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Fig. 1. Conventional unit cells of fcc-Al and L1,-AlsSc.
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Fig. 2. The lowest energy structure of Ll,-Al;Sc/Al obtained by relaxation calculation using the experimental interfacial orienta-

tion relation. Dashed red lines locate the interface. The on-hollow type of interfacial coordination is manifested in the top view. The

solid and open balls denote atoms at different layers z = 0, 0.5, respectively.
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Fig. 3. The possible substitutional sites (Al or Sc site) for
segregated atoms at the L1,-Al;Sc/Al interface.
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Fig. 4. Segregation energies for Cu and Ti at different sites on different atomic layers of the L1,-Al;Sc /Al interface: (a) Al site;

(b) Sc site.
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Fig. 5. Differential charge density distribution at the L1,-Al;Sc/Al interface induced by (a) interface formation, (b) Ti segregation,

and (c) Cu segregation.
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FHRAMHTHTS Cu A1 Ti L T-# Bader MU ZMHT (FAfL: e/atom)

Table 1.

The Bader charge analysis of Cu and Ti before and after interface segregation (unit: e/atom).

Inside bulk

At interface

Cu Ti Cu-Al Cu-Sc Ti-Al Ti-Sc
Bader 11.73 3.378 11.773 11.687 3.328 3.288
Net change -0.730 +0.622 -0.773 —0.687 +0.627 +0.712
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Fig. 6. (a) Predicted interfacial occupations of Cu and Ti at
the L1,-Al3Sc/Al interface under different bulk concentra-
tions and T = 600 K; (b) the enlarged view of the selected

area in Figure (a).
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Different segregation behavior of alloying elements
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Abstract

Thermal stabilities of L1,-AlzSc nano-precipitates are critical for the thermotolerance of Al-Sc based alloys.
Previous experiments have suggested that different alloying elements may have different segregation behaviors
at the L1,-Al;Sc/Al interface, which can exert different influences on the thermal stability of L1,-Al;Sc nano-
precipitates. To clarify the responsible mechanism from a quantitative approach, first-principles calculations of
energetics are performed in this work, to investigate the segregation behaviors of transition-metal elements Cu
and Ti at the L1,-Al;Sc/Al interface. The results suggest that both Cu and Ti can segregate to the interface,
and substitute Al or Sc sites on its Al side with different thermodynamic driving forces. Given a temperature,
segregation amount is largely determined by the initial elemental concentration in the Al matrix. The higher the
segregation driving force and the initial matrix concentration are, the higher the equilibrium segregation amount
(or the maximum interfacial coverage) could be. With an initial matrix atomic concentration of 1%, the
maximum interfacial coverage of Ti can reach up to 80% (0.8 monolayer layer (ML)) while that of Cu is less
than 4% (0.04 ML) at T = 600 K.

Keywords: Al-Sc alloy, alloying elements, Al;Sc, interface segregation, first-principles
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