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Abstract. The energy crisis and environmental impacts of fossil fuels encourage the development 

of environmentally friendly alternative energy sources. Hydrogen is a promising candidate as a 

future energy carrier. This research aims to optimize hydrogen production through seawater 

electrolysis using Ni–Mo/Cu electrodes with a photovoltaic energy source. Ni–Mo/Cu electrodes 

were prepared via electrodeposition at a varied durations of 2, 4, and 6 minutes. Electrode 

characterization was conducted using X-Ray Diffraction (XRD) and Scanning Electron Microscope-

Energy Dispersive X-Ray (SEM–EDX). Photovoltaic systems were designed using fuzzy logic to 

optimize solar energy absorption. The electrolysis process was carried out at voltages of 10–30 V. 

The results showed that a 4-minute electrodeposition produced the most significant Ni–Mo layer. 

The highest hydrogen production rate of 0.7417 cm³/s was obtained at 25 V using a Ni–Mo/Cu 

electrode. These findings demonstrate the feasibility of producing hydrogen from seawater using 

renewable energy sources under the studied conditions. 

 

Keywords: Electrodeposition, Electrolysis, Hydrogen, Ni-Mo/Cu Electrodes, Photovoltaic 

 

INTRODUCTION 

 

Almost all human activities are relatively 

dependent on the availability of energy, 

which is why energy is a critical component of 

human survival (House J. E. & House K. A., 

2016). Indonesia is not the only country 

affected by the energy crisis; it is a global 

issue. The energy transition is also supported 

by numerous factors, such as the impact of 

carbon emissions generated by fossil energy 

and energy security (Cho et al., 2022; Siddiqui 

et al., 2019; Finke et al., 2021). The 

International Energy Agency (IEA) has devised 

a net-zero emission energy plan that aims to 

increase the use of hydrogen as a basic 

material or energy carrier to 24% of energy 

demand by 2050 (Srour et al., 2024). This 

matter motivates numerous stakeholders to 

pursue environmentally favorable energy 

sources, including hydrogen gas. Hydrogen is 

anticipated to be a future alternative fuel that 

is both environmentally favorable and 

efficient (Sangian et al., 2023). The energy 

Submitted 19 November 2024 Revised 30 July 2025 Accepted 8 August 2025 



S. Nabilah, H. S. Marhaenetry, M. M. Prizantika, L. T. N. Maleiva   311 

 

supply it generates is both pure and 

emission-free, as it only produces water vapor 

as a by-product during the production 

process. To resolve the global energy crisis, 

hydrogen has emerged as one of the most 

critical alternative energy sources in recent 

years (Avci & Toklu, 2022). 

Natural gas, petroleum, and coal refining 

are the primary methods of hydrogen 

production, accounting for 95% of the total. 

In the interim, electrolysis accounts for 5% of 

the global hydrogen production process 

(Gielen et al., 2019; Chi & Yu, 2018). Water 

electrolysis has garnered attention due to its 

environmental friendliness, its utilization of 

water as an infinite resource, and its low 

production cost (Zhang & Ashraf, 2020). This 

method offers the benefit of a 

straightforward water molecular 

decomposition process, while also being 

capable of producing hydrogen gas with a 

high level of purity. Indonesia is a tropical 

country, and the city of Pontianak, which 

straddles the phase line, presents a significant 

opportunity to produce hydrogen gas using 

a photovoltaic cell energy source. Rahwanda 

et al., (2022) conducted research that 

supports this assertion, indicating that the 

monthly average of solar radiation intensity in 

Pontianak City was 3.31-5.25 kWh/m2 over 10 

years from 2009-2018. Nevertheless, the 

production of electricity may be unstable due 

to fluctuations in the intensity of daily solar 

radiation. Consequently, this instability can be 

resolved by incorporating a variety of devices, 

including the BH175 sensor and the LDR 

sensor as light intensity sensors, the Arduino 

UNO, the NodeMCU, and the use of Fuzzy 

logic to move the servo to align the 

photovoltaic cell with the sunlight (Arachman 

et al., 2023). In addition to reducing the cost 

of hydrogen production through 

photovoltaic electrolysis, it is imperative to 

enhance production efficiency. For instance, 

the inclusion of ions as electrolytes can 

increase conductivity. Nevertheless, the 

production of hydrogen by large-scale 

electrolysis necessitates a substantial amount 

of water and salt. Consequently, alternative 

sources, such as natural electrolyte solutions 

for electrolysis, generate hydrogen, including 

seawater.  

