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Abstract: Efforts to achieve carbon neutrality, which aims to reduce the net carbon emissions to zero by
decreasing carbon emissions from human activities and increasing carbon absorption, are actively underway.
Additionally, the search for clean energy alternatives to fossil fuels has become a global research trend. This
paper presents research on metal-air batteries, focusing on the development of energy supply technologies that
do not generate carbon emissions during power generation and require less space for power generation
compared to existing renewable energy sources. The proposed Mg-Air Battery (MAB) in this study uses
magnesium as the metal anode and theoretically offers a maximum open-circuit voltage of 3.1V and a high
energy density of 6.8kWh/kg. While previous research has primarily focused on designing small-capacity cells
and maximizing the performance of metal anodes, this study differentiates itself by designing a large-capacity
MAB cell and optimizing its electrical performance. For the large-capacity cell design, the weight, shape, and
size of the anode were designed based on MAB performance factors, and research was conducted on
manufacturing methods to optimize the performance of the air cathode. Furthermore, to enhance usability and
extend the lifespan of the MAB cell, it was designed to allow electrolyte circulation, and the electrolyte
circulation performance was verified through simulations of fluid flow within the cell. Based on the study of
the power performance of the newly designed large-capacity MAB cell, the feasibility of constructing a kW-
class system using multiple Mg-Air battery cell stacks was confirmed.

Keywords: Magnesium-Air Battery (MAB); metal-air battery cell design; electrical performance;
eco-friendly distributed power supply

1. Introduction

The widespread industrialization and the use of fossil energy sources have led to the emission
of significant amounts of greenhouse gases, which in turn have caused global warming,
environmental changes, and continuous environmental problems [1]. Since pre-industrial times in
around 1850, the average global atmospheric concentration of carbon dioxide (COz2) has risen from
285 ppm to 419 ppm by 2022 [2]. According to the UK Met Office, the global average surface
temperature has increased by approximately 0.97 to 1.21°C during the period of 1850 to 2022, with
an estimated increase of about 1.09°C. It is anticipated that global greenhouse gas emissions will
increase by 50% by 2050, primarily due to CO: emissions from the use of non-renewable energy
sources. Without effective measures or technologies to reduce or control CO: emissions, both the
global average atmospheric CO:z concentration and the temperature of the Earth's surface and oceans
will continue to rise. The temperature rise caused by greenhouse gases is already expected to cause
major damage to human living environments, such as the extinction of some species, loss of
biodiversity, droughts, floods, wildfires, ocean acidification, the melting of the North and South Polar
Glaciers (NSPG), and sea level rise, making it urgent to implement countermeasures [3-5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The metal-air battery is a type of electrochemical cell that operates through the oxidation of metal
and the reduction of oxygen. It features an energy density that is 3 to 30 times higher than the widely
used Lithium-Ion Battery (LIB) [6]. Additionally, metal-air batteries have the advantages of relatively
low explosion risk and being environmentally friendly energy storage devices.

The components of a metal-air battery consist of a porous air cathode for the continuous supply
of oxygen, a metal anode, an electrolyte that separates the two electrodes, and the cell frame. Metals
used as the metal anode in metal-air batteries include Li, Na, Fe, Zn, Al, and K, among others. Various
elements with excellent electrochemical oxidation reactivity can be utilized as metal anode materials.
Additionally, available electrolytes include aqueous electrolytes, non-aqueous electrolytes, hybrid
electrolytes, and solid electrolytes.

Figure 1 shows a schematic diagram of the operation of a metal-air battery and illustrates the
oxidation reaction process during operation. The metal-air battery is a type of energy storage device
that utilizes the redox (reduction-oxidation) reaction, where metal ions transfer from the anode to the
cathode, similar to ion batteries. The charge and discharge characteristics of a metal-air battery
involve the metal anode losing electrons and transforming into metal ions, which dissolve in the
electrolyte during discharge. At the cathode, the electrolyte (H20) and oxygen react to form OH-
(hydroxylions). For instance, magnesium (Mg) at the anode oxidizes to Mg?", releasing two electrons,
and Mg?* reacts with OH- to form Mg(OH)..
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Figure 1. Schematic diagram of the operation of metal-air battery power generation. (a) Metal-Air
Battery operation, (b) Metal-air battery oxidation reaction process.

