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ABSTRACT 

	With the electronic revolution that the world has nowadays, there is a necessity to look for alternative energy sources to meet the increasing electricity demand. One of the innovative alternatives to fossil-fuel-dependent energy sources is electricity from saltwater. This study utilized different salt solutions as electrolytes for voltaic cells that used the pairings of Cu, Mg, and Zn as electrodes. Seawater samples collected comprise approximately 94% of sodium chloride (NaCl) in the total salinity of the seawater solution. Results showed that seawater recorded the highest voltage among all salt solutions in a voltaic cell that used Mg-Cu as electrodes with an average output voltage of 1.35 V. Moreover, with the use of a buck-boost regulator module, a maximum of 8 V was recorded when six voltaic cells were assembled into a battery. Thus, the seawater-based battery with Mg-Cu electrode pairing has the potential for small-scale applications such as charging mobile devices.
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1. INTRODUCTION 

The electronic revolution, characterized by the extensive use of highly sophisticated portable devices such as cellular phones with amazing applications, demands high-energy-density, safe, and cheap power sources . As the world population grows, affluence tends to increase, which in turn results in consuming fossil fuels at a faster rate. This implies the necessity to look for alternative sources of energy so that the world will remain sustainable. Moreover, the use of fossil fuels poses a threat to the environment, considering that about three-quarters of global greenhouse gas emissions arise from the use of fossil fuels (Stoner R.,2017, Sustainable energy options for Africa. Unpublished). One of the adopted solutions to this problem is the use of renewable energy sources. Renewable energy sources (RES) are innovative alternatives to fossil fuels due to their inexhaustible and environmentally friendly features .

Parallel to the emergence of renewable and sustainable energy sources, lithium-ion batteries have predominated as one of the most popular technologies for portable consumer electronics because of their efficiency and high energy density. The advancements in cathode and anode materials that improve performance, longevity, and safety have been the subject of research on the material revolution of lithium-ion technology . Theodore's research provides a dedicated material engineering strategy to improve the overall charge-discharge behavior of LiMPO4 materials for Li-ion battery storage. Additionally, evaluations of layered, spinel, and olivine electrode materials show how material innovation impacts the efficiency and design of rechargeable batteries . Also, the study of ionic liquid mixed polymer electrolytes in supercapacitors is another such field for the improvement of electrochemical devices with ramifications on performance and sustainability in portable energy sources .

Although lithium-ion technology has made great leaps forward, its dependence on costly and rare raw materials constrains its cost and widespread use in resource-constrained and low-cost environments. This presents a window of opportunity to consider other battery systems that are easy, low-cost, and sustainable. Previous studies have shown the high possibility of generating electricity from salt in seawater . Examples of such studies include "saltwater-powered" Sustainable Alternative Lighting (SALt) lamps and seawater batteries for fishing lamps. However, the adoption of this technology is not yet widespread due to the high cost of electrode materials. Common electrodes are produced from a combination of several metals, such as magnesium, nickel, tin, or lithium, which are expensive and restricted .

This study aims to expand the use of this technology by developing a saltwater-based battery for charging mobile devices, the most commonly used devices today. To produce the voltaic cell, the researchers determined the right pairing of economically and readily available metals (such as zinc, magnesium, and copper) as electrodes, which were tested using different electrolytes in order to determine the optimum voltage that can be generated. The experimental electrolytes included different concentrations of saltwater and seawater, which were compared with sulfuric acid as the standard electrolyte. A battery was then assembled from the voltaic cells to generate electricity sufficient to charge mobile devices. Finally, the efficiency of the prototyped battery was evaluated based on the voltage produced by the battery with and without a load..

2. materialS and methods 

2.1 Research Design
This study utilized a Randomized Complete Block Design (RCBD) to determine the voltages (dependent variable) produced from the three pairs of electrodes (independent variable) using the different concentrations (independent variable) of electrolytes. The researchers made voltaic cells using different pairs of metals (Zn-Cu, Mg-Zn, Mg-Cu) with three replicates for each pair. Each replicate has five versions of a voltaic cell with a specific electrode pair. The electrolytes were randomly assigned to a particular version. Since voltage readings can be affected by contamination of different electrolytes, and electrodes can be corroded upon the application of the treatment, five versions of each replicate were made so that only one treatment is accommodated per version of the replicate. Aside from having three replicates, three trials were also done for each treatment using the same version of the replicate to ensure consistency of voltage readings.

