
Boosting Mg-Air Battery Efficiency with

Polyaniline-Coated Anodes

Fatemeh Parvinzadeha
∣∣ Mehdi Kheirmanda,b,∗

∣∣ Parisa Akbariana

a Hydrogen and Fuel Cell Research Laboratory, Chemistry Department, Yasouj University, Yasouj, Iran
b Chemistry Department, School of Basic Sciences, Yasouj University, PO Box 75918-74934, Yasouj, Iran

∗ Corresponding author, Email: kheirmand@yu.ac.ir

Article Information

Article Type

Research Article

Article History

Received: 24 Nov 2025

Revised: 10 Feb 2026

Accepted: 02 Mar 2026

Published Online: 07 Mar 2026

Keywords

Mg-Air battery

Anode surface modification

PANI

Self-corrosion

Mg anode

Abstract

Despite the abundance and high density of Mg metal as an anode, the lim-
ited development of Mg-air batteries is primarily due to the surface reactions
of the Mg anode in water-based electrolytes. A reliable strategy to improve
metal anode efficiency is to prevent anode surface reactions by designing and
applying suitable protective coatings. In this study, a polyaniline (PANI)
polymer coating was designed and synthesized to modify the surface of Mg
anodes. The primary scope of this research is to examine the effect of coating
on the Mg anode surface and its ability to control surface reactions, includ-
ing corrosion. Electrochemical analyses confirm the optimal efficiency of
the PANI coating in inhibiting the corrosion of the surfaces of Magnesium,
as evidenced by comparisons between uncoated and PANI-coated samples.
As a result, Mg with PANI coating has a smaller corrosion current and a
larger corrosion potential (5.06 × 10−5 A/cm2, 1.01 V) than uncoated Mg
(6.3× 10−4 A/cm2, 1.49 V), respectively. Because of its chemical durability
and good electrochemical behavior, PANI can overcome the limitations of
using Mg anodes as a protective surface coating, improving the efficiency of
Mg-air batteries and developing new technologies.
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1 Introduction

The development of clean, eco-friendly power stor-
age and conversion technologies is essential. Among
the leading energy technologies, fuel cells and metal-
air batteries are notable for their environmental com-
patibility, high efficiency, and sustainable design.
Rechargeable metal-air batteries can significantly alle-
viate the energy crisis and environmental pollution. As
versatile energy storage devices utilizing electrochemi-
cal processes, these batteries have the potential to cre-
ate a carbon-free and sustainable future [1, 2]. Metal-
air batteries are distinguished by their ability to pro-
vide continuous energy, high energy density, and cost-
effective design, making them effective for electrochem-
ical energy storage and conversion. Furthermore, they
offer advantages such as compact size, low weight, en-
hanced safety, and excellent environmental compatibil-
ity [3,4]. In metal-air batteries, the porous air electrode
facilitates oxygen diffusion and acts as a catalyst sub-
strate [5]. Rechargeable magnesium-air batteries are
particularly significant to enable energy storage as a
result of their lightweight, low toxicity, and high safety.
Mg-air batteries can be reused by substituting the de-
pleted magnesium anode and electrolyte with new ones.
A 3.5% NaCl electrolyte is suitable for the Mg-air bat-
tery electrolyte. The overall electrochemical reactions
in Mg-air batteries are as follows: Anode reaction [6]:

Mg −−→ Mg2+ + 2 e− (1)

Cathode reaction (in neutral/alkaline media):

O2 + 2H2O+ 4 e− −−→ 4OH− (2)

Magnesium-air batteries face efficiency challenges
due to hydrogen release and the accumulation of an
inactive Mg(OH)2 layer, leading to corrosion and re-
duced performance [7–9]. To address these issues, re-
searchers focus on improving magnesium’s corrosion
resistance through alloying and surface modification
[10, 11]. Research efforts focus on improving battery
efficiency through the use of Mg alloys, electrolyte ad-
ditives, anti-corrosion coatings, and catalysts to en-
hance battery efficiency. High polarization is another
critical problem, requiring electrode materials with low
corrosion rates. Optimizing anode structure, increas-
ing active sites, and improving cathode performance
through hybrid catalysts and multilayer structures are
key strategies [12–15]. Rapid anode corrosion limits the
widespread application, but methods like alloying and
protective coatings help mitigate this issue [16]. The
development of physical barrier coatings and efficient

electrocatalysts, including conductive polymers, is es-
sential for enhancing Mg-air battery performance and
energy conversion efficiency [17–21].