The reaction equations for metal-air batteries vary depending on the choice of electrolyte and
metal, as these factors influence the potential difference due to the movement of electrons. The
general reaction in a metal-air battery can be described as follows:

Metal Anode: M & M™ + ne~ 1)

Air Cathode: 0, + ne™ + 2H,0 < 40H~ )

The metal-air battery generates electrical energy through oxidation reactions involving non-
ferrous metals and a porous air cathode. Metal-air batteries have garnered significant interest in fields
such as energy storage systems and mobility due to their theoretically high volumetric energy
density, low material costs, and the potential for sustainable energy storage through the replacement
of consumable materials. Among various power generation and energy storage technologies, the
metal-air battery, which utilizes the reaction between non-ferrous metals and oxygen (O2), has
attracted attention from many researchers because of its high theoretical energy density and zero
carbon emissions [7,8].
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Metal-air batteries can utilize various metals such as lithium (Li), zinc (Zn), magnesium (Mg),
and aluminum (Al), with oxygen from the air serving as one of the primary reactants. Recently, due
to safety concerns associated with Li-battery fires and rising material costs, metal-air batteries have
gained attention as a safer, more cost-effective, and environmentally friendly alternative. Metal-air
batteries are considered a potential substitute for lithium-ion batteries due to their environmental
friendliness, the abundance of resources, and high energy density, which meet the growing demand
for energy storage technologies. Consequently, active research on various metal-air battery
technologies is ongoing.

The Mg-Air Battery(MAB) theoretically exhibits a maximum voltage of 3.1V. One of the
advantages of using magnesium in a metal-air battery is that magnesium is abundantly available and
evenly distributed across the Earth. Additionally, magnesium offers excellent energy storage
potential, fast electrochemical reaction kinetics, and due to its non-toxic and lightweight nature, it is
easy to handle.

The energy generation process in a mg-air battery involves the oxidation of magnesium at the
anode, where Mg? ions are produced, releasing two electrons. Oxygen (O,) moves through the air
cathode and interacts with water (H,O) to form hydroxide ions (OH"), facilitating electron transfer
and generating electrical energy. The theoretical reactions for the mg-air battery are as follows:

Mg - Mg?t + 2e” (3)

Mg?* +20H™ > Mg(OH), + 2e~ 4)

In this process, the Mg?* ions generated at the anode combine with hydroxide ions produced at
the cathode to form magnesium hydroxide (Mg(OH).), the main discharge product. In some cases,
depending on the specific electrolyte used, discharge products such as magnesium oxide (MgO) or
magnesium peroxide (MgQO,) can also be formed.

In the case of the mg-air battery, the oxygen molecules from the air, combined with electrons
and water molecules, are reduced to hydroxide ions. These hydroxide ions further react with the Mg?*
ions generated from the metal anode, forming magnesium hydroxide, as described in the following
reaction [9,10]:

2Mg** + 0, + 2H,0 + 4e~ - 2Mg(OH),(3.09V vs. Mg?*/°) ®)
Mg?* + 0, + 2e~ - Mg0,(2.91V vs. Mg?+/%) ©)
2M92+ + 0, +4e” - 2Mg0(2.95V vs.Mg“/O) @)

During discharge, the reaction product in this non-protonic electrolyte is magnesium hydroxide.
In certain conditions, the discharge products may also include magnesium oxide and/or magnesium
peroxide, depending on the specific electrolyte and reaction environment. These discharge products
are formed as the battery completes its energy generation cycle.

Currently, for Mg-Air Battery(MAB) to be widely adopted as energy storage devices, there are
several research challenges that need to be addressed. One of the key issues is reducing the corrosion
rate of the metal caused by the Hydrogen Evolution Reaction (HER), which can occur under different
conditions:

Acidic Conditions: 2H* + 2e~ - H, (8)

Neutral or Alkaline Conditions: 4H,0 + 4e™ —» 2H? + 40H~ 9)

In addition to managing corrosion, it is important to increase the discharge voltage to enhance
the usable capacity. However, raising the discharge voltage accelerates the reaction between
magnesium and oxygen, leading to increased byproduct formation during discharge and higher
electrolyte consumption, which shortens the operating time per cell.
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During the discharge process of MAB, byproducts such as magnesium hydroxide (Mg(OH),),
magnesium oxide (MgO), and magnesium peroxide (MgQO.) are generated. These byproducts, often
referred to as "slurry," do not decompose within the voltage range and tend to remain in the
electrolyte or precipitate inside the cell, forming layers. The accumulation of byproducts slows down
the metal-air battery's durability and corrosion reaction, eventually limiting its performance.

