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Atomic Ordering and Interfacial Interaction
at Liquid-Mg/SiC{0 0 0 1} Interfaces: An Ab Initio
Molecular Dynamics Study

CHANGMING FANG and ZHONGYUN FAN

We present the results of ab initio molecular dynamics investigations on the atomic ordering and
chemical interactions at the interfaces between liquid Mg and SiC{0 0 0 1} interfaces. The
simulations reveal distinct borders between the SiC substrates and liquid Mg. The liquid Mg
atoms adjacent to the substrates are bonded to the outmost C/Si atoms and are positively
charged. The terminating Mg layers contain a variety of atomic vacancies, being topologically
rough. The liquid Mg atoms adjacent to the substrates display unusual prenucleation
phenomenon with strong layering but weak in-plane ordering. The obtained information here
is helpful to get insight into the formation and interfacial interactions in the SiC joined
nano-sized magnesium matrix composites and the role of SiC particles as potential nucleation
sites during solidification, and further helps understand interfacial interactions at the grain
boundaries in ceramic/metal composites and welded parts, etc. in general.
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I. INTRODUCTION

MG metals have unique performances, including low
specific weight (one-fifth of that of iron), high specific
strengths and good castability.[1–3] Thus, Mg metals
have been applied in various engineering fields, partic-
ularly for electronics, automotive and aerospace indus-
tries.[2,4] Advance in these industries demands more
excellent mechanical performances of Mg metals. The
hexagonal lattice of magnesium[3,5] indicates that the
metals are weak in ductility.[2,4] Moreover, fine and
uniform microstructures in the cast parts are desirable to
improve their mechanical performances as shown in the
recent studies[4] and in the reviews.[6,7]

One approach to improve the mechanical perfor-
mances of the cast Mg metals is to add ceramics
materials, such as SiC particles into Mg for the
formation of nano-sized magnesium matrix composites
(nano-MMCs).[6,8,9] Recently, Chen et al. realized a
dense and uniform dispersion of SiC nanoparticles (14
vol pct) in Mg metals.[10] The obtained nano-MMC
samples exhibit enhanced strength, high stiffness, excel-
lent plasticity and high-temperature stability. Moreover,
the added nano-sized SiC particles can act as potential

nucleation sites during casting.[11–13] Knowledge about
the atomic ordering and interfacial chemical interactions
at the liquid Mg and SiC interfaces is therefore, essential
for improving understanding about the role of the SiC
particles in liquid Mg during casting and for designing
new nano-MMCs of fine and uniform microstructures
and desirable properties.
Above its nucleation temperature atomic ordering in

the liquid adjacent to a solid-substrate is referred to as
prenucleation.[14,15] Prenucleation provides a precursor
for following nucleation and is crucial for the
solidification.[16,17]

SiC has a hexagonal lattice.[5] Along its [0 0 0 1] axis
the structure is composed of SiC double-atom layers.
Each atom is tetrahedrally coordinated by the other
species: three in the double-atom layer and one to the
neighboring layer. Thus, both Si and C atoms satisfy the
sp3 bonding. Its crystal structure depends on stacking of
the SiC double-atom layers. This makes SiC be unusu-
ally rich in polytypes (over 200 polytypes reported in the
literature).[18–20] Among the polytypes, 4H- and 6H-SiC
are prepared frequently. The unusual SiC structural
feature indicates that it is reasonable to separate them
between the SiC double-atom layers to create SiC{0 0 0
1} substrate-surfaces. The obtained SiC{0 0 0 1} surface
is terminated either by C or by Si. Chemically, the
difference of electronegativity between Si (1.90 in
Pauling scale) and C (2.55) indicates polarity of the
SiC{0 0 0 1} surfaces and the cleaved surfaces are thus,
unstable at ambient conditions.[21] On one hand, it is
different in (liquid) metals since the free electrons of the
metal atoms compensate the polarity of the
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substrate-surfaces.[22,23] On the other hand, the orienta-
tional sp3 bonding nature of the Si and C atoms would
have influences on the atomic ordering at the interfaces
between the metal and the polar substrates.