In the meantime, polyaniline (PANI) is utilized
across various fields, encompassing microelectronics,
corrosion-resistant coatings, sensors, and battery elec-
trodes, owing to its versatile structure, stability under
thermal and radiation conditions, affordability, sim-
ple synthesis, and conductivity. The unique electrical
and optical properties of PANI have garnered signif-
icant attention. Among conductive polymers, PANI
and polypyrrole are recognized as the most important.
Their outstanding electrical performance, stability un-
der environmental conditions, and cost-effective syn-
thesis have made these compounds the focus of exten-
sive research. PANI stands out due to its easy synthe-
sis, inexpensive monomer, different oxidation states,
good electrical conductivity, oxidation-reduction re-
versibility, and environmental stability. These at-
tributes make PANI suitable for applications spanning
multiple areas, such as sensors, electrochemical capac-
itors, and corrosion protection [22–31].

In metal-air batteries, the anode plays a significant
role in defining the discharge performance and actual
capacity, making the selection of an anode material
a key factor. In recent decades, substantial research
efforts have concentrated on Zn-air and Al-air bat-
teries, whereas Mg-air batteries have been relatively
overlooked. Studies on magnesium and its alloys as
anode materials have progressed significantly. Meth-
ods such as alloying, heat treatment, and plastic de-
formation have been adopted to increase magnesium
anode efficiency. A combined application of these tech-
niques is fundamental for developing magnesium alloy
anodes with improved discharge potential and mini-
mized self-corrosion. Additionally, first-principles cal-
culations offer valuable theoretical guidance and future
projections [32].

Xue et al. proposed a superhydrophobic
ODA/PDA/APT-Ce3+ (OPA-Ce3+) coating with cor-
rosion inhibition and self-healing properties by incorpo-
rating cerium nitrate (APT)-loaded attapulgite (APT)
and polydopamine [33]. Additionally, Guo et al. re-
viewed synthetic methods of LDH coatings and LDH-
based composite coatings on magnesium alloys, focus-
ing on self-healing, biocompatibility, and self-cleaning
properties [34].

This study investigates the use of magnesium as an
anode in magnesium-air batteries and explores the en-
hancement of its electrochemical performance through
a PANI coating. By applying a protective layer of
PANI to pure magnesium, we aim to improve discharge
activity, reduce self-corrosion, and increase overall ef-
ficiency. The effectiveness of this polymer coating as
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an anode electrode material was analyzed to assess its
potential benefits for battery performance.

2 Experimental

2.1 Materials and methods

All chemicals used in this research project were ob-
tained from Merck, Sigma-Aldrich, Cam-Lab, and
Cabot companies and were used without additional pu-
rification. Samples were analyzed using a MIRA3 Field
Emission Scanning Electron Microscope (FESEM) for
surface morphology and an Oxford Instruments En-
ergy Dispersive X-ray Spectroscopy (EDX) system for
elemental composition. Structural analysis was per-
formed using a Pert Pro X-ray Diffraction (XRD) sys-
tem. Additionally, Inductively Coupled Plasma Opti-
cal Emission Spectroscopy (ICP-OES) was employed
to accurately determine trace element concentrations
with high precision.

2.2 Synthesis of PANI

The synthesis of PANI coating begins with the purifi-
cation of 100 mL of Merck aniline through vacuum dis-
tillation at 125 ◦C for 2 hours, using a vacuum pump
to reduce pressure, while maintaining the vacuum at
120 ◦C and adding calcareous stone to improve the dis-
tillation process. After purification, 0.5 mL of dis-
tilled aniline is mixed with 50 mL of 1 M HCl, stirred
for 15 minutes, while separately dissolving 1.45 g of
(NH4)2S2O8 in another 50 mL of 1 M HCl, also stirred
for 15 min. The aniline solution is then placed in an
ice bath at 0°C, followed by the slow addition of the
oxidizing agent solution drop by drop over 30 minutes,
leading to the formation of a green-colored solution,
signifying successful polymerization. The resulting so-
lution is filtered and washed with 100 mL of 0.3 M HCl,
then left at room temperature for 24 hours. A dark
green, sludgy precipitate forms, indicating the success-
ful synthesis of polyaniline.