However, research on MAB is ongoing, with efforts focused on improving performance through
the development of electrolyte circulation systems and surface treatment methods for metal anodes.
These advancements aim to reduce the adverse effects of byproduct formation and enhance the
overall durability and efficiency of MAB [11-15].

2. Mg-Air Battery Cell Design
2.1 Mg Anode Alloy Selection

An experiment was conducted to select the optimal Mg alloy material for the metal anode to
achieve the best performance. To identify the most suitable metal anode based on magnesium, the
electrical performance of five different Mg alloys (Pure Mg, LZ41, AL41, ZK60, and AZ31 in Figure
2) was compared. The reason for using Mg alloys as metal anodes is that alloying magnesium can
refine the metal's microstructure, thereby enhancing its strength and corrosion resistance [16-27].

For the optimization of the Mg alloy metal anode, samples with identical dimensions (120mm x
100mm x 4T) were prepared. The experiments were conducted in an electrolyte solution of NaCl (18
wt%), with a 2.5mm gap between the metal anode and the air cathode. Discharge tests were carried
out using a battery tester (WBCS3000S/WonATech) at currents ranging from 1.5A to 3.0A.

Figure 3 shows a graph comparing the voltage performance of various Mg alloys. The
experimental results for the MAB cell’s voltage performance indicated that magnesium-aluminum-
based alloys outperformed other metal alloys in terms of voltage output. Among them, AZ31
(composed of Mg-96%, Al-3% and Zn-1%) exhibited the best electrical performance and was
ultimately selected as the optimal material.

Figure 2. Magnesium alloy anode sample.
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Figure 3. Comparison on voltage performance of various magnesium alloy composition.
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The reason for using alloyed Mg instead of pure Mg in metal-air batteries is that it enhances the
electrochemical activity of the anode without significantly compromising the corrosion resistance
during discharge. In particular, AZ (Al, Zn alloy) series alloys have been known since 1969 for their
excellent mechanical properties and relatively superior corrosion resistance. The small amount of
zinc (Zn) in these alloys helps reduce the self-corrosion rate during metal-air battery discharge, which
improves electrochemical performance [28-30].

Among the AZ series, AZ31 and AZ91 exhibit high electrochemical reactivity as metal-air battery
anodes. They are also widely available and easy to use due to their large-scale production, driven by
high demand for Mg alloys, which keeps costs low. Additionally, compared to other alloy materials,
AZ31 and AZ91 offer excellent corrosion resistance during discharge and produce fewer byproducts,
making them advantageous for use in metal-air batteries.

2.2. Effect of Mg Anode-Air Cathode Gap Distance

As shown in Figure 4, the gap distance (d) between the metal anode and the air cathode plays a
crucial role in the electrical performance of metal-air batteries. This is because, during operation,
external air penetrates the porous air cathode and reacts with the metal anode inside the cell. When
the gap distance is small, the movement of electrons is more efficient and faster, leading to improved
power performance. However, if the distance is too large, the electron transfer is delayed, resulting
in reduced electrical performance.
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Figure 4. Schematic diagram on gap distance experiment of Mg-Air Battery.

On the other hand, if the gap distance is too small, it can cause damage to the air cathode or lead
to excessive accumulation of by-products (such as Mg(OH),, MgO, or MgQO,) between the metal
anode and the air cathode. These by-products may stack up excessively within the cell, negatively
affecting its lifespan. Additionally, the electrochemical reactions generate heat, which can raise the
cell temperature, potentially causing electrolyte evaporation.

Therefore, to optimize the design of the Mg-Air Generator(MAG) system, it is essential to
determine the optimal gap distance. This distance should balance power performance and prevent
excessive by-product accumulation or damage to the air cathode. Further research is needed to
identify the gap distance that maximizes electrical performance without compromising the longevity
and efficiency of the cell.

