/Ni(OH)2 nanocomposites 

on carbon cloth as a binder-free electrode for 

supercapacitors. J. Mater. Sci. Technol. 58: 73–79, 

https://doi.org/10.1016/j.jmst.2020.03.063. 

[44] Wang, S., Tan, C., Fei, L., Huang, H., Zhang, S., 

Huang, H., et al. 2020. Rational design and in-situ 

synthesis of ultra-thin β-Ni(OH)2 nanoplates for high 

performance all-solid-state flexible supercapacitors. 

Front. Chem. 8: 602322, https://doi.org/10.3389/fc 

hem.2020.602322. 

[45] Chen, H., Yang, X., Yang, W., Zhang, S., Wang, X., 

Liu, B., et al. 2022. Confined space synthesis of 

Ni(OH)2-impregnated three-dimensional ordered 

mesoporous carbon as a high-performance 

supercapacitor electrode. Carbon Res. Conversion. 

5(2): 101–110, https://doi.org/10.1016/j.crcon.202 

2.03.001. 

 


	Preparation of β-Ni (OH)2 Nanosheet–Modified Glassy Carbon for Pseudocapacitors
	Recommended Citation

	Preparation of β-Ni (OH)2 Nanosheet–Modified Glassy Carbon for Pseudocapacitors
	Authors

	Preparation of Î²-Ni (OH)2 Nanosheetâ•fiModified Glassy Carbon for Pseudocapacitors