Seawater is composed of 96.5% purified 

water and 3.5% other materials, including 

saline elements, dissolved gases, organic 

matter, and insoluble particles (Prastuti, 

2017). Due to its abundance and wide 

availability, seawater is a promising 

electrolyte for hydrogen production. Its use 

also supports the development of hydrogen 

production technologies based on renewable 

energy sources. Indonesia, being located 

along the equator and having extensive 

coastal areas, holds significant potential in 

utilizing seawater for energy applications. 

Given that two-thirds of its geographical area 

is made up of oceans, Indonesia is 

acknowledged as the largest maritime nation 

in the world. 71% of the Earth’s surface is 

covered by water, and 96.5% of the planet’s 

water supply comes from seawater (Kim & 

Lee, 2022). Therefore, the potential for the 

widespread application of hydrogen 

production through the electrolysis of 

seawater to expedite the transition from fossil 

fuels is significant. 

The selection of seawater as an 

electrolyte is based on its conductivity and 

availability, as well as its alignment with clean 

energy goals. The optimal electrode should 

exhibit high catalytic activity, excellent 

conductivity, and resistance to seawater 

corrosion. Therefore, to enhance conductivity 

and corrosion resistance, several electrodes 

were investigated such as graphene 

(Wehrhold et al., 2022), rhodium (Devendra et 
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al., 2022), Pt-Ni (Carro et al. 2023), Ni-Mo (Liu 

et al. 2022; Zhang and Ashraf, 2020; Aguilar et 

al. 2024), Ni-Co (Hüner et al., 2023; Yang, 

2022), Ni-Fe (Wang et al. 2023), Ni-SnO2 (Xing 

et al., 2022), PtNb-Nb2O5 (Nie et al., 2022), 

and composites based on Nb superconductor 

(Franceschini et al., 2022; Prysyazhnyuk et al., 

2018; Dubrovskiy et al., 2018). However, nickel 

is regarded as a great option among the 

transition metals due to its lower free energy 

required to absorb hydrogen. Moreover, Ni-

Mo alloys have been discovered as one of the 

best binary alloys for the water electrolysis 

process (Zhang & Ashraf, 2020). On the other 

hand, Cu lies in the volcano plot just below Pt 

and MoS2 due to its favorable exchange 

current density and DGH in terms of HER. Still, 

its greatest barrier is its susceptibility to 

corrosion (Yowanda & Lestari, 2021). 

Therefore, to enhance conductivity and 

corrosion resistance, Ni–Mo electrodes were 

sparsely deposited onto copper surfaces (Ni–

Mo/Cu) using electrodeposition techniques. 

The resulting nanostructured coating can 

increase the electrochemically active surface 

area, thus enhancing hydrogen evolution 

reaction (HER) performance (Zhang & Ashraf, 

2020; Yang et al., 2019; Nairan et al., 2020). 

The objective of this research is to 

investigate the effect of electrodeposition 

duration on the characteristics of Ni–Mo 

electrodes on Cu substrates and to evaluate 

their performance in seawater electrolysis 

powered by solar photovoltaic systems. The 

study also aims to examine the effect of 

applied electrical voltage on the hydrogen 

generation rate using the Ni–Mo/Cu 

electrode. It is expected that the findings can 

support advancements in the production of 

hydrogen from seawater with both efficient 

and cost-effective outcomes. This work also 

highlights the potential of utilizing 

Indonesia’s abundant seawater and 

renewable solar energy in contributing to 

national energy sustainability. 

 

MATERIALS AND METHODS 

 

The following materials were employed 

in this research: acetone, distilled water, 

Ag/AgCl electrodes, aluminium foil, 

ethylenediamine (EDA), HCl 20%, 0.5 M 

H3BO3, 1.0 M NiCl2.6H2O, and 0.1 M 

Na2MoO4, copper rod (Cu), and graphite rod.  