Figure 5 presents a graph comparing the voltage performance of a single MAB (metal-air battery)
cell based on changes in the gap distance between the metal anode and the air cathode. The setup for

the metal-air battery cell consisted of a 120 x 100mm, 4t Mg metal anode, and an electrolyte solution


https://doi.org/10.20944/preprints202410.1404.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 October 2024 d0i:10.20944/preprints202410.1404.v1

(NaCl, 15~20wt%). Voltage performance was measured as the distance between the electrodes varied
from 0.5mm to 4.5mm. To determine maximum performance, the discharge current was set to 5A
using a battery tester (WBCS3000S/ WonATech).
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Figure 5. Comparison on voltage output according to change in gap distance of Mg-Air Battery.

The results showed that the highest voltage output, approximately 1.0V, occurred when the gap
distance was between 0.5mm and 1.5mm, where the metal anode was closest to the air cathode. In
contrast, the voltage performance decreased significantly as the distance increased, with the lowest
voltage output of 0.70V observed at a 4.5mm gap distance. This indicates that the closer the gap
distance, the higher the voltage performance, although an optimal balance must be struck to avoid
excessive by-product accumulation and potential cell damage.

2.3. Size Selection of Mg Anode

In designing an Mg-Air Battery Cell, the first consideration is the capacity that each cell can
generate. To achieve this, the size of the metal anode is the starting point. Equation (8) provides the
formula for calculating the electrochemical power capacity of the Mg-anode per kilogram. Using
magnesium's (Mg) standard atomic weight of 24.3 and Faraday's law of electrolysis, which involves
96,485C/mol, and the open-circuit voltage of the Mg-Air Battery at 1.2V, the theoretical power
capacity of 2.2kWh per kilogram of Mg anode was derived.

In this study, to design a cell with a 2kWh capacity, the Mg anode weight was set between 0.8kg
and 1kg. Based on this, cells were designed to generate between 2 and 2.2kWh of power per cell,
optimizing the anode size to achieve the desired output.

A T masvor 8
g/mol  mol-sec sec oitage ®)

Power Capacity (kWh) =

= kg X C X hr XV
"~ Atomic Weight of Mg sec

Figure 6 illustrates the design of the metal anode in terms of its shape and size. To optimize
production costs and processes, the Mg anode was designed in a trapezoidal shape. The dimensions
are as follows: top length of 132mm, bottom length of 122mm, height of 194mm, and a thickness of
20t, with a total weight of 0.8kg.

This design was chosen because it allows for an economical production process using a casting
method. The trapezoidal shape can be made by casting the Mg anode as an ingot and cutting it to the
required thickness. This approach ensures cost-effectiveness while maintaining the necessary anode
size for the desired energy output.
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Figure 6. Design of Mg anode shape and size.

2.4. Fabrication of Air Cathode

The air cathode, a critical component of metal-air batteries, plays a crucial role in both the
electrical performance and the durability of the cell. Several factors affect the lifespan of the cathode
material, one of which is the accumulation of heat in the cathode's current collector due to the
exothermic reactions in the metal-air battery cell. This heat buildup can lead to the collapse of the
cathode's network structure. Additionally, condensation forming on the nickel current collector
causes the oxidation of nickel, which further reduces the lifespan of the air cathode.

A significant cause of the cathode’s degradation is the collapse of the Polymer-Carbon-Nickel
(PCN) composite cathode’s network structure due to condensation. This collapse leads to cracking
and leakage within the cathode. Moreover, during the discharge of the MAB, byproducts (slurry)
from the metal-anode reaction can attach to and accumulate on the surface of the air cathode. This
buildup can cause portions of the carbon in the cathode to break off along with the byproducts,
leading to further cracking and structural damage.

The conventional method of producing 300 x 300mm air cathodes using hot pressing requires
substantial equipment costs. To address this, an alternative production method is proposed: using
sintering, a heat treatment technique like annealing, which is more cost-effective and suitable for
mass production. This approach aims to design and manufacture air cathodes that maintain
performance while reducing production costs and enabling scalability.

