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Simulation of the nucleation of the precipitate Al,Sc in an
aluminum scandium alloy using Molecular Dynamics and kinetic
Monte Carlo method
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Kinetic Monte Carlo, (Al) with 1 at.% Sc, 573 K
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Low density, high strength to corrosion and specific strength to 630~ [ 0.00 R Non
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metallic elements with low solubility in aluminum, promoting the ALX - L +(Al) NUmIOEr @F [PTSEpllElEs
(X — SC) nanoparticles formatiOn. E f}-ﬂlﬂ: —573.15K —673.15K 723.15K —773.15K —823.15K —-873.15K
fart 200
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Density Functional Theory (DFT), as implemented in VASP, 600 —Phase Di agram ,): 5 0 F S S S
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parameters, like activation energies and attempt wt.% Scandium x ?
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Monte Carlo method. Quantum Molecular Dynamics was 600
performed to characterize the diffusivity process. 14.00 /\/‘4
The obtained results allow us to predict precipitates average &~ & 10E -
size and radius over computational time, as well as the | | 600
evaluation of the concentration of Sc in (Al) and precipitates B P &
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Phonon Dispersion for Al Phonon Dispersion for Al; + Vacancy
o- £ Al3Sc MC inputs:
Ciz C4 C2 0 0 0 3435 164.46 3435 0 0 0 Activation Energies
N C., C Ci;1 O 0 0_| 3435 3435 16446 0 0 0 [Gpa] : . :
- 0 /\z% Gi=|o” ¢% o c. o of=]|0 0 0 520t 0 0 Pair effective energies
PN 0 0 0 0 Cu O 0 0 0 0 52.95 0
7 7 | 0 0 0 0 0 C44 0 0 0 0 0 52.95 Phonon Dispersion for Al;Sc
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S 5 \ g 5 Wﬁuﬁ Symbolic elastic constant matrix for VASP simulation of the elastic constants al
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v : . frequency for Sc c 7=
Modulus Voigt Reuss Hill in Al3Sc: S5 Ny
B t Bulk [Gpa] 77-73 77-73 77-73 5.5 X 10" Hz g, W/
Shear [Gpa : .21 .50
, | Attempt frequencies for Al: N [ pa 202 Z L 2
4.3 (center) and Young's [Gpa] 138.95 137.82 138.38 "
7.5 )f 10" Hz (vertices) Longitudinal [Gpa] 154.40
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Brillouin Zone Direction Brillouin Zone Direction MOdUIUS AI [1] AIBSC [2] AIBSC [3] Brillouin Zone Direction
Bulk [Gpa] 76.5 99 91.5 .
Ab Initio molecular dynamics (MD) simulations, under Born- Shear [Gpa] 26.1 68 68.4 COI’IC,USIOI’IS
Oppenheimer approximation were performed at elevated Young’s [Gpa] 70-3 166 1642 , ,
T T e e o (0 We have calculated mechanical properties of Al3Sc,
temperature (1800 K) to speed up diffusion and shorten the ) 1 o, St R S ot 25 (355 75 : : . :
Ulat , o The t " ¢ which are in good agreement with the experimental
simulation time scale. The time step cnhosen was 2 18s. data from the literature.
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