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Abstract
The development of high-performance and sustainable anode materials remains a crucial challenge for next-generation energy 
storage systems. In this study, NiO/TiO₂–biomass-derived porous carbon (BPC) composites were successfully synthesized using 
palm kernel shell-derived porous carbon as a conductive matrix. Structural and morphological characterizations confirmed the 
homogeneous distribution of NiO and TiO₂ crystals within the porous carbon framework. The FTIR and XRD analyses verified the 
presence of metal-oxygen bonds and high phase purity, while SEM revealed a well-developed porous structure. Electrochemical 
evaluations were performed in KOH solution using a three-electrode configuration. The optimized NiO-TiO2/BPC (1:2) electrode 
delivered a specific capacity of 7.76 mAh g⁻¹ at 10 mV s⁻¹ and sustained 3.59 mAh g⁻¹ at 80 mV s⁻¹, demonstrating favorable rate 
capability. Galvanostatic charge-discharge measurements further confirmed the improved performance, reaching 8.75 mAh g⁻¹ at 3 
A g⁻¹. This enhanced electrochemical behavior is attributed to the synergistic integration of conductive porous carbon with 
electroactive NiO and TiO₂ phases. These findings indicate that the NiO-TiO₂/BPC composite functions as a hybrid alkaline 
electrode material and has potential for safe and sustainable aquatic energy storage devices. 
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1. INTRODUCTION

To date, research on nickel-based materials has 

made significant progress, especially in the 

electrochemical performance of nickel in energy 

storage devices. Among metal oxide molecules, 

nickel oxide (NiO) exhibits a reversible redox 

reaction in alkaline media, providing a significant 

Faradaic contribution to charge storage [1]. 

However, in practice, NiO exhibits a low specific 

capacitance, well below its theoretical value (2584 

F g⁻¹). This is generally due to the structural 

limitations of single transition metal oxides [2]. One 

effort that is still under development is a mixture of 

transition-metal oxides. 

As a single crystal material, titanium dioxide 

(TiO₂) has a high energy density of 9.6 W·h·kg⁻¹ 

and excellent chemical stability [2]. However, 

 
intrinsically, pure TiO₂ has very low electrical 

conductivity (<10⁻¹⁰ S·cm⁻¹) due to its 

semiconducting nature, although this value can be 

improved by modifying or compositing it with 

dopants [3]. For example, a two-electrode array of 

NiO-TiO₂ yields a significant energy density of 

54.29-4446 W·kg⁻¹ with high power density, as 

well as competent cyclic stability after 10,000 

cycles [4]. This improvement occurs because the 

hierarchical NiO/TiO₂ core exhibits enhanced 

pseudocapacitive behavior, driven by the 

synergistic effect of the co-encapsulation of TiO₂ 

and NiO [5]. In addition, the appropriate 

composition of NiO dopants in TiO₂ can increase 

the electrical conductivity up to 1.7 times that of 

pure TiO₂, which is about 4.92 × 10⁻⁵ S·cm⁻¹ [6]. 

Thus, TiO₂ can be used as a potential electrode 

material for energy storage devices [7]–[9]. 

On the other hand, the combination of transition 

metals and carbon has also been reported as a 

hybrid composite designed to provide high energy 

and power density along with high rate capability 

and cyclic stability. Thanks to its porous 

architecture, high surface area, and interconnected 

pore network, carbon provides efficient electron 

transport pathways, readily accessible surfaces, and 

shorter ion-diffusion distances [10]. These features 

are highly advantageous in energy storage systems, 

where fast ion transport is crucial for high-rate 
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performance. For example, a C-TiO₂ composite 

successfully prepared via a hydrothermal method is 

capable of improving the electrochemical 

performance [11] and the charging capacity up to 

500 mAh g⁻¹, greater than the theoretical capacity 

of TiO₂ (335 mAh g⁻¹) and C (372 mAh g⁻¹) [6]

[12]. 

Based on the above findings, the use of biomass-

derived porous carbon as a conductive support for 

NiO–TiO₂ composites in aqueous alkaline 

electrolyte systems remains relatively limited, 

especially in studies that examine the role of the 

oxide–carbon composition ratio on structural 

characteristics, morphology, and charge storage 

mechanisms. In line with this, extrinsic cation 

interactions in aqueous alkaline electrolytes and 

their effects on the electrochemical characteristics 

and activities of composite hybrid electrodes have 

been widely studied [13]–[15]. For example, the 

interaction between metal oxide and C in aqueous 

electrolytes, especially potassium hydroxide 

(KOH), exhibits a synergistic effect, leading to 

improved electrochemical kinetics and increased 

charge storage capacity [16]–[19]. Based on these 

considerations, this study reports the synthesis and 

characterization of NiO–TiO₂/BPC hybrid 

composites with varying mass ratios, designed as 

battery-type electrodes for KOH-based aqueous 

alkaline energy storage systems.  

