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#£1  AlZnMgCuMn SH&EEBLFRS

Table1  Chemical composition of the AlZnMgCuMn HEA
Mass fraction, w/% Atom fraction/%
Al-50Mn Cu-40Zn Mg Al Zn Mg Cu Mn
40 50 10 32.3 13.3 17.9 20.6 15.9

17 400, 500. 600 CH#kbEE, fRIE 2 h 5F=R, o
i N 400-2h, 500-2h, 600-2h.
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SEM 500 37 KW i T BB (SEM) 43 #r Bl
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i1 FH HV-1000Z ' {2 PR o1 00 el e il 2
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AN IR FAR, Sl B AR R, T A 3.5% (it
HHD NaCliEW . w2, M % H A7 Sk ik 2 A X
FasE (s, Iy 1800 s. ARJE, HEAT HRAL 2P
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Ja, HEATHRAG 2RI, WIaE AL E-0.3 V, &Ik
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LI 3D S % . H MFP-3D Infinity J5 1 /1 &%
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K1 %7 AlZnMgCuMn &5 & 411 XRD K it
Fig.1  XRD pattern of the as-cast AlZnMgCuMn HEA
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B2  AREMRETFH AlIZnMgCuMn &5 441 OM 1%
Fig.2  OM images of the AlZnMgCuMn HEA under different conditions: (a, al) as-cast, (b, b1) 400-2h, (c, c1) 500-2h, and (d, d1) 600-2h
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Fig.3 SEM images of the as-cast AlZnMgCuMn HEA
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Fig.4 SEM image and EDS element mappings of the as-cast AlZnMgCuMn HEA
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FRAWEIEREY, WiERRsSEERE. A,
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®2 BUAMTEMREESE. MEMEZMER

Table 2 Mixing enthalpy, physical and chemical properties of constituent elements

Element Density/  Valence electron  Atom radius/ Electronegativity Enthalpy/kJ mol™
g<m concentration, VEC nm Al Zn Mg Cu Mn
Al 2.7 3 1.43 1.61 - 1 -2 -1 -19
Zn 7.14 12 1.39 1.65 1 - -4 1 -6
Mg 1.738 2 1.6 1.31 -2 -4 - -3 10
Cu 8.96 11 1.28 1.9 -1 1 -3 - 4
Mn 7.44 7 1.32 1.55 -19 -6 10 4 -
£ 3 AlZnMgCuMn SEEEMRNESH
Table 3 Various thermodynamic parameters for AlZnMgCuMn HEA
Alloy plg cm? 51% VEC Q AHmi/kd mol™  ASqi/d mol ™ K* Tl C
AlZnMgCuMn 5.16 7.59 6.3 1.72 -4.01 1.56R 806

Note: p-theoretical density; J-atomic size mismatch; VEC-valence electron concentration; Q-entropy enthalpy ratio; AHmix-mixing

enthalpy; ASmix-mixing entropy; R=8.314 J mol™ K (gas constant); Tn-theoretical melting temperature of the alloy
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Fig.5 EDS point composition analysis of the as-cast
AlZnMgCuMn double-phase: (a) Al-Mn phase and

(b) hcp phase
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Fig.6 Compression stress-strain curves (a) and microhardness (b) of the AlZnMgCuMn HEA

Fz 4 HEXEREMEEHEERR
Table 4 Main performance of relevant systems
System Density/g ¢m™ H\|;| /ag.%e?\jllpa Compression strength/MPa  Fracture strain/%
Alg.41CUg 18Fe02Crp 2123 5.35 89 325 4.5
Alg 26CUp 1120 11Si0 25F€0 13Crg 1472 4.55 183 660 2.8
AlMgCuMnFel?4 4.95 469 1792 6.4
AlZnCuFesi® 4.98 690 770 11.4
AlZnMgSnLi™ 4.23 615 1.2
AlgoZnsMgsCusLis**! 3.08 879 17
AlgoZnsMgsSnsLis* 3.05 - 836 16
A|20Mg1oLi205020Ti30[26] 2.67 537
AlgoMgsCuioMnsFesoCrsNis?” 46 849
AlzoBezoFeSizTizs ™ 3.91 911
AlZnCuNiCo™® 7.32 599 - -
Al70ZnsMg1oCusSizo” 99 573 4.9
Algs 1Zn;Mg1oCu,Sip o™ 779 20.91
AlgoZn1sMg2Cu,LipM 1045 22
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K7 AFEPIRZSH AIZnMgCuMn =5 & <72 3.5%NaCl ¥4 W o T JE ol 4 g
Fig.7 Corrosion resistance of AlZnMgCuMn HEA under different conditions in 3.5%NaCl solution: (a) potentiodynamic polarization

curves, (b) Nyquist plots and equivalent circuit for fitting the EIS experimental data, and (c) Bode modulus plots

F 5 AlZnMgCuMn SXE& €BIMIEMENENBRSH
Table 5 Equivalent circuit parameters for EIS of AlZnMgCuMn HEA

- . CPE; CPE;,
Condition RJ/Q R/ Q Ret/>10° Q s y
Yi/><10" F ng Yo/<10" F Ny
As-cast 23.89 343.1 2.866 1.89 0.7455 3.64 0.7997
400-2 h 19.34 151.5 5.676 7.83 0.6724 1.15 0.8541
500-2 h 17.49 105.7 3.250 491 0.6071 2.73 0.7962
600-2 h 14.70 375.0 2.775 2.56 0.7476 2.36 0.6980
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Fig.8 CLSM images of the as-cast AlZnMgCuMn HEA after potentiodynamic polarization test: (a) the surface of corrosion, (b, ¢) 3D

morphologies, and (d) line scanning of zone A marked in Fig.8b
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Fig.9 Distribution of potential for the as-cast AlZnMgCuMn HEA
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Microstructure, Mechanical Properties, Corrosion Resistance and Mechanism Analysis
of AlZnMgCuMn High-Entropy Alloy

Guo Wenhui, Qi Mingfan, Xu Yuzhao, Li Jingyuan
(Beijing Advanced Innovation Center for Materials Genome Engineering, School of Materials Science and Engineering,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The study aims to investigate the heat treatment process of light high-entropy alloy AlZnMgCuMn and its effects on
microstructure, mechanical properties and corrosion resistance. The microstructure of this alloy was characterized by XRD, SEM and EDS.
The mechanical properties were evaluated by electronic universal testing machine and Vickers hardness tester. The corrosion resistance
and mechanism were analyzed by potentiodynamic polarization test, impedance spectrum test, CLSM and AFM. The results show that
AlZnMgCuMn alloy is composed of Al-Mn quasicrystalline phase and hcp phase and the former shows dendrite morphology, while the
latter is distributed between dendrites. The effects of heat treatment on the morphology, distribution and volume fraction of the two phases
are small. The compression fracture strength, fracture strain and Vickers hardness of as-cast AlZnMgCuMn are 415 MPa, 4.4% and 4519.7
MPa, respectively. The Ecorr and leor Of as-cast alloy are -726.344 mV and 1.882 pA/cm?, respectively. After electrochemical corrosion,
obvious corrosion pittings are formed on the surface of alloy, the depth of which is about 11.8 um. The dendritic A1-Mn phase has a lower
potential as an anode and is preferred to be corroded. As the corrosion intensifies, the corrosion microdomains are connected with each
other and develop into a large corrosion area.

Key words: light high-entropy alloy; microstructure; mechanical properties; corrosion mechanism
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