2.3 Preparation of Mg-PANI electrode

For the Mg anode coating, the anode surface is pre-
pared by cleaning it with 2000-grit sandpaper, followed
by ultrasonication in acetone for 20 min to remove con-
taminants. The coating mixture is then formed by com-
bining the synthesized PANI with Nafion and acetylene
black (0.007 g) and thoroughly stirring it for uniform
consistency. The final coating is applied to the Mg sur-
face via the spray method and allowed to dry in an
oven at 80 ◦C for 2 hours, ensuring enhanced adhesion
and stability for further testing.

2.4 Electrochemical measurements

A standard three-electrode system, connected to an
EG&G potentiostat/galvanostat (PARSTAT 2273),
was employed for all electrochemical experiments, with
Pt and Ag/AgCl serving as the auxiliary and refer-
ence electrodes, respectively. Magnesium coated with
as-synthesized PANI (surface area: 3 cm2) was used
as the working electrode, and all measurements were
carried out in a 3.5% NaCl electrolyte. To exam-
ine the electrochemical characteristics of the coating
materials, methods including Tafel, Electrochemical
Impedance Spectroscopy (EIS), and open circuit po-
tential (OCP) at room temperature were employed.
EIS measurements were conducted across a frequency
range of 0.1Hz to 100 kHz at an AC voltage of 10 mV.
Before the electrochemical test, the surface of Mg was
polished with 2000-grade SiC abrasive paper. Polariza-
tion Tafel curves were recorded with scanning poten-
tial from −0.5V vs. saturated calomel electrode (SCE)
in the anodic direction at 1 mV/s. The CP test was
conducted for 600 sec at a current of 10 and 70 mA
for evaluating the stability of the anode surface. The
EIS was measured after immersing the tested samples
in an electrolyte for 15 min at OCP. The frequency
ranged from 0.1 Hz to 100 kHz, with an amplitude of
5 mV. A battery test system (battery tester-5CH) was
employed to measure the discharge performance of Mg-
air batteries with altered and unaltered anodes. The
setup included a 3.5 wt% NaCl aqueous solution as
the electrolyte and a commercial air electrode with a
Pt/C electrocatalyst as the cathode. Pure magnesium
samples (Mg) were ground with abrasive papers up to
3000 grit and ultrasonicated in an acetone solution for
15 min before draining. Magnesium electrodes with
a surface area of roughly 3 × 3 cm2 were immersed in
a 3.5 wt% NaCl solution. The discharge performance
of Mg-air batteries with coated PANI and noncoated
PANI anodes was investigated for 8000 sec. Utilizing
galvanostatic discharge, the cell voltage was evaluated
at 10mAcm2 with a commercial air electrode featuring
a Pt/C catalyst as the cathode.

3 Results and Discussion

3.1 Electrochemical results

Figure 1a illustrates the Tafel curves of Mg anodes,
both with and without a coating. The sample coated
with PANI exhibits the lowest corrosion potential,
while the uncoated pure Mg sample shows the high-
est corrosion potential. According to the Tafel polar-
ization analysis (Table 1), the Mg-PANI alloy demon-
strates the best performance. The Tafel test results
are detailed in Table 1. The Ecorr and Icorr values for
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Mg-PANI and Mg are −1.01V and 5.06×10−5 A/cm2,
and −1.49V and 6.3× 10−4 A/cm2, respectively, indi-
cating the lowest corrosion potential. Meanwhile, the
uncoated Mg samples displayed the highest corrosion
potential. Figure 1b presents the OCP images of Mg,
both uncoated and coated with polyaniline, with OCP
values of 1.54 V and 1.53 V, respectively. The results
obtained before and after applying the PANI coating
confirm its effectiveness in enhancing the performance
of the anode. Moreover, in coated samples like Mg-
PANI (28 mV/dec), the increased anodic slope sug-
gests the coating effectively acts as a barrier, limiting
magnesium exposure and slowing its dissolution. Re-
garding cathodic hydrogen evolution, a higher cathodic
slope (39 mV/dec) indicates fewer active sites for hy-
drogen generation, a result of the synergistic influ-
ence of PANI. Functioning as a dual-purpose inhibitor,
the PANI coating enhances stability and protection
by leveraging its conductivity, structural integrity, and
catalytic efficiency.

These analyses demonstrate the superior perfor-
mance of the coated anode samples compared to the un-
coated ones, as further supported by comparisons with
other materials reported in the literature (Table 2).