There have been many experimental efforts about the
MMCs and the crystalline-Mg/SiC interfaces. Experimen-
tal observations showed that contents of both Si and Mg
have impact on the stability of SiC at high-temperature.
There is a ‘working zone’ (temperature, Si-content,
Mg-content) in the SiC/Mg–Si–Al system.[24] Experiments
have focused on preparation,[12,25,26] structural character-
ization and improvements of mechanical performance of
the produced (nano-)MMCs.[6–8,10,12] High-resolution
electron microscopy techniques have been employed to
investigate the local structures near the Mg/SiC interfaces
of prepared samples and the orientational relations
between SiC and Mg.[10,11,13,27] The SiC particles in the
samples are dominated by the {0 0 0 1} facets.

Theoretical methods, epically parameter-free
first-principles approaches have been employed to
investigate the stability of the SiC polytypes,[28] their
surfaces,[29] and interfaces between SiC and metals,
dominantly Al[30] using the 6H-SiC,[31] 4H-SiC[32,33] and
3C-SiC[34,35] as substrates. Till now there is a dearth of
knowledge on the interfaces between liquid Mg and SiC.

We here investigate the prenucleation at the liquid
magnesium and SiC{0 0 0 1} (denoted as Mg(l)/SiC{0 0
0 1}) interfaces using an ab initio molecular dynamics
(AIMD) technique. We observed distinct interfaces
between the substrates and the liquid. There is strong
layering but weak in-plane ordering in the liquid Mg
adjacent to the substrates. This study also shows
complex chemical bonding at the Mg(l)/SiC{0 0 0 1}
interfaces. The obtained information here is useful to get
insight into the chemical bonding in nano-MMCs, the
role of the polar SiC substrates during casting, and
further to design new nano-MMCs of fine and uniform
microstructure and desirable properties.

II. DETAILS OF SIMULATIONS

To satisfy the periodic boundary conditions employed
here, we built a hexagonal supercell containing SiC
substrates and liquid-Al. The length of the in-plane
a-axis is a = 5 a0, where a0 is the length of the a-axis of
the conventional hexagonal cell of 4H-SiC with consid-
eration of the thermal expansion at the simulation
temperature.[36] The length of the c-axis is determined by
the thickness of the SiC slab and the volume of the Mg
atoms with the density at the simulation temperature.[3]

In this way, we obtained a supercell with a = 15.53 Å
and c = 57.37 Å for the Mg(l)/SiC{0 0 0 1} interfaces.
The SiC substrate contains a Si-terminated and a
C-terminated surface. This supercell contains in total
600 atoms: 100 Si, 100C and 400 Mg atoms. The
supercell is deliberately large to obtain statistically
meaningful results and to avoid risk of artificial crys-
tallization in the liquid metal.

We employed a plane-wave pseudo-potential
approach implanted into the first-principles package
VASP (Vienna Ab initio Simulation Package).[37] This

code uses the first-principles density functional theory
(DFT) within the projector-augmented wave (PAW)
framework.[38] The generalized gradient approximation
has been employed to describe the exchange and
correlation terms.[39] The cut-off energies used are
ECUT/EAUG = 450.0 eV/650.0 eV which are higher
than the default values of the atoms (EMAX/EAUG =
245.3 eV/322.1 eV for Si, 400.0 eV/644.9 eV for C and
200.0 eV/454.7 eV for Mg, respectively). The higher
cu-off energies describe the atomic behavior solid better
and may provide more reliable results.[37]

For the AIMD simulations, we employed a cut-off
energy of 320 eV which is higher than the EMIN values
of the pseudopotentials of the related atoms, and the
C-point in the Brillouin zone (BZ).[40] The latter is due to
the lack of periodicity of the whole Mg(l)/SiC sys-
tems.[15,23,41] Such settings help balance the computa-
tional costs and reliability of the results. Test
simulations from 200 to 400 eV showed the present
cut-off energy is reasonable.
We prepared liquid Mg samples by equilibrating for