2.2 Data Gathering Procedure Experimental Set-up
2.2.1 Construction of an Experimental Voltaic Cell
The experiment was conducted from September 2018 to February 2019 in the Chemistry Laboratory of Southern Leyte State University-College of Teacher Education, San Isidro, Tomas Oppus, Southern Leyte, Philippines. The different electrodes used were copper (Cu), magnesium (Mg), and zinc (Zn), which have been paired with each other. The copper plate was used as the cathode, and zinc and magnesium were used as anodes in the Zn-Cu and Mg-Cu pairings, respectively. In the Mg-Zn pairing, the magnesium served as the anode. The dimensions of the electrodes in the experimental phase were 0.2 cm wide and 9.0 cm long, and the distance between electrodes was 5.0 cm. Twenty-seven (27) strips of each type of metal were prepared. Each strip was folded once to prevent it from touching the bottom of the glass container, and then an alligator clip was clasped on its tips. The alligator clip was soldered with a fifteen-centimeter (15 cm) long copper wire. The wires were inserted in the two holes drilled into the lids of each glass container, and then another alligator clip was soldered at the other end of the wire. Hot stick glue was applied around the gap of the holes in the lids to prevent the solution from spilling and to secure the electrodes in place. Sixty-three bottles were used: 27 bottles for T0, nine bottles for T1, nine bottles for T2, nine bottles for T3, and nine bottles for T4. The design of the experimental phase for all electrode combinations is shown in Figure 1.
Figure 1. Design of the Experimental Voltaic Cell 














2.2.2 Construction of Final Battery
The dimensions of the electrodes used for the final battery were 2.8 cm wide and 9.0 cm long. The magnesium ribbons, used as the anode, were woven and connected using an epoxy resin to form a plate. The size of the electrodes in all experiment combinations of the final battery set-up is shown in Figure 2.

Figure 2. The Size of Electrodes












The battery was assembled inside a 250 ml experiment tank. A thick plastic was used to divide the battery container into six cell compartments, with an anode and a cathode, respectively. The battery was then connected to the buck-boost regulator module, as shown in Figure 3. The electrode plates were placed in the slit of a 25 mm rubber to keep the electrodes in place. Subsequently, the width of the cubic rubber was also the size of each cell compartment. Prior to use of the battery, the cells were activated spontaneously by immersing the electrodes in seawater. Figure 4 shows the circuit diagram of the battery and the buck-boost regulator module. Inside the battery, copper wires had been soldered onto the copper strips that connect the copper electrodes in the other cells, as shown in Figure 5.
Meanwhile, magnesium electrodes in each cell were extended vertically using a magnesium ribbon that was cut equally. As shown in Figure 6, holes were drilled in the lid of the plastic container. The two magnesium electrodes were joined and inserted into the holes to connect to the circuit outside the battery, forming a series connection with alligator clips. A Universal Serial Bus (USB) port was attached to the buck-boost regulator module so that a phone charger can be connected.

Figure 3. Electrodes Connected in a Parallel-Series Circuit



















Figure 4. Circuit Diagram of Battery with Buck-boost Regulator Module
















Figure 5. Electrodes Inside the Battery Module



















Figure 6. Electrodes Inside the Battery Module















2.2.3 Collection of Seawater Samples
To get the average concentration of sodium chloride in seawater, three samples were collected from each of the three sampling locations within San Isidro Fish Sanctuary San Isidro, Tomas Oppus Southern Leyte namely: at the shore near the IFI Cemetery (10o15’02.5’’N 124o59’12.0’’E); at the shore near the Easter Faith Church School (10o15’05.2’’N 124o59’11.8’’E); and the shore near the Yepes Boarding House (10o15’08.0’’N 124o59'11.7''E). The samples were collected from a depth of one meter below sea level. The weather was sunny on the date of the collection, so there was a high chance of high salinity.

