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Abstract 

A study has been conducted to analyze the effect of various electrolyte 

concentrations and cross-sectional areas on voltage and current in batteries using 

the galvanic cell method (voltaic cells). This study aims to determine the electrolyte 

concentration and electrode cross-sectional area that provide optimal effects on 

voltage, current, and power in batteries. Variations in NaCl electrolyte 

concentration of 1 M; 3 M; 5 M; 7 M; and 9 M as electrolytes and variations in the 

cross-sectional area of Cu-Al 5 cm2, 10 cm2, 15 cm2, 20 cm2, 25 cm2 as electrodes. 

From these tests, the optimal voltage value was obtained at a concentration of 7 M 

and a cross-sectional area of 25 cm2 with a value of 0.73 V, the optimal current 

value at a concentration of 7 M and a cross-sectional area of 25 cm2 with a value 

of 19.99 mA, and the optimal power value at a concentration of 7 M and a cross-

sectional area of 25 cm2 with a value of 14.593 mwatts. The larger the cross-

sectional area of the electrode, the greater the electrical energy produced. The 

optimum concentration of electrolyte greatly influences the value of the electrical 

power produced. 
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INTRODUCTION 

Battery technology is improved continuously(Waseem et al., 2025). In motor vehicles, hybrid 

vehicles also use batteries as energy storage technology(Jacobs et al., 2024; Pavlovic et al., 

2024). Various methods are widely used in making batteries (Ali et al., 2024; Huang et al., 

2022; Lippke et al., 2024). However, most studies use expensive materials, so they cost a lot 

of money. In addition, the long method is considered quite time-consuming and costly. In this 

study, batteries were made using natural materials (Anisa & Zainuri, 2020; Zhang et al., 2024). 

Salt is easy to get, here the researcher uses saltwater as the main component of electrolyte (Guy 

et al., 2025). In addition, the manufacturing technique uses a simple method so it saves more 

time and money. 

A series of voltaic cells consisting of copper (Cu) and aluminum (Al) electrodes has been 

carried out by using sea saltwater as an electrolyte . The results of the study analyzed the 

voltage, current, and power values on the Cu-Al electrode pair with a series of one battery cell, 

two battery cells, and three battery cells in series circuit. In this study, it can be concluded that 

the magnitude of the voltage and current produced varies(Anisa & Erwanto, 2024). This is due 

to several influencing factors, namely, the conductor wire used, the type of electrolyte and the 

amount used, and the cross-sectional area of the electrode. 

Based on research conducted by (Anisa & Setyaningrum, 2022), the power produced is quite 

small due to its small cross-sectional area and the absence of variations in electrolyte 
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concentration (Neigum & Wang, 2024). So the author wants to continue by analyzing the effect 

of variations in electrolyte concentration and cross-sectional area on the voltage and current in 

the battery using the galvanic cell method (voltaic cell) (Singh et al., 2024). With variations in 

NaCl concentration of 1 M; 3 M; 5 M; 7 M; 9 M as electrolyte and variation of cross-sectional 

area of Cu-Al 5 cm2, 10 cm2, 15 cm2, 20 cm2, 25 cm2 as electrode. It is expected that with 

variation of concentration and cross-sectional area can be known which gives optimal influence 

on voltage and current, so that the power produced is perfect. So through this research, it is 

expected to know how the electrolyte concentration affects the current and voltage produced. 

From this research, it is hoped to understand how far the electrode cross-sectional area affects 

the electrical power produced. 

 

METHOD  

Tools and Materiaks 

The tools used in this study include glassware, analytical scales, petri dishes, hot plates, 

magnetic stirrers, alligator clips, vessel containers, scissors, rulers, and digital multimeters. 

The materials used in this study include salt, distilled water, aluminum (Al) plates, copper (Cu) 

plates (Flores-Lasluisa et al., 2022). 

Working Procedures 

The stages in conducting this research are grouped into 3 that is  preparation, testing, and data 

collection stage. 