  

2. MATERIALS AND METHODS 

 

2.1. Materials 

Palm shell waste was used as the biomass 

precursor for porous carbon synthesis. Nickel(II) 

nitrate hexahydrate (Ni(NO₃)₂·6H₂O, 99%) and 

ammonium hydroxide (NH₄OH, 25%) were 

employed as nickel sources and precipitating 

agents, respectively. Commercial TiO₂ (Degussa 

P25) was used without further purification. KOH 

(85%) served as the chemical activating agent, 

while hydrochloric acid (HCl, 37%) was used for 

 

 

 
Figure 1. FTIR Spectra of (a) BCP and NiO/TiO2-BPC; (b) C–O, Ti–O and Ni–O.  

 
 

 
Figure 2. XRD patterns of BPC and NiO-TiO₂/BPC composites.  
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post-activation washing. Isopropanol (C₃H₈O, 

99.5%), polyethylene glycol (PEG, average Mw 

400), and Triton X-100 were used as solvents and 

surfactants during nanocomposite preparation. 

Ethanol (C₂H₅OH, 99.8%) was utilized for 

composite dispersion. All reagents were of 

analytical grade and used as received. Deionized 

water was used throughout the experiments. High-

purity nitrogen gas (N₂) was employed to maintain 

an inert atmosphere during thermal treatments. For 

electrochemical measurements, a 2 M KOH 

aqueous solution was used as the electrolyte, with 

Ag/AgCl and platinum wire serving as the reference 

and counter electrodes, respectively. 

 

2.2. Methods  

 

2.2.1. Preparation of Biomass-Derived Porous 

Carbon (BPC) 

Palm shell waste was thoroughly washed with 

deionized water and oven-dried at 110 °C. The 

dried biomass was cut into small pieces and pre-

carbonized at 400 °C for 4 h. The resulting carbon 

was ground and sieved through a 400-mesh sieve to 

obtain a uniform powder. Chemical activation was 

performed by impregnating the carbonized powder 

with a KOH solution at a mass ratio of carbon to 

KOH of 1:5. The mixture was magnetically stirred 

for 12 h to ensure homogeneous impregnation, 

followed by filtration and drying at 110 °C for 1 h. 

The dried sample was then heated under a nitrogen 

atmosphere at a heating rate of 5 °C min⁻¹ up to 800 

°C and maintained for 2.5 h. After cooling to room 

temperature, the activated carbon was washed 

repeatedly with 1 M HCl until a neutral pH was 

achieved to remove residual inorganic species. The 

final product was dried at 105 °C and denoted as 

biomass-derived porous carbon (BPC). 

 

2.2.2. Synthesis of NiO-TiO₂ Composite 

The Ni(NO₃)₂·6H₂O was dissolved in a mixed 

solvent consisting of 20 mL isopropanol and 20 mL 

polyethylene glycol (PEG) under continuous 

magnetic stirring for 24 h to obtain a homogeneous 

solution. NH₄OH was then added dropwise until the 

solution reached pH 11. Subsequently, 10 mL of 

Triton X-100 was introduced to suppress particle 

agglomeration. The mixture was gradually heated to 

80 °C, followed by the addition of pre-calcined 

TiO₂. The resulting gel was dried at 200 °C and 

then calcined at 500 °C to obtain the NiO–TiO₂ 

nanocomposite. 

 

2.2.3. Synthesis of NiO-TiO₂/Biomass-Derived 

Porous Carbon (BPC) Composite 

NiO-TiO₂/BPC composites were prepared by 

physically mixing NiO/TiO₂ nanocomposites with 

BPC at a mass ratio of 1:3 and 1:2 (wt%). The 

mixture was dissolved in 50 mL of deionized water 

and then ultrasonicated for 1 hour. The suspension 

mixture was then transferred to a 100 mL Teflon-

lined stainless-steel autoclave at 200 °C for 6 h. 