The corrosion potential of Mg, coated and uncoated
with PANI, in a 3.5% NaCl solution over 600 seconds at
current densities of 10 and 70mA/cm2 is presented in
Figure 2. The PANI-coated Mg demonstrates superior
electrochemical activity, with potentials of −1.466V
and −1.471V, respectively, compared to pure Mg. The
CP tests, following the Tafel and OCP polarization re-
sults, confirm the excellent performance of the PANI
coating on Mg as an anode electrode. This indicates
that the Mg coated with PANI possesses the greatest
corrosion protection. The synthesized polymer coating
effectively reduces the corrosion of the anode surface,
leading to reduced corrosion density for Mg-PANI com-
pared to pure Mg. Surface variations lead to minor

fluctuations in the curves due to the integrated contri-
bution of the magnesium metal and the applied coating.
Overall, the electrochemical tests demonstrate the ef-
fective electrochemical response of the anode electrode
following the application of the PANI coating on its
surface.

(a)

(b)

Fig. 1. (a) Tafel and (b) OCP curves of bare and
Mg-PANI electrodes in a 3.5 wt% NaCl electrolyte.

Table 1. Polarization test results of Mg electrode coated with PANI and without coating.

Sample Ecorr, V (SCE) Icorr, A cm−2 βa (mVdec−1) βc (mVdec−1) EOCP (VSCE) (V)

Mg −1.49 6.3× 10−4 28 39 −1.54

Mg-PANI −1.01 5.06× 10−5 36 45 −1.53

Table 2. Comparing the anode performance of various coatings in Mg-air batteries.

Sample Ecorr, V (SCE) Icorr, A cm−2 βa (mVdec−1) βc (mVdec−1) EOCP (VSCE)(V)

Mg-PANI −1.01 5.06× 10−5 36 45 This work

Mg −1.49 6.3× 10−4 28 39 This work

Mg/PANI@3D-FCNT −1.151 0.63× 10−4 - - 36

Ti-implanted AZ31 −1.45 7.827× 10−5 - - 37
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(a)

(b)

Fig. 2. Galvanostatic potential-time curves of the
different samples in 3.5% NaCl electrolyte at vari-
ous current densities. (a) 10mA/cm2, (b) 70mA/cm2.

Figures 1 and 2 display that the PANI-coated Mg
stands out with superior corrosion resistance. The syn-
thesized polymer coating effectively reduces corrosion
on the anode surface and results in a lower corrosion
density in the Mg-PANI compared to pure Mg. The
slight fluctuations in the curves can be attributed to
surface changes due to the combined action of the coat-
ing and Mg metal. Overall, the electrochemical tests
confirm the effective electrochemical activity of the an-
ode electrode after applying the PANI coating. More-
over, owing to its reduced density and outstanding me-
chanical performance compared to pure Mg, Mg coated
with PANI has demonstrated excellent corrosion resis-
tance. The performance and durability of the designed
coating in mitigating corrosion on the Mg anode surface
are illustrated in the impedance diagram. As shown in
Figure 3, Mg-PANI exhibits good stability. The resis-
tance of the coated Mg was estimated using impedance

measurements in the high-frequency range of the EIS
spectrum. By applying frequencies of 100 mHz to 10
kHz, the polarization resistance was calculated from
the measured impedance difference, which was subse-
quently applied to determine the rate of corrosion [35].

Fig. 3. Nyquist plots of Mg and Mg-PANI coating.

The diameter of the impedance arcs (capacitor
rings) directly correlates with the properties of the ma-
terials on the anode surface, potentially reducing cor-
rosion and minimizing hydrogen release during the re-
action. The charge transfer mechanism at the solu-
tion/electrode interface governs the corrosion reaction
of the anode. Incomplete semicircles may occur due
to frequency dispersion. A reduction in the diameter
of these semicircles or the appearance of an additional
semicircle indicates coating deterioration. Magnesium
surface corrosion is governed by an electrochemical pro-
cess that takes place when the Mg is in contact with
the electrolyte, resulting in the deposition of Mg(OH)2
and the emission of H2 on the Mg surface [36]. How-
ever, PANI coating layers of a specific thickness have
a beneficial impact on the corrosion rate of Mg. The
designed coating influences the anodic process by dis-
solving the corrosion products. Consequently, the coat-
ing applied to the surfaces of pure Mg significantly re-
duces the corrosion rate. Overall, the PANI-coated Mg
demonstrates the most favorable performance [37].

