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Molecular dynamics simulations were used to investigate the influence of pressure on the structural properties and
dynamics of magnesium (Mg) during rapid solidification. The dynamics analysis revealed that, with an increase in pressure,
the dynamics of Mg melt slowed down sharply and the dynamical heterogeneities increased, leading to a denser structure.
Atom-level structural analysis using the cluster-type index method suggested that the predominant structure transformed
from hexagonal closed-packed to face-centered cubic with increasing pressure from 0 GPa to 5 GPa, and then transformed
to the A15 complex crystal structure as the pressure increased above 10 GPa. In addition, the nature of polymorph selection
was investigated by analyzing the phonon dispersion of Mg under different pressures. These findings provide a novel insight
into polymorphic transitions of Mg under pressure and guide the selection of Mg polymorphs for practical applications.
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1. Introduction
Crystallization during solidification is a complex pro-

cess and plays an important role in determining the mi-
crostructure and mechanical and chemical properties of metal-
lic materials.[1] When a metal possesses more than one
type of crystalline form these different forms are known as
polymorphs.[2] Polymorph selection during solidification is
quite complicated, and is controlled by both thermodynam-
ics and dynamics. Zhao et al.[3] demonstrated that the dual-
phase AlCoCrFeNi2.1 eutectic high-entropy alloy (HEA) with
face-centered cubic (FCC)/body-centered cubic (BCC) mod-
ulated lamellar structures has a unique combination of high
strength and excellent ductility, while the single-phase FCC
structure exhibits high ductility but low strength.[4] The single-
phase BCC HEA shows a high yield strength at the expense
of ductility.[5] Thus, it is important to understand and control
polymorphic transitions during the crystallization process for
material design and application.[6–9]

The selection of polymorphs is mainly influenced by the
chemical composition, cooling rate and other processing fac-
tors during solidification.[10] Although phase diagrams pro-
vide guidance to the structure of thermodynamically stable
end-products, little is known about how about the energy pic-
ture of matter during nucleation and growth. Various studies
have demonstrated that intermediate metastable phases occur
during crystallization, where the formation of a phase is not
determined by its absolute stability but by the closeness of

the growing phase to its parent phases; this is referred to as
the Ostwald step rule.[11–13] Some researchers have found that
when the cooling rate is fast enough to suppress the nucleation
and growth of the crystalline phase, the metallic liquid under-
goes a glass transition and forms metallic glass or amorphous
metal with a metastable phase at room temperature.[14–16] In
addition to the cooling rate, pressure is also an important ther-
modynamic variable of metallic liquids during the solidifica-
tion process.[17–19] In particular, when the pressure reaches a
certain value the solidification thermodynamics and dynamic
conditions of metals or alloys will be greatly changed. Re-
cently, high-pressure technology has attracted significant re-
search attention for discovery of new phases or materials[20]

because it can effectively reduce the atomic volume and alter
the free energy of different phases and the physical and chem-
ical properties. For example, Dias et al.[21] recently observed
room-temperature superconductivity (287.7 K) for the fist time
at a high pressure of 267 GPa.

However, the experimental observation of microstructural
evolution during solidification under high pressure is still a
challenging task. Molecular dynamics (MD) simulation is
an efficient tool for such systems and has been widely em-
ployed in the study of polymorphic transitions and nucleation
of metals.[22–26] For instance, Desgranges et al.[22] utilized
MD simulations to study the mechanism of polymorph selec-
tion and demonstrated that changing the conditions (pressure
or temperature) of crystallization could exert thermodynamic
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control of polymorphs during the growth step of a Lennard–
Jones fluid. An et al.[23] revealed the phonon dispersion of Al
at ambient pressure, with the aim of assessing the formation
of the BCC Al polymorph during the crystallization process.
Mahata et al.[24] used MD simulations to study homogeneous
nucleation during Al solidification. These works provide novel
insights into the mechanism of polymorph selection, but sev-
eral questions about the details of polymorph selection remain
unanswered.

