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Table 1 Composition of A356 alloy (mass fraction, %)

Mg Si Fe Mn Zr
0.33 7.14 0.135 0.012 0.004
S Ti Zn Cu Al
0.011 0.023 0.021 0.002 Bal.
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Table 2 Dual gradient setting of thermal insulation temperature

and time of four rare earth aluminum alloy

. . . . Thermal
Eutectic reaction Thermal insulation . .
Phase insulation

temperature/‘C temperature /°C time/s
Al-Gd 650 645 30
Al-Y 639 635 40
Al-Nd 632 625 50
Al-Ce 621 615 60
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Table 3 Orthogonal experimental scheme of A356-RE alloy

Sample Mass fraction/%

No. Gd Nd v Ce
1 0.4 0.1 0.2 0.2
2 0.4 0.2 0.3 0.3
3 0.4 0.3 0.4 0.4
4 0.5 0.1 0.3 0.4
5 0.5 0.2 0.4 0.2
6 0.5 0.3 0.2 0.3
7 0.6 0.1 0.4 0.3
3 0.6 0.2 0.2 0.4
9 0.6 0.3 0.3 0.2
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Fig. 1 Morphologies of primary o phase of A356 alloy with
non-gradient isothermal holding: (a) Without RE; (b) With four
RE addition
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Table 4 Orthogonal results of A356-RE alloy

Sample No. D/pm F
1 102.673 0.814
2 99.966 0.695
3 86.418 0.751
4 90.056 0.679
5 85.118 0.786
6 95.269 0.717
7 84.936 0.766
8 86.898 0.752
9 96.965 0.736
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Fig. 2 Microstructures of primary a phase of different A356-RE alloy under gradient isothermal holding: (a) Sample 1; (b) Sample
2; (c) Sample 3; (d) Sample 4; (e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Sample 9
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Table 5 Production of eutectic product

Max solid

ALRE Cogl}t;c/r; of solubility of Eutzctlf[: Prop;rtlon/
®  REinAl% PO °
a(Al) 99.54
Al-Gd 0.5 <<0.20
GdAl, 0.46
a(Al) 99.56
Al-Y 0.4 0.17
YAL 0.44
a(Al) 99.75
Al-Nd 0.2 0.05
Nd;Aly, 0.25
a(Al) 99.74
Al-Ce 0.2 0.05
A111C63 0.26
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®) Al

Mass fraction/%
Al Si Y Ce Nd Gd
20 32.06 15.15 6.25 14.74 10.64 15.44
21 26.7516.29 7.33 15.89 10.27 15.55
22 25.1920.09 7.33 18.89 12.20 16.30
23 83.4514.14 0.39 0.90 0.17 0.94
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3 BAEMRETZE T A356-(0.5%Gd+0.4%Y+0.2%Nd+
0.2%Ce)#r & 42 ) SEM {4 [z EDS Al XRD 73 2

Fig. 3 SEM image, EDS and XRD analysis results of
A356-RE(0.5%Gd+0.4%Y+0.2%Nd+0.2%Ce) alloy under
gradient isothermal holding: (a) SEM image of sample 5;

(b) EDS analysis of sample 5; (¢) XRD pattern of sample 5
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Table 6 Basic physical parameters of rare earth aluminum eutectic reaction

Al-RE temlsgrljtil?ri o Eutectic reaction RE,Al, stcrur};stfrle Misr;)atch/ Nucleation efficiency
Al-Gd 650 L—a(Al)+GdAl; GdAl; mmc 10.37 Secondary nucleation
Al-Y 639 L—a(Al)+YAL YAl mmc 10.19 Secondary nucleation
Nd;Al, Immm 6.13 Secondary nucleation
Al-Nd 632 L—a(Al)+Nd;Aly; NdAl mme 11.53 Secondary nucleation
NdAl, Fd3m 0.494 (Semi-coherent) nucleation
Al-Ce 621 L—a(Al)+Ce;Aly, Ce;Aly; Immm 5.39 Nucleation most effective
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Refining effect of multiple rare earth on primary phase of
A356 alloy under dual gradient isothermal holding

SUN Meng-tong', LIU Zheng?, CHEN Zhi-ping®, CHEN Tao'

(1. School of Materials Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. School of Mechanical and Electrical Engineering, Jiangxi University of Science and Technology,

Ganzhou 341000, China)

Abstract: The multiple refining effect of Gd-Y-Nd-Ce four rare earth composite refiner on the primary phase of
semi-solid A356 alloy was studied under dual gradient isothermal holding technique. The results indicate that the eutectic
product a(Al) of relative amount is more than 99%, which is the effective nucleation site. Thus ensuring its high survival
rate in the near liquidus of A356 alloy was very important for the refinement of primary phase. The other eutectic product
RE,Al, is less than 1%, which has different degree of mismatching (nucleation efficiency) in different exposed grain
surfaces. Due to the regulation of multiple eutectic products’ survival efficiency by gradient thermal insulation, which
makes them show the diversity in variety, size, quantity, mismatch degree and so on. In this test, A356-RE alloy is poured
at 650 ‘C, then gradient isothermal holding is carried according to 645 ‘C/30 s, 635 C/40 s, 625 ‘C/50 s, 615 ‘C/60 s.
After water quenching, under the optimal composition (0.5%Gd+0.4%Y+0.2%Nd+0.2%Ce, mass fraction), the primary
phase of A356 alloy with equal-area circle diameter of 85.118pum and shape factor 0.786 is obtained, in which the refining
effect is the best.

Key words: four rare earth; dual gradient isothermal holding; A356 alloy; semisolid; primary phase
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