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Abstract: This study systematically investigates the effects of trace Gd additions of 0.5% (mass fraction, the same hereinafter) and
1.0% on the microstructure and tensile property of ZK60 magnesium alloy. The as-cast and solution-treated microstructures of

ZK60, ZVK600, and ZVK610 alloys are characterized by optical microscopy, scanning electron microscopy, energy dispersive
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spectroscopy, differential scanning calorimetry, and X-ray diffraction. The tensile properties of the alloy specimens are measured
and analyzed via room-temperature tensile tests. The results show that the as-cast ZK60 alloy has grain size of 95 um, with coarse
blocky MgZn phases and a small number of Zn,Zr; particles present at grain boundaries. Trace Gd addition increases the fraction of
secondary phases and transforms the MgZn phase into the Mg;GdZng phase, but does not refine the grain size. The room-
temperature tensile properties of the three as-cast alloys are relatively close. The as-cast ZVK610 alloy exhibits lower yield strength
and ductility, which is associated with its relatively large grain size and increased grain-boundary secondary phases. After T41 step
solution treatment, the grain of ZK60 alloy become oarse, the secondary phases are nearly eliminated, and the ductility is
significantly improved. However, the yield strength decreases slightly due to grain coarsening. In contrast, a small amount of grain-
boundary secondary phases remains in ZVK600 and ZVK610 alloys. T42 and T43 processes, designed with prolonged high-
temperature solution time or elevated solution temperature, further reduce the secondary phase fraction in the matrix but lead to

additional grain coarsening, resulting in further reduced yield strength and no obvious improvement in ductility. Therefore, T41

solution heat treatment process is recommended.

Key words: ZK60 magnesium alloy; plasticity; microstructure; precipitated phase
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Table 1 Chemical composition of alloys (mass fraction/%)
Alloy Zn Zr Gd Mg
ZK60 6.18 0.73 0 Bal.
ZVK600 6.42 0.67 0.5 Bal.
ZVK610 6.84 0.63 1.2 Bal.
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Fig.2 OM(1), SEM (2), and its magnified images (3) of as-cast ZK60 (a) , ZVK600 (b) , and ZVK610 (c) alloys
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Fig.3 SEM image (a) and EDS analysis (b) of the secondary phase at the grain boundary of as-cast ZK60 alloy
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Fig. 4 SEM image (a) and EDS analysis (b) of the secondary phase at the grain boundary of as-cast ZVK610 alloy
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Sample Sampling position Mg  Zn Zr Gd

ZK60 Second phase 644 348 0.8 0
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ZVK610  Second phase 332 50 0.6 16.2

Matrix 94.1 54 02 0.3
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Fig. 7 OM images (1) and SEM images (2) of T41 solution-treated ZK60 (a) , ZVK600 (b) , and ZVK610 (c) alloys
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Fig. 8 SEM images (1) and EDS analysis (2) of the secondary phase in T41 solution-treated ZK60 (a) and ZVK610 (b) alloys
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Fig. 9 OM images of T42 (a) and T43 (b) solution-treated ZVK600 (1) and ZVK610 (2) alloys
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Fig. 10 SEM images of T42 (a) and T43 (b) solution-treated ZVK600 (1) and ZVK610 (2) alloys
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Table 3 Tensile property of three alloys under four different

conditions
Alloy Condition ~UTS/MPa  YS/MPa EL/%
ZK60 As-cast 255 129 18
T41 256 109 23
ZVK600  As-cast 251 127 16
T41 261 107 20
T42 255 96 17
T43 262 95 22
ZVK610  As-cast 241 121 16
T41 258 105 20
T42 259 99 19
T43 255 92 19
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