about 6 ps at 3000 K. Then, the prepared samples were
cooled to the designed temperature to eliminate excess
internal stress and defects created at the high-temperature.
The obtained liquidMg samples together with the SiC{0 0
0 1} slab were used for building the Mg(l)/SiC{0 0 0 1}
systems. A two-step approach was employed for equili-
brating theMg(l)/SiC{0 0 0 1} systems:AIMDsimulations
were first performed with the substrate atoms pinned for
3 ps (1.5 fs per step). Then, we equilibrated further the
systems with full relaxation of the atoms for another 4000
steps. Analysis showed no further changes of atomic
ordering at the interfaces. The two-step approach avoids
risk of possible collective atomic movements occurring
whenwe relax all atoms from start as shown in the previous
simulations.[22,23] The time-averaged method was used to
sample the interfaces over 3.0 ps to ensure statistically
meaningful results. This approach has been widely used in
ab initio molecular dynamics simulations for liq-
uid–metal/solid-metal interfaces[15,23] and other liq-
uid–metal/solid-substrate interfaces.[41,42]

III. RESULTS

The calculated results for the solid components,
a-Mg, 4H-SiC and 6H-SiC are presented first. These
compounds have hexagonal lattices as shown in the
literature.[3,5,18–20] The calculated lattice parameters are
at ambient conditions (0 K and 0 Pa). The calculated
lattice parameters are a = 3.193 Å, c = 5.178 Å (ex-
perimental values a = 3.209 Å, c = 5.210 Å at room
temperature[3]) for a-Mg; a = 3.093 Å, c = 10.127 Å
(experimental values: a = 3.0805 Å, c = 10.085 Å[43])
for 4H-SiC; and a = 3.094 Å, c = 15.182 Å (experi-
mental values a = 3.081 Å, c = 15.117 Å[44]) for
6H-SiC. The calculated lattice parameters are in good
agreements with the experimental observations with
deviations within 1 pct. Moreover, the calculations
revealed close formation energies for 4H- and 6H-SiC,
in agreement with the experimental observations that
these two forms of SiC occur frequently.[18–20]
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We turn here to the AIMD simulations for the Mg(l)/
SiC{0 0 0 1} interfaces at 1000 K. During the simula-
tions, the nearby liquid Mg atoms move towards the SiC
substrates and gradually form stable layers nearby the
substrates. Correspondingly, the total valence-electron
energy of the system decreases quickly at first 0.5 ps
(Figure 1). Then, it stabilizes and oscillates with simu-
lation time. Releasing of the pinned atoms raises the
energy due to the movements of the substrate atoms.
The system reached equilibrium again within 1 ps.

A snapshot of the equilibrated Mg(l)/SiC{0 0 0 1}
interfaces is shown in Figure 2(a). The atomic arrange-
ments of the outmost SiC double-atom layer and
terminating Mg atoms are shown at the Si-terminated
(S2) in Figure 2(b) and at the C-terminated (S1)
interface in Figure 2(c), respectively.

The Si and C atoms at the substrates are well ordered,
corresponding to the high stability of SiC. Meanwhile,
the Mg atoms away from the interfaces exhibit no
apparent long-range ordering and are liquid-like. The
liquid Mg atoms adjacent to the SiC substrates exhibit
both atomic ordering and density variation along the
orientation perpendicular to the substrate. The latter is
referred to as atomic layering.[14,15,45]

Atomic density profile at the interface along the
orientation perpendicular to the substrate, q(z) is
defined as[14,45]:

q zð Þ ¼ <Nz tð Þ>= LxLyDz
� �

½1�

Here, Lx and Ly are the in-plane x and y dimensions
of the unit cell, respectively, and z the dimension
perpendicular the substrate. Dz is the bin width, and
Nz(t) is the number of atoms between z � (Dz/2) and
z + (Dz/2) at time t.<Nz(t)> represents a time-aver-
aged number of atoms in the duration. The unit of q(z)
is (Å�3). We assess the layering phenomena at the
interfaces using the atomic density profile which using
Eq. [1]. The obtained atomic density profiles for the

atoms at the C-terminated and Si-terminated Mg(l)/
SiC{0 0 0 1} interfaces are shown in Figure 3.
Figure 3 shows sharp peaks in the substrates. This