Preparation Stage 

Making Electrochemical Cell Design 

Prepare the design of an experimental device (experiment kit) in the form of a 250 liter beaker 

glass containing NaCl solution. Then a pair of electrode rod clamps are placed on top of the 

vessel, which can be shifted or adjusted to vary the distance between the two electrodes and 

the position of the electrode rod can be raised and lowered to adjust the variation of the 

electrode cross-sectional area (Gopi & Ramesh, 2024). 

Electrode Preparation 

Place the Cu (Copper) and Al (Aluminum) electrodes on the clamp with variations: 5 cm2, 10 

cm2, 15 cm2, 20 cm2, 25 cm2 (Liu et al., 2024). 

Electrolyte Preparation 

Make NaCl solution with concentration variations: 1 M; 3 M; 5 M; 7 M; 9 M. 

Testing Stage 

The testing stages carried out are as follows: NaCl which has become an electrolyte solution, 

each poured into a container with concentration variations of 1 M; 3 M; 5 M; 7 M; 9 M. 

Furthermore, the Cu-Al electrode pair with cross-sectional area variations of 5 cm2, 10 cm2, 15 

cm2, 20 cm2, 25 cm2 is dipped into the sample and then clamped. Then the voltage and electric 

current of the entire cell are measured with a multimeter for each variation of the electrode 

cross-sectional area. If the voltage and current values are known, the magnitude of the power 

value produced can be calculated. 

Data Collection 

Data collection is carried out through 2 main stages which are data collection techniques and 

data analysis techniques 
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Data collection techniques 

The data collection technique uses the observation method of the experiments carried out. So 

that the data obtained and used in this study are primary. Data collection was obtained from 

the results of observations of the treatments given by recording the results of the potential 

differences generated by using solutions with different NaCl concentration variations and 

variations in the cross-sectional area of the Cu (Copper) and Al (Aluminum) electrodes (Singh 

et al., 2024). 

Data analysis techniques 

The data analysis techniques used in this study were carried out qualitatively by interpreting 

the observation data and quantitatively by using the One-way ANOVA test to test the 

differences between different groups or treatments. The One-way ANOVA test was used in 

this test because there was only one independent variable and one dependent variable. 

 

RESULTS AND DISCUSSION 

Based on the research that has been conducted, the results of measurements of the treatment of 

variations in the concentration of table salt solution (NaCl) 1 M; 3 M; 5 M; 7 M; 9 M and 

variations in the cross-sectional area of the Cu-Al electrode (Lobato-Peralta et al., 2024), 

including 5 cm2, 10 cm2, 15 cm2, 20 cm2, 25 cm2. The results of these measurements are in the 

form of electrical voltage, electrical current, and electrical power. 

The Effect of Electrolyte Concentration and Electrode Cross-sectional Area on Battery 

Voltage 

Table 1 Results of Battery Voltage Measurement 

Concentration 
Cross-Secsional Area 

5 cm2 10 cm2 15 cm2 20 cm2 25 cm2 

1 M 0,58 0,60 0,63 0,64 0,66 

3 M 0,61 0,62 0,65 0,65 0,69 

5 M 0,63 0,64 0,67 0,68 0,71 

7 M 0,65 0,68 0,70 0,72 0,73 

9 M 0,51 0,54 0,54 0,59 0,59 

*Volt  

 

Figure 1. Graph of  Battery Voltage Measurement Results 

The results of measuring the voltage of table salt (NaCl) solution with concentration variations 

of 1 M; 3 M; 5 M; 7 M; 9 M and variations in the cross-sectional area of the Cu-Al electrode 
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(Slavova et al., 2025) of 5 cm2, 10 cm2, 15 cm2, 20 cm2, 25 cm2 are presented in Table 1 and 

Figure 1. The graph in Figure 4.1 shows that the concentration of NaCl electrolyte has a linear 

relationship with the voltage value where the greater the concentration of the NaCl electrolyte 

solution used, the higher the voltage generated (Lobato-Peralta et al., 2024). 

