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Abstract---In this study cathode material is used in the 

electrochemical process of seawater to suggest a rechargeable 

saltwater battery system for electric lanterns. Sodium is created from 

saltwater during battery charge , and oxygen of sea water  helps to 
discharge the battery. As well stand as oxidants to energy production. 

Hence sodium and cathode can be brought from the sea water. During 

this procedure it shows the success of 72 percent as the involvement 

of Sodium and evolution of Cl2 in the presence of O2. This has been 

increased to 82 percent with a cycle of 40. 

 
Keywords---lithium-air, sodium air, sea-water battery, energy storage 

system, renewable energy. 

 

 

Introduction 
 

Seawater is the world's most plentiful resource, including a wide range of 

chemical species emitted by the Earth's crust and living creatures. Sodium is the 

most abundant chemical component in saltwater (Na and chlorides). As a result, 

we presented a rechargeable battery cell that employs saltwater as anode and 

cathode materials. The non-aqueous liquid electrolyte in the seawater battery was 
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made up of Na/non-aqueous liquid/solid electrolyte/.1 M NaClO4 in ethylene 

carbonate: diethyl carbonate (1:1 volume ratio). The NASICON-type (NASICON: Na 

super ion conductor) Na3Zr2Si2PO12 solid electrolyte, which has a good and 

rapid Na ion conductivity of >7.0 tens of S cm-1 at room temperature, prevented 

one to one contact between the salty water of sea with positive and the battery 
electrolyte with -ve electrode.  

 

 
Figure 1. Chemical constituents of seawater 

 

A collection of three  of multi-phase electrolyte/electrode components such as 

liquid/solid electrolytes and liquid/solid/liquid (or gas) electrodes have enabled 

the creation of innovative battery cell topologies such as Li–Air, Li–liquid, Na–
air[2], and Li–polysulfide batteries. Various fascinating electrochemical reaction 

pairs are suggested and tested based on these battery designs that were not 

previously explored owing to the limits of traditional battery cell design. We 

recently looked at the viability of employing seawater as an electrode material in a 

unique rechargeable battery system. 
 

Objective 

 

In heavily inhabited locations, a high volumetric energy density would be the best 

choice for energy storage[1], [4], but in distant places where the size of systems 

can be readily extended, cheaper systems might become more competitive. As a 
result, it's critical to have a robust portfolio of battery systems in order to deliver 

the best possible options. The mechanism of the seawater battery is illustrated in 

this paper, based on the aforesaid novel cell design. Figures 1 and 2 depict 

schematic schematics of sodium-ion movement and probable chemical reaction 

pathways in the cell during the charge and discharge operations. 

 



 

 

 

8169 

 
Figure 2.  Chemical Reaction Mechanism during charging and discharging 

 

Methodology 

 

Toxic metals and solvents in Li-ion batteries can escape from buried cells and 

damage soil and groundwater. The novel seawater battery is ecologically beneficial 
since it uses benign seawater instead of the poisonous solvent used in 

conventional lithium-ion batteries. Lithium-ion battery solvents are currently 

flammable, posing a fire hazard if the batteries are damaged or overheated. When 

incorrectly disposed of in landfills, they can potentially cause fires. Because of its 

availability and possible use in deep-sea energy storage applications, seawater 

has been proposed as the battery electrolyte, or chemical medium that permits 
electrical charge to pass between anode and cathode. As a result, a sea-water 

battery outperforms others. 

 

Under the same experimental circumstances, saltwater [0.1 M NaCl (aq)] was 

examined, and a 4.1 voltage is generated and compared (versus. Na+/Na0) with 
the salty water (4.0 V vs. Na+/Na0), as shown in Figure 3. From seat water 

sodium is separated and used in the negative electrode room during recharging, 

after which they were reduced to metallic Na at the negative electrode [Eq. (1)]. 