After the reaction was completed, the autoclave was 

left at room temperature, the obtained product was 

washed several times with deionized water and 

ethanol, then dried at 60 °C for 24 h. Next, the 

obtained product was calcined at 350 °C for 2 h. 

Then, prepare the electrode by homogenizing a 

 

 

 

Table 1. The average crystallite sizes of BPC and NiO-TiO₂/BPC. 

 
 

Material 2θ (°) FWHM Size (nm) 

BPC 

26.62 0.8141 10.02 

29.36 0.7574 10.84 

30.86 1.0059 8.19 

NiO-TiO2/BPC 

27.48 0.78672 10.39 

36.02 0.78221 10.67 

41.37 0.78537 10.80 

44.43 0.77167 11.12 

54.32 0.78363 11.39 

56.84 0.77711 11.60 

69.28 0.81290 11.85 
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mixture of 0.05 g of NiO-TiO₂/BPC nanocomposite 

and 0.3 g of paraffin oil stirred at 400 rpm for 15 

min while heating at 80 ℃. Finally, the NiO-TiO₂/

BPC paste was placed into a 3 mm diameter glass 

tube, gently pressed, smoothed, and connected to a 

copper wire. 

 

2.2.4. Characterizations 

Characterization of NiO-TiO2/BPC composite 

using Xray diffraction, XRD (Shimadzu 6000) at 

2θ=20-80° with Cu-Ka= 1.54060). The morphology 

of the nanocomposites was characterized using 

scanning electron microscopy, SEM (HITACHI 

SU3500). To identify chemical bonds and functional 

groups, Fourier transforms infrared (FT-IR) spectra 

was used (Shimadzu Varian 4300 

spectrophotometer). The electrochemical properties 

of the nanocomposites were characterized by cyclic 

voltammetry techniques using a DY2100 

potentiostat. 

 

2.2.5. Computational Image Analysis 

SEM images of BPC were processed using 

ImageJ software (J904 Beta) to qualitatively 

evaluate pore size distribution. The analysis 

involved applying the built-in smoothing function 

to reduce image noise, followed by manual 

adjustment of the threshold to distinguish pore 

regions from the carbon matrix. The images were 

then converted into binary format, and particle 

analysis routines were executed to estimate pore 

size features. This image-based analysis was 

employed solely to provide morphological insights 

into the pore structure and was not intended as a 

quantitative substitute for gas adsorption 

measurements. 

 

2.2.6. Electrochemical Kinetics Evaluation 

Cyclic voltammetry (CV) measurements were 

carried out using a three-electrode electrochemical 

system. The NiO-TiO₂/BPC composite and BPC 

electrodes were employed as the working 

electrodes, while an Ag/AgCl electrode and a 

platinum wire served as the reference and counter 

electrodes, respectively. All electrochemical tests 

were conducted in 2 M KOH aqueous solution as 

the supporting electrolyte. CV curves were recorded 

within a potential window of -0.1–0.6 V (vs. Ag/

AgCl) at a scan rate of 0.1 V s⁻¹ at room 

temperature. Galvanostatic charge–discharge 

 

 

 
Figure 3. SEM morphology of (a) BPC, (b) NiO-TiO₂/BPC (1:2), (c) NiO-TiO₂/BPC (1:3), and (d) the pore 

size distribution of BPC.  
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(GCD) tests were performed using a LAND battery 

testing system within a voltage range of 0.01–3.0 V 

at room temperature. The electrochemical 

performance of the NiO/TiO₂–BPC composite 

electrodes was evaluated under various current 

densities to investigate their charge storage 

behavior and cycling stability.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. FTIR Spectra of BCP and NiO-TiO2/BPC 

Composites 

Figure 1(a–b) presents the FTIR spectra of 

pristine BPC and NiO-TiO₂/BPC composites. The 

broad band at 3410 cm⁻¹ is attributed to O–H 

stretching vibrations from surface hydroxyl groups 

and adsorbed moisture [20], while the weak 

absorption around 2735 cm⁻¹ corresponds to C–H 

stretching vibrations of residual aliphatic groups in 

the biomass-derived carbon [21]. The band at 1581 

cm⁻¹ is associated with C=O stretching or O–H 

bending vibrations of oxygen-containing functional 

groups [22]. In the low-wavenumber region, the 

bands observed at 1105–1206 cm⁻¹ are assigned to 

C–O stretching [23], indicating the preservation of 

oxygenated carbon functionalities after composite 

formation. Distinct absorption bands at 671 and 468 

cm⁻¹ are attributed to Ti–O [24][25] and Ni-O [26], 

stretching vibrations, respectively, consistent with 

reported FTIR spectra of TiO₂ and NiO.  

