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1. IMPACT OF THE INITIAL LATTICE ON THE LATTICE EVOLUTION IN TIME

An energetic analysis of these defect-induced supercells was then performed to refine our critical
assessment of these classical MD melting methods. Fig.S1 displays the relative increase in
enthalpy of a supercell as a function of the concentration of vacancies for the random distribution
method for Zn-HCP, Li-BCC and Cr-BCC. Each point on these curves was obtained after a NPT
equilibration run at 300K for 0.11ns. Al-FCC and Li-BCC supercells both show an increase of
their enthalpy as a function of the concentration of vacancies. Surprisingly, Zn-HCP presents an
internal energy decrease upon the introduction of vacancies in its HCP lattice. This appears as a
limitation of the interatomic potential proposed by Jang et al. [1]. It should be pointed out that
Zn is a metal with very weak metallic bonds relatively to the other metals studied in the present
work. Therefore, the MEAM formalism is not perfectly suited to describe this element when
compared to the energetic description of transition metals which have stronger metallic bonds
[2, 3]. A structural analysis of pure Zn simulations shows that the local structure around specific
atoms changes from HCP to FCC upon the integration of vacancies in its perfect supercell which
is accompanied by a decrease of the molar enthalpy of the system (figure S1). The important
relative energetic contribution of the second nearest neighbors to the potential internal energy of
the supercell evidenced in figure S2 is likely at the origin of this limitation. For Zn in the HCP
structure, more than 25% of its cohesive energy is coming from second nearest neighbors.

The reference structure used to parameterize the interatomic potential also has a critical effect
on these numerical melting simulations. The origin of this effect is shown in Fig.S3 for Zr which
can be modelled with the interatomic potential proposed by Gheribi [4, 5] via a formulation with
either an HCP or BCC reference structure. This figure shows that both interatomic potentials lead
to an increase of the molar enthalpy when exploring the melting behavior of a BCC structure. For
the HCP structure, the interatomic potential with the HCP reference structure behaves similarly
to the one for Zn, i.e. an energetic stabilization of the supercell by local atomic rearrangements
from HCP into FCC local ordering. A typical heating curve of Zr (modelled with an interatomic
potential with a HCP reference structure) starting from a BCC supercell (upper panel) and HCP
supercell (lower panel) with 1.0% and 0.5% of random vacancies respectively is presented in
figure S4. This figure shows how a small concentration of vacancies allows the system to locally
reorganize to favor its most energetically stable state. As an example, the original BCC lattice
(BCC locally-ordered atoms coloured in blue) transforms into an HCP-dominated supercell (HCP
locally-ordered atoms coloured in red). The MD simulation started with an HCP supercell (lower
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Fig. S1. Impact of the introduction of random vacancies on the energy of different lattice struc-
tures (i.e. AI-FCC, Li-BCC and Zn-HCP) after equilibrating the supercells at 400K for 0.11ns.
Colors in the example supercell indicate each atom’s short range ordering, red indicating HCP
and green for FCC.

panel) kept its HCP local ordering up to melting. The methodology employed in the upper panel
of Figure 54 reveals that the origin of the HCP-BCC allotropic transformation is connected to the
metallurgical features of a polycrystalline material with vacancies. The a(HCP) — Zr-B(BCC)
transformation occurs at 1135 K [6], which is consistent with the value observed in Figure S4
(blue line in the upper panel). Nevertheless, for melting purposes it appears that using the initial
HCP configuration with no vacancies provides a better estimation of the melting point, which has
been reported as 2128.15 K [7]. Note that the authors of the Zr-HCP potential reported a melting
point of 1957 K using an interface velocity method [8], which is also lower than the experimental
value reported in the literature.
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Fig. S2. Relative contribution to the internal energy generated of the first nearest neighbor
when using the 2NN-MEAM formalism for Al, Li and Zn in their stable state after equilibrating
at 300K for 0.11ns.
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Fig. S3. Study on the impact of the difference in enthalpy against each respective reference
structure after 0.11ns of equilibration at 400K between BCC-Zr and HCP-Zr structure in either
the initial atomic positions of the lattice at its creation or as a reference structure for the inter-
atomic potential used
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Fig. S4. Evolution of the molar enthalpy and of the local order as a function of temperature for
both initial BCC and HCP structures using the Zr HCP-reference potential. Color represents
local order, FCC is green, HCP is red, blue is BCC. First BCC-lattice with 1% random vacancies
goes through two first order phase transition, the first one at 1085K and the second at 1285K.
Second HCP-lattice with 0.5% random vacancies goes through a single phase transition at
2045K (opposed to 2090K for the perfect lattice) but the vacancies allows the lattice to minimize
its energy and become more stable.