Electrode that is negatively charged: 

 

->Na++e—>Na++e—>Na++e—>Na++ (s)   (1) 
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General Demonstration 

 

 
Figure 3.General Demonstration of  sea water battery 

 

Clorine ion and water molecule are two important substance in sea water  that 

can be oxidized at the positive electrode side, shown in the above figure and as 

reactions below [Eqs. (2) and (3)] 

 
2H2O(l)->O2(g) +4H+(aq)+ 4e-       (2) 

2Cl- (aq)-> Cl2(g) + 2e-       (3) 

 

Therefore, two possible overall reactions can be considered during the charging 

process [Eqs. (4) and (5)] 
 

2 NaCl(aq) + H2O(l) ->2Na(s) + 2HCl(aq) + ½ O2(g)   (4) 

2 NaCl(aq)-> 2Na(s) + Cl2(g)      (5) 

 

In both chemical processes, gas evolve at the positive electrode, even though  the 

voltages for the generation of O2 and Cl2 are slightly different (0.14 V). Although 
O2 evolution is thermodynamically preferable to Cl2 development, the measured 

charge voltage of the saltwater[3] may be linked to both Cl2 and O2 gas evolution 

reactions. The ratio of Cl2 evolution to O2 evolution is higher in general because 

the O2 evolution reaction has a higher overpotential when saltwater [NaCl (aq)] 

undergoes an electrolytic process (Figure 4). Sodium ions created by the Na metal 
at the negative electrode moved into the saltwater through the solid electrolyte 

during battery discharge. According to the half-cell reaction [Eq. (6)], the following 

chemical reaction happened at the negative electrode. : 

 

2.71V  = Na->Na+ + e- E0 (6) 

 
Two hypothetical electrochemical processes which involves H2O and O2 which is 

dissolved in it  [Eqs. (7) and (8)] can be studied at the positive electrode: 

 

E0 = 0.40  V = 2H2O + O2 + 4e—>4OH- (7) 
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E0 = -0:83 V 2H2O + 2e—>2OH- + H2 E0 = -0:83V 2H2O + 2e—>2OH- + H2 

E0 = -0: (8) 

 

When the battery is drained, two different total chemical processes may be 
formed, as indicated below [Eqs. (9) and (10)]: 

 

E = 3.11V    Na(s) + 1/2H2O(l) + 1/4O2(g)->NaOH(aq) (9) 

E = 1.88V    Na(s) + H2O(l)->NaOH(aq) + 1/2H2(g) (10) 

 

 
Figure 4. Model seawater battery-operated Lantern 

 

The carbon–seawater complete cell has a discharge capacity of 115 mAh g-1 at 

0.1 mA cm-2 and an average voltage of 2.1 V. The full-initial cell's cycle exhibited 

a Coulombic efficiency of 69 percent. The sodium ions originally gathered from 

seawater are consumed to produce a stable SEI layer on the surface of the hard 
carbon negative electrode, resulting in a 31 percent irreversible capacity. The 

measured voltage gradients of 2.5–3.5 V after the development of the SEI matched 

to sodium ion intercalation into the hard carbon structure. Furthermore, due to 

the constant supply of O2 by flowing saltwater, the discharge voltage was 

maintained throughout the cycling process. After the first cycle, the full-

Coulombic cell's efficiency increased, and excellent capacity retention was 
achieved (Figures 5.). The solid electrolyte in the seawater battery[5],[6], [7] 

system must be highly stable in the presence of water, and this  solid electrolyte 

demonstrated good chemical stability during 40 cycles in contact with seawater. 

Further study is planned to analyze its long-term stability in saltwater and its 

impacts on electro-chemical performance, since its long-term stability in water is 
a concern. 
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Results and Discussion 

 

 
Figure 5    Charge and voltage discharge curve 

 

 
Figure 6:  Charge and discharge voltage in Na/ Sea water 

 

Our measured charge voltage (4.05 V) is somewhat higher than the estimated 

standard voltage for O2 development (3.94 V) and is comparable to the Cl2 
evolution voltage (4.07 V). According to the literature, this finding implies that the 

observed charge voltage is more connected to Cl2 evolution than to O2 evolution. 