 

Stage of Solution Preparation and 

Electrocatalyst Manufacturing  

The Ni-Mo layer was deposited on the 

copper electrode (Cu) surface using an 

electrodeposition method that  commence 

with the cutting of a Cu rod with a diameter 

of 10 mm and a length of 4 centimeters, 

followed by embossing with grit 2000. The 

electrode was produced by depositing a Ni-

Mo layer on the surface of a copper rod (Cu) 

that had been previously prepared. The 

degreasing process was conducted in 

acetone for 20 minutes. The sample was 

subsequently immersed in a 20% HCl solution 

for 20 seconds to activate it. The sample was 

subsequently rinsed with aquadest. Coating 

was performed on a standard three-cell 

electrode, with Ag/AgCl serving as the 

reference electrode, which was situated near 

the working electrode. Samples were 

prepared as working electrodes, while 

graphite bars were employed as the system 

electrode. The electrodeposition method was 

employed to deposit Ni-Mo layers at 10 volts 

(potentiostatic). The immersion coating's 

composition was as follows: 0.5 M H3BO3, 1.0 

M NiCl2.6H2O, and 0.1 M Na2MoO4. EDA was 

employed to produce the crystal pattern at a 

rate of up to 200 g/L. The coating was applied 

at a current density of 500 mA cm-2 (Zhang et 

al., 2020) for 2, 4, and 6 minutes, and the 
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coating was subsequently desiccated. 

 

Characterization of the Electrode 

To analyze the surface morphology of 

the porous size distribution of the electrode 

and to observe the homogeneity of the 

deposited Ni-Mo layer, the deposited Ni-Mo 

layer was characterized using SEM-EDX. To 

distinguish the crystalline phase of the Ni-

Mo/Cu layer and ascertain the phase 

composition of the metal oxide in the 

constituting layer of the electrode, XRD tests 

were also implemented. 

 

Characterization of the Properties of 

Seawater  

The salinity, pH, and conductivity of 

seawater were initially assessed before 

electrolysis after they were collected from the 

coast of the Bengkayang district, West 

Kalimantan Province.  The pH measurement 

was conducted using a pH meter that was 

calibrated to the standard pH range of 7.5-

8.4. 

 

Photovoltaic Radiation Stage  

This research employed an Arduino UNO 

microcontroller with the Fuzzy Sugeno logic 

decision-making method. The input values of 

the TEMT6000 east and TEMT600 west 

sensors were processed using the trimf 

membership function, which has a range of 0-

1050. The output was servo values with a 

range of 0-10, which were used as a 

determinant of the motion of the servo motor 

MG996R as a photovoltaic propeller. The 

BH1750 was employed as a solar intensity 

meter to ascertain the surrounding weather. 

The INA219 sensor was employed to obtain 

current and voltage values. The MCU Node, a 

microcontroller, processes data on the 

intensity of light, voltage, current, and power 

from the photovoltaic cell, then sends it to a 

Google Spreadsheet and Firebase database 

for monitoring. The data was then displayed 

in real time by a monitoring application 

created using Android Studio software. The 

survey was conducted from 8:00 AM to 4:00 

PM.  

 

Electrolysis of Seawater 

The electrolysis device was assembled 

after the electrode preparation. The system 

included a potentiostat operating in 

galvanostatic mode to apply a controlled 

current. Electrolysis was conducted using 

optimally deposited Ni–Mo/Cu electrodes 

and a graphite bar as the counter electrode. 

The temperature was maintained at room 

temperature. During electrolysis, the 

hydrogen gas produced was captured in a 

water displacement setup, and the gas 

volume was measured using a manometer 

over time intervals to calculate the hydrogen 

evolution rate. The volume of hydrogen gas is 

measured by calculating the dimensions 

(cm3) of the space in the glass reactor that 

occurs due to the formation of hydrogen gas 

and pushing water to the side of the 

manometer. 

The level of homogeneity and uniformity 

of the Ni-Mo/Cu electrode layer resulting 

from the deposition will be determined by 

analyzing the Ni and Mo atomic composition 

of the layer obtained from the SEM-EDX 

characterization results. The crystal phase 

and orientation formed are determined by 

analyzing the diffraction patterns and peak 

intensity results of the XRD characterization 

on the layer. Additionally, the hydrogen 

volume data produced during electrolysis 

was analyzed and curved to determine the 

impact of voltage on the hydrogen content. 