2.2.4 Determination of Molar Concentration of NaCl in Seawater Samples
The seawater samples were tested for the Percent Sodium Chloride (% NaCl) of the total salinity using the HI 9835 Auto Ranging EC/TDS/NaCl/Temperature Meters. Salinity is necessary in order to measure the total ions present in the seawater. Furthermore, the %NaCl of the total salinity was measured in order to check the contribution of NaCl to the total salinity of seawater.
2.2.5 Quantitative Analysis of Sulfuric Acid through Standardization and Titration
The concentration of the sulfuric acid solutions was analyzed quantitatively by titration using the standard sodium hydroxide solution (NaOH). The sodium hydroxide solution was standardized using KHP.
2.2.6 Formulation of Sodium Chloride Solutions
In the preparation of sodium chloride (NaCl) solutions to specified molarities and volume, the amount of impure NaCl was computed prior to weighing, as reflected in Appendix 1. Using an analytical balance, 14.910 g, 22.362 g, and 29.816 g of impure NaCl were measured for sodium chloride solutions with 1.0 M, 1.5 M, and 2.0 M concentrations, respectively. After weighing, the salt was transferred to a 250 ml beaker, and an adequate amount of distilled water was added to dissolve the salt. The petri dish used as a container for weighing the impure salt was also rinsed with distilled water to remove all the salt left on it. After dissolving, the solution was transferred to a 250 ml volumetric flask and diluted with distilled water up to the mark.
2.2.7 Preparation of Treatments
The treatments were prepared using the concentrations specified below. The control treatment (T0) was a 1.0 M sulfuric acid solution, Treatment 1 (T1) was a 1.0 M NaCl solution, Treatment 2 (T2) was a 1.5 M NaCl solution, Treatment 3 (T3) was a 2.0 M NaCl solution, and Treatment 4 (T4) was the collected seawater. All treatments had a volume of 250 mL.

Table 1. Concentration,  Volume, and Conductivity of Treatments

	Treatment
	Concentration
	Volume (mL)
	Conductivity(S/m)

	T0
	1.0 M sulfuric acid solution
	250
	130 

	T1
	1.0 M sodium chloride solution
	250
	11.2

	T2
	1.5 M sodium chloride solution
	250
	16.9

	T3
	2.0 M sodium chloride solution
	250
	22.5

	T4
	0.475 M seawater
	250
	5.33*


Note: A sodium chloride (NaCl) solution with 0.025 M at 25 °C has a conductance of 0.2808 S/m, adapted from the study of Golnabi et al .
* The conductivity of seawater was only based on the sodium chloride component, not on the totality of the other available ions present in the solution.
2.2.8 Testing of the Experimental Voltaic Cells
The multimeter was calibrated or adjusted to a known zero value prior to use for accurate readings in testing the experimental voltaic cells. Starting from version one of Zn-Cu pairing, 250 mL of T0 was poured into the voltaic cell. The lid was fixed (with one alligator clip already connected to the electrodes) to the glass container. Then the other alligator clip was connected to the test probe of the multimeter tester. The positive end of the multimeter test probe was connected to the cathode, and the negative end was connected to the anode. All three replicates of electrode pairing (Mg-Zn, Mg-Cu, Zn-Cu) with five versions of a voltaic cell and their assigned electrolyte underwent three trials. The voltage produced from each trial was measured and recorded.
2.2.9 Testing of Final Battery
The treatment and electrode pairing that produced the highest voltage were utilized for the final battery, which consists of six cells connected in a parallel-series circuit. Using a DC terminal cord, the battery was connected to the buck-boost regulator module to step up and regulate the output voltage of the battery. The phone was then connected to the USB port of the buck-boost regulator module for charging. The voltages produced from the battery alone, from the battery with the buck-boost regulator module, and the battery with the buck-boost regulator module and load were measured and recorded. The phone's battery specification used as a load was 3.7 V, 600 mA-h.
To test the device's performance, the voltages it can produce over five days were recorded. The first recording was done immediately after immersing the electrodes in seawater (electrolyte). The second recording was done two days after the first, and the third was performed two days after the second recording.