After charging, the amounts of Na and Cl in seawater reduced. The created 

battery's first discharge voltage was 2.9 V (vs. Na+/Na0), obtained at a rate of 0.1 

mA cm-2, as illustrated in Figures 5 and 6. Sodium ions created by the Na metal 
at the negative electrode moved into the saltwater through the solid electrolyte 

during battery discharge. According to the half-cell reaction [Eq. (6)], the following 

chemical reaction happened at the negative electrode. 

 

Conclusion 

 
The coastal portion of Andhra Pradesh, particularly the Konaseema region, is 

exposed to the Bay of Bengal, where the majority of SC and financially 

disadvantaged people struggle to obtain power, and in many cases do not have 
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access to it. Fishermen who go out to sea take battery-operated lanterns with 

them. The electric lantern, which requires frequent charging and battery 

replacement, is costly. The seawater battery-powered electric lamp can meet their 

urgent needs. We will be able to give an electric light that is both affordable and 
environmentally friendly here. The electrochemical architecture of a rechargeable 

battery that uses saltwater to produce both negative and positive source materials 

is presented during cell charging and discharging. The discharge potential was 

2.9 V with O2 participation in the discharge process, while the seawater exhibited 

4.05 V with Cl2 development during charge. We also discovered that sodium ions 

in flowing saltwater intercalated reversibly into the hard carbon in the cell, 
resulting in high cycle performance. The research on this new battery is still in its 

early stages, and more design and performance enhancements are being worked 

on. 

 

Acknowledgment 
 

The authors are thankful to Research Development and Consultancy department 

of BVC Engineering College, Odalarevu and OUTR, Bhubaneswar for support. 

 

References 

 
1. I. Jumare,(2020). Energy storage with salt water battery: A preliminary 

design and economic assessment, Journal of energy Storage, vol. 27,  

2. J. Peters, A. Cruz and M. Weil. (2019), Exploring the Economic Potential of 

Sodium-Ion Batteries, vol. 5, no. 10,  

3. Can Yukselen; Murat Can Ozbasaran; Utku Deniz Tuncer; Batuhan 

Sahin; Sinan Küfeoğlu ,(2021). A Business Model Using Salt Water Battery 
and PV Panels for Continuity of Supply. 2020 International Conference on 

Smart Grids and Energy Systems (SGES) 

DOI: 10.1109/SGES51519.2020.00081,  

4. S. Küfeoğlu, S.W. Kim and Y.G. Jin,(2019) History of electric power sector 
restructuring in South Korea and Turkey, The Electricity Journal, vol. 32, no. 

10, pp. 106666,  
5. Soedibyo; Reynanda Bagus Widyo Astomo; Feby Agung Pamuji; Mochamad 

Ashari (2020), Implementation of an 11-Level Inverter for Sea Water Battery 
System”, IEEE Xplore: 30 January 2020, 

DOI: 10.1109/CENCON47160.2019.8974693 

6. Camden Debruler,Wenda Wu,Kevin Cox,Brice Vanness,T. Leo Liu,(2020). 

“Integrated Saltwater Desalination and Energy Storage through a pH Neutral 
Aqueous Organic Redox Flow Battery ” 27 April 2020, 

https://doi.org/10.1002/adfm.202000385 

7. Sungmin Koo; Sangki Jeong; Jungmin Seo; Yujae Song; Osoon Kwon; Yoon 

Chil Kim; Seungjae Baek,(2021). Sea-water Battery for Maritime Applications, 
IEEE Xplore: 09 April 2021, DOI: 10.1109/IEEECONF38699.2020.9389130 

8. E. Brown, Butterworth-Heinemann (an imprint of Elsevier),(1995). Seawater: 
Its Composition, Properties, and Behaviour, ISBN 978 –0 – 7506– 3715 –2, 

1995, Page: 29. 

 

https://doi.org/10.1109/SGES51519.2020.00081
https://doi.org/10.1109/CENCON47160.2019.8974693
https://doi.org/10.1002/adfm.202000385
https://doi.org/10.1109/IEEECONF38699.2020.9389130