Herein, MD simulations were employed to guide the de-
sign of crystallization pathways and explore the effect of pres-
sure on polymorph selection of Mg during rapid solidification.
The pair distribution function (PDF), the cluster-type index
method (CTIM) and some other statistical methods were uti-
lized to reveal the structural and dynamic characteristics of
Mg. The results show that pressure has an important influence
on the dynamics of liquid Mg and the crystallization pathway
of metallic Mg. The dynamics of Mg melt are rapidly slowed
down under high pressure and the dynamic heterogeneity in-
creases with increasing pressure. In terms of polymorph se-
lection, the microstructure was transformed from hexagonal
close-packed (HCP) to the A15 complex phase with increas-
ing pressure from 0 GPa to 10 GPa. In addition, the phonon
dispersion of Mg under different pressures was analyzed to re-
veal the nature of polymorph selection.

2. Computational methods
2.1. Force field

The initial simulations were carried out using the
LAMMPS package. The force fields of Mg using the
embedded-atom model (EAM) potential were adopted; this
model was developed by Mendelev et al.[27] and has been
widely utilized to study the crystallization process of Mg. The
PDF is a Fourier transform of the structure factor S(q), which
can be obtained from x-ray diffraction of a system. To ver-
ify the validity of the potential function, g(r) of liquid (g(r)
represents the probability distribution of finding other atoms
at a certain distance (r) in a system with a fixed particle as
the center) and the atomic volume of Mg under various pres-
sures at room temperature were calculated. Hence, the liquid
structure of Mg could be verified by comparing the calculated
g(r) curves with the experimental results of Waseda et al.,[28]

as shown in Fig. 1(a). Figure 1(a) shows excellent consistency
between two g(r) curves at 953 K and 1063 K under zero pres-
sure. Also, Fig. 1(b) shows that the calculated compression
curves of Mg are in good agreement with the experimental re-
sults of Errandonea et al.[29] and Clendenen et al.[30] Thus,
the EAM potential can be utilized for studying the pressure-
induced polymorphic transitions of Mg.
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Fig. 1. The validity of potential function: (a) comparison of the simulated
g(r) curves (solid curves) with experimental data (blue circles)[28] for Mg
at different temperatures; (b) compression curve of Mg under different pres-
sures (shallow green solid curve) and the experimental data (red circles)[29]

(blue half solid squares).[30]

2.2. Simulation details

The MD simulations were performed using a system with
80000 atoms in a cubic box with periodic boundary condi-
tions, with the NPT (constant number of particles N, pres-
sure P and temperature T ) ensemble using a time step of 2 fs
with a Nose–Hoover thermostat and barostat implemented in
the LAMMPS package.[31] First, the system was relaxed for
2000000 time steps (4 ns) at 1300 K (the melting tempera-
ture (Tm) of Mg under 0 GPa is around 921 K) to obtain an
equilibrium liquid. Then, the system was quenched to 100 K
at a cooling rate of 0.1 K/ps under a specific pressure. Dur-
ing these processes, all necessary information about the atoms
in the system was recorded for the analysis at each selected
temperature. Some specific configurations at temperatures of
interest were collected, and some samples were allowed to re-
lax to equilibrium under the NPT/NV T (constant N, constant
volume V , constant T ) ensemble to analyze the dynamic prop-
erties.

2.3. Analysis methods

To investigate the dynamic properties of Mg melt, some
common characterization methods were adopted, including
mean-square displacement (MSD), the self-intermediate scat-
tering function (SISF Fs(q, t)) and the non-Gaussian parameter
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(NGP).

MSD quantifies the average travel distance of the atoms
in a given time in the system. It is defined as 〈∆r2(t)〉 =
(1/N)∑

N
i=1 [𝑟i(t)−𝑟i(0)]2, where N represents the particle

number of the system and 𝑟i(t) denotes the displacement of
particle i in a time t.

