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Microstructural evolution and mechanical properties of
Aly ¢Geyg 4 eutectic alloy
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Abstract

In the present study, the microstructural evolution and mechanical properties of Aly; ¢Geys4 eutectic alloy have been investigated.
Stable (fec a-Al and diamond cubic B-Ge) and various metastable crystalline (monoclinic, thombohedral) phases were produced by
competitive phase selection during non-equilibrium processing methods i.¢. melt spinning and injection casting. The as-injection
casted samples containing metastable-equilibrium eutectic (c-Al + monoclinic) structure showed much higher strength than samples
with equilibrium eutectic (a-Al + B-Ge) structure but plasticity disappointingly diminished. In order to endow the enhanced ductility
without significant strength drop, the alloys was heat-treated at transition temperature from metastable phase to stable phase. The
annealed specimen displayed the phase transformed microstructural evolution and enhanced macroscopic plasticity.

Key words : Al-Ge eutectic alloy, Non-equilibrium processing, Metastable phase, Strength, Plasticity, Annealing.
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Fig. 1. XRD results of Aly; ¢Geyg 4 alloy with different cooling rates;
(a) as-spun ribbon, (b) injection-cast alloy (diameter =
1 mm), (c) outer region of injection-cast alloy (diameter =
10mm), and (d) central region of injection-cast alloy
(diameter = 10 mm).
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Fig. 2. DSC results of Al;; ¢Geysy alloy fabricated with different
cooling rates; (a) as-spun ribbon, (b) injection-cast alloy
(diameter = 1 mm), (c) outer region of injection-cast alloy
(diameter = 10 mm), and (d) central region of injection-cast
alloy (diameter = 10 mm).
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Table 1. Phases identified in as-cast Aly; 4Ge,g4 eutectic alloy fabricated with different cooling rates

Alloy composition (at.%) Length scales Identified phases ( crystal structure)
=10 mm . .
cg)ntral region a-Al (fee) + B-Ge (diamond cubic)
¢ =10 mm ) B . . ..
Al Gerss outer region a-Al (fec) + B-Ge (diamond cubic) + metastable 1 (monoclinic)
¢=1mm o-Al (fee) + B-Ge (diamond cubic) + metastable 1 (monoclinic)

as-spun ribbon

a-Al (fee) + B-Ge (diamond cubic) + metastable 1 (monoclinic) +

metastable 2 (rhombohedral)
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Fig. 3. SEM and TEM images of as-cast Al ¢Geyg4 alloy; (a)
central region of injection-cast alloy (diameter = 10 mm),
(b) outer region of injection-cast alloy (diameter=
10 mm), (¢) injection-cast alloy (diameter =1 mm), and
(d) magnified bright field TEM image of (c).
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Fig. 4. Compressive mechanical properties of as-cast samples; (a)
injection-cast alloy (diameter =1 mm), (b) outer region of
injection-cast alloy (diameter =10 mm), and (c) central
region of injection-cast alloy (diameter = 10 mm).

Table 2. Compressive mechanical properties of Aly; §Geys 4 eutectic alloy fabricated with different cooling rates

Alloy composition (at. %) Length scales oy (MPa) &,(MPa) o; (MPa) g(MPa)
¢ = 10 mm central region 340 1.5 495 11
= 10 mm outer region 513 25 514 2.6
Al 6Geggy ¢ _ g
¢=1mm 810 29 812 2.9
annealed ¢ = 1 mm 335 1.5 548 28
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Fig. 5. (a) XRD result of annealed Aly; ¢Geys 4 sample, (b) compressive mechanical properties of as-cast and annealed Aly 4Ge,g4 samples, (c)
cross sectional SEM image of annealed Al ¢Geg4 sample, and (d) magnified SEM image of (c).
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