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Abstract
The corrosion susceptibility of magnesium (Mg) alloys presents a significant chal-
lenge for their broad application. Although there have been extensive experimental
and theoretical investigations, the corrosion mechanisms of Mg alloys are still un-
clear, especially the anodic dissolution process. Here, a thorough theoretical inves-
tigation based on ab initio molecular dynamics and metadynamics simulations has
been conducted to clarify the underlying corrosion mechanism of Mg anode and
propose effective strategies for enhancing corrosion resistance. Through compre-
hensive analyses of interfacial structures and equilibrium potentials for Mg(0001)/
H2O interface models with different water thicknesses, theMg(0001)/72 H2Omodel
is identified to be reasonable with −2.17 V vs. standard hydrogen electrode equi-
librium potential. In addition, utilizing metadynamics, the free energy barrier forMg
dissolution is calculated to be 0.835 eV, enabling the theoretical determination of
anodic polarization curves for pureMg that alignswellwith experimental data. Based
on the Mg(0001)/72 H2O model, we further explore the effects of various alloying
elements on anodic corrosion resistance, among which Al and Mn alloying elements
are found to enhance corrosion resistance of Mg. This study provides valuable
atomic-scale insights into the corrosion mechanism of magnesium alloys, offering
theoretical guidance for developing novel corrosion-resistant Mg alloys.
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1 | INTRODUCTION

Magnesium (Mg) alloys, renowned for their lightweight
properties, find diverse applications in industries such as
aerospace, automotive engineering, and biomedical engi-
neering.[1–5] However, the inherent susceptibility of Mg al-
loys to corrosion in aqueous environments has consistently
impeded their widespread utilization.[6–8] Nowadays, various
strategies have been explored to enhance the corrosion

resistance of Mg alloys, including surface modification,[9,10]

developing a more protective surface coating,[11–13] and so
on. However, once metallic magnesium is exposed, the
occurrence of the corrosion reaction becomes inevitable.[14]

Therefore, enhancing the intrinsic corrosion resistance of
magnesium is the most fundamental approach.

High-purity Mg exhibits better corrosion resistance but is
difficult to produce. When Mg coupled to common alloy el-
ements, galvanic corrosion occurs and results in a significantly

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
work is properly cited.

© 2024 The Author(s). Materials Genome Engineering Advances published by Wiley-VCH GmbH on behalf of University of Science and Technology Beijing.

MGE Advances. 2024;e47. wileyonlinelibrary.com/journal/mgea - 1 of 9
https://doi.org/10.1002/mgea.47

https://doi.org/10.1002/mgea.47
https://orcid.org/0000-0001-7483-927X
https://orcid.org/0000-0001-7919-5661
mailto:hong.zhu@sjtu.edu.cn
mailto:tangql@sari.ac.cn
mailto:tangql@sari.ac.cn
https://orcid.org/0000-0001-7483-927X
https://orcid.org/0000-0001-7919-5661
onlinelibrary.wiley.com/journal/29409497
https://doi.org/10.1002/mgea.47
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fmgea.47&domain=pdf&date_stamp=2024-06-04


elevated corrosion rate. Atrens et al.[5] hold that the Mg alloys
with corrosion rates less than the intrinsic rate of high-purity
Mg in concentrated chloride solution, 0.3 mm/y, is stainless.
Cao et al.[15] reported the corrosion rate of ultra-high-purity
Mg was approximately 0.25 mm/y, and our group[16] had
previously reported the stainless Mg alloy by adding Al
alloying elementswith the corrosion rate lower than 0.2mm/y.
However, the experimental research studies are dominated by
trial-and-error, and the corrosionmechanisms ofMg alloys are
still under debate. Therefore, clarifying the corrosion mech-
anisms is pivotal to guide the design of corrosion-resistantMg
alloys.

Recent experimental studies have also tended to uncover
the corrosion mechanisms of Mg alloys, including reactions
at the Mg/water interface and the effect of a surface film.[17–
19] However, due to the rapid onset of corrosion reactions
and the subsequent formation of corrosion products, exper-
imental characterization poses challenges in understanding
corrosion reactions of Mg at the microscale, and density
functional theory (DFT) simulations are attaining more and
more attentions from material scientists to investigate the
corrosion mechanisms from the atomic scale. The corrosion
of Mg can be divided into two parts: the anodic dissolution
process and the cathodic hydrogen evolution reaction (HER).
Some efforts have been dedicated to hindering the
HER.[20,21] For example, our prior work on high-throughput
computational screening of Mg binary intermetallics[6] has
identified some promising Mg intermetallic phases with
sluggish HER kinetics, aligning well with experimental re-
sults. Besides, we contend that addressing the anodic
dissolution process is equally pivotal for enhancing the
intrinsic corrosion resistance of Mg alloys.