The SISF (Fs(q, t)) refers to the spatial Fourier transform
of the van Hove function and describes the density fluctuation
of the same atoms between time t = 0 and t = t0, which can be
used to reveal the molecular dynamics properties. It is defined
as Fs(q, t) = (1/N)∑

N
j=1 exp{[i𝑞 · [𝑟 j(t)− 𝑟 j(0)]]}, where N

refers to the number of atoms, 𝑞 represents the wave vector
and i denotes the imaginary unit.

To observe dynamic heterogeneities (DHs) of Mg melt,
the NGP was introduced, which can be defined as α2(t) =(
3〈∆r4(t)〉/5〈∆r2(t)〉2

)
− 1, where 〈∆r2(t)〉 represents the

MSD. It can be seen that the aforementioned three equations
are related to the displacement of particle motion. Hence, they
are used to represent the dynamic properties of the system.

To investigate the microstructural evolution of Mg during
solidification, the PDF and CTIM for the system were adopted.
The primary microstructural characteristics were checked by
employing the PDF (g(r)), providing essential information
about the structure.

The structural details were provided by the CTIM, as pro-
posed by Liu et al.[32–36] and based on the work of Qi and
Wang.[37] It can also be used to quantitatively describe almost
all kinds of local clusters formed in a simulation system. In
CTIM-3, the cluster is composed of a central atom and its
surrounding bonded atoms, and is expressed by nine integer
indices of (N, n1441, n1551, n1661, n1421, n1422, n1541, n1431,
n1321), where N represents the coordination number of the cen-
tral atom and the following eight integers denote numbers of
1441, 1551, 1661, 1421, 1422, 1541, 1431, and 1321 H–A
bond-types, respectively, by which the surrounding atoms are
bonded with the central atom.[38] In the H–A bond-type index
method, the four integers (i, j, k, l) are used to describe the lo-
cal configurations of two atoms, where i is 1 or 2, and indicates
whether two atoms are bonded or not, respectively. j denotes
the number of atoms bonded with two atoms, k represents the
number of bonds among j atoms and l is needed to distinguish
between the configurations whose first three integers, ijk, are
the same but whose atomic configurations are different.

Some important basic clusters are presented in Fig. 2 us-
ing CTIM-3. The FCC, BCC and icosahedron (ICO) basic
clusters can be expressed by (12 0 0 0 12 0 0 0 0), (14 6 0 8
0 0 0 0 0) and (12 0 12 0 0 0 0 0 0), respectively, as shown in
Figs. 2(a)–2(c).

(a) FCC (b) BCC (c) ICO

(12 0 0 0 12 0 0 0 0) (14 6 0 8 0 0 0 0 0) (12 0 12 0 0 0 0 0 0)

Fig. 2. Three basic clusters of a system: (a) FCC basic cluster (12 0 0 0 12 0
0 0 0) with a center atom of 75499; (b) BCC basic cluster (14 6 0 8 0 0 0 0 0)
with a center atom of 20923; (c) ICO basic cluster (12 0 12 0 0 0 0 0 0) with
a center atom of 7339.

3. Results and discussion
3.1. Effect of pressure on Mg melt

3.1.1. Static structural characterizations

Different liquid structures often lead to different final
state structures during the solidification process. Firstly, the
effect of pressure on the structure of Mg melt was investigated
using the PDF.

As a one-dimensional statistical method for structural
characterization, the PDF can identify crystalline, amorphous
and liquid structures by the shape and position of peaks. Fig-
ure 3(a) shows the g(r) curves of Mg melt at 1200 K under
different pressures. The effect of pressure on the melt struc-
ture can be clearly seen from the g(r) curves. There are no di-
vided or sharp peaks in the g(r) curves, indicating the absence
of both amorphous and crystalline structures in the Mg melt.
With the increase in pressure, it can be seen that the change
in g(r) is somewhat similar to the temperature drop during so-
lidification, i.e., the peak position moves to the left and the
second and third peaks become more obvious, implying that
the atomic arrangement becomes denser.