 

3.2. XRD Patterns of BPC and NiO-TiO₂/BPC 

Composites 

Figure 2 displays the XRD patterns of pure BPC 

and the NiO–TiO₂/BPC composite. The BPC 

sample exhibits a broad diffraction band centered at 

2θ = 24–30°, which is characteristic of 

predominantly amorphous carbon. After the 

incorporation of NiO–TiO₂, distinct and sharp 

diffraction peaks appear, indicating the formation of 

a well-crystallized oxide phase on the carbon 

framework. The observed diffraction peaks at 2θ = 

27.48°, 36.02°, 41.37°, 54.32°, 56.84°, and 69.28° 

can be consistently indexed to the (110), (101), 

(200), (111), (220), and (301) crystallographic 

planes of rutile TiO₂, respectively, in full agreement 

with JCPDS Card No. 21-1276 [27][28]. Within the 

detection limits of the XRD instrument, no 

characteristic reflections corresponding to anatase 

TiO₂ (e.g., ~25.3°, 37.8°, 48.0°, JCPDS No. 21-

1272) were observed, indicating that the TiO₂ phase 

in the composite is predominantly rutile. Therefore, 

our phase identification is based strictly on 

crystallographic matching with standard JCPDS 

reference patterns, not on the inferred phase 

transformation mechanism. A diffraction peak 

centered at 2θ = 44.63° was detected in the 

composite sample. Although this region may 

 

 

 
Gambar 4. Electrochemical evaluations were performed in KOH solution using a three-electrode 

configuration.  
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overlap with reflections from NiO and metallic Ni, 

the absence of additional diagnostic metallic Ni 

peaks at 51.8° (200) and 76.4° (220) (JCPDS Card 

No. 03-1051) [29], combined with the oxidative 

calcination atmosphere used during the synthesis, 

strongly suggests the absence of crystalline metallic 

Ni. In contrast, the observed reflections are fully 

consistent with cubic NiO (JCPDS Card No. 04-

0835) [29], confirming that the nickel is 

predominantly present in the oxidized state.  

The average crystallite sizes of BPC and NiO-

TiO₂/BPC were calculated from the XRD patterns 

using the Debye-Scherrer as shown as Equation 1; 

      

      (1) 

 

where D is the average crystallite size, k is a 

dimensionless shape factor with a value near unity 

(0.9), λ is the X-ray wavelength (0.15406), β is the 

full width at half maximum (FWHM), and θ is the 

Bragg angle [30]. As presented in Table 1, the 

average crystallite sizes for BPC and NiO/TiO₂-

BPC were found to be in the range of 9.19–10.02 

and 10.39–11.85 nm, respectively.  

 

3.3. SEM Morphology of BCP and NiO-TiO2/BPC 

Composites 

Figure 3(a) presents the SEM image of biomass-

derived porous carbon (BPC). The BPC exhibits a 

rough surface morphology with an irregular, highly 

developed pore network, characteristic of 

chemically activated carbon produced via KOH 

activation [31]. The presence of interconnected 

pores suggests the formation of a hierarchical 

porous framework that facilitates electrolyte 

penetration and ion transport. 

Upon incorporation of NiO–TiO₂, noticeable 

morphological differences are observed depending 

on the composite ratio. The NiO–TiO₂/BPC (1:2) 

sample (Figure 3(b)) displays a relatively dense 

oxide coverage, where portions of the carbon pore 

structure appear partially filled by aggregated oxide 

particles. In contrast, the NiO–TiO₂/BPC (1:3) 

composite (Figure 3(c)) shows a more 

homogeneous dispersion of oxide nanoparticles 

over the carbon scaffold while maintaining visible 

pore accessibility. This indicates that the oxide-to-

carbon ratio plays a critical role in balancing active 

redox sites and electrolyte-accessible surface area. 

The pore size distribution of BPC, shown in 

 

 

 
Figure 5. Voltamogram of (a) BPC, (b) NiO-TiO₂/BPC (1:2),  (c) NiO-TiO2/BPC (1:3), and (c) Csp of BPC 

and NiO-TiO₂/BPC.  
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Figure 3(d), was estimated from SEM micrographs 

of the thin-layer sample using the particle analysis 

function in ImageJ software. The observed pore 

features predominantly fall within the 20–80 nm 

range, corresponding to mesoporous structures. 