The anode in the corrosion process of multi-phase Mg
alloys primarily consists of the Mg solid solution. The
anodic reaction involves the dissolution of Mg atoms from
the solid solution matrix, expressed as Mg ⇌ Mgnþ þ ne−.
The corrosion rate can be characterized by the polarization
curves based on Equation (1) (detailed discussion can be
found in Supporting Information S1).

I ¼ I0 exp
αnF E − Eeð Þ

RT

� �

− exp −
ð1 − αÞnF E − Eeð Þ

RT

� �� �

ð1Þ

I0 ¼ nFcA
KT
h

exp
− ∆ GMg→Mgnþ þ αnFΦe

RT

� �

ð2Þ

where I0 is the exchange current density,[22] n is the number
of electrons that involved in Mg atom dissolution, α is the
transfer coefficient, Ee is the equilibrium potential, Φe is the
absolute electrode potential, ∆GMg→Mgnþ is the free energy
barrier of dissolution reaction and F, R, T, K, h, cA are
Faraday constant, gas constant, absolute temperature,
Boltzmann constant, Planck constant and the concentration
of reductant (or oxidizer for reverse reaction), respectively.

In Equations (1) and (2), only the values of Φe and
∆GMg→Mgnþ cannot be obtained directly from experiments.
By combining the anodic polarization curve with the
cathodic polarization curve, it becomes readily apparent how
to determine the overall polarization curve as well as the
corrosion current density and the corrosion potential.

If one can obtain crucial parameters such as absolute
electrode potential Φe, and free energy barrier of Mg disso-
lution ∆GMg→Mgnþ from ab initio calculations, the anodic
polarization curves can be obtained theoretically. Such works
have been performed by several researchers with some ap-
proximations. For example, Ma et al.[23] investigated the
anisotropic anodic dissolution of Mg alloys, elucidating the
relationship between electrode potential and current density
using the work function and the surface energy. They calcu-
lated ∆GMg→Mgnþ as 30% of the total energy needed to break
chemical bonds in bulk Mg to form Mg2þ and determined Φe
for different Mg surfaces from the work function, which were
later aligned with the pure Mg equilibrium potential −2.37 V
vs. standard hydrogen electrode (SHE). However, the detailed
interaction of water and Mg surface has been overlooked in
the prior atomic simulations for corrosion, given that Mg
corrosion predominantly occurs in aqueous or atmospheric
environments. The dissolution barrier of Mg atoms from the
Mg matrix and the electrode potential can be significantly
influenced by water. Sun et al.[24] proposed calculation
methods of pure Mg with a single layer of water. Despite
accounting for the role of water molecules, this model fails to
adequately describe the solid–solution interface. Therefore,
the development of a more realistic Mg/H2O model is
essential to understand both the metal equilibrium potential
and the dissolution kinetics of Mg atoms, ultimately
advancing our understanding of the corrosion mechanisms
and enhancing the corrosion resistance of Mg alloys.

In prior investigations on the metal/water interfaces, both
explicit solvent model and implicit solvent model have been
employed[25,26]; however, certain unresolved issues persist.
Due to the inherent stochastic nature ofH2O, achieving precise
results in static conditions remains challenging. Ab initio
molecular dynamics (AIMD) has become a prevalent tool for
simulating the solvent effects of water, but time-consuming.
AIMD simulations could average the impact of interfacial
water configurations but also facilitate the exploration of
structural properties, dynamics, rare events, and other perti-
nent factors.[27,28] For instance, Fogarty et al.[29] calculated the
equilibrium potential of Mg(0001) to be −1.8 V vs. SHE,
which is somehow different from the result from the Nernst
equation.On the other hand, umbrella sampling in conjunction
with machine-learning potential had been employed to
analyze the free energy barrier pertinent to solid phase tran-
sitions of GeSbTe.[30] Similar approaches could be applied to
determine Φe, Ee, and ∆GMg→Mgnþ for Mg anodic corrosion
reaction.

