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Table 1 Chemical composition of experimental alloys

Nominal composition, w/%

Experimental composition, /%

Alloys < si Mg Fe Al S Si Mg Fe Al
Al-Si-Mg-0%Sc 0 0 7.175 0.295 0.183
Al-Si-Mg-0.1%Sc 0.1 0.107 7.132 0.317 0.175
Al-Si-Mg-0.2%Sc 0.2 0.211 7.214 0.278 0.174
Al-Si-Mg-0.3%Sc 0.3 7 03 0.18 Bal. 0.297 7.105 0.291 0189  Bal
Al-Si-Mg-0.5%Sc 05 0.504 7171 0.305 0.167
Al-Si-Mg-0.8%Sc 08 0.789 7.143 0.297 0.173
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Fig.1 XRD patterns of experimental alloys
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Fig.2 SEM microstructures of the experimental alloys with different Sc contents: (a) 0%, (b) 0.1%, (c) 0.2%, (d) 0.3%, (e) 0.5%, and (f) 0.8%
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Fig.3 SEM image (a) and EDS element mappings (b~e) of iron-rich phase in the experimental alloy without Sc
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Fig.4 SEM image (a) and EDS element mappings (b~f) of iron-rich phase and rare earth phase in experimental alloy containing 0.3%Sc
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Point Al Mg Si Sc Fe
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B 54.82 3.51 25.36 16.31 -
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Fig.5 TEM image (a), HRTEM image (b) and FFT pattern (c) of AlsSc phase in Al-Si-Mg-0.3%Sc alloy
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K16 Al-Si-Mg-0.3%Sc & 4 ™1 AlSc,Siz /51 TEM 43 #7451
Fig.6 TEM results of AlSc,Si, phase in Al-Si-Mg-0.3%Sc alloy: (a) TEM image, (b) SAED pattern, (c) HAADF-STEM image and EDS
element mappings of Al (d), Sc (e) and Si (f) corresponding to Fig.6c
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Fig.7 TEM results of eutectic silicon in Al-Si-Mg-0.3%Sc alloy: (a) TEM image of the modified eutectic silicon; (b) SAED pattern of point

A marked in Fig.7a; (c) TEM image of refined eutectic silicon; EDS element mappings of Si (d) and Sc (e) of area B marked in Fig.7c
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Microstructure Evolution and Mechanism of Refinement and Modification in
As-casting Al-Si-Mg-Sc Alloy

Cui Xiaoming, Meng Chuang, Shi Bo, Bai Pucun, Du Zhaoxin, Zhao Xueping, Wang Huixin
(Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: Al-7%Si-0.3%Mg-X%Sc(X=0, 0.1, 0.2, 0.3, 0.5, 0.8) casting alloys were prepared by vacuum induction melting furnace.
Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS) and transmission electron microscopy (TEM) were used to
characterize the microstructure of the experimental alloy, and the refinement and modification mechanism of the experimental alloy was
discussed. The results show that the main phases of the experimental alloy include a-Al, eutectic Si, AlsSc, AlSc,Si; and iron-rich phases
(B-AlFeSi and n-AlSiMgFe). The microstructure of the experimental alloy is refined by adding Sc element. With the increase of Sc content,
the dendritic spacing of a-Al decreases and the size of eutectic Si decreases. When the content of Sc is 0.3%, the effect on refining of the
experimental alloy is the best. A large number of fine AlsSc particles produce in the alloy containing Sc. AlsSc particles are coherent with
a-Al matrix, and the lattice mismatch between them is 1.0%. Therefore, Al3Sc can be used as an effective heteronucleation particle of a-Al
to fine a-Al. After the addition of Sc, the eutectic Si will deteriorate and get refined. This is because the rare earth Sc elements existing in
the eutectic Si can be adsorbed on the eutectic Si{111} dense surface as impurity elements, thus promoting the formation of high-density
twins for the eutectic Si. In addition, AlSc,Si, formed in the alloy can consume part of Si element, which reduces the amount and size of
eutectic Si.

Key words: Al-Si-Mg alloy; rare earth Sc; microstructure; mechanism of refinement and modification
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