The air cathode in this study consists of a PCN (Polymer + Carbon-based powder + Nickel) layer,
and a new fabrication method was developed to enhance durability and performance. Unlike the
conventional hot press method, this study utilized a rolling and heating process at atmospheric
pressure to manufacture the air cathode. As shown in Figure 7, this new approach eliminates the
need for specialized equipment for producing air cathodes of desired sizes, as it can be done using
standard rolling mills and ovens, leading to reduced production costs.

The fabrication process follows six steps for the air cathode:
Material composition selection

Weighing the materials

Material mixing

Stirring

Rolling

Heat treatment

Detailed Fabrication Process:

A I
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1. Material Mixing: A mixture of activated carbon and cobalt oxide (Co3Os) in a 4:2 ratio is
prepared in a mixer with a small amount of ethanol added. To ensure the materials are fully
homogenized, ultrasonic treatment is applied.

2. Paste Formation: Polytetrafluoroethylene (PTFE) is gradually added to the activated carbon-
Co304 mixture, and the combined mixture (wt. ratio 4:2:6) is heated to 80°C while being stirred at 300
rpm until a paste-like consistency is achieved.

3. Rolling Process: Once the mixing and heating are complete, the carbon polymer paste is fed
into a rolling mill and rolled into a 0.3mm sheet. Nickel foam, which will be used as the electrode, is
also rolled to a 0.3mm thickness.

4. Layering and Rolling: The carbon polymer layer in Figure 8(a) is layered onto the nickel foam,
and the combined structure is passed through the rolling mill again to ensure proper bonding.

5. Heat Treatment: The rolled composite (Carbon Polymer layer + Nickel foam) is placed in an
oven set to 360°C for 30 minutes to create a porous structure. This step completes the fabrication of
the air cathode.

This new process not only improves the durability and performance of the air cathode but also
simplifies production by using readily available equipment, making it more cost-effective and
scalable.

In this study, the performance of the air cathode was compared by varying the rolling pressures
of 3 tons, 10 tons, and 20 tons. After analyzing the results, the air cathode fabricated under the optimal
pressure was selected and used for further research. This approach allowed for identifying the ideal
rolling pressure that enhances the structural integrity, durability, and performance of the air cathode,
ensuring the best possible outcome for its application in metal-air batteries.

Weighing : AC, Co304, PTFE(wt.% ratio 4:2:6)

|

Mixing : AC, Co304 in EtOH Solvent

|

Nickel foam Stirring : 60min, Ultra-sonification
0.3mm thickness:  Rolling Rolling : 0.3mm thickness
Rolling : 0.4mm thickness

!

Sintering  : 360°C, 30min
Figure 7. Manufacturing process of air cathode.

Figure 9 shows the comparison of the air cathode surface after being heated at 330°C and 360°C,
observed under an optical microscope, to optimize the sintering of PTFE. Since the melting point of
PTFE is 327°C, the air cathode was heat-treated at both 330°C and 360°C. To optimize the sintering
of PTFE, the air cathode was heated at 330°C and 360°C, and the surface was compared using optical
microscopy. Since PTFE has a melting point of 327°C, the air cathode was heat-treated at both 330°C
and 360°C.

In Figure 9, images (a) and (b) display no evidence of a porous structure, confirming that the
heat treatment at 330°C was insufficient for generating the desired porosity. Conversely, images (c)
and (d) show the formation of a porous structure, which indicates successful sintering at 360°C.
images (a) and (b) display no evidence of a porous structure, confirming that the heat treatment at
330°C was insufficient for generating the desired porosity. This demonstrates that a higher
temperature of 360°C is more effective in promoting the formation of the necessary porous network
for the air cathode.
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(a) Stirring and heating (b) Rolling processing

Figure 8. Manufacturing procedure of air cathode (a) material mixing and paste formation (b) layering
and rolling process (c) optimized air cathode components after heat treatment.

Figure 9. Air cathode surface optical microscope (a), (b): 330°C, 0.5 hour (c), (d): 360°C, 0.5 hour.

Figure 10 compares the electrical energy generation performance of MAB Cells using air
cathodes produced with rolling pressures of 3 tons, 10 tons, and 20 tons. The air cathode sample
rolled with 3 tons of pressure exhibited the lowest performance, generating only 0.35V under a 2A
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discharge condition. In contrast, the air cathode produced with 20 tons of rolling pressure
demonstrated the best voltage output performance.