In this work, a relatively realistic model of the Mg/H2O
interface has been established to investigate the corrosion
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behavior of Mg alloy in water. Important parameters char-
acterizing the corrosion rate, Φe, Ee, and ∆GMg→Mgnþ , have
been obtained based on ab initio simulations for the anodic
polarization curve of Mg in water. Additionally, we predict
the impact of alloying elements on the corrosion behavior of
Mg anodes. In sum, this study delves into the anodic
dissolution kinetics of Mg alloys in water from the atomic
scale, providing valuable insights for the development of
corrosion-resistant Mg alloys.

2 | CALCULATION DETAILS

2.1 | Simulation models

Considering that (0001) surface is the most stable one for the
HCP Mg,[23] a 3 � 2

ffiffiffi
3
p

Mg(0001) surface model with six
atomic layers was constructed. Its surface energy and work
function are determined to be 0.59 J/m2 and 3.69 eV,
respectively, which is consistent with prior works.[23,31] The
bulk water box was created with the density of 1 g/cm3,
where the a and b dimensions are same as those of Mg(0001)
surface slab, while c dimensions are 20.38, 13.60, and
10.18 Å for 72, 48, and 36 water molecules, respectively.
The Mg(0001)/n H2O interface models were constructed by
combining Mg slab and bulk water box, as well as adding a
vacuum region of 20, 20, and 16 Å for 72, 48, and 36 water
molecules, respectively.

2.2 | Polarization curves

The equilibrium potential, Ee, can be calculated by the po-
sition difference between Fermi level of metals (Efermi) and
the energy level for H2O/H2 (EH2O=H2), as the following
equation shows.

Ee ¼ EH2O=H2 − Efermi
� �

=e ð3Þ

According to Trasatti's research study,[32] at ambient
temperature, the energy level of H2O/H2 is −4.44 eV with
respect to the vacuum potential close to the surface of the
solution (Evac). In this work, the vacuum potential outside
the water and the position of EH2O=H2 in Mg(0001)/H2O
model have been determined, as Figure 1c shows. Efermi of
Mg in Mg(0001)/H2O model can be obtained by electrostatic
potential alignment between bulk Mg and bulk-like Mg in
the interface model, as previously reported.[31]

Thus, the absolute electrode potential of Mg, Φe, can be
calculated as follows:

Φe ¼ Ee þ 4:44: ð4Þ

∆GMg→Mgnþ can be depicted by the free energy barrier
for one of Mg atoms in the Mg(0001) surface dissolved to
water[33] by using constrained MD.

2.3 | Calculation methods

In this work, spin polarized calculations were performed
using Vienna ab initio simulation package (VASP)[34] code
with projector augmented wave[35] pseudopotentials to treat
the ion–electron interactions. The wave functions were
expanded in a plane-wave basis set with an energy cutoff of
520 eV. The generalized gradient approximation with the
formula of Perdew-Burke-Ernzerhof[36] was used to calcu-
late the exchange-correlation energies. Due to the high
computational cost, only gamma point was used for all the
calculations. DFT-D3 method[37,38] was used to correct van
der Waals interaction. The convergence criteria for energy
and force are set to 1.0 � 10−6 eV and 0.01 eV/Å,
respectively.

In AIMD simulations, the optimized structures were
heated to the target temperature of 300 K in 5 ps. For 36
H2O, 48 H2O, and 72 H2O interface models, the temperature
of AIMD simulations (Figure S7) was maintained at 300 K
with NVT ensemble (Nosé-Hoover thermostat) for 36, 40,
and 18 ps with a time step of 1, 1, and 0.5 fs, respectively.
The machine-learning force fields in VASP was used to
accelerate the AIMD simulations, namely ML-AIMD. And
the ML-AIMD simulations of 50 ps were performed for Mg/
72 H2O interface model with the time step of 0.5 fs. The
results without machine learning were used to verify the
reliability of machine-learning force fields for the interface
model.

Metadynamics[39] was used to simulate the potential
energy surface (PES) for Mg atom dissolving from Mg
(0001) surface with the Mg-Mg and Mg-O coordination
numbers as CVs, enabling the estimation of the dissolution
free-energy barrier of Mg atom. Gaussian hills with height
0.04 eV and width 0.08 eV were used.