corresponds to the ordered substrate Si and C atoms in
Figure 2(a). The liquid-like Mg atoms away from the
substrates form little variation at the density profiles.
Figure 3 also shows strong layering in the liquid Mg
adjacent to the substrates. There are also subtle differ-
ences for the Mg atoms near the C-terminated and
Si-terminated interfaces. Correspondingly, the chemical
bonding is notably different as shown in Figure 2(c) for
the interfacial C-Mg bonds, at which the terminating
Mg atoms are positioned dominantly at the top of
C-triangles and in Figure 2(b) for the interfacial Si–Mg
bonds.
There are five recognizable Mg layers (including the

terminating Mg layer) at the C-terminated and six at the
Si-terminated interfaces (Figure 3). These numbers are
as high as those of the Al(l)/Al(s) interfaces without
lattice misfit (six atomic layers).[14,15] Thus, the layering
phenomenon at the Mg(l)/SiC{0 0 0 1} interfaces is
unusually strong.
The heights of the liquid Mg layers decrease with

increasing distances from the substrate-surfaces. The
terminating Mg layer at the C-terminated interfaces has
a peak higher than that at the Si-terminated interface.
The terminating Mg layers at both interfaces are well
separated from the substrates and have little mixing with
the 1st Mg layers. Meanwhile, the Mg atoms at the 1st
layers are mixed with those of the 2nd layers. From the
2nd Mg layer, all the Mg layers are mixing with the
neighboring layers. The distance between the C peak to
the Mg peak is 1.7 Å, notably shorter than that between
the terminating Mg and the outmost Si layer (2.4 Å).
The interpeak distances between the rest Mg layers are
about 2.6 Å, close to the atomic spacing along the Mg{0
0 0 1} orientation.
We analyzed the number of atoms at the interfacial

layers using the term occupation rate that is defined as
the number of Mg atoms at a Mg layer n(Mg) in the unit
area divided by the number of Si/C atoms n(X) per aera
with X = Si or C at a substrate layer for configurations
over 3 ps in the AIMD simulations. That is, n(Mg)/n(X)
with X = Si or C. The obtained atom’s occupation
ratios are: n(Mg)/n(C) = 0.949 for the terminating Mg
layer, 0.852 for the 1st and 0.831 for the 2nd Mg layer at
the C-terminated interface; n(Mg)/n(Si) = 0.838 for the
terminating Mg layer, 0.851 for the 1st and 0.835 for the
2nd Mg layer at the Si-terminated interface. The ratios
between the Mg atoms to that of the substrate atoms are
smaller than 1.0, corresponding to the larger atomic size
of Mg than those of Si or C. For the terminating Mg
layers, the n(Mg)/n(C) ratio is higher than the n(Mg)/
n(Si) at the Si-terminated interface. This comes from
stronger C-Mg bonding than Si–Mg (Figure 2), which
will be addressed later.
The epitaxial nucleation model suggested a layer-by-

layer growth for a solid phase at a substrate in liquid.[46]

The atomic ordering of the Mg layers nearby the
substrates plays a crucial role during solidification.
Therefore, we analyzed the atomic arrangements of the
layers nearby the substrates for the equilibrated

Fig. 1—Relation between the total valence-electron energy of the
Mg(l)/SiC{0 0 0 1} system and simulation time at 1000 K. The
vertical dotted line represents the border between Step 1 with pinned
substrate atoms and Step 2 with all atoms relaxed.
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configurations over 3 ps, which are shown in
Figures 4(a) through (d) for the C-terminated interface
and Figures 4(e) through (h) for the Si-terminated
interface. Moreover, we also assess the ordering of the
Mg atoms at each layer using the in-plane atomic
ordering coefficients[45] for the averaged configurations.
The obtained results are plotted in Figure 5.