2.2.10 Statistical Analysis
One-way Analysis of Variance (ANOVA) was used to determine if the difference between the voltages produced by the two best treatments was statistically significant.

3. results and discussion

3.1 Molar Concentration of NaCl in Seawater Samples
Table 2 shows the molar concentration of NaCl in seawater samples per location. These samples were taken at three different locations within San Isidro Fish Sanctuary, with the corresponding coordinates shown in the table.

Table 2. Density, Temperature, and Salinity of Seawater and Mass and Molarity of NaCl in Seawater

	Sample
	Location
	Average Mass (g) of NaCl in one kg of seawater
	Average Density of Seawater (g/mL)
	Molar Concentration of NaCl in Seawater (M)
	Temperature (0C)
	Percent (%)
NaCl of the Total Salinity

	1
	10o15’02.5’’N
124o59’12.0’’E
	
	
	
	31.10C
	93.9%

	2
	
	27.21*
	1.02
	0.475
	30.20C
	93.7%

	3
	
	
	
	
	30.10C
	93.3%

	4
	10o15’05.2’’N
124o59’11.8’’E
	
	
	
	29.40C
	94.3%

	5
	
	27.21
	1.02
	0.475
	29.40C
	94.3%

	6
	
	
	
	
	29.40C
	94.3%

	7
	10o15’08.0’’N
124o59’11.7’’E
	
	
	
	29.30C
	94.5%

	8
	
	27.21
	1.02
	0.475
	29.40C
	94.2%

	9
	
	
	
	
	29.80C
	93.3%


*27.21 g is adapted from Magno . Chemistry, Science, and Technology Textbook, Vibal Publishing House, Inc.

It can be observed that the molar concentrations of NaCl in seawater are the same at different locations within the said sanctuary. This concentration of NaCl (0.475 M) in seawater comprises approximately 94% of the total salinity of seawater as reflected in column 7. The remaining 6% of the total salinity can be attributed to other ions such as sulfate ion, magnesium ion, calcium ion, and potassium ion, which are also present in seawater . Meanwhile, it can be observed that there is a slight difference in the percent NaCl of the total salinity of seawater and the temperature recorded in this study. This negligible difference can be attributed to the precision and accuracy of the measuring device and human error incurred in the process of collecting the seawater samples.

3.2 Electrode Pairing and Treatment that Produced the Highest Voltage
Table 3 presents the individual readings of the voltages produced from the different treatments and electrode pairings using the Professional Analogue Multimeter Tester (YH-372C). These readings were averaged to determine the highest voltage reading in different treatments and electrode pairings.


Table 3. Voltage Reading per Treatment and Electrode Pairing
	
	
	Treatment

	Pair
	Replicates
	T0
	
	T1
	
	T2
	
	T3
	
	T4
	

	
	
	Mean
	stdev
	Mean
	stdev
	Mean
	stdev
	Mean
	stdev
	Mean
	stdev

	
	Replicate 1
/ Trials
	.57
	.03
	.62
	.20
	.42
	.03
	.47
	.03
	.40
	0.00

	Zn-Cu
	Replicate 2
/Trials
	.60
	.01
	.47
	.03
	.42
	.03
	.44
	.03
	.40
	0.00

	
	Replicate 3
/Trials
	.60
	.05
	.44
	.03
	.40
	0.00
	.40
	0.00
	.40
	0.00

	
	Average
	.59
	.03
	.51
	.09
	.41
	.02
	.44
	.02
	.40
	.00

	
	
Replicate 1
/ Trials
	
1.40
	
.15
	
.53
	
.03
	
.66
	
0.00
	
.59
	
.16
	
.78
	
.14

	Mg-Zn
	Replicate 2
/Trials
	1.27
	.16
	.62
	.06
	.72
	.06
	.74
	.05
	.68
	.10

	
	Replicate 3
/Trials
	1.26
	.15
	.69
	.15
	.75
	.05
	.79
	.03
	.70
	.05

	
	Average
	1.31
	.15
	.61
	.08
	.71
	.04
	.70
	.08
	.72
	.10

	
	