Additionally, the performance of the air cathode made with 20 tons of pressure was comparable to
those produced by company A(MMEET Co., Ltd.) and company B(IONS LAB CO., Ltd.) using hot press
methods. This confirms that the air cathode fabricated with 20 tons of rolling pressure is suitable for use
in the study. Therefore, the air cathode produced at 20 tons of pressure will be used in further research.
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Figure 10. Comparison on electrical performance of MAB cell with various of manufactured air
cathodes.

2.5. MAB Cell Frame Design for Electrical and Mechanical Optimization

Figure 11 illustrates the internal schematic of the metal-air battery cell. The overall dimensions
of the cell are 265mm in height, 240mm in width, and 50mm in thickness. Polypropylene (PP) was
chosen as the material for the cell's construction due to its durability and chemical resistance.
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Figure 11. Internal schematic diagram of MAB cell.

To ensure the secure fixation of the air cathode and prevent electrolyte leakage, a 6@ rubber O-
ring was applied. Additionally, for strong and uniform sealing, a rotary coupling mechanism was
designed for the cell cover. The cover incorporates screw threads on the inside of the circular lid,
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allowing the metal-air battery cell to be tightly sealed and ensuring robust assembly. This design
enhances the overall integrity and reliability of the cell during operation.

Figure 12 provides a schematic representation of byproduct formation during metal-air battery
discharge. This schematic illustrates how byproducts are produced and how they accumulate within
the cell, particularly focusing on the anode surface and the bottom of the cell. As shown in Figure 12
(c), this accumulation can affect the cell's performance and lifespan if not properly managed.

During metal-air battery discharge, the movement of cations and anions in the active region
results in the generation of byproducts while producing electricity. As the Mg anode undergoes
oxidation, byproducts such as magnesium hydroxide (Mg(OH),) and magnesium oxide (MgO) are
formed. Figure 12 (a) indicates that these byproducts tend to accumulate with high density at the
bottom of the cell and on the surface of the anode. Figure 12 (b) presents the effect of discharge current
on by-product generation during the MAB reaction. It shows that as the discharge current increases,
more by-products are generated.
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Figure 12. Schematic diagram of by-products accumulating inside MAB cell.

When excessive byproducts accumulate in the metal-air battery, they can hinder power
generation and, in the long term, affect the electrolyte's quality and the cell's durability. To address
this issue, the cell was designed with a system that allows for the circulation and management of the
electrolyte and byproducts. A drain line was added at the top of the cell to prevent over-supply of
the electrolyte inside the cell.

Additionally, as shown in Figure 13, the bottom of the cell was designed with a sloped structure,
making it easier for the byproducts to exit through a designated outlet. This sloped design facilitates
the removal of byproducts, helping to maintain cell performance over time.

Figure 14 illustrates the schematic of the electrolyte circulation process. This system ensures that
both the electrolyte and the byproducts are managed efficiently, enhancing the cell's long-term
operation and preventing the detrimental effects of byproduct accumulation.
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Figure 13. Electrolyte circulation process of MAB by-products and electrolyte supply and discharge
inside the cell through precipitation.
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Figure 14. Schematic diagram on MAB cell electrolyte supply and discharge.

To allow easy replacement of the Mg anode in the MAB cell, a new cover design was created,
enabling the Mg to be swapped out and reused. The cover is specifically designed to maintain the
optimal gap distance between the Mg anode and the air cathode for the best power generation
performance. The cover was designed to securely hold the Mg anode in place and allow for
convenient replacement when the Mg is consumed. As shown in Figure 15, the Mg anode was
designed in a cartridge format, allowing easy installation. To secure the anode, an M6-sized bolt was
incorporated, with screw threads added to the anode so that it can be tightly fastened to the anode-
fixing cover.

This design ensures that the Mg anode can be easily swapped out when depleted and replaced
with a new one, extending the usability of the MAB cell and ensuring consistent performance.
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Figure 15. Disassembled/assembled diagram of MAB cell with Mg anode.

3. Results
3.1. Electrolyte-Circulation Management System (ECMS)

The electrolyte circulation system is a critical factor for maintaining the performance of the
metal-air batter. For long-term use, the metal-air battery cell needs to be continuously supplied with
electrolyte, and byproducts generated during power generation must be filtered to maintain
performance. To assess the impact of the electrolyte circulation system on the cell, a simulation was
conducted to predict how the system would affect the metal-air battery cell by analyzing the pressure
applied and the fluid movement inside the cell during electrolyte supply and discharge.

