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Fig.1 Optical micrograph of the gradient structure of SMATed
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Fig.2 Age hardening curves with aging time (a) and the micro-hardness increment (AHV) at specified aging time (b) for the different layers
in SMATed alloy
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Fig.3 TEM images of microstructures at depth of 50 pm of SMATed alloy after aging for 2 h: (a, b) bright-field and dark-field images of

the nano-scale grains; (c) high-density dislocations; (d) distribution of precipitates forming triangular volumes (B//[0001]mg);

(e) SAED pattern taken along [0001]mg; (f) stacking faults in some grains
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Fig.4 TEM images of microstructures at depth of 350~400 pm of SMATed alloy after aging for 8 h: (a) high-density dislocations and

relatively coarse grains; (b) SAED pattern taken along [0001]mg; () distribution of precipitates forming triangular volumes

(B//[0001]mg); (d) stacking faults in some grains
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Fig.5 TEM images of microstructures at depth below 600 um of SMATed alloy after aging for 16 h: (a, b) bright-field and dark-field

images of precipitation chains forming on dislocation arrays (B//[0001]Mg); (c) SAED pattern taken along [0001]wmyg;

(d) precipitation chains forming blocks
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Age Hardening Behavior and Mechanism of Gradient-Structured Mg-Gd-Y Alloy
Processed by Surface Mechanical Attrition Treatment

Ren Hongwei *, Ning Jiangli %, Xu Bo 2, Li Xudong !, Li Xinkang *, Yuan Xiaoyi*
(1. Discipline of Key Materials for Defense Industry, College of Metallurgy and Energy, North China University of Science and
Technology, Tangshan 063210, China)
(2. Key Laboratory of Modern Metallurgy of Ministry of Education, Tangshan 063210, China)

Abstract: Surface mechanical attrition treatment (SMAT) was conducted on a Mg-Gd-Y alloy to obtain a gradient structure. Vickers
micro-hardness tests and transmission electron microscopy were employed to study the age hardening behavior and the mechanisms. The
result shows that the gradient structure in the SMATed alloy can be classified into three layers: the severely deformed layer, the moderately
deformed layer and the undeformed layer. The age hardening behaviors of different layers exhibit distinct difference when aged at 225<C.
The peak aging time increases in the order of the severely deformed layer, the moderately deformed layer and the undeformed layer, and
the hardness increment at the peak aging increases in the same order. This is attributed to the different distribution of the precipitates and
their variable interactions with dislocations in the different layers. The severely deformed layer exhibits the shortest peak aging time and
the highest peak aging hardness, which indicates that the surface nanocrystallization has remarkable effect on promoting age hardening for
the Mg-Gd-Y alloy.
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