Meanwhile, the second peak is broadened and split, in-
dicating that the increase in pressure is caused the emer-
gence of a partial medium-range order (MRO) structure in the
system.[15] In order to further clarify the structural changes,
figure 3(b) presents the changes of normalized r values (rnorm)

of the first, second and third peaks with pressure. The rnorm

of three peaks decreased with the increase of pressure, which
corresponds to the peak movement in Fig. 3(a). In the pres-
sure range of 0 GPa to 7.5 GPa, the change of rnorm is high,
whereas the change in rnorm remains almost linear in the range
of 10 GPa to 20 GPa. Compared with the change in the first
peak associated with the short-range order (SRO), the posi-
tional change of the second and third peaks, which are as-
sociated with the MRO, is more obvious, indicating that the
increase in pressure results in a more compact arrangement
of atoms with a significant influence on the MRO structure.
These phenomena indicate that densification of the first and
second shells decreased with increasing pressure, especially
the second shells associated with MRO. In general, this be-
havior may be related to system compressibility.
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Fig. 3. (a) The PDF of Mg melt at 1200 K under different pressures. (b) Cor-
responding normalized r values (rnorm) of the first, second and third peaks
under different pressures.

3.1.2. Average dynamics and dynamic heterogeneities

The application of pressure during solidification results
in a change in the local structure, which is accompanied by
a change in the dynamic behavior of the system. Herein, we
present the effect of pressure on average dynamics and DHs
of Mg melt, including the characterization of MSD, SISF and
NGP.

The MSD of atoms represents the capacity of atoms to
move, namely, the displacement of atoms in a certain time
interval. The capability of atoms to move tends to decrease
with decreasing temperature or increasing external pressure.
Figures 4(a) and 4(b) present the MSD of the system at dif-
ferent pressures (0, 5, 10, 15, and 20 GPa @ 1200 K) and
different temperatures (800, 900, 1000, 1100, and 1200 K @
10 GPa), respectively. It can be seen that atomic displace-
ment with time experiences three stages. In the initial stage,
MSD is proportional to t2; this is called the ballistic move-
ment stage, in which atoms are free to move without being
affected by nearby atoms. After ballistic motion, a small plat-
form appears on the MSD curve, indicating the presence of

the cage effect;[39] this is called the localized movement stage.
The longer platform length corresponds to the higher level of
difficulty in topological excitation.

As shown in Figs. 4(a) and 4(b), the MSD platform be-
comes longer with increasing pressure or decreasing tempera-
ture, respectively. One should note that the decrease in temper-
ature leads to a decrease in thermal energy and an increase in
pressure results in an increase in activation energy and hinder-
ing of topological excitation. With increasing time, the atomic
bonds are broken and atoms eventually diffuse into the bulk.
At this stage, MSD becomes proportional to t and this stage is
referred to as the diffusion movement stage.
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Fig. 4. The mean-square displacement of Mg melt at (a) different pressures
(0, 5, 10, 15, and 20 GPa @ 1200 K) and (b) different temperatures (800,
900, 1000, 1100, and 1200 K @ 10 GPa).
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Fig. 5. The self-intermediate scattering function of Mg melt under (a) differ-
ent pressures (1200 K) and (b) different temperatures (10 GPa).

SISF can be used to characterize the dramatic slowdown
and structural relaxation. A two-step relaxation behavior was
found at a certain temperature and pressure, as shown in Fig. 5.
Consistent with the MSD results, the pressure did not have any
influence on the short ballistic movement, whereas the tem-
perature did. Hence, the pressure increased the atomic com-
pactness without exerting any influence on the thermal mo-
tion. Also, the dynamics gradually slowed down with the
decrease of temperature and increase of pressure. Similar to
MSD, there were three movement regions: ballistic motion,
localized motion and diffusion motion. Both decrease in tem-
perature and increase in pressure slowed down the dynamics
of Mg melt; however, the influence of temperature was more
obvious than that of pressure. At the same temperature, the
variation of SISF gradually slowed down with the increase of
pressure. At the same pressure, the variation of SISF gradually
increased with decreasing temperature. Therefore, the cooling
rate should be preferentially controlled to tune the crystalliza-
tion behavior.
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If the movement of particles in an isotropic liquid is uni-
form, the MSD of particles is always proportional to the time,
and the set of displacements of different particles, correspond-
ing to the same period, is in accordance with the Gaussian
distribution. However, the movement of particles in the melt
is limited to different degrees due to the different effects of
surrounding particles. Hence, the displacement of particles in
the melt no longer conforms to the Gaussian distribution, re-
flecting the DHs of the particles in the liquid. The NGP was
used to reveal the heterogeneities of particle motion, as shown
in Fig. 6. The peak value of α2(t) and the corresponding time
scale are seen to increase with increase in pressure, indicating
that the DHs increase with increasing pressure.
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Fig. 6. The non-Gaussian parameters of Mg melt under (a) different pressures
(1200 K) and (b) different temperatures (10 GPa).

