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JE BN A AT IE R, AR 130 A, IS HRET
2] 1 min, SRR @A KA E FAMRPE X
SRR S Ik, DMEG &N 45 .

IR HRRE D N 4, —dUNES, He34
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Fig. 1 XRD patterns of as-cast and annealed AlysCoCrFeNiTiys
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alloy (AT: Annealing treatment)
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FCC+BCC+o

B2 AlysCoCrFeNiTiys & & 7EAFMRE T AIEAIE A (EAKE k)
Fig. 2 Metallographs of as-cast and annealed Al sCoCrFeNiTigs alloy (Aqua regia corrosion): (a) As-cast; (b) AT-600 C; (c)
AT-800 C; (d) AT-1000 C
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Fig. 3 Electron probe images of as-cast and annealed AlysCoCrFeNiTiys alloy: (a) As-cast; (b) AT-600 C; (c) AT-800 C; (d)
AT-1000 C
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Table 1 Component distribution of as-cast and annealed

Al sCoCrFeNiTig s alloy

Mole fraction/%

State  Position
Al Co Cr Fe Ni Ti

DR  6.29 22.28 24.32 21.06 21.26 4.79

As-cast
ID 1846 20.78 7.31 791 2826 17.32
DR 455 21.35 22.46 24.26 24.46 7.39

AT-600 C
ID 1626 21.14 6.64 9.39 2623 20.34
DR  6.51 21.18 20.34 24.08 24.08 6.90

AT-800 C
ID 1391 20.58 15.75 16.47 21.76 11.52
DR 10.58 21.31 20.56 17.19 21.46 8.91

AT-1000 C

ID 1779 22.02 8.61 10.47 27.40 13.72

ME 1 HATEH, LRESIEEBAESEE,
Co JUE TP 5 b 73 A AE AL A AL A 8] s T Cry Fes
Al Ni. Ti fFEE—EMWEE, Cr. Fe JLRAEH B
W& B, Al Niv Ti SRR ORI b5 25K
fie HUEL AlysCoCrFeNiTiys & 4 & 70 R Z 1A L 2
BEHPINE 2), BT AINi. ALTi. Ti-Ni Z[A]H
BERIZET T Al. Niv Ti 5 Cr. Fe Z ARG,
MICRZ FRE IS AL, 548 & B,
Rltk, Al Niv Ti 5 T4&H1%, AlL Ni. Ti FIHIE
WAREIHE Cry Fe #iHEF, HEUERLT Cr. Fe fE5—
Xk, B Al Niv Ti 1 Cr. Fe Pifh
RH, WMERE(Cr, Fe)ill FCC 4541 (Al, Ni,
Ti)[*) BCC 454 . 704t Co 5 HA TR KR & 7T LR
H, BEBSR Co 5 Al Ti MIEBEMELL Co 5 Cr. Fe
BAIE, {H Co 5 Ni KRB NE, R55 Ni 4
4, KEAE Al Niv Ti H£XA Cr. Fe 54X Co
(S B AT, AR S] . WA LA, 800 C
B KA R S S M i, 2 DR g il 5 18 O ) T
& SR HGRE A3 g, B T ALK FCC [E
AR A AR 7S 4y, Lo 2 A0 P BT . {5 1000 °C
i T A RIS AR T RER R, FIR
AN SV B — U

F2 AFICEZ MRS AR T2
Table 2 Atomic radius and mixing enthalpy of element

pairs >}

Atomic

Enthalpy(kJ-mol™")
Element 15dius/nm

Al Co Cr Fe Ni Ti

Al 0.143 - -19 -10 -11 22 =30
Co 0.125 -19 - -4 -1 0 28
Cr 0.127 -10 —4 - -1 -7 -7
Fe 0.127 -1 -1 -1 - -2 -17
Ni 0.125 22 0 -7 2 - 35
Ti 0.145 -30 28 -7 -17 35 -

2.2 EEESFIRAZS AlysCoCrFeNiTiys (9 1M RE T

B4 Fios NS 3 MREZRKESTH
AlysCoCrFeNiTig s £ 4 1) 2 i Al HR A

ME 4 ATLLEH, AEfEHASR 3 MR kS
NECE R AR, R EEEIALE 500 HV LLE, UiH
HEABERIPUE K FTAIRE 1. A &4 800 CiR K
AL TR JE AR B K, TA I 569 HV . X2 H1 T 800 CiE -k
WG A AT G R A A LR A), AR AN,
UEAMITH I o I 2, 126 &R BT H SR AR
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Fig. 4 Room-temperature hardness charts of as-cast and

annealed Aly sCoCrFeNiTi s alloy
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Fig. 5 Room-temperature compressive stress—strain curves of

as-cast and annealed Aly sCoCrFeNiTiy s alloy

R3  HHAHRER K AlysCoCrFeNiTiy s 7 & F i B 45 M RE S 4L
Table 3 Room-temperature compression performance

parameters of as-cast and annealed Aly sCoCrFeNiTi, 5 alloy

State o,/MP Omax/MP ey/%
As-cast 1016 2072 27.5
AT-600 C 1274 2394 26.7
AT-800 C 1610 2094 13.8
AT-1000 C 856 1309 143