The Effect of Electrolyte Concentration and Electrode Cross-sectional Area on Battery 

Current 

Table 2. Battery Current Measurement Results 

Concentration 
Cross-sectional Area 

5 cm2 10 cm2 15 cm2 20 cm2 25 cm2 

1 M 5,94 7,52 8,18 9,38 10,77 

3 M 7,96 9,76 11,44 13,75 15,67 

5 M 9,15 13,84 14,83 18,05 18,92 

7 M 10,72 16,42 17,99 19,96 19,99 

9 M 5,33 6,07 6,68 8,43 9,72 

*mAmpere 

 

Figure 2 Graph of  Battery Current Intensity Measurement Results 

The results of current measurements on treatments with variations in the concentration of table 

salt (NaCl) solution 1 M; 3 M; 5 M; 7 M; 9 M and variations in the cross-sectional area of the 

Cu-Al electrode (Grube et al., 2024), including 5 cm2, 10 cm2, 15 cm2, 20 cm2, 25 cm2 can be 

seen in Table 2 and Figure 2. The graph in Figure 2 shows that the concentration of NaCl 

electrolyte has a linear relationship with the current value; the greater the NaCl electrolyte 

solution concentration, the higher the current produced means higher electrical energy (Meng 

et al., 2017). 

The Effect of Electrolyte Concentration and Electrode Cross-sectional Area on Battery 

Power 

Table 3. Results of Battery Power Measurement 

Concentration 
Cross-sectional Area 

5 cm2 10 cm2 15 cm2 20 cm2 25 cm2 

1 M 3,445 4,512 5,153 6,003 7,108 

3 M 4,856 6,051 7,436 8,937 10,812 

5 M 5,764 8,858 9,936 12,274 13,433 

7 M 6,968 11,166 12,593 14,371 14,593 

9 M 2,718 3,278 3,607 4,974 5,735 

*mWatt 
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Figure 3. Graph of  Electric Power Measurement Results 

Power is the amount of energy absorbed in a circuit (Prakoso et al., 2020), power is generated 

from the difference in voltage and current (Li et al., 2018). Table 3 and Figure 3 show a 

comparison of electrolyte concentration variations with the increase in power from each cross-

sectional area. Although there is a decrease in some data from each electrolyte due to a decrease 

in voltage and current values(Yang et al., 2022). These results indicate that the cross-sectional 

area that produces better power in each electrolyte concentration is at a Cu-Al cross-sectional 

area of 25 cm2. 

 

CONCLUSION 

Based on the results of the research that has been carried out, it can be concluded as follows: 

The electrolyte concentration and cross-sectional area that provide an optimal effect on the 

voltage value are at a concentration of 7 M and a cross-sectional area of 25 cm2 with a value 

of 0.73 V. The electrolyte concentration and cross-sectional area that provide an optimal effect 

on the current value are at a concentration of 7 M and a cross-sectional area of 25 cm2 with a 

value of 19.99 mA. The electrolyte concentration and cross-sectional area that provide the 

optimal influence on the power value is at a concentration of 7 M and a cross-sectional area of 

25 cm2 with a value of 14.593 mWatt. The maximum electrolyte value does not always produce 

maximum electrical energy, but the optimum electrolyte concentration will produce maximum 

electrical energy. Unlike the electrode cross-sectional area, the wider the electrode cross-

section used, the greater the electrical power output. 

 

RECOMMENDATION 

For each concentration and cross-sectional area variable, it is advisable to conduct more 

sampling for each variation and with more test repetitions 

 

BIBLIOGRAPHY 

Ali, Z. M., Jurado, F., Gandoman, F. H., & Ćalasan, M. (2024). Advancements in battery 

thermal management for electric vehicles: Types, technologies, and control strategies 

including deep learning methods. In Ain Shams Engineering Journal (Vol. 15, Issue 9). 

Ain Shams University. https://doi.org/10.1016/j.asej.2024.102908 

Anisa, Z., & Erwanto, E. (2024). Potensi Pembangkit Listrik Tenaga Air Hujan Pltah Sebagai 

Sumber Energi Listrik Piranti Elektronik Rumah Tangga. Jurnal Rekayasa Mesin, 15(2), 

1053–1065. https://doi.org/10.21776/jrm.v15i2.1671 

2

4

6

8

10

12

14

16

0 1 2 3 4 5 6 7 8 9 10

P
o

w
er

 (
m

W
at

t)

NaCl Concentration (M)

5 cm2

10 cm2

15 cm2

20 cm2

25 cm2

https://doi.org/10.1016/j.asej.2024.102908
https://doi.org/10.21776/jrm.v15i2.1671


 

Anisa, et al The Electrical Behaviour Study on …. 