PANI enhances the corrosion resistance of Mg by
acting as both a physical barrier and an electrochemical
stabilizer. The protective PANI coating limits direct
electrolyte contact with the magnesium surface, reduc-
ing unwanted oxidation. Additionally, PANI’s redox-
active properties help regulate surface charge distribu-
tion, minimizing localized corrosion sites. EIS results
indicate increased charge transfer resistance (Rt), sug-
gesting that PANI reduces electron exchange at the
anode, thus suppressing corrosion. The presence of
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PANI also stabilizes surface pH by mitigating exces-
sive alkalization, preventing the formation of an unsta-
ble Mg(OH)2 layer. These combined effects contribute
to improved discharge efficiency and prolonged anode
lifespan in Mg-air batteries. Also, the impedance re-
sults of uncoated Mg show an increase in the rate of
corrosion and instability of the anode. Therefore, it
can be stated that the protective layer applied to the
surface of Mg has remarkably reduced the corrosion
rate.

Based on the equivalent circuit data in Table 3,
the Mg-PANI-coated anode exhibits the highest charge
transfer resistance (189Ω cm2), underscoring the ex-
ceptional protective performance of the coating. The
gradual increase in load resistance over time is linked
to the progressive formation of the Mg(OH)2 protec-
tive layer on the Mg surface. The PANI-coated Mg
electrode demonstrates significantly greater resistance
to self-corrosion compared to uncoated Mg. Conse-
quently, these materials hold promise for effectively
mitigating corrosion and reducing hydrogen release
during the reaction. In comparing the pure Mg and
the Mg-PANI, the Mg-PANI sample exhibited superior
performance as an anode electrode. The improved effi-
ciency of the Mg-PANI, compared to pure Mg, can be
attributed to its greater strength and stability [38].

Table 3. Electrochemical equivalent data for Mg-
PANI, and bare Mg

Sample R1 (Ω cm2) R2 (Ωcm2) CPE (F)

Mg 69.1 145 0.235
Mg-PANI 81.6 189 0.621

The values obtained from ICP-OES analysis for
bare samples coated with polyaniline in 10 ml of 3.5%
NaCl electrolyte after 7 days of immersion are shown
in Table 4.

Table 4. Precipitation obtained in the electrolyte by
ICP-OES analysis for samples (Mg-PANI and pure
magnesium) coated with polyaniline after 7 immer-
sions.

Content(ppm) Element Sample NO

68.22 Mg Mg 1
39.96 Mg Mg - PANI 2

By analyzing the 2 samples mentioned in the table,
the Mg element was identified in a diverse variety of
concentrations with a detection limit of ppm. Table 4
shows the corrosion rate of magnesium according to the
magnesium concentration in the electrolyte.

In the comparison of magnesium precipitation in
samples 1 and 2 within a 3.5% NaCl electrolyte, sam-
ple 1 (magnesium without polyaniline coating) exhibits
the highest precipitation at 68.22 ppm. Consequently,

the Mg-PANI sample demonstrates less corrosion than
the Mg sample. These findings emphasize the bene-
ficial impact of the polyaniline coating on the anode
electrode, attributed to the stable properties and char-
acteristics of Mg-PANI compared to pure Mg.

Figure 4 illustrates the discharge performance of
Mg-air batteries in a 3.5% NaCl electrolyte, with modi-
fications to the anode electrode surface (Mg with PANI
coating and Mg without PANI coating) after 8000 sec-
onds at a constant current of 10mA/cm2. During
electrical power transmission, the anode undergoes ox-
idation as it interacts with the cathode in ambient
air, resulting in an oxidation reaction. According to
the time-discharge curve, the voltage of Mg at a cur-
rent density of 10mA/cm2 decreased rapidly, with the
discharge stopping after approximately 1000 seconds.
This sample exhibited two voltage drops. In contrast,
no rapid voltage drop was observed in the Mg-PANI at
the same current density. After approximately 3000
seconds of discharge, the voltage remained constant
at 1400. Thus, Mg-PANI demonstrates a more stable
structure and superior performance than pure Mg.

Figure 5 illustrate the surface degradation of Mg-
PANI compared to pure Mg after discharging for 8000
seconds at a density of 10mA/cm2 in a 3.5 wt%
NaCl solution, following the removal of by-products
of the discharge process. The Mg-PANI anode ex-
hibits relatively regular and uniform discharge holes,
whereas the uncovered sample displays larger holes and
more cracks. After the discharge test, fewer hydrogen
gas bubbles were observed on the Mg electrode with
the PANI coating, indicating improved electrochemi-
cal performance. The coated electrode developed a
smoother and denser surface post-discharge, whereas
the uncoated Mg sample exhibited deep cracks follow-
ing testing. These stability test results confirm that
the Mg electrode with the PANI coating demonstrates
enhanced stability and performance, providing greater
resistance to surface self-corrosion compared to the un-
coated sample.

