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Fig.1 XRD pattern (a) and microstructures (b-d) of high-entropy alloys prepared by SLM: (b, c) cross section and (d) horizontal section
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Fig2 Oxidation mass gain (G-t) (a) and oxidation kinetics (G*t) (b) curves of AICoCrCuFeNi high-entropy alloys prepared by SLM at different temperatures
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Table 1 Oxidation rate of AICoCrCuFeNi high-entropy alloy
fabricated by SLM

Temperature/’C 800 1000 1200

Ko/ mg cm?h? 0.004 44 0.018 32 0.030 65
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Fig.3 XRD patterns of surface oxide layer of selective laser melted
AICoCrCuFeNi high-entropy alloy after high-temperature
oxidation for 100 h
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Fig.4 Surface morphologies of selective laser melted AICoCrCuFeNi high-entropy alloy after high-temperature oxidation for 100 h:

(al, a2) 800 °C, (b1, b2) 1000 °C, and (c1, ¢2) 1200 C
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Table 2 EDS analysis results of different regions in Fig.4
(at%)
Region 0o Al Cr Fe Co Cu Ni

1 4293 3971 401 468 505 192 180

2 3535 2065 1984 862 502 520 532

3 4735 3861 0.64 335 418 364 223

4 13.65 10.26 1864 20.86 19.84 1032 6.43

5 3265 16.84 2194 843 118 196 6.32

W8, EDS s ek R, WURALBRLA E & Al
fRIAEALYD, 454 XRD 430 #r s B, 7T LU & ik Jy AlLOg,
HEA RIGHA R M, 7T DU R R EE #0251 75 A
PR b A9, 7F 1200 C N AEAL)E, mi G &R TR
Fas WL T R T AR RV, A B A5 R B
W, SR K, TR AR X 0% H
RO B EA R, O BT REMRL, W
FALAT IR0, B 4cl X3 4 (1) EDS 43 b4k R
T, ZXEM O &R, Al T T iR A A
HAE, STEWHEMR, AR S SRR T
S, BTl Co. Cr. Fe 3 Fhm&HMEALY & B
e FESRESTBORE (B 4c2) v BLR R & A AL
Yo bR SRR, 76 3 Pl fE N AT S A AL, AlLO;
fe FEEAMH, T CrO3 Il Fe,O4 I & LUK, 123
F 5 &R FERIREMET G, HEFEFEZER
NZHWR R R E, TR T A 5 9 R LA
AR RAE R, Bah, o 4 i v kR S B
HE54&BNEMATNFEEZER. XN T4di&)E, &b
PRI B IR R S T = E TR IR R VI OG, AR
Tt 5 Hp %) v A 4 B T R TV AR A 1, 6 b4 T 2R A

3 ..a
Oxide film

Substrate

ZRET IS, iR RN E SRR
RTCERSEAR ISR, 48 &8 T 1E R
4 o %Y, AICoCrCuFeNi &4 Al 15
TR &K, AT EEE KRB, HE
R, I, BROS R EAE = TR RCEUE
Al Og {337 5 R 97 1 1A 5 A 3t — 25 A A P2

N Tk — Bk X0 AICoCrCuFeNi 5
156 & W R AR AT N, X6 100 h AR A T kAT
WMEE, i 5 Fros. HEHA DURIL, SRR
3RSy, WAEEAIE ., T EUZ MR, HALHER EDS
MRS TR 3. 16800 CF, mla&iikRimaE
T — BB B 1A, I B R R RS
i, MR EDS 4R K, RIHAEM T Cr05 fl &1
MCrO, 2R A 84k (K 5a FIXIE 1), AAbZF
IR XAy AL AT O Jo 3 & &8 1) Al,O3 (K 5a 11X
52>, WIm#TEi & &t e tiee . mia e
i 1 M AR RN S B R T R Y R B TR G
4, T Cr. Fe. Co 1 Ni (IIKEME, 4K Cr0;
1 ALO, fi it 74 T NiO. CoO 1 FeO, #x#&iE it
MO (M: Fe. Ni fl Co) Fl CryO3 J A a4 ff A
MCr,0,40 FEEALIE T 7 B 7 2SR S50, JF BB
FER T, SRR BRI, on RS R O T
iH, WX (K 5c X 7) #4177 EDS k&
W, RIGZXIEE Al S ERE, RHELITRES Al
TCEIPMRIZL, KER Al JTCE RSN BT B A T 5
WA IR DX ISR, JF H AL SRR . BEE
AR FE T, EAL R JE R b 2 50, JE 5T EDS
IIHT, SEALTE IR BRAK SR N CrO3. Al,O3 Fl MCrr,0,4 Vi
HEMLY, X5 XRD Mg R—i. b, ik
JEE B AN EAA T I T RS, O FINEPE TG E K 430
[F) PR R A9 B, 0 A S R, B A AR A IR ) ) S
K, BAHMNZEM CryO3 UKL AN K R, FERS A ER T
RAERTER,

Substrate

K5 #EIXEEEIL AlCoCrCuFeNi =i & 4 s E 4k 100 h JEREETH FESR

Fig.5 Cross-sectional morphologies of selective laser melted AICoCrCuFeNi high-entropy alloy after high-temperature oxidation for 100 h:

(2) 800 °C, (b) 1000 °C, and (c) 1200 °C
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Table 3 EDS analysis results of different regions in Fig.5 (at%o)

Region O Al Cr Fe Co Cu Ni

1 3761 1861 2985 935 184 133 141
2 4062 3461 1132 731 124 231 259
3 4161 1132 3768 381 127 252 179
4 3839 3186 1237 491 251 182 6.32
5 4281 16.84 2871 281 342 161 3.80
6 4392 3267 1392 462 153 121 113
7 026 3.67 1864 2197 2061 1794 16.91
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High-Temperature Oxidation Behavior of AICoCrCuFeNi High-Entropy
Alloys Prepared by Selective Laser Melting

Wang Yonggang®, Liu Hejian', Dong Yijun®, Zhou Song?, Wang Lei®, Zhi Shanjie®, Li Dongya®, Wang Shuang®
(1. Applied Technology College of Soochow University, Suzhou 215325, China)
(2. School of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110136, China)
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Abstract: AlCoCrCuFeNi high-entropy alloys (HEAs) were prepared by selective laser melting (SLM). The microstructure and high-temperature
oxidation behavior at 800, 1000 and 1200 °C were studied. The phase composition and morphological characteristics of the oxide film were
analyzed by XRD and SEM. The results indicate that the prepared AICoCrCuFeNi HEAs mainly contain bcc phase, bcc/B2 phase and a small
amount of fcc phase, and the microstructure is a non-equilibrium heterostructure composed of long straight columnar dendrite and equiaxed cell
structures. The HEAs have good oxidation resistance at different temperatures. The oxidation kinetics curves basically follow the parabolic law.
The oxidation rate exhibits a clear dependence on temperature, which increases with the increase in temperature, and obvious voids and cracks
appear in the oxide films, which provide channels for diffusion of elements to aggravate the oxidation reaction; as a result, the oxide film peeling
becomes more and more serious. The main components of the oxide films are Cr,0O3, Al,O5 and spinel MCr,O, mixed oxides. The denser oxide
film can effectively inhibit the matrix from being further oxidized and improve the anti-oxidation properties of SLMed HEAs.

Key words: high-entropy alloys; selective laser melting; high-temperature oxidation; oxidation kinetics; oxide film
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