The impact of voltage was assessed by 

altering it at 10-30 Volts in 5 Volt increments, 

maintaining a constant voltage 
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(potentiostatic) throughout the electrolysis 

process. The addition of EDA and an 

extended electrodeposition time induces the 

formation of nanostructures on the Ni-

Mo/Cu electro-catalyst surface as a result of 

the growth stimulus of vertical 

electrochemistry. The optimal 

electrodeposition time can be determined by 

comparing the peak intensity of the 

diffractogram to the XRD analysis result. The 

volume of hydrogen produced from voltage 

fluctuations during the marine water 

electrolysis process can be used to determine 

the optimal electrical voltage. The surface 

morphology of the porous size distribution of 

the electrode and the homogeneity of the 

deposited Ni-Mo layers were analysed by 

utilizing SEM to characterize the deposited 

Ni-Mo layers. The phase composition of the 

metal oxide component of the electrode layer 

is determined through XRD tests. 

 

RESULTS AND DISCUSSION 

 

Characteristics of Seawater  

The seawater utilized is sourced from 

Gratis Beach in Bengkayang. The seawater 

has a salinity of 31.54 ppt, a pH of 7.5, and a 

temperature of 31.8 °C. It contains 39 

grams/mL of ions (Yowanda & Lestari, 2021). 

The high conductivity of seawater is a result 

of its salinity and salt content, which can aid 

in the production of additional hydrogen gas 

during the electrolysis process.  

 

Production of Ni-Mo/Cu Electrodes  

The Ni–Mo layer was electrodeposited 

onto the surface of copper bars (Cu) during 

the electrode manufacturing procedure in 

this investigation. A standard three-electrode 

cell was employed, with Ag/AgCl serving as 

the reference electrode. It was placed near 

the working electrode to ensure accurate 

control of the applied potential during the 

coating process. This setup allowed for stable 

and consistent deposition conditions. Figure 

1 illustrates the outcome of the 

electrodeposition. 

 

   

  (a)   (b)  (c) 

Fig. 1: Results of electrodeposition (a) 2 

minutes; (b) 4 minutes; and (c) 6 minutes 

 

A Ni-Mo layer, which is a green 

crystalline fragment, has been deposited on 

the copper surface following this procedure, 

as evidenced by XRD and SEM 

characterization. 

 

XRD Characterization Results  

The objective of this analysis is to 

ascertain the influence of time variations on 

the coating. The following image illustrates 

the diffractogram of Ni-Mo/Cu 

electrodeposition results for 2, 4, and 6 

minute variations: 

 

 

Fig. 2: The diffractogram of the Ni-Mo/Cu 

coating as a function of time 

 

The XRD analysis revealed the presence 

of dominant diffraction peaks at angles of 2θ 
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43.8489°, 50.8824°, 74.5082°, 90.1661°, and 

95.5289°, after a 2-minute variation in 

electrodeposition time. The principal 

component is copper (Cu), as indicated by 

this diffraction pattern. Additionally, there is a 

potential for the detection of a copper-nickel 

alloy phase (Ni-Cu) with a score of 27. At peak 

points 43.8489° (100%), the relative intensity 

was the highest, followed by peaks at 

74.5082° (96.27%) and 50.8824° (83.35%).  

The XRD analysis of a sample with 

electrodeposition time variation for 4 minutes 

revealed a diffraction pattern, with the 

primary peaks located at angles 2θ 43.5444°, 

50.5515°, 74.2559°, 90.0059°, and 95.2461°. 

The apex peak was detected at 43.5444° with 

a relatively high intensity of 100%. The 

presence of copper (Cu) as the primary 

component was indicated by phase 

identification, which has a matching point of 

77. Additionally, there were indications of the 

presence of nickel oxide (NiO) with a 

matching score of 11, albeit in relatively small 

quantities. This diffraction pattern is in 

accordance with the predominant copper 

crystal structure, with the potential for a 

minor quantity of nitric oxide to exist as a 

secondary phase.  

A diffraction pattern with the primary 

peaks at 2θ angles of  42.9468°, 50.0347°, 

73.9448°, 89.7428°, and 94.8490° is observed 

in the XRD analysis of a sample with a 

variation in the electrodeposition duration for 

6 minutes. The relative intensity of the highest 

peak is 100% at 50.0347°, and it is followed 

by a peak at 42.968° with a relative strength 

of 76.35%. A score of 50 matches indicates 

the presence of copper (Cu) as the primary 

component, as indicated by the phase 

identification. This diffraction pattern 

suggests that the sample was primarily 

composed of copper crystal structures, with 

the potential for a small quantity of nickel 

oxide to exist as a secondary phase.  