2.3 $5ASHIR AT AlysCoCrFeNiTiy s BT 4 454

Kl 6 Fi N AlysCoCrFeNiTigs 8525 F1 3 F il iR
KASTE 3.5% NaCl il s Btk il 28, a3
IR HL LR A 5 ke 47 A 22 0T 45 2 L B R ik 4T
(Poore) T L JE P LB JEE (Jeom)» TR 5 FITOIS o GHHL HH2Q
A LVE B, Lk RESIERIBKEHE, £ 3.5% NaCl
WA B R . N3 5 AT RUE HE, 800 C
BAESEEABMAEMRIE, HIEMBREERN,
Et 600 “CiBKZSFN 1000 CIB KA E G i FL i 2
INANECE S BRI E AR IE, U0 B T e
ANy BB R A BE )N, Ul B R o AR . A
BEAE 3.5% NaCl ¥ 800 “Cil KA A 4 H JE i
I R s R /N, TR A o A T el g
FE 1 R /N AT LR A 4 00 i e e s B4 23 301 o
800 ‘CIB- KA. #45. 1000 CIiBKZS. 600 CiB k.
KREHTFKABEE TGS BRI MAER, %



2529 B2 W

WL, S FSMLE KA AlosCoCrFeNiTios i & A 5 1 BE 331

e, AL, MESSEERIEE S, HHEHALRZHIX
B BAH FCC AR &, AN 5 51 e LA ZE R0, [
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Fig. 6 Room-temperature polarization curves of as-cast and

annealed Aly sCoCrFeNiTig s alloy in 3.5% NaCl solution

F4 AR KE AlysCoCrFeNiTiys & 4 7E 3.5% NaCl
W E IR B TS
Table 4 Room-temperature corrosion parameters of as-cast

and annealed Alj sCoCrFeNiTi s alloy in 3.5% NaCl solution

State Peor!V Jeon/(A-cm?)
As-cast -0.32 5.32X1077
AT-600 C -0.31 3.07X10°°
AT-800 C -0.20 1.57X107"
AT-1000 C -0.21 1.34X10°
3 g

1) AlysCoCrFeNiTigs & & E A FIR KA N4 H
(Cr, Fe)lfl FCC. &(Al, Ni, Ti)ii BCC Al ¢ =

R, AHHZUESURI S AR AR & R A T 2. bl
FIR O FERIEEAT ) BEA R IRLR A Bl IRl FCC A
REmR AR, #A8 R FCC+BCCHo TR EHL, B
SR BE R, AT TR A

2) AlysCoCrFeNiTips & & E# &AM 600 C .
800 ‘C. 1000 CiBKA FEA R SRR, RIWH T
RLAF (TR KRR RE J1. 600 “CiB Kk 25 B A B FE A8
[f) FCC. BCC 1 o ML LB, i ettt
if.

3) 800 CiBK#ALFLSE, ShARMIEIAIEEFFAIC, &
WEWAR AR, BRIEIRD, TORAATERINA, TRAN TR
G AT R I HEALZE RN, RIEAE 3.5 % NaCl i i
(iRt b F T
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Microstructure and properties of as-cast and
annealed AlysCoCrFeNiTiy s high-entropy alloys

JIANG Shu-ying, LIN Zhi-feng, XU Hong-ming

(College of Mechanical and Electronic Engineering, China University of Petroleum (Huadong), Qingdao 266580, China)

Abstract: AlysCoCrFeNiTij s high entropy alloys were prepared by vacuum arc melting and were treated by vacuum
annealing at 600, 800 and 1000 ‘C for 10 h. The microstructure, mechanical properties and corrosion resistance in the
3.5% NaCl solution of the as-cast and annealed alloys were studied by XRD, OM, EPMA, hardness tester, universal
testing machine, and electrochemical workstation. The microstructure analysis shows that the as-cast and three kinds of
annealed alloys are all composed of FCC rich (Cr, Fe), BCC rich (Al, Ni, Ti) and o, but their microstructure morphologies
and the relative contents of each phase are different. As the annealing process, the thick white FCC columnar crystals in
the as-cast alloy shift to the mixed structures of FCC, BCC and o, and with the increase of annealing temperature, the
contents of the BCC and o phase increase. The 800 “C-annealed alloy has the best composition uniformity, and the
1000 “C-annealed alloy has the increasing element segregation and the coarse microstructure due to the high annealing
temperature. The hardness and compression tests show that all of the as-cast and three kinds of annealed alloys have high
hardness, showing good resistance to tempering softening, the 800 ‘C-annealed alloy has the highest hardness and yield
strength but its plasticity is the worst due to the increase of the BCC and ¢ phase content, the yield strength, fracture
strength and compressive deformation rate of the 1000 ‘C-annealed alloy sharply decrease due to its coarse structure and
a large number of ¢ precipitation, the 600 ‘C-annealed alloy has the best comprehensive mechanical properties due to the
ideal contents of FCC, BCC and o. The electrochemical corrosion tests show that the as-cast and three kinds of annealed
alloys all have good corrosion resistance in 3.5% NaCl solution and the corrosion resistance of the 800 ‘C-annealed alloy
is the best because of its best composition uniformity.

Key words: high-entropy alloy; annealing; microstructure; mechanical property; corrosion resistance
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