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Fig.2 The modeling of ANSY'S transient thermal analysis
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Table 1 Thermophysical parameters of materials for transient thermal analysis
Material Density / kg'm™ Thermal conductivity / W-m™-°C"! Specific heat / kJ-kg™'-°C"!
GW63K alloy Fig.3(a) Fig.3(b) Fig.3(¢c)
Graphite 2250 121 0.72
Quartz 2650 Fig.3(d) Fig.3(e)
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Fig.4 Experiment facility with controlled cooling rate
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Fig.6 Temperature curve of GW63K alloy solidified at different cooling rate ((1)~(6) represent GW63K alloy cooled at
0.13,0.16, 0.18, 0.22, 0.26 and 0.33°C/s, respectively)
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Fig.8 Data processing of synchrotron X-ray tomography experiment
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Fig.9 SEM images of GW63K alloy solidified at different cooling rates ((a)~(f) represent specimen (1)~(6),

respectively)
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Fig.10 Three dimensional microstructure (a~d), morphology of f§ (al~d1) and the distribution of § in &’ (a2~d2) in the

GW63K alloy (a, B, o are respectively colored in blue, red and green, and (a)~(d) respectively represent specimen

(D~(4)
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Table 2 EDS spot analysis of GW63K alloy solidified at different cooling rates

R./°C-s™ EDS spot Element Mass fraction / wt% Atom fraction / at%
Mg 93.14 98.44
Gd 3.31 0.54
’ Y 1.91 0.55
Zr 1.64 0.46
Mg 78.25 94.83
Gd 14.14 2.65
0.16 o’
Y 7.13 2.36
Zr 0.49 0.16
Mg 56.64 87.21
Gd 29.83 7.10
p Y 13.07 5.50

Zr 0.46 0.19
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Fig.13 The positions of EDS spot analysis of GW63K alloy cooled at 0.16 °C/s (a) and 0.26 °C/s (b)
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Preparation of Mg-Gd-Y-Zr alloy solidified at controlled cooling rate and
microstructure characterization by using X-ray tomography technique
ZHAO Xueting '?, ZHANG Tianxiang '**, LIU Jiahao ', YUAN Yong®, LI Zhongquan*, HAN Zhigiang '*
(1.School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)
(2.Key Laboratory for Advanced Materials Processing Technology (Ministry of Education), Tsinghua University,
Beijing 100084, China)
(3.Collaborative Innovation Center of Steel Technology, University of Science and Technology Beijing, Beijing
100083, China)

(4.Shanghai Spaceflight Precision Machinery Institute, 1 Guide Rd, Songjiang District, Shanghai 201600, China)
Abstract: An experimental method of preparing Mg-Gd-Y-Zr alloy solidified at controlled cooling rate, acquiring
temperature-time data during the solidification process, and calculating the temperature inside the alloy was
established. The experiments were carried out on Mg-6Gd-3Y-0.5Zr (wt%) (GW63K) alloys, and several GW63K
alloy specimens cooled at different rates in the range of 0.13~0.33°C/s were prepared. The solidification microstructure
and quantitative information of the GW63K alloys were characterized by using X-ray tomography technique and SEM.
The effects of cooling rate on the microstructure and quantitative information were discussed. Besides, the quantitative
relationships between cooling rate and volume fractions of the eutectics and secondary phase were proposed,
respectively. The results showed that the eutectics of GW63K alloy which distributed at the grain boundaries present
network-like morphology, and the secondary phase with irregular morphology distributed in the eutectics. With the
increase of cooling rate in the range of 0.13~0.33°C/s, the primary phase with six-fold symmetry were refined. The
eutectic networks became denser, more homogeneous and continuous. The secondary phase distributed more
dispersively, and the average size of secondary phase became lower. In addition, the volume fractions of eutectics and
secondary phase reduced as the cooling rate increased.
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