These dimensions are larger than the crystallite 

sizes derived from XRD using the Debye–Scherrer 

equation (Table 1); however, this difference is 

expected and not contradictory. Crystallite size 

reflects the coherent diffraction domain of 

crystalline phases, whereas SEM-observed pore 

features represent inter-aggregate voids within the 

carbon framework. Therefore, the two parameters 

describe distinct structural characteristics and 

should not be directly equated. 

 

3.4. Electrochemical Kinetics Evaluation of BCP 

and NiO/TiO2-BPC Composites 

The electrochemical performance test of BCP 

and NiO/TiO2-BPC Composite was carried out 

using a three-electrode system as seen in Figure 4. 

The electrochemical characteristics of the BPC and 

NiO–TiO₂/BPC composite electrodes were 

evaluated by CV in 2 M KOH within a potential 

window of -0.1 to 0.6 V (vs. Ag/AgCl) at scan rates 

ranging from 10 to 80 mV s⁻¹, as presented in 

Figures 5(a–c). All electrodes exhibited 

progressively increased current response with 

increasing scan rate, indicating stable 

electrochemical behavior and reasonably fast 

charge-transfer kinetics in the aqueous alkaline 

system [32]. The CV curves of the BPC electrode 

exhibit a quasi-rectangular profile without well-

defined redox peaks, characteristic of charge 

storage dominated by electric double-layer 

capacitance (EDLC) at the carbon–electrolyte 

interface. In contrast, the NiO–TiO₂/BPC 

composites exhibit noticeable deviations from the 

ideal EDLC shape, characterized by broadened 

redox humps and enhanced current response. This 

behavior suggests the presence of additional surface

-controlled Faradaic reactions associated with 

valence-state transitions of nickel species under 

alkaline conditions. Importantly, the 

electrochemical features do not resemble bulk 

conversion reactions typical of lithium-ion battery 

systems but they are more consistent with surface 

pseudocapacitive processes operating within an 

aqueous alkaline hybrid configuration.  

Determination of specific capacitance (Csp) is 

done using the following Equation 2. Plot the 

current (I) against the potential (V) and identify the 

relevant area under the curve (reduction or 

oxidation region). Then, integrate the current with 

respect to potential to obtain the charge (Q), 

Equation 3.  

 

 

Tabel 2. Specific capacitance performance of BPC and NiO/TiO₂–BPC electrodes.  

Electrode Scan rate (mV/s) Area Massa (g) ΔV (A) Q (C g⁻¹) Csp (mAh g-1) 

BPC 

10 0.00095566 0.005 1 19.11 5.31 

20 0.00139751 0.005 1 13.97 3.89 

30 0.00173831 0.005 1 11.58 3.22 

50 0.00229526 0.005 1 9.18 2.55 

80 0.00298461 0.005 1 7.46 2.07 

NiO-TiO₂/BPC (1:2) 

10 0.00083814 0.005 0.6 27.93 7.76 

20 0.00129885 0.005 0.6 21.64 6.01 

30 0.00175182 0.005 0.6 19.46 5.40 

50 0.00259268 0.005 0.6 17.28 4.80 

80 0.00310817 0.005 0.6 12.95 3.59 

NiO-TiO₂/BPC (1:3) 

10 0.00072516 0.005 0.6 24.17 6.71 

20 0.00098379 0.005 0.6 16.39 4.55 

30 0.00127333 0.005 0.6 14.14 3.93 

50 0.00182101 0.005 0.6 12.14 3.37 

80 0.00260403 0.005 0.6 10.85 3.01 
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      (2) 

 

          (3) 

 

where m is the mass (in grams), and the factor 

3.6 is used to convert Coulombs to milliampere-

hours (mAh).  