The analysis of copper coating 

diffractogram patterns (Ni-Mo/Cu) was 

conducted within a 2θ-10° angle range. With 

successive intensities of 67.9, 100, 43, 7, 14.3, 

10.4%, and 3.7%, the highest peaks on the 

data reference code 03-065-5745 are 37.23°, 

43.29°, 62.88°, 75.42°, 79.41°, and 95.07°. The 

XRD result in Figure 2 indicates that the 

coating result is the result of the appearance 

of peaks that are near the reference data code 

03-065-5745 on electrodepositions with a 

time variation of 4 minutes. By the ICDD 

standard 00-047-1049, the identification 

process revealed peaks at 43.54° and 95.25° 

with a high intensity of 100%.  

 

Results of the SEM Analysis  

The structural relationships between the 

variables associated with the Ni-Mo/Cu 

compounds were investigated through the 

SEM analysis. Analysis of the copper (Cu) 

surface stratified with Ni-Mo was conducted 

at a magnification of 5,000x, with the sample 

examined three times. The nanostar structure 

that was anticipated was evident in the SEM 

results of the three samples. Based on the 

research journal Zhang and Ashraf (Zhang & 

Ashraf, 2020), the nanostar structure on the 

Cu surface can be observed using SEM at a 

magnification of 5,000x. However, the 

nanostar structure did not appear in this 

study after the SEM analysis was conducted 

at the same magnification.  

In Figure 3(a), the surface of the sample 

treated for 2 minutes shows an asymmetrical 

texture, characterized by scattered bright 

particles on a darker background. This 

indicates non-uniform topographic 

composition and suggests areas of high 

particle concentration. The bright particles 

range in diameter from approximately 0.5 to 

1 µm. Some larger clusters can also be 



316  Production of Hydrogen with Electrolysis-Photovoltaic from Seawater Using Ni-Mo Electrodes 

Deposited at Cu (Ni-Mo/Cu) 

observed. The surface contains 

microfractures forming irregular patterns, 

suggesting a rough and discontinuous 

structure. 

 

 

(a) 

 

(b) 

 

(c) 

Fig. 3: The Ni-Mo/Cu surface morphology 

from varied electrodeposition time: (a) 2 

minutes; (b) 4 minutes; and (c) 6 minutes 

 

In Figure 3(b), the surface morphology of 

the samples with a 4-minute coating 

treatment was highly complex and 

heterogeneous, as evidenced by the SEM 

analysis results. Particle agglomerations of 

varying sizes, ranging from fine fragments to 

larger clusters, as well as stratified structures 

with rugged and irregular texture, dominate 

surfaces. Certain regions appear to be more 

illuminated, suggesting variations in material 

composition or height. Fine fissures were 

present in certain regions of the surface. This 

morphology suggests a very high surface 

area.  

In Figure 3(c), the SEM analysis of a 

sample that experienced a 6-minute coating 

treatment revealed that the material's surface 

structure is highly porous and textured on a 

micron scale. The material was composed of 

numerous tiny, irregularly shaped particles or 

aggregates that collectively form intricate 

and interconnected tissues. The surface 

exhibits a substantial degree of rigidity and 

topographic variation, evidenced by the 

presence of visible fissures or spaces that may 

suggest the fragility of the sample 

preparation results. 

 

Result of the EDX Analysis 

Based on the results of EDX analysis of 

the copper (Cu) surface coated with nickel 

molybdenum (Ni-Mo), it is indicates that the 

electrodeposition with 2 minutes shows the 

surface composition with the main content of 

Cu (97.95% by weight), as well as Ni (1.77% 

by weight) and Mo (0.28% by weight). This 

composition indicates that the sample 

surface is dominated by a layer of copper, 

with a small content of nickel and 

molybdenum. The percentage of Cu atoms 

(97.90%) is much higher than that of Ni 

(1.92%) and Mo (0.18%), indicating that the 

layer of Cu has covered almost the entire 

surface. These results indicate that the 

process of Ni-Mo coating on the copper 

surface has been successfully carried out, and 

Cu coating dominates the surface with 

relatively small Ni and Mo contents. 

Electrodeposition time of 4 minutes 

shows the surface composition with the main 

content of Mo (97.99% by weight), as well as 

Ni (1.20% by weight) and Cu (0.80% heavy). 
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This composition indicates that the sample 

surface is dominated by a molybdenum layer, 

with small amounts of nickel and copper. 