The maximum value of NGP (αmax
2 ) reflects the strongest

degree of DH. As shown in Fig. 6(b), both time and the value
of αmax

2 increase with decreasing temperature. That is, the
time required for the liquid to reach αmax

2 increases with de-
creasing temperature and the value of αmax

2 also increases
with decreasing temperature. Similar to SISF, the temperature
changes have a more obvious effect on DH than the pressure.

3.2. Effect of pressure on crystallization behavior of Mg

In the melt state, the pressure has a significant influ-
ence on matrix structure and atomic dynamics. Herein, the
microstructural evolution during the crystallization process is
studied in detail to better understand the influence of these
changes on the crystallization behavior of Mg.

3.2.1. Structural evolution during solidification

To understand the crystallization behavior of Mg under
different pressures in depth, the evolution of major clusters
in the system under different pressures is shown in Fig. 7.
It was found that Mg exhibited completely different crystal-
lization pathways during solidification under different pres-
sures. When the pressure was zero, a BCC intermediate phase
was formed during the solidification process and finally trans-
formed into a HCP-dominated crystal structure. When the
pressure was increased to 5 GPa, there was also a BCC inter-
mediate phase during the solidification process, but the final
system was dominated by FCC crystal structure. Interestingly,
with a further increase in pressure, BCC, HCP and FCC struc-
tures became almost invisible, and ICO and Z14 (14 0 12 2
0 0 0 0 0) cluster structures occurred. Finally, the relative
proportion of ICO+Z14 exceeded 50% under a pressure of
20 GPa. In general, the density of a system increases with
increase in pressure. The ICO+Z14 clusters were, however,
obtained with a lower arrangement density than FCC and HCP
under a pressure of 20 GPa. These findings should be further
investigated in detail.
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Fig. 7. Microstructural evolution of major clusters in the system under different pressures.
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3.2.2. Three-dimensional atomic snapshot

Although the statistical results for the basic crystal clus-
ters were analyzed by CTIM, as mentioned earlier, the fi-
nal atomic structures at 100 K under different pressures are
shown in Fig. 8 to intuitively observe the spatial distributions
of clusters. The final crystal structure of each system can be
clearly distinguished using 3D visual analysis. At 0 GPa, the
final structure is dominated by the red-colored HCP atoms,
whereas a small proportion of BCC, FCC and defective atoms
are observed. When the pressure is increased to 5 GPa, the
final structure is dominated by the green-colored FCC atoms,
whereas a small number of HCP and other defective atoms are
also observed.

(a) P=0 GPa (b) P=5 GPa (c) P=10 GPa 

(d) P=15 GPa (e)  P=20 GPa

HCP

FCC

BCC

ICO

Z14

others

Fig. 8. The final atomic structures at 100 K under different pressures, where
the red, green, blue, orange, purple and gray spheres represent HCP, FCC,
BCC, ICO, Z14 and other atoms, respectively.

At a pressure of 10 GPa, three kinds of major crystal clus-
ters can hardly be seen in the system. At this time, the system
is dominated by amorphous clusters. With a further increase
of pressure to 20 GPa, three crystal structures are almost in-
visible in the system, and the orange-colored ICO and purple-
colored Z14 atoms are mainly observed. In general, when ICO
and Z14 are separated they do not form crystal clusters. After
further extraction and observation, it was found that the ICO
and Z14 intersected to form a complex crystal phase, A15, as
shown in Fig. 9.