 

Hydrogen: Jurnal Kependidikan Kimia, April 2025, 13(2)  |241 

 

Anisa, Z., & Setyaningrum, D. (2022). Pemanfaatan Elektrolit Air Laut Sebagai Sumber Energi 

Listrik Baterai Dengan Elektroda Tembaga â€“ Aluminium. Sainmatika: Jurnal Ilmiah 

Matematika Dan Ilmu Pengetahuan Alam, 156–162. 

https://doi.org/10.31851/sainmatika.v19i2.9583 

Anisa, Z., & Zainuri, M. (2020). Synthesis and Characterization of Lithium Iron Phosphate 

Carbon Composite (LFP/C) using Magnetite Sand Fe3O4. The Journal of Pure and 

Applied Chemistry Research, 9(1), 16–22. 

https://doi.org/10.21776/ub.jpacr.2020.009.01.517 

Flores-Lasluisa, J. X., Huerta, F., Cazorla-Amorós, D., & Morallón, E. (2022). Transition metal 

oxides with perovskite and spinel structures for electrochemical energy production 

applications. Environmental Research, 214. 

https://doi.org/10.1016/j.envres.2022.113731 

Gopi, C. V. M., & Ramesh, R. (2024). Review of battery-supercapacitor hybrid energy storage 

systems for electric vehicles. In Results in Engineering (Vol. 24). Elsevier B.V. 

https://doi.org/10.1016/j.rineng.2024.103598 

Grube, A., Shaban, M. M., Hilger, L., Firouzjaei, M. D., Shamsabadi, A. A., Demirel, Y., 

Elliott, M., Nejati, S., & Bavarian, M. (2024). Wearable Textile Supercapacitors: 

Material Advancements and Applications. In Journal of Energy Storage (Vol. 99). 

Elsevier Ltd. https://doi.org/10.1016/j.est.2024.113228 

Guy, J. B., Porcher, W., Chazelle, S., Bossard, F., Mayousse, E., Chavillon, B., & Martinet, S. 

(2025). Influence of liquid electrolyte salt nature and concentration on tortuosity 

measurement of battery electrode. Electrochimica Acta, 514. 

https://doi.org/10.1016/j.electacta.2024.145567 

Huang, H., Liu, P., Ma, Q., Tang, Z., Wang, M., & Hu, J. (2022). Enabling a high-performance 

saltwater Al-air battery via ultrasonically driven electrolyte flow. Ultrasonics 

Sonochemistry, 88. https://doi.org/10.1016/j.ultsonch.2022.106104 

Jacobs, M., Gupta, R., & Paolone, M. (2024). Week-ahead dispatching of active distribution 

networks using hybrid energy storage systems. Sustainable Energy, Grids and Networks, 

39. https://doi.org/10.1016/j.segan.2024.101500 

Li, D., Sun, Y., Yang, Z., Gu, L., Chen, Y., & Zhou, H. (2018). Electrochemical Oscillation in 

Li-Ion Batteries. Joule, 2(7), 1265–1277. https://doi.org/10.1016/j.joule.2018.03.014 

Lippke, M., Ohnimus, T., Frankenberg, F., Schilde, C., & Kwade, A. (2024). Drying and 

calendering of Lithium Ion battery electrodes: A combined simulation approach. Powder 

Technology, 444. https://doi.org/10.1016/j.powtec.2024.119984 

Liu, K., Ye, X., Zhang, A., Wang, X., Liang, T., Fang, Y., Zhang, W., Hu, K., Liu, X., & Chen, 

X. (2024). Highly efficient Fe-Cu dual-site nanoparticles supported on black pearls 2000 

(carbon black) as oxygen reduction reaction catalysts for Al-air batteries. RSC Advances, 

