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Table 1 Heat treatment process of experimental ZL101+3Cr

alloys
State Solid solution Aging
As-cast - -
TS5 515, 535, 555 "C/6 h -
T6 515, 535,555 ‘C/6 h 140, 160, 180 ‘C/0-50 h
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Fig.1 Dimension of tensile test sample
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Fig.2 ~ Thermodynamic simulations of ZL101+3Cr alloy by
Thermo-Calc software: (a) Scheil equilibrium solidification
and (b) equilibrium conditions of mole fraction of

different phases vs temperature
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Fig.3 SEM microstructures of Cr-containing ZL101+3Cr alloys solution treated at different temperatures for 6 h: (a) 515 C, (b) 535 C,

and (c) 555 C
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Fig.6 SEM images (a, ¢), EDS element mapping (b, d) and EDS analysis results (e-h) of T6-tempered ZL101+3Cr alloy
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Fig.8 Polarization curves of ZL101+3Cr alloys in 3.5%NaCl

solution before and after heat treatment
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Fig.9 Electrochemical impedance spectrum (a), Bode diagram (b), and equivalent circuit (c) of ZL101+3Cr alloys in 3.5%NaCl solution

before and after heat treatment
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Table 2 EIS fitting results of ZL101+3Cr alloys before and after heat treatment

RS/S}cm2 Rl/Q'cm2

Q1/x10° S em?s™

Rz/Q~cm2

Alloy state n Q/X10° S em?s™ ny
As-cast 33.55 5903 4.03 0.726 51.05 2.11 0.711
T5 35.15 5959 5.91 0.602 53.71 21.4 0.798
T6 38.63 6315 8.35 0.796 58.24 53.5 0.847
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Fig.10 Average corrosion rate of the ZL101+3Cr alloy after immersion in 3.5%NaCl solution for 14 d before and after heat treatment:

(a) corrosion rate vs time and (b) corrosion rate under different states
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Fig.11 SE image (a), BSE image (b), and EDS analysis result of the white bright second phase in Fig.11b (c) of the T6 treated alloy after

immersion in 3.5%NacCl solution for 14 d
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Effects of Heat Treatment on Microstructure, Mechanical Properties and Corrosion
Resistance of Al-Si-Mg-3%Cr Alloy

Cui Xiaoming, Cui Hao, Zhao Xueping, Liu Fei, Du Zhaoxin, Liang Shaobo, Bai Pucun
(School of Materials Science and Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: Al-Si-Mg-3%Cr alloy was prepared with vacuum electromagnetic induction melting furnace. Thermo-Calc software was used to
perform thermodynamic simulation. The microstructure of the alloy under different heat treatment conditions were characterized by SEM,
EDS, and other test methods and its mechanical properties were tested. The corrosion resistance of the alloy was tested by mass loss
method and electrochemical method. The results show that the main phases of the Al-Si-Mg-3%Cr alloy include a-Al, eutectic Si, (Al+Si)
eutectic, Cr rich phase (Al13Cr4Sis, S-Al (Cr,Fe) Si), Fe rich phase (8-AlsFeSi and n-AlSiMgFe) and Mg.Si. In the structure of heat-treated
alloy, the eutectic Si becomes smaller in size and spheroidized in form, the zone of eutectic structure becomes narrow, and the fine
Al13CrsSis and p-Al(Cr,Fe)Si phase are dispersed around eutectic Si. All play positive roles in improving the mechanical properties of the
alloy after heat treatment. The corrosion test results show that compared with the case of the as-cast alloy, the average corrosion rate of the
heat-treated alloy decreases, an obvious passivation zone exists in the polarization curve, and the capacitive arc in impedance becomes
larger. It is indicated that heat treatment can improve the corrosion resistance of the alloy, especially T6 process (535 °C/6 h+160 °C/26 h)
can lead to the optimum mechanical properties and corrosion resistance.

Key words: Al-Si-Mg alloy; heat treatment; Cr element; microstructure; mechanical properties; corrosion resistance
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