Replicate 1
/ Trials
	
1.97
	
.03
	
1.30
	
.00
	
1.31
	
0.00
	
1.30
	
.00
	
1.35
	
.05

	Mg-Cu
	Replicate 2
/Trials
	1.92
	.06
	1.30
	.00
	1.30
	.00
	1.30
	.00
	1.37
	.03

	
	Replicate 3
/Trials
	1.87
	.03
	1.29
	.03
	1.30
	.00
	1.29
	.03
	1.34
	.03

	
	Average
	1.92
	.04
	1.30
	.01
	1.30
	.00
	1.30
	.01
	1.35
	.03


Legend: T0 = 1.0 M H2SO4, T1 = 1.0 M NaCl, T2 = 1.5 M NaCl, T3 = 2.0 M NaCl, T4= 0.475 M Seawater

As shown in Table 3, there was a difference in voltages produced from the different pairings of electrodes immersed in the same type of electrolytes. This result affirms the findings of Norsworthy  and Susanto et al  that the high voltage produced is dependent on the combination of an appropriate pair of electrodes in a galvanic seawater cell. Norsworthy  further explained that this difference is due to the electrical difference or difference in potential energy between the two electrodes (the anode and cathode) in the electrochemical cell.

The highest voltage produced is from the Mg-Cu pairing, with an average of 1.35 V. This can be explained by the high electropositivity of magnesium and the high tendency of copper to accept electrons. In addition, magnesium has a negative standard electrode potential of -2.37 V  or -1.63 V in 3% sodium chloride , which is more negative than zinc, which has a standard electrode potential of -1.25 V . On the other hand, copper has a standard electrode potential of 0.34 V . Thus, given these values, when magnesium is paired with copper and zinc is paired with copper, Mg-Cu pairing will produce a greater potential difference or emf.

Moreover, magnesium has a Faradic capacity of 2.205 A·h/g that is significantly higher than zinc’s Faradic capacity of 0.820 A·h/g . This would mean that the magnesium anode could theoretically offer a larger number of electrons per unit mass to produce an electric current than zinc. Meanwhile, copper as a cathode electrode is widely used as a cathode material and in electrical products due to its high viability, high electrical conductivity (5.9 x 107), and low resistivity (1.7 x 109 Ω).

On the other hand, the result shows that there was a difference in voltages produced from the different electrolytes with the same electrode pairing. This voltage difference produced can be attributed to the nature of ions present in the electrolyte . As reflected in Table 3, different ions produced varying voltages, while the same ions produced equal voltages. For instance, T1, T2, and T3, which are composed of Na+ and Cl- ions, produced the same voltage. The voltages produced from these treatments are lower when compared to T0, which is composed of H+ and SO4-2, and T4 (seawater), which is composed of sulfate ion (SO4-2), magnesium ion (Mg+2), calcium ion (Ca+2), and potassium ion (K+1). The result observed in T1, T2, and T3 supports the statement of Masrufaiyah et al.  that the voltages do not depend strongly on the concentration of salt.

3.4 Mean Difference of the Voltages Produced by the Two Best Treatments

Table 4 presents a comparison of H2SO4 and seawater electrolytes in terms of the voltage produced using the electrode pairing that yielded the highest voltage reading, as shown in Table 3.
	
Table 4. Comparison between H2SO4 and Seawater Electrolytes in terms of the voltage produced

	Pair
	Treatment
	N
	Mean voltage
	STDEV
	Mean difference
	df
	t- value
	p- value

	Mg-Cu
	H2SO4 (T0)
	45
	1.92
	0.04
	0.57
	81
	9.39
	.001

	Mg-Cu
	Seawater (T4)
	45
	1.35
	0.03
	
	
	
	



Table 4 shows that there is a significant difference between H2SO4 (T0) and seawater (T4) in terms of voltage produced. The computed (P = .001) means that the mean difference of 0.57 V between the voltage produced by T0 and the voltage produced by T4 is statistically higher. This result implies that, in terms of producing current, sulfuric acid as an electrolyte is better than seawater. This is because, as Chang  has said, H2SO4 is a strong electrolyte that dissociates almost completely into H+ and SO4-2. In contrast, seawater is a complex mixture of 96.5% water, 2.5% salts, and smaller amounts of other substances . This means that only a part of the seawater dissociates into ions such as chlorine ion, sulfate ion, sodium ion, magnesium ion, calcium ion, and potassium ion .