Figure 5(d) and Table 2 summarize the specific 

capacitance values of the BPC and NiO-TiO₂/BPC 

electrodes, calculated from cyclic voltammetry 

curves at various scan rates. Based on the 

recalculated specific capacitance results 

summarized in Table 2, the BPC electrode exhibits 

a Csp value of 5.31 mAh g⁻¹ at a scan rate of 10 mV 

s⁻¹, which then decreases gradually to 2.07 mAh g⁻¹ 

at 80 mV s⁻¹. In contrast, the NiO–TiO₂/BPC 

composite electrode exhibits a significant increase 

in specific capacitance across all scan rates. The 

NiO–TiO₂/BPC (1:2) electrode produced the 

highest Csp value, which was 7.76 mAh g⁻¹ at 10 

mV s⁻¹, followed by 6.01, 5.41, 4.80, and 3.60 mAh 

g⁻¹ at scan rates of 20, 30, 50, and 80 mV s⁻¹, 

respectively. These values were consistently higher 

than those of both BPC and NiO–TiO₂/BPC (1:3) 

electrodes. The NiO–TiO₂/BPC (1:3) electrode 

showed a Csp value of 6.71 mAh g⁻¹ at 10 mV s⁻¹, 

but experienced a sharper decrease to 3.01 mAh g⁻¹ 

at 80 mV s⁻¹. This indicates that increasing the 

carbon fraction relative to the metal oxide can 

reduce the number of active redox sites on NiO that 

contribute to the energy storage mechanism. 

The galvanostatic charge–discharge (GCD) 

profiles in Figure 6 demonstrate the differences in 

charge storage characteristics between BPC and 

NiO-TiO₂/BPC composites. The BPC electrode 

(Figure 6(a)) displays a relatively linear and nearly 

symmetrical charge-discharge curve, which is 

typical of the EDLC mechanism due to the 

adsorption/desorption of OH⁻ ions on the porous 

carbon surface. In contrast, the NiO-TiO₂/BPC 

electrode (Figures 6(b–c)) exhibits a deviation from 

linearity and a gentler potential slope during the 

discharge process, indicating the contribution of the 

electrode surface redox reaction in the KOH 

 

 

Figure 6. Galvanostatic charge–discharge (GCD) profiles of the electrodes: (a) BPC, (b) NiO/TiO₂–BPC 

(1:2), and (c) NiO/TiO₂–BPC (1:3).  
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medium; thus, the charge storage mechanism is a 

hybrid (EDLC + surface pseudocapacitive). 

Quantitatively (Table 3), the NiO-TiO₂/BPC (1:2) 

composite showed the highest capacity of 8.75 mAh 

g⁻¹ at 3 A g⁻¹, higher than that of BPC (6.67 mAh 

g⁻¹) and the (1:3) composite (7.17 mAh g⁻¹), which 

is consistent with the CV results (Table 2 and 

Figure 5(d)), where the 1:2 ratio also yielded the 

highest Csp at all scan rates. The decreasing 

capacity with increasing current density indicates 

ion-diffusion limitations at high current densities, a 

common phenomenon in porous electrode systems 

in aqueous electrolytes [19][33]. Thus, the CV and 

GCD data consistently confirm that the 

performance improvement in the 1:2 composite 

stems from the optimal balance between carbon 

conductivity and the number of active redox sites of 

NiO–TiO₂, without involving the bulk conversion 

mechanism typical of lithium-ion batteries.  

   

4. CONCLUSIONS 

 

In this study, biomass-derived porous carbon 

(BPC) was successfully integrated with NiO and 

TiO₂ to form NiO–TiO₂/BPC composites with 

controlled mass ratios, resulting in structurally 

stable and electrochemically active hybrid 

electrodes. XRD analysis confirmed the dominance 

of the rutile TiO₂ phase alongside oxidized nickel 

species without evidence of metallic Ni, while SEM 

observations revealed a hierarchical mesoporous 

carbon framework (20–80 nm) that remained 

accessible after oxide incorporation. 

Electrochemical evaluation in 2 M KOH 

demonstrated that pristine BPC exhibited typical 

electric double-layer capacitance behavior, whereas 

the NiO–TiO₂/BPC composites displayed enhanced 

charge storage due to the combined contribution of 

surface-controlled capacitive processes and 

reversible faradaic reactions in alkaline media. The 

NiO–TiO₂/BPC (1:2) electrode delivered the 

highest specific capacity of 7.76 mAh g⁻¹ at 10 mV 

s⁻¹ and 8.75 mAh g⁻¹ at 3 A g⁻¹, maintaining 

superior rate performance compared to BPC and the 

1:3 composite. These findings indicate that 

optimizing the oxide-to-carbon ratio is critical to 

balancing redox-active sites and pore accessibility. 

Overall, the results demonstrate that NiO–TiO₂/

BPC composites function effectively as hybrid 
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capacitive electrodes in alkaline systems, although 

further validation in lithium-based electrolytes 

would be required before considering lithium-ion 

battery applications. 
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