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Abstract: Al-Mn-Mg-Sc-Zr alloys were fabricated by gas atomization, cold isostatic pressing, and hot extrusion, and their
high-temperature tensile properties and multiscale precipitate evolution from room temperature to 300 ‘C were investigated.
The as-extruded alloy has a fine equiaxed grain structure with micron-sized AlgMn particles and nanoscale Aly(Sc, Zr)
precipitates dispersed in the matrix, whereas discontinuously distributed MgO particles are present along the grain
boundaries. At room temperature, the strength of the alloy is high, with an ultimate tensile strength of 460.3 MPa and a
yield strength of 422.8 MPa, but the elongation is limited to 3.9%. At 200 ‘C, a favourable strength-ductility balance is
obtained, with an ultimate tensile strength of 219.8 MPa, a yield strength of 200.2 MPa, and an elongation of 23.8%.
Microstructural analysis indicates that the AlgMn phase coarsens significantly at elevated temperatures, leading to a
weakened strengthening effect. In contrast, the nanoscale Aly(Sc, Zr) precipitates with an ordered L1, structure maintain
coherent interfaces with the a-Al matrix and exhibit excellent thermal stability because of the sluggish diffusion of Sc and
Zr, thereby continuously contributing to strengthening. Moreover, a small amount of discontinuously distributed MgO
particles is present at the grain boundaries. The elevated-temperature tensile behavior of the alloy is governed primarily by
the distinct thermal stability of multiscale precipitates.
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Fig.1 Schematic illustration of the tensile sample geometry
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Fig.2 Morphology, particle size distribution and EBSD results of Al-Mn-Mg-Sc-Zr prealloyed powders: (a) SEM image;
(b) cross-sectional SEM image; (c) particle size distribution; (d) grain boundary map; (e) phase map; (f) grain size distribution
2 Al-Mn-Mg-Sc-Zr N
Tab.2 Mechanical properties, relative density and oxygen content of AlI-Mn-Mg—Sc—-Zr alloys at different tensile
temperatures
Temperature/ ‘C UTS/MPa 00/MPa Elongation/% Relative density/% Oxygen/x10°
RT 460.3+9.0 422.8+3.0 3.9+0.7 99.7 20111
100 408.6+4.8 381.8+8.3 52+1.3 99.5 228+47
200 219.8+0.2 200.2+0.6 23.8+3.4 99.2 663+29
300 118.4+5.9 112.4+5.5 35.3+4.1 98.1 851445
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Fig.3 BSE images and EDS elemental mapping results of Al-Mn-Mg-Sc-Zr prealloyed powders: (a) cross-sectional BSE image;
(b~g) elemental distribution maps of Al, Mg, O, Mn, Sc, Zr for the corresponding cross-section; (h) magnified view of the selected
area; (i~n) elemental distribution maps of Al, Mg, O, Mn, Sc, Zr for the corresponding magnified area

(35.3+4.1)%,

4 , -
: @
4 Al-Mn-Mg-Sc-Z 3 @
-Mn-Mg-Sc-Zr —
: 16)
Fig.4 Tensile stress-strain curves of the AI-Mn-Mg-Sc-Zr alloy
at different temperatures
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Fig.5 XRD patterns of AI-Mn-Mg-Sc-Zr powders and alloys ,
under different conditions
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Fig.6 OM micrographs of the Al-Mn-Mg-Sc-Zr alloy at different tensile temperatures: (a) RT; (b) 100 C; (c) 200 C; (d) 300 'C
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Fig.7 SEM-BSE images and EDS analysis results of the Al-Mn-Mg-Sc-Zr alloy under different conditions: (a) SEM-BSE image of the
RT sample; (b) corresponding magnified view; (c~h) elemental distribution maps of Al, Mn, O, Mg, Sc, and Zr for the RT sample;
(i) SEM-BSE image of the sample tested at 200 C; (j) corresponding magnified view; (k~p) elemental distribution maps of Al, Mn, O,
Mg, Sc, and Zr for the sample tested at 200 C
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8 Al-Mn-Mg-Sc-Zr EBSD :(a) RT IPF  ;(b)RT ;(¢) 200 C IPF
(d)200 C

Fig.8 EBSD results of the Al-Mn-Mg-Sc-Zr alloy under different conditions: (a) IPF map of the RT sample; (b) phase map of the RT
sample; (c) IPF map of the sample tested at 200 C; (d) phase map of the sample tested at 200 C

9 Al-Mn-Mg-Sc-Zr :(a) RT, ;(b) 100 C, ;(€) 200 C, ;(d) 300 C, ;(e) RT,
;(H) 100 C, ;(g) 200 C, ;(h) 300 C,
Fig.9 Fracture morphologies of the Al-Mn-Mg-Sc-Zr alloy at different tensile temperatures: (a) RT, low magnification; (b) 100 C, low
magnification; (c) 200 ‘C, low magnification; (d) 300 ‘C, low magnification; (¢) RT, high magnification; (f) 100 C, high
magnification; (g) 200 C, high magnification; (h) 300 C, high magnification
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Fig.11 TEM analysis results of the Al-Mn-Mg-Sc-Zr alloy after tensile testing at 200 “C: (a) low-magnification bright-field image;
(b~g) elemental distribution maps of Al, Mn, O, Mg, Sc, and Zr in the low-magnification image; (h) high-magnification bright-field
image; (i~n) elemental distribution maps of Al, Mn, O, Mg, Sc, and Zr in the high-magnification image
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Fig.12 TEM characterization of Al-Mn-Mg-Sc-Zr alloy precipitates after tensile testing at 200 ‘C: (a) bright-field image of AlMn
precipitates; (b) HAADF image of AlgMn precipitates; (c) FFT pattern of Aly(Sc, Zr) precipitates; () HAADF image of Al;(Sc, Zr)
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Fig.13 Schematic illustration of the strengthening mechanism in the AI-Mn-Mg-Sc-Zr alloy at different temperatures
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