(a) A15 phase (b) (c) 

Fig. 9. Details of the A15 complex crystal phase: (a) A15 unit cell; (b), (c)
A15 phase when viewed from different directions in the system, where the
orange and purple spheres represent ICO and Z14 atoms, respectively.

By analyzing the A15 unit cell in Fig. 9(a), we can
demonstrate that the A15 phase in metallic Mg consists of
ICO and Z14 cluster atoms with an atomic ratio of 1:3. Mean-
while, Figs. 9(b) and 9(c) show the arrangement of atoms in

the A15 phase when viewed from different directions. It can
be clearly seen that A15 is a crystal structure. The A15 phase
has previously been found in both Zr and Ta under medium
and high pressures,[40,41] but there are few reports on the A15
phase of Mg. Based on CTIM evolution and 3D visualiza-
tion analysis, it is concluded that pressure plays an important
role in the crystallization pathways and polymorph selection
of Mg. However, the mechanism of these obvious distinctions
remained unclear.

3.2.3. Phonon vibration spectra

Several studies have focused on finding the most stable
Mg phase under extreme conditions and have found that the
most stable phase of Mg at low pressures is the HCP phase
while the most stable phase at ultra-high pressures is the BCC
phase.[42] However, a few studies have focused on the stabil-
ity of the metastable phase. The phonon vibration spectra can
directly reflect the interaction of atoms with each other, which
is the basis of the thermodynamic properties of solid materi-
als and can be used to assess the stability of different struc-
tures. Considering that the free energy of phases is adjustable
by pressure, the phonon vibration behavior of four phases of
Mg (HCP, FCC, BCC and A15) was calculated under ambi-
ent pressure using first-principles phonon calculations, based
on the VASP package,[43] as shown in Fig. 10. The existence
of an imaginary frequency (< 0) in phonon spectra indicates
that the structure is thermodynamically unstable. There was
no imaginary frequency in the most stable HCP phase under
0, 5, and 20 GPa, as shown in Figs. 10(a1)–10(a3). Also, there
was no imaginary frequency in the metastable FCC phase un-
der 0, 5 and 20 GPa, as shown in Figs. 10(b1)–10(b3). How-
ever, the BCC structure of Mg was unstable in the pressure
range of 0 GPa to 20 GPa, which was indicated by the obvious
imaginary frequencies, as shown by the red-colored circles in
Figs. 10(c1)–10(c3). Thus, both HCP and FCC phases are sta-
ble with change in pressure. Nevertheless, the BCC phase is
always unstable in the pressure range of 0 GPa to 20 GPa.

In particular, the A15 phase was unstable under 0 GPa but
stable under 5 GPa and 20 GPa. With the increase in pressure,
the imaginary frequency of the BCC phase was weakened and
the imaginary frequency of the A15 phase disappeared. This
scenario indicates that high pressure could indeed change the
phase stability of Mg, affecting polymorph selection of Mg.

3.3. Discussion

Crystallization is a dynamic process that takes place un-
der certain thermodynamic conditions, such as temperature,
pressure and free energy. In general, thermodynamic condi-
tions are global and necessary for crystallization (phase tran-
sition). For instance, crystallization cannot occur at a given
pressure until the temperature drops to Tm. Dynamic condi-
tions, for example movement and collision of atoms, usually
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act on the local scale, altering the local criticalities and affect-
ing the global properties. For instance, the time and location
of the formation of a critical crystal nucleus may vary in differ-

ent cases. Thus, the properties determined by thermodynamic
conditions are usually deterministic while the properties deter-
mined by dynamical factors exhibit a certain randomness.
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Fig. 10. The vibration behaviors of Mg at ambient pressure, showing the phonon dispersion of Mg in the HCP phase (a), FCC phase (b), BCC phase (c) and
A15 phase (d).