The simulation was performed using SolidWorks flow simulation, with water from the
SolidWorks library used as a substitute for the electrolyte. In Figure 16, the fluid flow was simulated
by injecting electrolyte through the upper inlet of the metal-air battery cell and allowing it to exit
through the lower outlet. The objective was to visualize and analyze the fluid dynamics inside the
cell and ensure that byproducts generated during discharge could be effectively removed. As shown
in Figure 17, the simulation results indicated that when injecting electrolyte at a flow rate of 28 to 122
ml/s, the electrolyte circulation within the cell was sufficient to facilitate the removal of byproducts
during metal-air battery discharge. This confirmed the feasibility of the electrolyte circulation system in
maintaining the cell's performance over extended use by ensuring continuous byproduct filtration and
electrolyte supply.

n Simulation Condition
(D Flow Volume of Inlet
:28ml/s, 56ml/s, 86ml/s, 112ml/s
(2 Electrolyte capacity
- 800ml

o]

F;n Electrolyte inflow

F, By-product movement

i.gb.l.o 0) ...'.'.—'b' :

Fout By-product emissions

Figure 16. Electrolyte circulation simulation settings of MAB cell.
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Figure 17. Electrolyte Cycle Simulation of MAG cell.

3.2. Electrical Performance of Mg-Air Battery

Figure 18 shows the experimental setups for the discharge test of Mg-Air Battery(MAB) cell. The
electrical performance of the final designed MAB Cell is a critical aspect. Figure 19 presents the
voltage graph corresponding to changes in discharge current, ranging from 1A to 8A. The discharge
current was increased by increments of 0.5A, and the voltage was measured over a period of 300
seconds for each current level.

Charging/Discharging Tester

0| 000
| 000

Figure 18. Discharge test of MAG unit cell.

The results in Figure 20 indicate a significant voltage drop beyond 7.5A, showing a steep decline
in performance at higher currents. The maximum power point was observed to occur between 7.0A
and 7.5A. This suggests that while the MAB cell can handle higher currents, its optimal performance
is achieved just before the sharp voltage drop at 7.5A. This data is crucial for understanding the
operational limits and efficiency of the MAB cell under different load conditions.
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Figure 20. Power optimization of MAB cell.

4. Conclusions

Recent research on metal-air batteries has primarily focused on improving lifespan and electrical
performance by reducing metal corrosion through the use of metal alloys. There has also been an
emphasis on designing small cells for mobility and portable electronic devices. In contrast, this study
focused on developing metal-air battery designs and performance evaluations aimed at distributed
power generation technologies based on eco-friendly energy sources, with the goal of reducing
carbon emissions. Specifically, the study aimed to design large-capacity Mg-Air Battery(MAB) cells
for Metal-Air Generators (MAG) suitable for off-grid environments. To achieve the optimal MAB cell
design, the performance characteristics of the metal anode were analyzed. The electrical performance
of five different types of commercial Mg alloys (Pure Mg, LZ41, AL41, ZK60, and AZ31) was
compared, and the most suitable Mg alloy material was selected. Experiments were conducted to
determine the allowable gap distance between the metal anode and air cathode (ranging from 0.5mm
to 4.5mm), ensuring optimal cell design. The air cathode was manufactured using a rolling process,
and its performance was evaluated under different applied pressures.

Various factors influencing the performance of the Mg anode and air cathode were examined to
design the MAB cell, which was finalized with dimensions of 265mm in height, 240mm in width, and
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50mm in thickness. To ensure long-term performance, an electrolyte supply and circulation system
was implemented, and SolidWorks flow simulation was used to confirm the internal circulation of
the cell based on the electrolyte supply flow rate.

Electrical performance was assessed by measuring the voltage output at discharge currents
ranging from 0A to 8A, increasing in 0.5A increments. The maximum power performance was
observed at a discharge current of 7.5A. Finally, the study confirmed the feasibility of creating a large-
capacity MAG system for off-grid power supply by combining multiple MAB cells in series and
parallel to achieve a kilowatt-scale system.
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