Figure 6 depicts Mg and Mg-PANI after 7 days of
immersion in a 3.5% NaCl electrolyte. The uncoated
Mg sample exhibits large holes and significant corrosion
compared to the Mg-PANI sample. Figure 6(b) shows
that Mg-PANI undergoes uniform and regular corro-
sion, whereas the uncoated Mg sample displays larger
and smaller holes. The PANI coating on Mg results
in a uniformly corroded surface, a desirable corrosion
mode with minimal destructive power. This uniform
corrosion is a result of the formation of numerous cor-
rosion cells across the Mg-PANI surface. SEM image
comparisons reveal that Mg with PANI coating exhibits
improved resistance compared to the uncoated sample.
With its thermal and radiation stability and favorable
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conductivity properties, the PANI coating effectively
serves as a corrosion-resistant layer for the Mg anode.
PANI exhibits electrochemical activity that helps reg-
ulate localized pH changes at the electrode surface.
By preventing excessive alkalization, it minimizes the
conditions that accelerate the formation of insulating
corrosion products, which can degrade battery perfor-
mance. Furthermore, PANI enhances charge transfer

processes, improving the uniformity of ion migration
and mitigating irregular corrosion patterns. Its con-
ductive nature aids in facilitating electron movement,
allowing for more controlled electrochemical reactions
rather than uncontrolled degradation of the magnesium
anode. It performs exceptionally well on the Mg-PANI
anode electrode material in Mg-air batteries [39].

(a) (b)

Fig. 4. (a) Discharge, and (b) the capacity of Mg-PANI and bare Mg anodes.

(a) (b)

Fig. 5. (a) Surface morphology of Mg-PANI electrode (b) bare Mg after discharging for 8000 seconds at a
density of 10mA/cm2 in a 3.5 wt% NaCl solution.
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(a) (b)

Fig. 6. The surface morphology of Mg and Mg-PANI after 7 days of immersion in 3.5% NaCl electrolyte.

Figure 7(a) pertains to PANI, displaying three wide
and intense diffraction peaks in the range of 2θ =
20 - 30◦, illustrating the structural crystallinity of the
synthesized PANI [40–43]. The pattern presented in
Figure 7(b) is related to the Mg electrode. The sharp
peak between 20◦ and 27◦, highlighting the Mg struc-
ture [39,44,45].

Fig. 7. XRD patterns of Mg and synthesized PANI.

The EDX and mapping results of each element in
the coated sample showed that all elements were well
scattered over the surface of the Mg sample. In other
words, the data clearly shows the presence of all ele-

ments.

4 Conclusion

In this study, the discharge behavior of Mg, coated
with as-synthesized PANI to modify the anode surface,
was evaluated using electrochemical techniques. The
performance was probed as anodes in Mg-air batteries
in a 3.5 wt% NaCl electrolyte. In all electrochemi-
cal tests, Mg-PANI demonstrated improved anode effi-
ciency. During the high current density half-cell test,
Mg-PANI exhibited stronger discharge activity with
OCPs of 1.53 V than 1.54 V for the Mg sample. These
results indicate excellent electrochemical activity. Ad-
ditionally, the Ecorr and Icorr values for Mg-PANI are
−1.01V and 5.06 × 10−5, respectively, indicating the
surface modification of the sample with the lowest po-
tential corrosion. Moreover, the increased capacity of
the PANI-coated anode (270 mAh/g), in contrast to
the uncoated anode (90 mAh/g), demonstrates the su-
perior effectiveness of the coating in prolonging battery
life. Electrochemical analyses, corrosion tests, and bat-
tery stability tests confirm the stable performance of
the PANI coating in modifying the Mg electrode surface
as an anode electrode in Mg-air batteries, effectively
controlling anode surface corrosion and enhancing Mg-
air battery performance. PANI-coated magnesium an-
odes improve Mg-air battery efficiency and corrosion
resistance, making them viable for portable electron-
ics, marine applications, and emergency power systems.
These advancements enhance lightweight energy solu-
tions for the military and transportation sectors, while
also enabling seawater-activated batteries for underwa-
ter sensors and autonomous marine devices.
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Fig. 8. (a,b) indicates the EDX and mapping analysis of Mg-PANI.
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