2. FORCE FIELD VALIDATION

In this section, we present the energetic predicting capabilities of the Al-Zr (derived from the
Zr-BCC allotrope), Al-Li, and Al-Zn force fields developed in our main manuscript. Equilibrium
Molecular Dynamic (EMD) simulations were performed for the solid and liquid aggregation
states. EMD results were then compared to experimental data, critically assessed values, and
first-principle calculations available in the literature.

A. Thermodynamic property evaluation

The molar enthalpy of mixing (Ah,,;,) of liquid solutions was calculated using the following
equation:

Ahi}lgx = hliq. - inh,- (Sl)

Where hliqA is the equilibrium enthalpy of the molten alloy, x; and }; are respectively the molar

fraction and the molar enthalpy of the pure liquid of constituent "i" at the same temperature and
pressure conditions.

The specific (molar) enthaply of formation at 0 K (Ah?,K) of solid phases was computed by the
following equation:

AROK — HOK, " 3 SER-OK (52)

Where h%(mp is the molar enthalpy of the compound, and x; is the molar fraction of the "i"
component within the solid phase. In all our calculations, the enthalpy of the solid structure at 0
K was obtained at a null pressure via a volume minimization of the studied supercell. Finally,
hiSE R=0K refers to the enthalpy of pure element i at 0 K under its Standard Element Reference state
(SER-0K).



B. Enthalpy of mixing of binary liquid solutions
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Fig. S5. Molar enthalpy of mixing for liquid Al-Zr using the BCC-allotrope as a reference struc-
ture for Zr-Zr interactions. Open circles and line are the thermodynamic data calculated with
MD at T= 2000 K. Experimental data from Esin ef al. [9] (diamonds) at 1970 K, Sudavtsova et
al. [10] (squares) at 1790 K, and Witusiewicz et al. [11] (triangles) at 2080 K are presented as
open symbols. The dashed line stands for the results at 2000 K from classical thermodynamics
using FactSage [12]. The shaded grey zone corresponds to the meta-stability zone of the liquid

at 2000K.
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Fig. S6. Molar enthalpy of mixing for liquid Al-Li. Open circles and line stand for the thermo-
dynamic data calculated with MD at T= 1000 K. Experimental data from Bushmaov et al. [13]

(triangles) at 1023 K, Moser ef al. [14] (squares) at 973 K, and Moser et al. [14] (diamonds) at 879
K are presented as open symbols. The dashed line stands for the results at 1000 K from classical

thermodynamics using FactSage [12].
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Fig. S7. Molar enthalpy of mixing for liquid Al-Zn. Black circles and line stand for the thermo-
dynamic data calculated with MD at 1000 K. Experimental data from Lutz & Voigt [15] at 950
and 1050 K are shown as green diamonds. Data from Debski et al. [16] at 957 K and 1001 K are
respectively presented by open stars and filled circles. Experimental measurements from Wittig
& Keil at 953 K (triangles) and 973 K (semi-filled) are also displayed. The dashed line stands for
the results at 1000 K from classical thermodynamics using FactSage [12]. The continuous black
line represents the Miedema model [15, 17, 18].

C. Energetic description of solids

The enthalpy of formation for different Al-Zr, Al-Zn, and Al-Li compounds is presented in Table
S1. Note that the Al-Zr interatomic potential was developed using the BCC allotrope to describe
the Zr-Zr interactions. In this regard, the fourth column in Table S1 has been added to account for
the HCP-BCC allotropic transformation. This is because the 0 K DFT data [19] considers the HCP
structure as the Standard Element Reference (SER) for Zr.

Table S1. Enthapy of formation (Ah?K) of different compounds from MD simulations com-
pared with first-principle calculations. Formation energies are reported in eV /atom.

Formula Space group Ah?f< (this work) Ah?K - X, hep—bce (this work) DFT [19]

Zr3Al Pm3m -0.381 -0.325 -0.302
ZrgAlg P6/mmm -0.508 -0.465 -0.398
ZrAl3 14/mmm -0.482 -0.463 -0.487
ZrAl3 Pm3m -0.496 -0.477 -0.464
AlpZn P3m1 0.003 0.008
Al3Zn Pm3m 0.000 0.025
LizAl 14/mmm -0.092 -0.080
LizAlp R3m -0.05 -0.187
Al3Li Pm3m -0124 -0.102




3. RADIAL DISTRIBUTION FUNCTION (RDF) OF PURE ALUMINIUM BEFORE AND
AFTER MELTING
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Fig. S8. Radial distribution function of pure aluminium at a solid state of 400K and after melt-
ing, at 1140K.
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