Atomic percentage Mo (96.86%) is much 

higher than Ni (1.94%) and Cu (1.20%), 

indicating that the Mo layer had covered 

most of the surface. This result shows that the 

Mo coating process on the surface has been 

successfully carried out, and the Mo layer 

dominates the surface, but there is still a small 

amount of Ni and Cu that is exposed. 

 

 

Fig. 4: EDX Spectrum of Ni-Mo/Cu coating 

at time variation of 2 minutes 

 

 
Fig. 5: EDX spectrum of Ni-Mo/Cu coating at 

time variation of 4 minutes 

 

Electrodeposition with a time of 6 

minutes shows the surface composition with 

the main content of Cu (72.42% by weight) 

and Ni (13.80% by weight), as well as Mo 

(13.77% by weight). This composition 

indicates that the copper surface has been 

coated with a mixture of nickel and 

molybdenum. The percentage of Cu atoms 

(75.06%) is higher than that of Ni (15.49%) 

and Mo (9.45%), indicating that the Ni-Mo 

layer does not cover the entire copper 

surface. These results suggest that the Ni-Mo 

coating process on the Cu surface has been 

successfully carried out. However, the coating 

is not evenly distributed, with still areas of 

exposed copper. 
 

 

Fig. 6: EDX spectrum of Ni-Mo/Cu coating at 

time variation of 6 minutes 

 

Table 1.  Elemental composition of samples 

based on EDX analysis 

Sample 
EDX 

Spectrum 
Element % Wt 

2-minute Figure 4 
Ni 1.77 

Mo 0.28 

Cu 97.95 

4-minute Figure 5 
Ni 1.20 

Mo 97.99 

Cu 0.80 

6-minute Figure 6 
Ni 13.80 

Mo 13.77 

Cu 72.42 

 

Overall, the EDX analysis results confirm 

that the copper surface was successfully 

coated with a Ni–Mo layer, although the 

coating quality varied depending on the 

deposition duration. Table 1 shows the Cu 

electrode subjected to a 4-minute 

electrodeposition showed the highest Mo 

content, indicating a more effective coating 

and dominance of the active catalytic metal. 

In contrast, electrodes with 2-minute and 6-

minute deposition times exhibited incomplet
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e coverage, with Cu signals still dominant, 

implying that insufficient or excessive 

deposition time may hinder optimal metal 

deposition. 

Based on a previous study, an effective 

Ni–Mo catalyst layer should exhibit a uniform 

and Mo-rich surface for optimal hydrogen 

evolution reaction (HER) performance (Zhang 

& Ashraf, 2020). The 4-minute sample in this 

study appears to meet this criterion, 

suggesting it possesses adequate catalytic 

properties for the intended application. 

Therefore, this sample is considered suitable 

for further electrochemical performance 

testing. However, further validation through 

electrochemical characterization is 

recommended to confirm catalytic efficiency 

and stability. 

 

Photovoltaic Assembly  

The photovoltaic assembly preparations 

commenced with the assembly of lithium-ion 

batteries. Twelve batteries were constructed 

in a succession of four series and three 

parallel configurations. Batteries are 

equipped with battery management systems 

(BMS) to ensure their security. The voltage 

that enters a 50-watt photovoltaic cell was 

determined by connecting it to a wattmeter. 

The voltage is then transferred to the SCC, 

which functions as a 20-amp photovoltaic 

controller. The photovoltaic controller is then 

connected to the battery. The photovoltaics 

affixed on the framework can be moved to 

the left and right sides by using the 

TEMT6000 sensor on the right and left sides. 

This sensor will transmit values to the servo, 

which will adjust the photovoltaic’s direction 

toward the sun when high light intensity 

values are detected. Both are constructed 

using the Fuzzy Sugeno logic system to 

determine the positions of the photovoltaic 

panels about the sun's direction, thereby 

maximizing solar energy. If the right sensor is 

75.5 and the left sensor is 38.3, the servo 

output will be 123, which will result in the 

right, as the sunlight is more intense on the 

right. This is based on a single rule. The 

subsequent table displays the measurement 

data results.  

The amplitude of the voltage generated 

by the solar panel is influenced by the 

difference in light intensity caused by the 

level of luminosity and the cloud cover. 

