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ABSTRACT Aluminum-scandium alloys with high scandium content by mass were prepared by spark plasma sintering (SPS). The
morphology, the phase composition, and the microstructures after sintering at different temperatures of Al-Sc alloy powders were
investigated by scanning electron microscope (SEM), energy dispersive spectrometry (EDS), and X-ray diffractometry (XRD). The
effect of sintering temperature on the microstructure of Al-Sc alloys was studied in the paper. The results show that, the Al-Sc alloy
powders after ball milling are regular with the particle size of 25~45 pum, and the mechanical alloying of Al-Sc alloy powders is
realized initially. In addition to the Al and Sc phases, a small amount of Al;Sc and AlSc; are generated. The spark plasma sintering can
realize the rapid densification of Al-Sc alloy with high scandium content, the Al-Sc alloy with 30% Sc by mass is successfully
produced by SPS method. By adjusting the SPS process parameters, the relative density of sintered sample can be improved to 92.19%.

The samples with the higher density and non-obvious grain boundary are achieved at the sintered temperature above 500 C. The
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second phases of Al;Sc and AlSc, are formed by the combination of Sc with the increase of sintering temperature, and the peak

intensity of Al;Sc increases gradually.

KEY WORDS spark plasma sintering; Al-Sc alloys; rapid densification; microstructure; sintering properties
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Fig.1 SEM images of Al-Sc powders: (a) before mechanical milling ; (b) after mechanical milling
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Fig.2 XRD patterns of Al-Sc powders: (a) before mechanical milling; (b) after mechanical milling

®=1 ORERRENASERAREASE ESED
Table 1 Nitrogen and oxygen contents in Al-Sc powders by

mass before and after mechanical milling %
. JiE T H /%
e RERE
0] N
1 BRI T 0.084~~0.240 0.016
2 BRI IS 0.053~0.600 0.015

2.2 MEEFEETFRERFIHMULEH & IEE /K

2 HIH T AR L iR E A e gl i 77 T il %%
[PIkest Al-30Sc & &R i 12 BERAR N 2 B . SR 2
RIS, AR R 732008 30 MPa RITE LT, Beghii
JEA 450 CHY, HeesREihiI N 2.351 gem™; £
ZEIEEN 600 “CHT, BEgEFE R K% A 2.829 g-em ™,

SRS (3.1 grem™) L. A,
BEE B4 IR B BT, ERBTE S5 A AR % BB 2
. A, BREEEEIN 600 CHY, BEE R K
3K, Al-30Sc & 4 IR % FE A Firdi i, il i) R
7179 40 MPa I BEE5FE G AR X 25 B2 7T IE 92.19%.

T2 AFBRGHEREENE TR Al-30Sc & b dh 1
Table 2 Density of the Al-30Sc alloy samples sintered at

different temperatures and presses

s P %%EE/(iig/mm%g/%
1 30 450 2.351 75.84
2 30 550 2.788 89.94
3 30 600 2.829 91.26
4 40 600 2.858 92.19
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Fig.3 XRD patterns of the Al-30Sc alloy samples
sintered at different temperatures: (a) 450 ‘C; (b)
550 C;(c) 600 C

ANFRYRGEEE TS Al-30Sc &M EMIESHR: (a) 450 C; (b) 550 C; (¢) 600 °C

Fig.4 Microstructures of the Al-30Sc alloy samples sintered at different temperatures: (a) 450 C; (b) 550 C; (¢) 600 'C
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Table 3 EDS analysis of different zones in Fig. 4 of the

Al-30Sc alloy samples sintered at different temperatures
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