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Abstract: Based on thermodynamic calculations, a novel Sc- and Zr-microalloyed Al-Ce alloy was designed, and Al-10
wt.% Ce-0.3 wt.% Sc-0.25 wt.% Zr was selected as the target composition. The alloy was fabricated using laser powder
bed fusion (LPBF). Combined with the isothermal age-hardening curve at 300 ‘C, the microstructures and room-temperature
tensile properties of the as-built alloy and the sample aged at 300 C for 1 h were analysed. After aging at 300 C for 1 h, a
hierarchical microstructure consisting of microscale Al;Ce; eutectic phases, nanoscale L1,-Al;(Sc, Zr) precipitates, and
nanoscale stacking faults is formed in the alloy. Compared with the as-built state, the yield strength increases from (334.2+
5.3) MPa to (391.3+6.1) MPa, and the ultimate tensile strength increases from (463.8+1.6) MPa to (552.9+6.5) MPa after
aging for 1 h, without causing an obvious loss of ductility. The strength enhancement is attributed mainly to the effective
impediment of dislocation motion by L1,-Al;(Sc, Zr) precipitates and stacking fault structures, whereas the retention of
ductility is associated with local stress relaxation and improved deformation compatibility induced by microstructural
recovery during aging.
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Fig.1 Thermodynamic calculation results for the Al-10Ce-0.3Sc-0.25Zr alloy: (a) pseudo-binary phase diagram of A110Ce0.3Sc-xZr;
(b) molar fractions of the constituent phases as a function of temperature; (c) temperature-dependent solubility of Ce, Sc, and Zr in the
Al matrix; (d) /5°°-T curve derived from the Scheil-Gulliver solidification simulation
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Tab.1 Thermodynamic calculation results of several Al-Ce alloys
Alloys Phase fraction in mole/% dT/dfs™
Al10Ce a-A1(90.22) Al Cey(9.78) . . 78.43
Al10Ce0.3Sc a-Al(89.43) Al Cex(9.79) ALSc(0.785) . 75.92
Al10Ce0.3Sc0.25Zr «-Al(89.08) Al;Ces(9.81) Al;Sc(0.786) Al;Zr(0.32) 63.14
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Fig.2 Powder characteristics and morphology of LPBF-fabricated Al-Ce-Sc-Zr alloy specimens: (a) SEM morphology of the powder;
(b) powder particle size distribution; (c¢) schematic illustration of the scanning strategy; (d) photographs of the as-built specimen and
dog-bone-shaped tensile specimen
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Fig.3 TEM characterization of the as-built sample: (a) TEM image of the selected region; (b~e) corresponding TEM-EDS elemental
maps of Al, Ce, Sc, and Zr, respectively, with scale bars of 0.5 pm; (f) HRTEM image of the Al,;Ce;/a-Al interface with a scale bar of
5 nm; (g) enlarged HRTEM image of the stacking-fault region at the interface with a scale bar of 2 nm; (h) FFT pattern of the selected

area in (f); (i) FFT pattern of the stacking-fault region in (g)
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AlsSc , Sc¢  Zr Alloy YS/MPa UTS/MPa EL/%
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Fig.4 TEM characterization of the sample aged at 300 ‘C for 1 h: (a) TEM image of the selected region; (b~e) corresponding
TEM-EDS elemental maps of Al, Ce, Sc, and Zr, respectively, with scale bars of 100 nm; (f) bright-field TEM image showing
micron-scale eutectic Al;,Ce; phase and nanoscale precipitates, with a scale bar of 100 nm; (g) HRTEM image of the selected region in
(f), showing the L1;-Aly(Sc, Zr) precipitate, with a scale bar of 5 nm; (h) HRTEM image of stacking faults in the Al matrix. Insets in (g)
and (h) are the corresponding FFT patterns
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Fig.5 Age-hardening behavior, tensile properties, and strengthening mechanisms of the LPBF-fabricated Al-Ce-Sc-Zr alloy:
(a) age-hardening curve at 300 ‘C; (b) engineering stress-strain curves of the as-built and aged samples; (c) comparison of mechanical
properties with literature-reported data; (d) schematic illustration of the strengthening mechanism involving the interaction between
dislocations and precipitates®*!°22
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