Therefore, the panel is oriented by the sun's 

direction to capture the maximum amount of 

sunlight. The sensor receives the most 

significant light in strong sun conditions 

within the temperature range of 28 °C to 

33 °C. The intensity of the sun's rays fluctuates 

due to the amount of sunlight that is 

obscured by clouds during the output 

voltage testing of solar panels. The data 

obtained shows that the maximum values for 

the intensity of light, voltage, current, and 

power were observed at 11:00 PM during the 

hourly measurement of 08:00 – 04:00 PM. 

 

Table 2. Intensity of light, voltage, current, 

and power per hour 

Time 

Intensity 

of Light  

(Lux) 

Voltage  

(Volt) 

Current  

(A) 

Power  

(Watt) 

08:00 65,200 17.05 0.32 5.45 

09:00 75,200 18.20 0.42 7.64 

10:00 103,100 19.86 0.49 9.73 

11:00 107,300 19.89 0.51 10.14 

12:00 95,250 19.78 0.48 9.49 

13:00 89,000 19.60 0.46 9.01 

14:00 78,400 19.34 0.44 8.50 

15:00 68,300 17.08 0.33 5.63 

16:00 63,100 16.80 0.23 3.86 

 

Table 2 shows the data subsequently serves 

as a baseline to ascertain the energy storage 
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capacity and to strategize for more stable 

electrolysis system operations, hence 

mitigating fluctuations in the electrical 

energy supply during the electrolysis process. 

 

Electrolysis of Seawater  

Overall, the EDX analysis indicates 

that the copper surface was successfully 

coated with a mixture of nickel and 

molybdenum (Ni–Mo), although the degree 

of coating varies with deposition time. The 

electrode deposited for 4 minutes exhibits 

the highest Mo content and the most uniform 

surface coverage, suggesting a more effective 

and stable catalytic layer. In contrast, 

electrodes with 2-minute and 6-minute 

deposition durations still show dominant 

copper signals, indicating either insufficient 

deposition (2 minutes) or possible 

overgrowth and delamination (6 minutes), 

which may reduce coating integrity. 

According to previous literature, a Mo-

rich Ni–Mo layer is desirable for optimal 

catalytic activity in hydrogen evolution 

reactions (Zhang & Ashraf, 2020). The 4-

minute sample in this study aligns with those 

findings, indicating its potential suitability for 

further electrochemical evaluation. These 

results suggest that the 4-minute deposition 

condition provides a balanced composition 

and morphology, likely sufficient to support 

the next stage of performance testing. 

Voltage is one of the variables that can 

influence the volume of hydrogen gas 

generated. It is evident from Figure 7(a) that 

the production of hydrogen gas increases as 

the voltage increases. The first Faraday’s law 

is directly analogous to this, in which the 

quantity of substance generated on an 

electrode is precisely proportionate to the 

electrical charge (Herlambang et al., 2020), 

where electrical charge is the number of 

current during a certain period (current x 

time), and current has a direct proportionality 

to voltage. At a constant resistance, as current 

rises, voltage rises linearly, thus it eventually 

increases the gas generated. 

  

 
(a) 

 
 (b)  

Fig. 7: The impact of voltage on (a) the 

volume of hydrogen; and (b) the duration of 

hydrogen production 

 

Both the voltage and the volume 

influence the duration of the electrolysis 

procedure. In this study, the duration of the 

electrolysis process was recorded until the 

water level in the reactor peaked, driven by 

the propulsion of hydrogen gas generated on 

the cathode side. This measurement 

facilitates a comprehensive comparison of 

the production time and efficiency achieved. 

According to Figure 7(b), the electrolysis 

process time was reduced by up to 249 

seconds at a voltage of 25 V as the voltage 

increased. Nevertheless, the energy 

consumption was greater at a 30 V voltage, 

which results in a prolonged production time 

of 2690 seconds, rendering the process 

ineffective in the production of hydrogen gas 
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with a higher volume. Nonetheless, the 

extended production time observed at 30 V 

might indicate that the applied potential has 

surpassed the effective range for hydrogen 

evolution, leading to a diminished driving 

force for the reaction. As a result, the process 

exhibits reduced efficiency even with the 

increased voltage input. This aligns with the 

findings of Nascimento et al. (2023), who 

confirmed that energy consumption rises 

with an increase in voltage. The rise in this 

phenomenon could originate from the 

electrolysis system's inefficiencies, including 

significant overpotential, which leads to a 

reduction in efficiency at elevated voltages, 

despite an increase in gas production. This is 

also the case when an electrolysis process 

was conducted at the same voltage as an 

electrode without a deposition. This 

illustrates the substantial influence of the 

electrodeposition process, as it can enhance 

electrocatalytic activity, enabling the Ni-

Mo/Cu electrodes to complete electrolysis 

processes in a shorter timeframe than 

undeposited copper electrodes. The 

substantial impact of this electrodeposition 

ultimately influences the flow rate of the 

hydrogen gas production. 