Additionally, the 1.0 M H2SO4 is a higher concentration compared to the 0.475M NaCl in seawater. This would mean that more ions can participate in the voltaic cell that uses 1.0 M H2SO4 as electrolyte than in the voltaic cell that uses seawater that has 0.475 M NaCl. The greater number and concentration of ions that can participate in the reactions of H2SO4 enable it to generate a higher voltage than seawater. Moreover, H+, SO4-2, Na+, and Cl- differ in their positions in the electrochemical series. Among the positively charged ions, the hydrogen ion accepts electrons more readily because it is more electronegative compared to the sodium ion. The electrochemical series also showed that the lower the position of a negative ion, just like Cl- in the series, the more it gives off electrons at the anode. Thus Cl- gives off electrons easily than SO4-2. However, even though Cl- has a higher tendency to discharge, SO4-2 can discharge more electrons because it has a charge of -2. Furthermore, seawater also contains dissolved inorganic and organic materials , which may have influenced the chemical reactions and current flow in the seawater either positively or negatively.

Nevertheless, seawater (T4) was used in the final product of this study because of the voltage produced, as shown in Table 4. Although it is lower than that of H2SO4, when assembled into a battery and used with a buck-boost regulator module, it has the potential to charge mobile devices that require 3.7 V.

3.5 Voltages Produced by the Prototyped Battery
 
Table 5 presents the data obtained from the final device testing. Each trial has an interval of two days from the day the electrodes were immersed in seawater, except for Trial 1. The phone's battery specification used as a load was 3.7 V, 600 mA-h.

Table 5. Voltages Produced by the Seawater-based Battery alone, with Booster and Load
 
	
	TRIAL 1
	TRIAL 2
	TRIAL 3

	Battery
	4 V
	2.2 V
	1.4 V

	Battery with booster
	8 V
	3.9 V
	2.4 V

	Battery with booster and load
	4.7 V
	3 V
	0.7 V


	
As shown in Table 5, the voltages produced by the seawater-based battery were almost doubled after it had been connected to the booster. However, after the phone (load) was connected, the voltages decreased by half. This is because the load has already consumed some of the energy from the seawater-based battery. Meanwhile, two days after Trial 1, which was performed immediately after immersing the electrodes in seawater, the voltages produced were reduced by almost half of the original. The same was observed in Trial 3. The diminishing voltages may be attributed to the continuous reactions occurring in the battery during the two-day wait, which depleted some of the ions and electrons present in the system. A rise in temperature in the battery was also observed while charging. There could be energy loss in the form of heat, which is consistent with the second law of thermodynamics, which states that a machine cannot convert all energy into another form of energy without loss. Navasa and Religioso  also said that whenever an electric current flows, heat energy is given off.

Despite the observed voltage decrease, the voltages produced by the seawater-based battery alone in the first trial was 4 V, the battery with booster was 8 V. The battery with booster and load was 4.7 V, were high enough to reach the minimum voltage to charge, which was 3.7 V. This means that the seawater- based battery design has the potential to charge mobile devices.

4. Conclusion

The study found that the average molar concentration of NaCl in the seawater sample collected was 0.475 M. Among all electrode pairings tested in a voltaic cell, the Mg-Cu pairing generated the highest voltage, recording an average of 1.35 V when immersed in seawater. A six-cell battery system equipped with a buck-boost regulator module achieved an average output voltage of 4.8 V and was able to charge a 600 mAh, 3.7 V phone battery at an average voltage of 2.8 V. However, over time, the performance of this six-cell battery decreased to about half of its original voltage output. Based on these findings, the seawater-based battery demonstrates potential for use in charging mobile devices.
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Figure 3. Electrodes Connected in Parallel-Series Circuit
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Figure 4. Circuit Diagram of Battery with Buck-boost Regulator Module 
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Figure 5. Electrodes Inside the Battery
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