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Table 1 Three different processing sequences

Samples Processing sequences
HR Hot rolling (550 °C, reduction rate 50%)
HR+PA Hot rolling+peak age (225 °C, 16 h)

HR+SMAT+PA  Hot rolling+ SMAT+peak age (225 °C, 16 h)
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Fig.1 OM microstructures of Mg-Gd-Y alloy processed by HR (a) and HR+PA sequences (b)

K2 HR+PA LEAHJ5 K TEM AR
Fig.2 TEM microstructures of the Mg-Gd-Y alloy processed by HR+PA: (a) bright-field image; (b) dark-field image and SAED pattern
along [0001]mg
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Fig.3 Microstructure of Mg-Gd-Y alloy processed by HR+SMAT

4 HR+SMAT+PA T b # 5 1URE 50 pum ¥ 27 [l N ) TEM 8RR 7 ) 22 X A T 7 S FE
Fig.4 TEM bright-field (a) and dark-field (b) images; (c) 8’ precipitates and (d) the corresponding SAED pattern
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Fig.5 Tensile stress-strain curves of the Mg-Gd-Y alloy processed

by three different sequences
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Table 2 Mechanical properties of Mg-Gd-Y alloy after different processing sequences

Samples Yield strength/MPa Ultimate tensile strength/MPa Elongation/%
HR 188.9 2374 4.4
HR+PA 261.0 302.6 1.6
HR+SMAT+PA 258.5 300.4 2.5
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Fig.6 True stress (o1) and strain hardening rate (SHR) plotted against true strain of the HR (a), HR+PA (b) and HR+SMAT+PA (c)
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Grain boundary.

Cleavage plane

K7 Mg-Gd-Y &< L S G IS 358 1z ek T 1
Fig.7 Tensile fracture surfaces of the Mg-Gd-Y alloy processed by HR (a, b) and HR+PA (c, d) sequences
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Fig.8 Tensile fracture surface of the Mg-Gd-Y alloy processed by HR+SMAT+PA sequence
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Abstract: Due to the poor deformability of Mg alloys, the processing parameters for hot-rolling are restricted. This generally results in
microstructures characterized by coarse grains, accompanied by inferior mechanical properties. To enhance the toughness, surface
mechanical attrition treatment (SMAT) was utilized in this work to produce gradient structure in a hot-rolled (HR) Mg-Gd-Y alloy. The
underlying mechanisms for toughening were disclosed. After peak-ageing (PA), the strength of the HR alloy increases obviously while the
ductility decreases sharply. This is because the precipitates block dislocations and generate stress concentration, resulting in cleavage
fracture as a brittle rupture. The HR-SMAT-PA sample shows comparable strength with the HR-PA sample, while the ductility is enhanced,
exhibiting better toughness. The ultrafine grains in the near-surface layer lead to uniform deformation and ductile fracture. Thus, the
cleavage fracture in the deep layer could not go through the entire cross-section of the sample. As a result, the premature failure is inhibited
and the ductility is increased.

Key words: Mg alloy; strength and toughness; gradient structure; brittle fracture; ductile fracture
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