3 | RESULTS AND DISCUSSION

3.1 | The effects of water thickness on the
interaction of Mg-H2O

Firstly, the Mg/H2O interface structures with different water
thickness, namely Mg(0001)/72 H2O, Mg(0001)/48 H2O and
Mg(0001)/36 H2O, were analyzed. The number of water
molecules adsorbed on the Mg surface within three models
was demonstrated to be 3 or 4, corresponding to a coverage
ratio of either 1/4 or 1/3 (Figure S1), which is consistent with
the findings from prior investigations.[29] In Sun's research
study,[24] they revealed that the quantities of water layers
have limited influences on both the interface structure and
charge transfer between water and Mg atoms by analyzing
electron density redistribution of the Mg slabs covered with
monolayer and bilayer water molecules. However, the dif-
ference of planer charge density difference between Mg
(0001)/36 H2O and Mg(0001)/48 H2O model (see Figure S2)
indicated that most water molecules interacted with Mg
atoms in the Mg(0001)/36 H2O model, but in the Mg(0001)/
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48 H2O model the outermost water molecules did not
interact with Mg atoms. The average positions along z-axis
of surface Mg atoms were also analyzed (Figure S3), which
showed that the surface Mg atoms with H2O adsorption
moved toward the water layer. The disparity in the average
position along z-axis of surface Mg atoms, with and without
the water molecule adsorption, was ~0.5 Å in both the Mg
(0001)/48 H2O and Mg(0001)/72 H2O model, whereas it was
around 1.5 Å in the Mg(0001)/36 H2O model.

Considering water/vacuum interface and the electrical
double layer (EDL) effect at the metal/water interface, it is
necessary to include the water with adequate thickness to
represent both the interfacial water and bulk water. Water
molecules near interface have a tendency to align in the same
direction, aggregate more closely and adsorb on Mg atoms,
resulting in the higher interfacial water density.[40]

Conversely, the density of bulk water is expected to be lower
than the interface, approaching a value close to 1 g/cm3.
Figure 1b shows that only the density of water layer at the
Mg(0001)/72 H2O interface was larger than 1 g/cm3, the
density of middle water layer was very similar to the bulk
water, and overall average density of water is 1.00 g/cm3.
Figure S4 shows the water density of Mg(0001)/36 H2O
model and Mg(0001)/48 H2O model. Hence, the Mg(0001)/
72 H2O model offers a more accurate representation of the
interactions between metallic magnesium and aqueous
solutions.

For 36 H2O, 48 H2O, and 72 H2O interface models, the
snapshots were extracted at intervals of 1000 steps from the
AIMD trajectories, the structures of which were further
applied for the single point calculations to obtain the planar

averaged electrostatic potential for each snapshot interface
model. Based on the above mentioned calculation methods,
Ee and Φe for every snapshot are calculated, respectively.
The averaged Ee and Φe over all the snapshots considered are
−2.01 (Figure S5) and 2.43 V for the Mg/36 H2O model,
respectively, −1.85 (Figure S5) and 2.59 V for the Mg/48
H2O model, respectively, and −2.17 (Figure 1d) and 2.27 V
for the Mg/72 H2O model, respectively. Fogarty et al.[29]

reported that in the same water thickness as in the 48 H2O
model, the Φe value is 2.60 V, very close to our result of Mg
(0001)/48 H2O, 2.59 V. The Mg(0001)/72 H2O model offers
a more accurate representation of the interactions between
metallic magnesium and aqueous solutions, and its Ee was
closer to the experimental value of −2.37 V.[32] Conse-
quently, we employed it for further investigation of the
corrosion behavior of magnesium.

To better understand the interactions between Mg and
water molecules, AIMD simulation with machining-learning
force fields was further performed for the Mg(0001)/72 H2O
model for 50 ps, and the last 42 ps results from ML-AIMD
simulations were used for further analysis. The number of
adsorbed water molecules from ML-AIMD simulations is
larger compared to that of standard AIMD. The accumula-
tion of water molecules at the interface was evident, with a
transition to bulk water behavior observed beyond 21 Å in z-
axis (Figure 2a), and the overall average density was 0.92 g/
cm3. Besides, the Ee and Φe were calculated with the average
values of −2.12 and 2.32 V, respectively, which were very
close to those calculated using standard AIMD. However,
the simulation time cost is a few tenths of standard AIMD,
and root mean square error of energy was around 0.0036 eV/

F I GURE 1 (a) The planar charge density difference of Mg(0001)/72 H2O system in z direction (∆ρ¼ ρMg=72 H2O−ðρMg þ ρH2OÞ), where ρMg=72 H2O,
ρMg, and ρH2O are the charge densities of the interface model, Mg(0001) slab and 72 H2O, respectively), (b) the water density distribution, and (c) the
electrostatic potential of Mg(0001)/72 H2O along z-axis. (d) Equilibrium potential of Mg(0001)/72 H2O model during regular ab initio molecular dynamics
simulation. The cell of interface model is schematically shown as the dashed rectangle in panel (a) and the dashed horizontal line in panel (d) represents the
averaged Ee of −2.17 V versus SHE. SHE, standard hydrogen electrode.
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atom. The results show that machining-learning force fields
can greatly improve the rate of AIMD with the similar ac-
curacy for properties of interests.

