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SRR BV TR AR PR 2 | A BRIk B )
I, iR LB Bl 3L 5 BB . RET Mg-5.5Zn-2Gd
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Table 1 Solutes content and temperature at the turning point in Fig. 5(a, b)

Cooling rate  Gd(at.%)  Zn(at. %) mglne/ cr;a(:i o Temperature(°C)

0.001 2.96171 14.48112 4.89 533.00

0.01 2.97837 14.39348 4.83 533.64

0.1 2.91008 14.75750 5.07 530.96

Liquid 1 2.76062 15.59724 5.65 524.45
10 2.69255 16.00530 5.94 521.13

100 2.66287 16.18452 6.08 519.64

1000 2.64881 16.27344 6.14 518.90

0.001 0.32994 2.22555 6.74 533.00

0.01 0.33968 2.20286 6.48 533.64

0.1 0.30114 2.29699 7.63 530.96

a-Mg 1 0.22766 2.52123 9.11 524.45
10s 0.20044 2.61595 13.05 521.13

100 0.18719 2.68144 14.32 519.64

1000 0.18205 2.70371 14.85 518.90

% 2 [E 6a F0[E 6b HHARTURIE
Table 2 Solutes enrichment slope in Fig.6(a, b)
Coolingrate  Mg-4Zn-2Gd  Mg-5.5Zn-2Gd  Mg-8Zn-2Gd  Mg-11Zn-2Gd

0.001 K/s 3.52973 4.68598 6.65380 9.23396
0.01 K/s 3.42869 4.61682 6.64078 9.53536
0.1K/s 3.57453 4.93579 7.46884 10.64705

1KI/s 4.01003 5.53976 8.09372 11.19349
10 K/s 4.32663 5.86171 8.40351 11.45177
100 K/s 4.47190 6.00361 8.53899 11.57965

1000 K/s 4.54366 6.07281 8.60566 11.63584

% 3 [B 5c N 5d PR RAKBRREESEE

Table 3 Solutes content and temperature at the turning point in Fig. 5(c, d).

Zn content Gd(at. %) Zn(at.%) mglne/ (rBa(:io Temperature(°C)

4 3.23043 13.14333 4.07 542.15

Liquid 55 2.76062 15.59724 5.65 524.45
8 2.25210 18.77458 8.34 495.93

11 1.88007 21.80994 11.60 463.67

4 0.51374 1.88817 3.67 542.15

M 55 0.22766 2.52123 9.11 524.45
P 8 0.07576 3.44032 45.41 495.93
11 0.02553 4.38941 171.93 463.67

Study on Solidification Structure and Quasicrystal Regulation of Mg-Zn-Gd
Casting Alloys

Wang Chunhui, Yang Guangyu, Qin He, Kan Zhiyong
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The | phase (MgsGdZng, icosahedral quasicrystal phase) is widely considered as the strengthening phase in Mg-Zn-Gd system alloys,
offering more significant improvements in the mechanical properties compared to the W phase (MgsGd,Zns, cubic phase). However, both the W
phase and the | phase typically coexist in the as-cast Mg-Zn-Gd alloy, thereby weakening its mechanical properties. There has been limited

systematic research dedicated to investigating the crystallization mechanism of these phases during solidification. In this study, the equilibrium
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solidification and Scheil solidification paths of Mg-xZn-2Gd (x = 0~12, wt.%) alloys were calculated using Thermo-Calc software. The effects of
cooling rate and alloy composition on the fraction of the | phase were studied. The results show that the equilibrium solidification structure of the
alloy with a Zn/Gd atomic ratio of 6.0 only contains the | phase. In contrast, limited solute diffusion in the solid phase hampers the transformation
of the W phase into the | phase during non-equilibrium solidification, forming a mixed structure composed of both the W phase and the | phase.
The variation of cooling rate and alloy composition affects the solute enrichment rate in the Liquid during the solidification process of the primary
a-Mg phase, alters the solute content and temperature of the residual Liquid when the secondary phase begins to crystallize, and influences the
type and fraction of the secondary phase as determined by the solidification driving force. Higher solidification cooling rates and an increased
Zn/Gd atomic ratio inhibit the W phase and promote the formation of the | phase during Mg-Zn-Gd alloy preparation, resulting in the alloy with a
higher proportion of the | phase.

Key words: Mg-Zn-Gd alloys; equilibrium solidification; Scheil solidification; solidification path; quasicrystal regulation

Corresponding author: Yang Guangyu, Ph. D., Professor, State Key Laboratory of Solidification Processing, Northwestern Polytechnical

University, Xi’an 710072, P. R. China, E-mail: ygy@nwpu.edu.cn



