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Study on the Microstructure and Properties of
AlCrFeMoSi, High Entropy Alloys

HAO Xuehui, QI Mingyang, LI Xuejun, LIU Wenge,ZHANG Di,
ZHAN Yanhu, WANG Changzheng

(School of Materials Science and Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract AlCrFeMo and AlCrFeMoSi, high entropy alloys were prepared by non-consumable vacuum arc
melting method. The effect of Si addition on the microstructure and properties of AICrFeMo high entropy
alloys were studied using X-ray diffraction, scanning electron microscopy, micro-hardness tester and elec-
trochemical measurement system. The results showed that the phase composition of AlCrFeMo high en-
tropy alloys changed from single BCC1 phase to dual-phases (BCC1 and BCC2) after Si addition and a
small amount of intermetallic compounds (Cr;Si; and Mo;Si) was also detected. This was because Si ele-
ment not only promoted the formation of BCC phase, but also facilitated the presence of silicides due to the

high negative mixing enthalpy between Si and metal elements. Meanwhile, the AICrFeMoSi, high entropy
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alloy developed a dendritic and lamellar mixed structure. As a result of second phase strengthening, grain-
boundary strengthening and solid solution strengthening caused by Si atoms, the hardness of AICrFeMoSi,
high entropy alloys increased from 394 HV to 549 HV. Besides, the potential difference among mixed
structures brought about a serious galvanic corrosion on the alloy surface. Therefore, the corrosion current
density of AlCrFeMoSi, high entropy alloys increased from 1. 71 X 107% to 5. 54 X 10~* A/cm?.

Key words high entropy alloys; Si element; microstructure; hardness; corrosion behavior
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WLGERE G IO R 454 S e R A4 o o) s A S 0RE B2 3 CHVS-1000) T 23R 18 B3 2 22 Y 3
.

F CHI660E Hi A2 A il A ot 1) R Ak 27 8 Dl A7 oA G v s I 4 Jhy AR B A R i v
(SCE) AZ: LL R BB BB i . TR B i A AR € J5 , 78 10° ~10 % Hz A3 N I i 5 4 i LAk
B (EIS)  HIEZ B s i iR fE4 10 mV, 7E 20 mV/min Y443 B AR XS T IF B B A2 — 250 ~
250 mV HLET A i sl A i e 2

&1 AlCrFeMoSi, SEE EHULFEM S (ERTHE)
Table 1 Chemical compositions of AICrFeMoSi, alloys (mole ratio)

Materials Al Cr Fe Mo Si
AlCrFeMo 25% 25% 25% 25% 0
AlCrFeMoSi 20% 20% 20% 20% 20%

2 ZWhihie

2.1 DEMEH b

F 1 R WiFh AlCrFeMoSi, il 4: % XRD &%, a7V RIFIN Si 6 R, AlCrFeMo w4 4
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FIRTER . 1 Hakal F i, BOCT A AT 5506 & A T S, 32 IR R St Rl R A% IS 45 7 A a5 2 s
[, A SR IG . A4 H T WiF & LAY Crs Si; (JCPDS K K 50-1329) Al Mo, Si(JCPDS A
51-0764), Zg iR, Si JLHR MIMAfE AlCrFeMo fmii 4 —Fh BCC AR A2 W BCC AH . [F] B 3 8120
e E LAY,
2.2 BRI H

RESCHREIIN A S TR AR (AH w0 JRA M (AS .00 JRF RSF 22 (0) Fvff Tk (VEC)
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Fig. 1 XRD patterns of AlCrFeMoSi, high entropy alloys
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AR, 3B AICrFeMo i 1 & 4 14 il A% i 28 )™ o,
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WE4H AH . 50 ERELWE 2 iR, W3 Zhang " %A AH ,;, M1 6 Z 181 E R IBFFEEEE A
Si ZJ& s AlCrFeMo i & 4 2 8 il IR AL &4, X & K SioJeR 54 R oo K ) s i 7UR -6 08 F B0 i
RN AN REAT S A AT L 8 R SiRIMAE A, 1,0 $ KL, VEC W/, AS,,, KRG 4
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Table 2 The mixing enthalpy AH ., (KJ + mol™' ), mixing entropy AS,.(J + K" « mol™'), difference in
atomic size 8 (% ) and valence electron concentration VEC of AICrFeMoSi, high entropy alloys