3.2 | The potential energy surface for Mg
atom dissolution process

The free energy barrier (∆GMg→Mgnþ) of a Mg atom on the
Mg(0001) surface dissolves to water was used to depict the
activation energy for anodic dissolution process. Owing to
the electrical neutrality of model, the electrical work of
Mgnþ was not considered. Nevertheless, it is still possible to
simulate the initial process of Mg dissolution. To obtain
∆GMg→Mgnþ , we used metadynamics to calculate the 2D-PES
by using Mg-Mg and Mg-O coordination numbers as CVs.
The bias potential (Gaussian hills) that acts on the CVs with
a certain height and width is continuously added at certain
intervals until there is enough simulation time to fulfill
PES.[40] Previous studies rarely reported the direct determi-
nation of ∆GMg→Mgnþ . One reason is that enhanced sampling
in AIMD simulations has high time-cost. Another reason is
that the EDL is not easy to reasonably simulate.

During metadynamics simulation process, the complete
Mg dissolution process encompasses: (i) Mg migration from
the surface to transition state and an increase in coordination
number of water and Mg from one to three; (ii) the coordi-
nation number of Mg and water from three to six, culmi-
nating in the formation of [Mg(H2O)6] and the dissociation
of a water molecule. The initial dissolution stages involve
Mg leaving from the surface, increasing its water coordi-
nation number. This process aligned with the reaction
pathway wherein Mg atoms interact with water molecules,
forming Mg·(H2O)x complexes in aqueous electrolytes.[19]

In this progress, Mg-Mg and Mg-O bonds are continuously
formed or broken, at the same time, the bias potential was
added continuously to fill the PES.

The calculated free energy surface, as depicted in
Figure 3, exhibits two distinct local maximums representing
the initial and final states of the Mg dissolution process. The
activation energy barrier that the dissolution of 1 Mg atom

into water necessitates overcoming is determined to be
0.835 eV, compared with the 0.71 eV, accounts for 30% of
the total energy needed to break chemical bonds to form ions
and the surface energy density, reported in Ma's research
study.[23] For future studies, we noticed that more advanced
methods, such as well-tempered metadynamics,[41,42] could
be applied to accelerate the sampling of the free energy
potential surface.

3.3 | The anodic polarization curve

Based on the above calculated values, the anodic polarization
curve forMg can be readily constructed. The anodic exchange
current density is 1.14� 10−10 A/cm2 using common transfer
coefficient α = 0.36 and n = 1 based on Equation (2).[23]

Previous literature[43,44] has reported a solution with pH = 11
for the cathodic HER, featuring an cathodic exchange current
density of 10−8.1 A/cm2 and an equilibrium cathodic electrode
potential of Ee(H2/Hþ) = −0.63 V vs. SHE using α= 0.74; the
determined polarization curves of pure Mg are illustrated in
Figure 4. During the electrochemical corrosion of pure Mg,
cathodic and anodic reactions occur simultaneously at the
same potential. When the corrosion current density reaches its
peak value, the direction and rate of the anodic and cathodic
reactions are opposite and equal.[43] These findings indicate
that the corrosion current density attains its maximumvalue of
10−5.26 A/cm2 when the anodic and cathodic areas are
proportioned at 36% and 64%, respectively. Concurrently, the
corrosion potential is −1.33 V vs. SHE, indicated by the black
star in Figure 4.

To validate the reliability of the calculation method, the
calculated polarization curve was compared with the avail-
able experimental curves. As illustrated in Figure 4, the
simulated polarization curves exhibit a good agreement with
the experimental data. Several studies have elucidated that
Cl− ions can increase the corrosion current density and
decrease the corrosion potential.[45,46] Consequently, the
minor discrepancies, observed between calculated and
experimental data depicted in Figure 4 may predominantly
be attributed to the different concentration of Cl− ions.