During the crystallization of Mg under different pres-
sures, our results reveal that the dynamic properties of Mg
melt change greatly with an increase in pressure at the same
temperature. Also, the atomic movement is limited with an in-
crease in pressure. Meanwhile, DHs are increased, resulting in
local groups having more chances to form some random clus-
ter structures, and the declining ability of the atoms to move
hinders the local phase change. Thus, some structures are dif-
ficult to change after formation, for example the A15 phase
was formed under 20 GPa. Second, the pressure changes the
distribution of the potential energy surface of the free energy.
As the BCC phase is always thermodynamically unstable at
low pressure, the BCC phase either occasionally occurs dur-
ing crystallization and eventually transforms into a more stable

phase (for example HCP and FCC are the final structures un-
der 0 GPa and 5 GPa, respectively) or it is almost absent during
crystallization (for example there are almost no BCC clusters
formed in the crystallization process of Mg under 10 GPa–
20 GPa). In the low-pressure range, the HCP phase is more
thermodynamically stable than the FCC phase.[42] However,
FCC becomes the main crystal structure under 5 GPa with the
change of pressure due to the changes in the dynamics of Mg
during the rapid solidification process. Similarly, in the case
of the A15 phase, the pressure actually changes the thermo-
dynamic conditions of Mg by altering the interatomic distance
and bonding pattern of the material,[18] triggering the forma-
tion of an A15 basin on the free energy surface. Consequently,
we observed the formation of more of the A15 phase at 20 GPa

016103-7



Chin. Phys. B 31, 016103 (2022)

and finally retained it.
Herein, it can be seen that pressure changes the thermo-

dynamic conditions of crystallization, thus affecting the poly-
morph selection of Mg. The phase that eventually emerges
during solidification is not necessarily to be the most stable
(lowest energy) phase, but it has to be thermodynamically
stable.[44] That is to say, the properties determined by thermo-
dynamic conditions are usually deterministic, while the prop-
erties determined by dynamical factors exhibit a certain ran-
domness. Polymorph selection of Mg has been a challeng-
ing subject and it is difficult for us to obtain some metastable
phases of Mg by only changing the cooling rate. These find-
ings not only reveal the thermodynamic mechanism of phase
selection, but also provide a novel approach for industrial and
metallurgical applications, i.e. the stability of the metastable
phase can be tuned to obtain the desired phase.

4. Conclusion
In summary, to predict polymorph selection of Mg, MD

simulations have been adopted to explore the effect of pres-
sure on the microstructure and dynamic properties of liquid
Mg during rapid solidification. The PDF, CTIM-3 and some
statistical methods were utilized to reveal the structural and
dynamic characteristics of Mg. The following conclusions can
be drawn from current results:

(i) Under compression, the overall structure of Mg be-
came dense. The results of MSD, SISF and NGP demonstrated
that the dynamics of Mg melt slowed down sharply under pres-
sure. A higher pressure enhanced the dynamic heterogeneities,
which had a significant influence on the crystallization path-
ways of Mg.

(ii) The microstructural evolution during the solidification
process under different pressures was analyzed by CTIM-3.
The results revealed that pressure had an important influence
on the polymorph selection of metallic Mg. At 0 GPa, the main
structure was HCP; at 5 GPa, the main structure was FCC; at
P ≥ 10 GPa, the main structure was A15 phase, which con-
sisted of ICO and Z14 clusters with an atomic ratio of 1:3.
The proportion of A15 phase gradually increased and became
dominant. With an increase in pressure, the microstructure of
Mg transitioned from HCP to the A15 complex crystal phase
structure.

(iii) The phonon vibration behavior of Mg, including
HCP, FCC, BCC and A15 phases, was calculated by the first
principles phonon calculations. The results revealed that the
BCC structure of Mg was unstable at a pressure of 0, 5, and
20 GPa. The A15 structure of Mg was unstable under 0 GPa,
but became stable under 5 GPa and 20 GPa. These findings
indicated that the increase in pressure could indeed alter the
phase stability of Mg, thus affecting the polymorph selection
of Mg.
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