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Coarse-grained superplastic behavior and microstructural
characterization of Mg-Gd-Y-Zr hot-rolled sheet

LI Li"2, ZHANG Xin-ming', ZHOU Nan', TANG Chang-ping', DENG Yun-lai'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Department of Mechanical Engineering, Hunan Institute of Technology, Hengyang 421008, China)

Abstract: The superplastic behavior and microstructural characteristics of coarse-grained Mg-Gd-Y-Zr rolled sheet with
initial grain size of 66 um were investigated systematically, the tensile tests at various temperatures and strain rates were
conducted. The results show that the sheet exhibits a maximum elongation of 380% and a sensitivity coefficient of strain
rate of 0.56 at 435 “C and 5X 10 *s™'. The apparent activation energy of this alloy is larger than the diffusion activation
energy of grain bound or lattice diffusion energy of Mg. The superplastic behavior is attributed to grain boundary sliding
accommodated by dislocation motion assisted by lattice diffusion. It is suggested from microstructural analysis results
that the second phases exhibit significant effect of pinning grain boundaries, and that § phase deforms and the strain
partly transfers from the matrix to the f phase.
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Fig.1 Optical photograph of homogenized Mg-9.0Gd-4.0Y-
0.4Zr billet
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Fig.2 Changes of flow stress (a) and elongation-to-failure (b)

with strain rate for deformed specimens
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Fig.3 Optical photograph of rolled Mg-9.0Gd-4.0Y-0.4Zr

sheet
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Fig.4 Grain size evolution of rolled Mg-9.0Gd-4.0Y-0.4Zr
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Fig.5 SEM images of homogenized Mg-9.0Gd-4.0Y-0.4Zr
billet (a) and sheet after repeating rolling (b)
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Table 1
identified by EDS in Figs.5 and 6 (mass fraction, %)

Corresponding compositions of second phases

Position Gd Y Zr (0] Mg
I 24.35 1.2 1.09 0.57 73.36
II 222 2.13 69.12 2.69 23.84
I 23.10 0.11 0.22 - 76.90
v 10.94 1.52 0.09 - 87.45
\4 27.15 41.08 - 1.26 30.51
VI 22.71 2.53 - 0.35 74.41
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Fig.6 SEM images of Mg-Gd-Y-Zr rolling sheet stretched
under conditions of 435 C and 5X107*s™": (a) Gauge of

specimen; (b) Grip of specimen
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Fig.7 XRD patterns of rolled sheet (a) and specimen tested at
435 'C and 5X107*s™" (b)
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Fig.8 TEM images of fractured specimen tested at 435 ‘C and 5X 10*s™": (a) Grain boundary and subgrain boundary pinned by

second phases; (b) Strip recrystallized grain developed between second phases; (c) Dislocation network within £ phase and electron

diffraction pattern of selected area of § phase with zone axis parallel to [112]
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