F I GURE 2 (a) The water density distribution along z-axis and (b) equilibrium potential of Mg(0001)/72 H2O model during ML-ab initio molecular
dynamics simulation (dashed line in panel (b) is the average equilibrium potential of −2.12 V).
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3.4 | Alloying effects on the anodic
dissolution process

The effects of various alloying elements (Zn, La, Sc, Gd, Nd,
Al, and Y) on anodic corrosion resistance of Mg were
investigated from both thermodynamics and kinetics per-
spectives based on the alloyed Mg(0001)/72 H2O model. We

substituted one or 3 Mg atom (labeled as Mg71 M and
Mg69M3, respectively) within the second surface Mg layer
with 7 possible alloying elements (Figure S6).

The Ee of Mg solid solution system was aligned with that
of the Mg(0001)/72 H2O model based on work function of
alloyed Mg slab. It is evident that alloying Zn, Al, and Mn
into pure Mg significantly increase the Ee irrespective of the
concentration as shown in Figure 5a. According to Equa-
tion (1), the more positive Ee is, the slower is the corrosion
rate. Thus, these alloying elements can reduce the corrosion
rate thermodynamically.

The free energy of Mg atoms with the dissolution pro-
cess can be conceptualized into two parts: (i) overcome the
interactions between the magnesium atom and its sur-
rounding metallic atoms and become an isolated Mg atom
and (ii) form a hexahydrate magnesium ion. It is posited that
the contribution of the second part to the ∆GMg→Mgnþ re-
mains similar in pure Mg and Mg alloy systems. In contrast,
the contribution of the first component to the energy barrier
can be interpreted as the formation energy of an Mg vacancy
on Mg alloy surface. Then, the ∆GMg→Mgnþ were determined
as the following equation:

Ealloy
V ¼ EV − Eperf þ EMg ð5Þ

ΔGAlloy
Mg→Mgnþ ¼ Ealloy

V − EMg
V þ ∆GMg→Mgnþ ð6Þ

F I GURE 3 The free energy landscape constructed from metadynamics simulation of Mg atom dissolution from Mg(0001) surface with the Mg-Mg
and Mg-O coordination numbers as CVs at 300 K (with respect to the transition state energy).

F I GURE 4 The polarization curves of theoretical simulation and
experimental data. UHP Mg was immersed in the 3.5 wt% NaCl solution
with pH = 7 (see more details in Supporting Information S1). UHP, ultra-
high-purity.
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In Equation (5),EV is the energy of theMg-alloying slabwith a
vacancy on the surface; Eperf is the energy of the perfect Mg-
alloying slab; EMg is the energy of an Mg atom. And Ealloy

V
denotes the formation energy of surface Mg vacancy in the
Mg-alloying slab. In Equation (6),EMg

V is the formation energy
of surface Mg vacancy in the pure Mg slab. And ΔGAlloy

Mg→Mgnþ

denotes the predicted activation free energy of Mg dissolution
in the Mg-alloying system. Figure 5b indicates that alloying
with elements such as Al and Mn effectively elevate the
activation energy of Mg dissolution, which inhibits the
dissolution of Mg atoms kinetically.

According to our model with the same cathodic HER,
good alloying elements shall show a lower corrosion current
density and a higher corrosion potential. These two goals
require to satisfy with both conditions of (i) a higher Ee than
−2.17 V vs. SHE and (ii) a higher ∆GMg→Mgnþ than
0.835 eV. Alloying Al and Mn elements was expected to
improve the corrosion resistance of Mg alloys. These results
are consistent with prior experiments.[47,48] For Zn and Sc
elements, although experimentally observed to reduce the
corrosion rate, the reasons are mainly cathodic effect and
more protective oxide film respectively, and the corrosion
potential was lower than pure Mg, in agreement with our
results.[49,50] For Nd, Gd, Y, and Zr elements, increased
corrosion rate was observed experimentally.[51–53]

4 | CONCLUSION

In summary, this study has established a series of Mg(0001)/
H2O models for the anodic corrosion of Mg, and the Mg
(0001)/72 H2O model has been identified as the most
optimal interface model. Through AIMD simulations,
crucial parameters such as equilibrium potential and free
energy barrier of Mg dissolution were computed, allowing
for the theoretical derivation of anodic polarization curves
that closely match experimental data. Additionally, our
findings suggest that alloying with Al and Mn can enhance
the corrosion resistance of Mg metal, as evidenced by
calculated Ee and ∆GMg→Mgnþ for Mg-alloying systems.
These insights pave the way for informed strategies in
designing corrosion-resistant Mg alloys, underscoring the

importance of theoretical modeling and simulation tech-
niques in corrosion research.
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