AH AS, i
Materials IGZD) VEC (%)
/(KJ + mol ) /K temol™
AlCrFeMo —7.25 11.53 6.06 5.75
AlCrFeMoSi —24.8 13.38 7.63 5. 40
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m data in this work
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Mo, Si JGE A fh A XA Al Fe R EEX . 5T XRD 455+ BCC1 A H1 BCC2 #4345 JCPDS £ A
65-9000(CrMo #D Fl JCPDS K K 65-0985 (AlFe A () Sl (A 4544 — B, vT 4B A% i X 38 BCC1 AH B
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Table 3 The EDS analysis results of AICrFeMoSi, high entropy alloys

Materials x(AD () 2 (Cr) (Y0) z(Fe) (Y0) z(Mo) (%) x(SD (%0)
AlCrFeMo 25.08 24. 86 24.72 25.34 -
Dendrite 3.93 23.77 5.22 35.54 31.54
AlCrFeMoSi  Inter-dendrite 6. 44 25.63 11.61 25.38 30. 94

Lamellar structure 38. 27 16. 88 34. 67 5.82 4. 36
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2.4 DEWREE ST

TR AR St AN AKT = 0 A A M RE Y SZ I, X PR ALCrFeMoSi, =t A 4 (A B HE AT T
WAL 4, FTUAE L, RN St TER, AlICrFeMo B4 4 RE R K 394 HV, MiMA Si ZJ5. 54
WEEERAINZE 549 HV., mULal 0, B Si A Fl T2 M AlCrFeMo mifi & & MR, OZHE RN St T &
J& » AlCrFeMo A4 HIE L T BCCL Cr; Siy Al Mo, Si M. 7= A2 5 — SRR . R HrAI i it & 5
S AR UL (8 R Y R Y BELRR I 2T 5 R A R B TR . D346, SR TR T R E) T
T AR (3

(a)

1 ]

AT

]
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3 AlCrFeMoSi, wikify & OM il SEM Eli¥%. (a, ) Si, ¥4 (b, d) Si, v
Fig. 3 OM and SEM images of AICrFeMoSi, high entropy alloys. (a, c¢) Si, alloy; (b, d) Si, alloy
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Fig. 4 Hardness of AlICrFeMoSi, high entropy alloys
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Fig. 5 EIS plots of AICrFeMoSi, high entropy alloys in the 3. 5% NaCl solution. (a) Bode plots;
(b) Nyquist plots; (c) Selected equivalent circuit
T4 AlCrFeMoSi, B G S BUFEELGER
Table 4 The EIS fitting results of AICrFeMoSi, high entropy alloys

Materilas R./(Q+cm?) Qu—Y)/(Q ' eem™ e s n R, /(Q s cm®) Error
AlCrFeMo 103. 1 6.81x10 ° 0.856 9 8.53X10° 8.98x10 !
AlCrFeMoSi 87.3 7.64X10°° 0.833 8 2.23%10° 1.23X10 3

6 A AlCrFeMoSi, 7E 40k 3. 5% ) NaCl i A9 sl 7 i AL I 2R 45 50 AT 0L, 7% Si oo &
J& AICrFeMo (i & 4 14 il 2 2 % ) 670 B 05 7 [l S S » 2 W LR bt i) 86 K. R Tafel iR AMfEIE S AT
% AlCrFeMo F1 AICrFeMoSi =l 45 4 1Y B Tl R T %% B2 40 18 1. 71 X10°° F 5. 54X 10 ° A/em®, W
IR, S TCENE T AICrFeMo B4 4 7E NaCl i P (01 il 3 5 s Ak 24 BT (0 45 S — 2L

K 7 R iR AlCrFeMoSi, B4 aWibEn SEMIESRE . i 7 T LA 1. AR AlICrFeMo &
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Fig. 7 Corrosion morphologies of AICrFeMoSi, high entropy alloys after polarization,
(a) AICrFeMo alloy; (b, ¢) AlCrFeMoSi alloy
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