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Table 1 Mass fraction of each element in FeCrMnAICuy(x=0,
0.5, 1.0, 1.5, 2.0) high-entropy alloys (/%)

Alloy Fe Cr Mn Al Cu

FeCrMnAl 29.43 27.40 28.95 14.22

FeCrMnAICups 25.21 23.47 24.80 12.18 14.34

FeCrMnAICu;o 22.05 20.53 21.68 10.65 25.09

FeCrMnAICu;s  19.59 18.24 19.27 9.47 33.43

FeCrMnAICu, 17.83 16.61 17.54 8.62 39.40
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K1 FeCrMnAICuy il & & XRD Kl
Fig.1 XRD patterns of FeCrMnAICuy high-entropy alloys
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Fig.2 SEM images of FeCrMnAICuy high-entropy alloys: (a) x=0, (b) x=0.5, (c) x=1.0, (d) x=1.5, and (e) x=2.0
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Fig.3 EDS mapping of FeCrMnAl high-entropy alloy surface
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4 FeCrMnAlCuos i & 3% 10 EDS 4
Fig.4 EDS mapping of FeCrMnAICuqs high-entropy alloy surface

F*2 FeCrMnAICu, E/EE& &I 7 5347
Table 2 Composition analysis of FeCrMnAICuy high-entropy alloys

Chemical composition/at%

Alloy Region
Fe Cr Mn Al Cu
DR 26.31 22.56 25.82 25.31 0
FeCrMnAl
ID 24.77 20.04 26.70 28.49 0
DR 23.21 24.17 23.79 22.55 6.28
FeCrMnAICugs
ID 3.49 1.60 16.37 23.07 55.47
DR 28.17 29.12 18.63 19.24 4.84
FeCrMnAICuy,
ID 2.59 0.84 15.25 22.80 58.52
DR 31.35 29.62 1751 17.33 4.19
FeCrMnAICu; s
ID 1.72 0.52 17.87 19.64 60.25
DR 32.07 33.54 16.12 15.52 2.75
FeCrMnAICu,,
1D 2.03 0.93 15.64 19.06 62.34
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Fig.5 Potentiodynamic polarization curves and EIS spectra of FeCrMnAICuy high-entropy alloys in 0.5 mol/L H,SO, solution: (a) polarization

curves, (b) Nyquist plots, and (c, d) Bode plots

FeCrMnAICu, S & £ 0.5 mol/L H,SO, BRIk

Table 3 Electrochemical parameters of FeCrMnAICuy high-

%3

entropy alloys in 0.5 mol/L H,SO, solution

Alloy EcordV leord A €M™ Ry/Q-cm?
FeCrMnAl -0.691 7.055x10° 6.3
FeCrMnAICugs -0.404 6.626<10" 60.2
FeCrMnAICu; o -0.392 8.201<10° 286.3
FeCrMnAICu; 5 -0.363 2.148x10° 763.0
FeCrMnAICuzo -0.394 2.865x10" 1243

Tl LA/ $1-0.304 V, HLT 2 BEHE K #1) 2.86510™ Alem?,
FUTR v REAT L T RN Cu JTTRII & <.
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Fig.6  Equivalent circuit model of FeCrMnAICuy high-entropy alloy
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Table 4 Equivalent circuit parameters of EIS results

Alloy Ry/Q-cm? CPE/Q-s" em? N Re/Q-cm?
FeCrMnAl 9.676 7.7718%10° 0.76239 14.49
FeCrMnAICuos  5.388 4.5634%107 0.79493 142,50
FeCrMnAICuio  4.102 9.5x10" 0.83866 5281.0
FeCrMnAICu;5  5.952 7.2127x10° 0.89599 6348.0
FeCrMnAICu,o 11.280 4.6745%107 0.74985 121.40
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AR A S E S B E M AR N, DR it
kR, Y x=15 I, AeERHRER Ryl
AR CPE i, 73519 6348 Q-cm?. 7.2127%10° Q-s" em?,
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A Bt A i, X SR 2 R — 2
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Fig.7 Surface morphologies of FeCrMnAICuy high-entropy alloys after electrochemical test: (a) x=0, (b) x=0.5, (c) x=1.0, (d) x=1.5, and (e) x=2.0
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Fig.8 Average corrosion rate of FeCrMnAICuy high-entropy alloys
after immersion for 168 h: (a) x=0, (b) x=0.5, (c) x=1.0,
(d) x=1.5, and (e) x=2.0
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Corrosion Resistance of FeCrMnAICu, High-Entropy Alloys in 0.5 mol/L H,SO, Solution

Feng Li*?, Wang Mengqi'?, Zhao Yanchun? Li Qiuda®
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou 730050, China)

(3. China National Nuclear Power Operation and Management Corporation, Haiyan 313400, China)

Abstract: This study employed vacuum arc melting technique to fabricate FeCrMnAICuy (x=0, 0.5, 1.0, 1.5, 2.0) high-entropy alloys. The phase
structure and microstructure of the alloys before and after corrosion were characterized using XRD, SEM, and EDS. The corrosion behavior of the
alloys in 0.5 mol/L H,SO4 solution was analyzed through potentiodynamic polarization curves, EIS, XPS, and immersion tests. The results indicate
that the addition of Cu promotes the formation of the fcc phase in the alloy, transforming the single bcc structure into the mixed bcc+fce
dual-phase structure. The high-entropy alloys with five different composition exhibit a typical dendritic morphology. With increasing the Cu
content, the grains are gradually refined, and the microstructure becomes more uniform. The FeCrMnAICus s high-entropy alloy has the highest
corrosion potential (-0.363 V) and the lowest corrosion current density (2.148x10° A/cm?). The corrosion resistance of the alloy is initially
improved and then deteriorates with increasing the Cu content. At x=2.0, the corrosion potential decreases to —0.394 V, the current density
increases to 2.865x10™ A/cm?, et its corrosion resistance is still superior to that of the alloy without Cu addition. After corrosion, a composite
oxide protective film forms on the cross-section of the alloy, effectively reducing its corrosion rate in 0.5 mol/L H,SO, solution.
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