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Table 1 Chemical composition of alloys (mass fraction, %)

Sample Si Mg Ti Fe Cu Zn Al
Al-1Si-0.3Mg 0916 0.348 0.137 0.171 0.008 0.011 Bal.
Al-7Si-0.3Mg 7.440 0.324 0.142 0.154 0.007 0.012 Bal.
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Fig. 1 Tensile properties of Al-Si alloys at low temperature:

(a) Strength; (b) Elongation
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Fractured Si particle

Fig. 2 Cross-sectional tensile fracture morphologies of Al-Si alloys at different temperatures: (a) Al-1Si-0.3Mg, 20 C;
(b) Al-7Si-0.3Mg, 20 C; (c) Al-1Si-0.3Mg, —20 C; (d) Al-7Si-0.3Mg, —20 C; (e) Al-1Si-0.3Mg, —60 C; (f) Al-7Si-0.3Mg, —60 C
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Fig. 3 Tensile fracture morphologies of Al-Si alloys at different temperatures: (a) Al-1Si-0.3Mg, 20 C; (b) Al-7Si-0.3Mg, 20 C; (c)
Al-18i-0.3Mg, —20 C; (d) Al-7Si-0.3Mg, —20 C; (e) Al-1Si-0.3Mg, —60 C; (f) Al-7Si-0.3Mg, —60 C
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Images of dislocation slip bands and micro cracks in Al-Si alloy at different temperatures: (a) Al-1Si-0.3Mg, 20 C;

(b) AL-7Si-0.3Mg, 20 C; (c) Al-18i-0.3Mg, —20 C; (d) Al-7Si-0.3Mg, —20 C; (¢) Al-18i-0.3Mg, —60 C; (f) Al-7Si-0.3Mg, —60 C
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Fig. 5 True stress—strain curve of Al-Si alloys at different temperatures: (a) Al-7Si-0.3Mg; (b) Al-1Si-0.3Mg
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Fig. 6 Schematic illustration of dislocation pile-up near Si phase in Al-1Si-0.3Mg alloy: (a) Dislocation pile-up near Si phase; (b)

Si phase fall off

@

B 7 Al-7Si-0.3Mg & 4 HPEAH BT 1 A7 48 e R R i B

Dislocation source

(b)

Dislocation source

Fig. 7 Schematic illustration of dislocation pile-up near Si phase in Al-7Si-0.3Mg alloy: (a) Dislocation pile-up near Si phase;

(b) Si phase fracture
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Fig. 8 Schematic illustration of crack extension in Al-Si alloys at different temperatures: (a) Al-1Si-0.3Mg at room temperature;

(b) Al-1Si-0.3Mg at low temperature; (c) Al-7Si-0.3Mg at room temperature; (d) Al-7Si-0.3Mg at low temperature
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Effect of silicon phase on tensile fracture of
Al-Si alloys at low temperature

MA Guang-hui, LI Run-xia, BAI Yan-hua, LI Rong-de

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The tensile mechanical properties of Al-7Si-0.3Mg and Al-1.0Si-0.3Mg alloys at —80—20 ‘Cwere investigated.
The mechanisms of crack initiation and extension at low temperature were analyzed. The results show that the tensile
strength, yield strength and ductility of Al-1.0Si-0.3Mg alloy increase with decrease of temperature. The tensile strength
and yield strength of Al-7Si-0.3Mg alloy increase, but the ductility of Al-7Si-0.3Mg alloy decreases with the decrease of
temperature. During the low temperature tensile process, the dislocations pile up along the boundaries of grains in
Al-1.0Si-0.3Mg alloy, which make dislocation sources to trigger easily in the adjacent grains, so the ductility of
Al-1.0Si-0.3Mg alloy is improved. But the dislocations pile up at the Si particles in Al-7Si-0.3Mg alloy, which prevents
the dislocation sources to trigger in the adjacent grains, so, the strengths of Al-7Si-0.3Mg alloy is greater.

Key words: Al-Si alloy; low temperature; tensile property; dislocation; Si phase
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