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Prediction of electrolyte refresh time for Mg-Air battery
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Abstract. In order to understand when to replace the electrolyte of the Mg-Air battery, the effect of the
surface area of Metal anode according to the consumption. For each capacity of the Mg-Air battery pack on
the electrolyte concentration was calculated, the timing of electrolyte replacement was predicted.

1 Introduction

Recently, the need for high-capacity batteries has
emerged due to the rapid growth of the Smart E-mobility
market. Therefore, lithium ion battery with the highest
energy density are used to for most E-mobility. However,
currently used lithium-ion batteries are approaching
technological limits, and development of batteries having
higher energy density is required.

For this reason, research on Metal-Air Batteries
having a higher density than lithium-ion batteries has been
actively conducted in recent years. Among them, Mg-Air
batteries using Mg metal as fuel are evaluated as
economical and eco-friendly metal fuel cells because of
high energy density and abundant storage of Mg and NaCl
electrolyte.[1,2]

Mg-air battery is a chemical battery that discharges
electromotive force to the outside by oxidation of Metal
anode, and reduction of air cathode. It has a very high
utility value as a commercial power source in terms of
stability and economy. When it is used as an emergency
or auxiliary power source for E-mobility, its value is
expected to increase further in terms of lifespan and
maintenance.

Therefore, research results on the factors affecting the
output of Mg-Air batteries have been reported for
commercialization. Among several factors that affect the
output of Mg-Air battery, the concentration of NaCl
electrolyte is actually a very important factor.[3,4]

In order to apply the Mg-Air battery to E-mobility, it
is very important to maintain the output to meet the torque
of the electronic motor. Therefore, The Mg-Air batteries
electrolyte should be replaced to maintain the Mg-Air
batteries output at an appropriated level.

Therefore, in this paper, the effect of the change in the
active reaction area according to the surface change
according to the use of the Mg anode on the NaCl
electrolyte concentration was calculated, Predict the
replacement timing according to the capacity of the Mg-
Air battery
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2 Electrolyte refresh of Mg-Air battery

2.1 Structure and output of Mg-Air battery

Figure 1 is a Unit Cell of the Mg-Air battery Used in this
study. This battery is a chemical battery that generates
electromotive force through the oxidation of the Mg
anode and reduction of Air cathode.

In the Standard state, the complete reaction equation
combining the oxidation of Mg anode and reduction of
Air cathode is shown in equation (1)

2Mg + 02 + 2H20 — 2Mg(OH)2 (1)

Figure 1. Configuration of the Mg-Air battery unit cell

As can be seen from the complete reaction equation in
equation (1), H20 inside the electrolyte is used in the
power generation process, so the concentration of the
electrolyte increases as power generation proceeds.

In order to check the output of Mg-Air batteries
according to the concentration of NaCl electrolyte, 25
Mg-Air batteries were connected in series to form a
battery pack, and the output voltage was checked by
changing the concentration. Figure 2 Shows the output
voltage of Mg-Air battery pack according to the
concentration of the electrolyte.
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The first premise is ‘The roughness of the Mg-anode
is always constant during the power generation process.’

The second premise is ‘Each side of the Mg anode is
consumed at the same rate.’

Based on this premise, the volume of the Mg-anode
was calculated by dividing the weight and density as
shown in equation (2)

850g ) - 1.738¢g )
TEA (weight of Mg) + o (Density of Mg)
= 490cm3/EA (Volume of Mg anode) )

And then, the dimensions of the initial Mg anode were
calculated based on the drawing data, and the length of
each side of the cathode was calculated according to the
consumption amount of the Mg anode. Table 1 shows the
surface area of a unit Mg-Air battery according to the
amount of Mg anode consumption.

Table 1. Surface area calculation for Mg anode consumption in
unit Mg-Air Battery

Usage Weight Volume | Width | Depth | Height
[%l] [g] [em®] [cm] [cm] [cm]
0 850 490 12.20 2.00 20.04
10 765 440 11.78 1.93 19.35
20 680 391 11.33 1.86 18.61
30 595 342 10.83 1.77 17.78
40 510 293 10.30 1.69 16.92
50 425 244 9.68 1.59 15.90
60 340 195 8.98 1.47 14.76

IAECST 2020
35 70 255 146 8.17 1.34 13.43
80 170 97 7.14 1.17 11.72
90 85 48 5.66 0.93 9.30
% 99.99 0.0004 0.0002 0.09 0.01 0.16
30 Using the length of the Mg anode side, calculate the
= surface area according to the Mg anode consumption and
S it was extended to a battery pack in which 25 Mg-Air
G battery connected in series, and data was converted using
RS the In function.
MNaCl 10%
NaCl 15% Table 2. Calculation of surface area for consumption of Mg
MNaCl 20% .
NaCl 25% anode in 258 battery pack
| NaCl 28.5%|
N7 T T T T T T T T -
0 B0 120 180 240 300 360 420 480 540 600 Front Right
Sum of
Time (Sec) Usage and and Bottom Surface 1/InS
[%] Rear Left [em?] [em?]
2 2
Figure 2. Output voltage of Mg-Air battery pack according to lem7] lem7]
NaCl electrolyte concentration. 0 244.5 40.1 24.4 14383.4 | 0.1041
At a concentration between 20Wt% and 25Wt%, the 10 2279 374 22.8 13833.6 | 0.1048
output was abqut 1.28V/Cell and when the concentration 20 210.8 34.6 21.0 127935 | 01058
decreased or increased, the output voltage tended to
decrease. Accordingly, the optimal operating electrolyte 30 192.5 316 19.2 11685.1 | 0.1068
conc.entfatlon of the Mg-air battery pack for E-mobility 40 1742 286 174 105753 | 0.1079
application was selected from 20Wt% to 25Wt%, the
effect of the change in the surface area of the Mg anode 50 153.9 25.2 154 | 9341.78 | 0.1093
according to power generation on the concentration of 60 132.6 17 132 904628 | 01112
electrolyte was calculated through numerical analysis.
70 109.7 18.0 10.9 6660.24 | 0.1136
2.2 Electrolyte-Surface Curve fitting 80 83.6 13.7 8.4 5075.52 | 0.1172
In order to calculate the surface area of Mg anode 90 54.6 8.63 5.3 3195 | 0.1239
accordmg to the consumption, the following two premises 99.99 0.01 0.002 0.00 0.03 10209
are required.