In addition, voltage not only affects the 

flow rate and volume of hydrogen generated 

but also significantly influences the length of 

the electrolysis process. Figure 7(b) indicates 

that while increased voltage generally 

enhances hydrogen generation, excessively 

high levels, like 30 V, can lead to reduced 

efficiency. This is attributed to factors such as 

overpotential, electrode degradation, and 

internal resistance, which ultimately result in 

extended processing times. This suggests 

that the ideal voltage is not necessarily the 

maximum, but rather the level that maintains 

a balance among speed, efficiency, and 

system stability. 

As illustrated in Figure 8(a), the hydrogen 

gas flow rate was measured during 

electrolysis using a water displacement 

method, and the values were recorded in 

units of cm³/s.  The hydrogen gas flow rate 

has increased the most at a voltage of 25 V, 

with a value of 0.7417 cm3/s. A high flow rate 

signifies quick gas production; however, if the 

duration of electrolysis is brief, the overall gas 

volume remains small.   With a voltage 

variation of 25 V, the electrolysis process 

concludes more rapidly, even with a high gas 

flow rate, leading to a reduced total gas 

volume. The flow rate is significantly different, 

with hydrogen produced at a non-deposition 

electrode at the highest electrolysis voltage 

(30 V) being four times smaller than that 

produced at a 10 V voltage with Ni-Mo-

deposited Cu electrodes. 

 

 
(a) 

 
(b) 

Fig. 8: The impact of voltage on (a) the 

hydrogen flow rate; (b) and temperature 

 

This demonstrates that the active surface 

area of the Cu electrode is greater than that 
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existence of the Ni-Mo layer on the Cu 

electrode surface. This is consistent with the 

findings regarding the voltage's impact on 

the volume of hydrogen gas and the duration 

of the electrolysis process. Consequently, the 

optimal voltage for this electrolysis procedure 

is 25 V. This conclusion is corroborated by the 

correlation between the resulting electrolyte 

temperature after electrolysis and the applied 

voltage, as illustrated in Figure 8(b). 

The temperature of the electrolysis 

process generally increases as the voltage 

increases, as illustrated in Figure 8(b). 

However, at 30 V, the temperature drops due 

to the absence of significant electrolysis 

activity, especially at the non-

electrodeposited electrode, which results in 

lower heat generation. Consequently, the 

electrolysis device will become increasingly 

heated as the voltage increases. This 

temperature rise will increase the electron's 

kinetic energy, which will accelerate the 

reduction-oxidation reaction. 

 

CONCLUSIONS 

 

Ni-Mo/Cu electrodes are employed in 

marine water photovoltaic electrolysis 

methods, which demonstrate promising 

potential as environmentally benign and 

sustainable alternatives to hydrogen 

production, particularly in coastal or island 

regions. The research results indicate that Ni-

Mo electrodeposition on a copper surface 

(Cu) was effectively conducted with an 

optimal deposition time of 4 minutes, 

resulting in the most optimal Ni-Mo layer as 

determined by XRD and SEM analysis. In 

comparison to Cu electrodes without 

deposition, the Ni-Mo/Cu electrodes showed 

improved performance compared to bare Cu 

electrodes in the marine water electrolysis 

process, as evidenced by a higher hydrogen 

flow rate and shorter electrolysis duration, as 

well as their ability to generate a greater 

volume of hydrogen gas and achieve reduced 

electrolyte time. The maximum hydrogen 

flow rate of 0.74 mL/s was achieved when the 

optimal voltage for hydrogen production 

through marine photovoltaic-electrolysis-

water using Ni-Mo/Cu electrodes was 25 V. 

The optimization of power generation for 

electrolysis processes can be achieved 

through the use of photovoltaic systems with 

solar tracking technology combined with 

fuzzy logic.  
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