Figures 4 and 5 show that the outmost C
(Figure 4(a)) and Si (Figure 4(e)) atoms exhibits
well-ordering and strong localized nature. Correspond-
ingly, their in-plane atomic ordering coefficients are as
high as those in the inner part (S(z) ~ 0.90). The

terminating Mg atoms at the C-terminated interface
exhibit pronounced ordering and strongly localized
nature with S(z) ~ 0.45, whereas the terminating Mg
atoms at the Si-terminated interface show weak ordering
and delocalized nature (S(z) ~ 0.10). The Mg atoms at
the 1st Mg layer at both interfaces exhibit little ordering
and delocalized nature with S(z)< 0.05 (Figure 5). The
Mg atoms at the 2nd Mg layer at both interfaces exhibit
more liquid-like.
Overall, the in-plane atomic ordering at the Mg(l)/

SiC{0 0 0 1} interfaces is weak, which is in contrast to
the strong layering phenomena. The in-plane ordering of
the terminating Mg layer at the C-terminating interface
is notably stronger than that the Si-terminating inter-
face, whereas the layering at the latter is higher than the
latter. The observed phenomenon relates to interfacial
interactions.
To get insight into the unusual prenucleation at the

interfaces, we performed first-principles electronic struc-
ture calculations for an equilibrated Mg(l)/SiC{0 0 0 1}
system. The obtained electron density distributions are
shown in Figure 6(a). The partial density of states
(pDOS) for the selected atoms are shown in Figure 7.
Figure 6(a) shown low density distributions around

the Mg ions, corresponding to its free electron nature.
The calculated pDOS curves also showed little occupied
state at the valence bands for the Mg atoms
(Figures 7(e) through (h)). Meanwhile, high densities
of electrons around the Si and C atoms, which indicates
the strong bonding between Si and C in the substrates.
This is reflected in the high pDOS in Figures 7(a)
through (d). Figures 7(b) and (c) also showed a band

Fig. 2—A snapshot of the equilibrated Mg(l)/SiC{0 0 0 1} interfaces (a) and the related interfacial bonding at the C-terminated S1 (c) and at the
Si-terminated S2 (b). The orange spheres represent Mg, small dark-brown C and blue Si. The labels S1 and S2 in Fig. 1(a) represent for the
C-terminated and Si-terminated interface, respectively (Color figure online).

Fig. 3—The atomic density profile, q(z) of the equilibrated Mg(l)/
SiC{0 0 0 1} interfaces at 1000 K. We set the peaks of the
terminating Mg layers at zero Å at x-axis (Color figure online).
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gap ~ 2.0 eV for the Si and C atoms in the substrate
slab. Tails of density of states from the nearby Mg
atoms fall into the gap of the interfacial Si and C atoms
(Figures 7(a) and (d)).

In order to have direct knowledge of the chemical
interaction at the Mg(l)/SiC{0 0 0 1} interfaces, we
employed the Bader’s charge model[47,48] implanted into
VASP.[49] The obtained results are shown in Figure 6(b).

In the substrate the C atoms obtain about 1.5 e/C
electrons, being Si+1.5C�1.5 (Figure 6(b)). Such charge
transfer agrees with the large difference of their elec-
tronegativity values. However, the amount of charge
transfer is far smaller than those in the ionic model,
indicating strong covalence between Si and C. The Mg
atoms away from the substrates are electronically
neutral. The Mg atoms adjacent to the substrates loss
electrons and become positive charged, with + 0.5 e/

Mg at the C-terminated interfaces and 0.2 e/Mg at the
Si-terminated interface. This corresponds to the lower
electronegative value of Mg (1.31) as compared with
those of C and Si.

IV. DISCUSSIONS

Prenucleation at a liquid/solid interface provides a
precursor for following nucleation, and thus it relates to
the intrinsic capability (potency) of the substrate to
nucleate the solid.[16] At a temperature above the
nucleation point, prenucleation at a solid/liquid inter-
face is determined by four factors, the temperature,[15]

the lattice misfit between the substrate and the metal,
f,[14,16] interfacial chemical interaction[15] and atomic
roughness of the substrate, R which is defined as[22,50–52]:

R ¼
X

Dz ið Þj j=d0
h i

=Nz � 100; ½2�

where Dz(i) is the deviation of atom i from the atomic
line, d0 is the atomic spacing in the z-direction, and Nz is
the atoms in unit cell of the layer. The unit of atomic
roughness is pct. R = 0 means all atoms being posi-
tioned at the line of the layer.
The interfacial interaction can be rated by charge

transfer at the interfaces.[52] The present calculations
provide an opportunity to discuss the influences of these
factors of the substrates on prenucleation in liquid Mg.
We compare the results of the Mg(l)/SiC interfaces and
those of the Mg(l)/Zr[51] and Mg(l)/MgO[22] interfaces in
the literature in Table I.
Both Zr and Mg have a hcp close-packed structure.[51]

The lattice mismatch between Zr{0 0 0 1} and Mg is
minor (< 1.0 pct).[3,51] The electronegativity difference
between the two elements is also small (1.31 for Mg vs
1.33 for Zr in Pauling scale). These properties are
reflected in the results of the AIMD simulations.[51] The
terminating Mg atoms form a flat layer with full
occupation. The interfacial charge transfer is ignorable
(Table I). Strong prenucleation occurs at the Mg(l)/Zr{0
0 0 1} interface. There are seven recognizable liquid

Fig. 4—Atomic arrangements of the outmost substrate C layer (a) and Si layer (e) and the corresponding terminating Mg layers (b, f), 1st Mg
layers (c, g) and 2nd Mg layers (d, h), respectively. The meaning of the spheres is the same as that in Fig. 2 (Color figure online).

Fig. 5—Atomic in-plane ordering coefficients of the substrate layers
and the Mg layers at the two interfaces. The dotted lines connecting
the values are used to guide readers’ eyes. S1 represents the
C-terminated and S2 the Si-terminated interface, respectively (See
Fig. 2).
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layers. The in-plane ordering coefficient for the termi-
nating Mg layer is 0.42. Such pronounced prenucleation
at the Mg(l)/Zr{0 0 0 1} interface is similar to the
idealized model, the liquid-Al/Al{1 1 1} interfaces.[14,15]

The simulated results agree with the fact that up to now
Zr is the widely used grain-refiner in industry for casting
of Mg metals/alloys.[16,51–53]

Fig. 6—(a) Iso-surfaces of electron density distributions (q0(r) = 0.019e/Å3) and (b) the Bader charges at the Mg(l)/SiC{0 0 0 1} interfaces
(Color figure online).

Fig. 7—Partial density of states (pDOS) of selected atoms in the Mg(l)/SiC{0 0 0 1} interface systems. The Fermi level is at zero eV. The black
curves represent the s-characters, red p-characters. Partial density of states of (a) an interfacial Si atom, (b) one Si atom in the substrate, (c) an
interfacial C, (d) one C in the substrate; (e) an interfacial Mg atom bonded to Si, (f) one Mg atom away from the interfaces, (g) one Mg atom in
the liquid and (h) an interfacial Mg bonded to C (Color figure online).
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The opposite example is the interface between Mg(l)/
MgO{1 1 1).[22,51,53] As shown in Table I, the misfit
between Mg{0 0 0 1} and MgO{1 1 1} is large (7.9 pct).
The AIMD simulations revealed that the terminating
Mg atoms at the Mg(l)/MgO{1 1 1} interface form a flat
layer with vacancies at the terminating Mg layer.[22,51]

The formation of such vacancies is corresponding to the
lattice mismatch (Table I) that the surface area is too
small to host full occupation of Mg atoms.[22,51] Such
atomic vacancies can be treated as atomic roughness at
the substrate surface. Charge transfer at the interface is
0.6 e/Mg on average.[22,51] The simulations revealed
moderate layering and weak in-plane ordering at the
interface. This confirmed the previous studies that lattice
misfit has little influences on layering but strong on
in-plane-ordering, and atomic roughness reduces both
layering and in-plane ordering.[50,51,53]