14(8), 5184–5192. https://doi.org/10.1039/d3ra07925b 

Lobato-Peralta, D. R., Okoye, P. U., & Alegre, C. (2024). A review on carbon materials for 

electrochemical energy storage applications: State of the art, implementation, and 

synergy with metallic compounds for supercapacitor and battery electrodes. In Journal 

of Power Sources (Vol. 617). Elsevier B.V. 

https://doi.org/10.1016/j.jpowsour.2024.235140 

Meng, J., Guo, H., Niu, C., Zhao, Y., Xu, L., Li, Q., & Mai, L. (2017). Advances in Structure 

and Property Optimizations of Battery Electrode Materials. In Joule (Vol. 1, Issue 3, pp. 

522–547). Cell Press. https://doi.org/10.1016/j.joule.2017.08.001 

https://doi.org/10.31851/sainmatika.v19i2.9583
https://doi.org/10.21776/ub.jpacr.2020.009.01.517
https://doi.org/10.1016/j.envres.2022.113731
https://doi.org/10.1016/j.rineng.2024.103598
https://doi.org/10.1016/j.est.2024.113228
https://doi.org/10.1016/j.electacta.2024.145567
https://doi.org/10.1016/j.ultsonch.2022.106104
https://doi.org/10.1016/j.segan.2024.101500
https://doi.org/10.1016/j.joule.2018.03.014
https://doi.org/10.1016/j.powtec.2024.119984
https://doi.org/10.1039/d3ra07925b
https://doi.org/10.1016/j.jpowsour.2024.235140
https://doi.org/10.1016/j.joule.2017.08.001


 

Anisa, et al The Electrical Behaviour Study on …. 

 

Hydrogen: Jurnal Kependidikan Kimia, April 2025, 13(2)  |242 

 

Neigum, K., & Wang, Z. (2024). Technology, economic, and environmental analysis of 

second-life batteries as stationary energy storage: A review. Journal of Energy Storage, 

103, 114393. https://doi.org/10.1016/j.est.2024.114393 

Pavlovic, J., Tansini, A., Suarez, J., & Fontaras, G. (2024). Influence of vehicle and battery 

ageing and driving modes on emissions and efficiency in Plug-in hybrid vehicles. Energy 

Conversion and Management: X, 24. https://doi.org/10.1016/j.ecmx.2024.100776 

Singh, R., Choudhary, A., & Arora, N. (2024). Manufacturing Letters Employing the electrode 

of different diameters to join dissimilar Al-Cu thin sheets using resistance spot welding. 

In Manufacturing Letters (Vol. 41). www.sciencedirect.com 

Slavova, M., Slavov, I., Terziev, V., Mladenova, E., & Abrashev, B. (2025). Analysis of the 

effects of zeolite additions on the properties of battery components: A review article. 

Electrochimica Acta, 513. https://doi.org/10.1016/j.electacta.2024.145557 

Waseem, M., Lakshmi, G. S., Ahmad, M., & Suhaib, M. (2025). Energy storage technology 

and its impact in electric vehicle: Current progress and future outlook. Next Energy, 6, 

100202. https://doi.org/10.1016/j.nxener.2024.100202 

Yang, J., Cai, Y., & Mi, C. (2022). Lithium-ion battery capacity estimation based on battery 

surface temperature change under constant-current charge scenario. Energy, 241. 

https://doi.org/10.1016/j.energy.2021.122879 

Zhang, P., Zheng, Y., Wang, H., Wu, J. M., Zhang, Z., & Wen, W. (2024). A battery-

supercapacitor hybrid energy storage device that directly uses seawater or saltwater lake 

water. Materials Today Advances, 24. https://doi.org/10.1016/j.mtadv.2024.100535 

 

 

https://doi.org/10.1016/j.est.2024.114393
https://doi.org/10.1016/j.ecmx.2024.100776
http://www.sciencedirect.com/
https://doi.org/10.1016/j.electacta.2024.145557
https://doi.org/10.1016/j.nxener.2024.100202
https://doi.org/10.1016/j.energy.2021.122879
https://doi.org/10.1016/j.mtadv.2024.100535

