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Aging and precipitation evolution of Al-Er-Zr alloys

LI Yan, WEN Sheng-ping, GAO Kun-yuan, HUANG Hui, NIE Zuo-ren

(School of Material Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: The aging behavior of dilute Al-Er-Zr alloy and the coarsening behavior of Al;(Er,—,Zr,) precipitate were
investigated by micro-hardness measurements, transmission electron microscopy and high resolution electron microscopy.
The results show that the maximum hardness of Al-0.04Er is 40.3HV, which is obtained after aging at 375 ‘C for 5 min,
and the hardness decreases quickly with overaging. Overaging is delayed in Al-Er-Zr compared with the Zr-free alloy,
which indicates that the addition of Zr improves the thermal stability of Al-Er alloy. In ternary alloy Al-Er-Zr, the
hardness has a second peak as synergetic precipitation of Er and Zr; the second is 53.5HV, which is significantly higher
than the peak hardness of Al-Er binary alloy. The Al;(Er,—,Zr,) precipitate coarsens gradually at higher temperature. The
average precipitation diameter () increases with aging time ¢ as a function shown in LSW theory.
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Table 1 Compositions of experimental alloys (mole fraction)

Nominal content/% Real content/%

Alloy

Er Zr Er Zr

Al-0.04Er 0.04 - 0.051 -
Al-0.04Er-0.04Zr  0.04 0.04 0.045 0.046
Al-0.04Er-0.08Zr  0.04 0.08 0.035 0.081

Al-0.08Zr - 0.08 - 0.085
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Fig. 1 Vickers microhardness—time curves of experimental
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alloys during isothermal aging at 375(a) and 325 ‘C(b)
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Fig. 2 TEM images of Al-0.04Er aged at 375 ‘C: (a) 5 min; (b) 64 h
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Fig. 3 TEM images of Al-0.04Er-0.04Zr aged at 375 °C: (a) 64 h; (b) 500 h
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Fig. 4 TEM images of Al-0.04Er-0.08Zr and Al-0.08Zr aged at 375 “C: (a) Al-0.04Er-0.08Zr, 64 h; (b) Al-0.08Zr, 250 h
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Fig. 5 HREM micrograph and EDS analysis of precipitate Al;(Er,—,Zr,): (a) HREM image; (b) EDS pattern
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Fig. 6 Vickers microhardness evolution during isochronal aging

(3 h at each temperature) of alloys
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Fig. 7 Vickers microhardness evolution during isothermal aging of alloys at different temperatures: (a) 450 C; (b) 500 ‘C
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8  RESAL T AR T Aly(Ery . Zr) ¥4 TEM 1

Fig. 8 TEM images of Al3(Er—,Zr,) precipitates under different conditions: (a) Al-0.04Er-0.04Zr, 450 C, 100 h; (b)
Al-0.04Er-0.04Zr, 500 “C, 100 h; (c) Al-0.04Er-0.08Zr, 450 ‘C, 100 h; (d) Al-0.04Er-0.08Zr, 500 C, 100 h
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