The lattice misfit between SiC{0 0 0 1} and Mg{0 0 0
1} is also notable (5.9 pct). The terminating Mg layers
are flat. There are moderate interfacial charge transfers
(Table I). There are vacancies at the terminating Mg
layers and thus, the SiC{0 0 0 1} substrate-surfaces are
atomically rough. Prenucleation at the Mg(l)/SiC{0 0 0
1} interfaces shows complex behaviors. The Si-termi-
nated interface has more pronounced layering but
weaker in-plane ordering than the C-terminated inter-
face. This corresponds well to the severer atomic
roughness causes by vacancies at the former (Table I).
It is also notable that the in-plane ordering coefficient at
the terminating Mg layer at the C-terminated interface is
higher than that at the Mg(l)/Zr{0 0 0 1}, which
originates from the stronger C-Mg bonding and the
strong Si–C covalent bonding in the substrate (melting
temperature for SiC is 2830 �C, notably higher than that
of Zr, 1855 �C).

The present AIMD simulations revealed mixed
behavior of prenucleation at the Mg(l)/SiC{0 0 0 1}
interfaces. Comparatively, prenucleation at the Mg(l)/
SiC{0 0 0 1} interfaces is more significant than that at
the Mg(l)/MgO{1 1 1} interfaces as shown in Table I.
This indicates that if there are no significant amount of
more potent substrates, such as Zr in the Mg liquid, the
added SiC particles of significance may act as potential

nucleation sites, meanwhile the newly formed MgO
particles during the casting play a less important role as
potential nucleation sites during casting if there is a
significant amount of SiC particles existing in the
liquid.[16,22,51,52] The obtained information here is help-
ful to get insight into the interaction between liquid
magnesium and SiC during the preparation of
nano-MMCs,[6,7] but also for developments of new
grain refiners for Mg,[3,11,53,54] and further to understand
the solidification of light metals[13,16,17] in general.

V. SUMMARY

We performed ab initio molecular dynamics simula-
tions for the interfaces between liquid Mg and SiC{0 0 0
1} substrates. This study revealed the following results.

(i) There are distinct borders between the sub-
strates and liquid Mg at the Mg(l)/SiC{0 0 0 1}
interfaces.

(ii) The Mg layers adjacent to the SiC substrates are
flat with atomic vacancies, being topologically
rough.

(iii) There are moderate charge transfers from the
Mg atoms to the outmost C (0.5 e/Mg) and Si
atoms (0.2 e/Mg), respectively.

(iv) The in-plane ordering at the C-terminated
interface is more pronounced than that at the
Si-terminated interface, corresponding to the
stronger interfacial C-Mg interaction.

(v) Unusual prenucleation occurs at the Mg(l)/
SiC{0 0 0 1} interfaces. There is pronounced
layering (five to six recognized layers) but faint
in-plane ordering.

The obtained information here helps understand the
interactions between liquid Mg and SiC particles and the
role of SiC particles in nucleation of Mg metals.
Furthermore, it is useful to get insight into the stability
of the (nano-)MMCs and further to design new MMCs
of fine and uniform microstructures and desirable
properties.

Table I. List of the Lattice Misfits Between the Substrates and the Light Metals, Substrates Surface Features Including Atomic

Roughness R via Eq. [2], and Prenucleation (Number of Ordered Layers, nLayers, In-Plane-Ordering of the Terminating Metal

Layers, SM(z)) for Mg(l)/SiC{0 0 0 1} (This Work), Mg(l)/MgO{1 1 1}
[22,51,52]

; and Mg(l)/Zr{0 0 0 1}
[22,51]

Interface f (Pct)
M

Oc. (Pct) R (Pct) q(e/Mg) nLayers SM(z) Prenucl

Mg(l)/Zr{0 0 0 1} [51] + 0.7 100 0.0 0.02e 7 0.42 Strong layering
Strong in-plane ordering

Mg(l)/SiC{0 0 0 1}C (This work) + 5.9 95 2.5 + 0.50 5 0.45 Strong layering
Weak in-plane ordering

Mg(l)/SiC{0 0 0 1}Si (This work) 85 7.5 + 0.21 6 0.10 Strong layering
Weak in-plane ordering

Mg(l)/MgO{111}Mg
[22,51–53] + 7.9 92 4.0 + 0.60 3–4 0.01 Moderate layering

Weak in-plane ordering
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