Table 2 shows the surface area for the Mg-Air anode
consumption of the Mg-Air battery pack composed of the
258 structure.

The concentration of the electrolyte in the battery due
to the power generation was calculated through the total
volume of the Mg-air battery pack, the amount of H20 in
the electrolyte compared to the amount of Mg-anode
consumption was calculated by complete reaction from
equation (1). Based on the above data, an electrolyte limit
concentration curve for surface area of the Mg anode of
battery pack by capacity was fitted. (E-S limit curve)
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Figure 3. E-S limit curve of 25S Mg-Air battery pack



E3S Web of Conferences 233, 01013 (2021)
IAECST 2020

https://doi.org/10.1051/e3sconf/202123301013

Figure 3 shows the Electrolyte-Surface limit curve of
25S Mg-Air battery pack. When the initial electrolyte
concentration of the 25S Mg-Air battery pack is
calculated as 20Wt%, the concentration of the electrolyte
is 21.74Wt% when all the Mg anodes of the battery pack
are exhausted.

Through this, it can be confirmed that it is within the
range of electrolyte concentration that can produce the
optimal output. The E-S limit curve of 25S Mg-Air battery
pack is fitted as equation (3)

1/In (surface of Mg anode)
0.00814 +a

Electrolyte Wt% = —k X e
k=-6.12x%10°, o =21.72271 3)
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Figure 4. E-S limit curve of 25S-2P Mg-Air battery pack

Figure 4 shows the Electrolyte-Surface limit curve of
25S-2P Mg-Air battery pack (Unit Mg-Air battery SOEA).
When the initial electrolyte concentration of the 25S-2P
Mg-Air battery pack is calculated as 20Wt%, the
concentration of the electrolyte is 23.23Wt% when all the
Mg anodes of the battery pack are exhausted.

Through this, it can be confirmed that it is within the
range of electrolyte concentration that can produce the
optimal output. The E-S limit curve of 255-2P Mg-Air

battery pack is fitted as equation (4)
1/In (surface of Mg anode)
0.00739 +a

Electrolyte Wt% = —k X e

k= —1.62 x 10%, a = 23.20917 ()
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Figure 5. E-S limit curve of 25S-3P Mg-Air battery pack

Figure 5 shows the Electrolyte-Surface limit curve of
25S-3P Mg-Air battery pack (Unit Mg-Air battery 7SEA).
When the initial electrolyte concentration of the 25S-3P
Mg-Air battery pack is calculated as 20Wt%, the
concentration of the electrolyte is 24.52Wt% when all the
Mg anodes of the battery pack are exhausted.

Through this, it can be confirmed that it is within the
range of electrolyte concentration that can produce the
optimal output. The E-S limit curve of 25S-3P Mg-Air
battery pack is fitted as equation (5)

1/In (surface of Mg anode)
0.00709 +a

Electrolyte Wt% = -k x e
k= —-2.36 % 10°, o = 24.50338 )

Figure 6 shows the Electrolyte-Surface limit curve of
25S-4P Mg-Air battery pack (Unit Mg-Air battery
100EA). When the initial electrolyte concentration of the
25S-4P Mg-Air battery pack is calculated as 20Wt%,
when 90% of the Mg anode consumed, the concentration
of the electrolyte is 24.95Wt%. When all of Mg anode
were exhausted, the concentration of electrolyte is
25.65Wt%

Through this, it can be confirmed that the electrolyte
concentration was out of the way for the optimal output.
The E-S limit curve of 25S-3P Mg-Air battery pack is
fitted as equation (6)

1/In (surface of Mg anode)
0.00691 +a

Electrolyte Wt% = —k X e

k = 2.97 x 105, « = 25.63905 (6)
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From the results, when the capacity of the Mg-air
battery pack is above a certain level, it is out of the
optimum operating electrolyte concentration range before
the Mg anode is exhausted. It can be seen that the timing
of electrolyte replacement is necessary.

3 Conclusion

In order to apply the Mg-Air battery to Smart E-mobility,
it is necessary to calculate the electrolyte replacement
according to the electrolyte concentration.

By calculating the effect of the Mg anode surface area
on the electrolyte concentration according to the
consumption amount of the Mg anode for each Mg-air
battery pack capacity, the timing of electrolyte
replacement was predicted when the Mg-Air battery was
actually applied to E-mobility.

If the capacity of the Mg-Air battery pack exceeds a
certain level, it is out of the optimum operating electrolyte
range before the Mg anode is exhausted, it was necessary
to identify and replace the electrolyte for the capacity.
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