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Fig.1 SEM back-scattered electron image of as-cast

CrCuFeMnTi high entropy alloy

fnlH) Cu & MG AR L . X & T Cu 5 Ti. Cr.
Fe IR A1 2 429, 12, 13 kJ/mol, H:+}' Cr,Cu. Fe,Cu
RS Bt 10 kJ/mol, It Cu HiX 3 MiE2
[F) FRJTEE A5 A AN 808 P e AT 2 TR b K R Sy SR
2% Cu 55 Cr. Fe. Ti ZIAREIRIFMEE, MiiF
3 Cu JCZEAEBERE R HE K B, AT I 5™ .
J34h Cry Fe Ti X 3 MG EEAR S AR SN, 1M
Mn 7ERE i F) B S8 . 6 T A5 Cr Al Fe [R5 &
KL, Fe Al Cr by TAER S X BB K a-(Fe, Cr)fH,
OEHHTX 2 FocE MR AR 2 N, PRI, 7E
e ] oL P 2 A YR T B s A DT

K 2 W52 CrCuFeMnTi Ryl & 410 X 5 £ A it
Bl . BT LUR A SAUB R T — AN HEN 77
Chep) F—ANHOAL T (fee) SR TE A4, kR
TR H 2 8 @ AE Y, b IR 2 A i 44
5515 BUR L UGS B A I 4 e A G .

TET Cu e # I B A 4 P T B foe [l i — i
HE AT L Cu A SRR 4, X2 i T4 S et
LR Cu 7R b R DX I fm AT 7™ 5, DR 5 1T Ak
ML Cu P A s RS 1, e I I G o & 465 0 25 [T
HEAZ T i B, B AR R B (R TE s Cu 1) foe [
AU B[S AR CoFeMnTiVZr 14 Z (s i & 4 h &
A G T AN 2 HE N 7 G A 1 B v AR O, i vy
J O G B T AT LA R ILIK bee T fee [EI# A2 b,

%1 %7 CrCuFeMnTi 5H& SHLFEKR S

Table 1 Chemical composition of as-cast CrCuFeMnTi alloy

(at%)
Region Cr Cu Fe Mn Ti
I mmxl mm  20.66 19.89  20.60 19.06 19.79
DR 23.92 2.02 27.84  15.19  31.03
1D 10.06  41.67 11.84  24.25 12.19
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Bl 2 4 CrCuFeMnTi i & 41 XRD &%
Fig.2 XRD pattern of as-cast CrCuFeMnTi high entropy alloy
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Fig.3 DTA curve of CrCuFeMnTi high entropy alloy
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Fig.4 XRD patterns of CrCuFeMnTi alloy in as-cast and

annealed states
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Fig.5 SEM back-scattered electron images of CrCuFeMnTi alloy at different annealing temperatures: (a) 565 C, (b) 750°C, (c) 900°C,
and (d) 1100°C

%2 TEHEAZ CrCuFeMnTi SR& &MU ZERS
Table 2 Chemical composition of CrCuFeMnTi alloy in

different annealed states (at%)

Annealing

temperature/C Region Cr Cu Fe Mn Ti

DR 26.71 01.92 27.47 1422 29.69

365 ID  00.81 65.48 00.80 32.38 00.53
750 DR 2633 0237 2752 1451 29.26

ID 00.84 7558 01.07 22.08 00.43
900 DR  19.12 01.02 30.99 1851 30.35

Cr-rich _72.67 00.86 08.92 15.30 02.26

ID  00.82 71.78 01.08 25.77  00.55
1100 DR 2821 02.55 3440 13.68 21.15
ID 0093 74.94 01.18 22.64 00.32
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Fig.6 Schematic diagram of phase transition for CrCuFeMnTi

alloy

(750 ‘CLAF) HERKAFL)S, &&HALHN THE
Y5y B, AR T st . BEIR KR E
PIAW e, &AL, HORMALE 54
FOREFE W T B, 3B KR B ik 1100 CIY, &4
seaRBA, AR 1430 MPa.

Kl 7 A CrCuFeMnTi i & 5545 OB K =
R A5 N ) - A 2, 2008 K AL S CrCuFeMnTi &
1) 5 S5 BB A I 38— jE I de i, 42 565 CiR KA
[ W7 458 5 e, mTIA %) 1.03 GPa, & & fE8 ST
W7 5458 5 B i, 2928 0.4 GPa. CrCuFeMnTi 5 45 4>
PR FE S S EMALEER L. UH LRI
BB KN, &SV AR A Haith, KR
SRR AL T REAE IR KR iR R, A e
HIRTR i NS VN TR AR S geal Y- R RY ¢ i S P
kA 7 b 4 i &8 T LUK I, PR ASFIR K
A CrCuFeMnTi 5 G AE s 4 i R JF R R AE W]
PAR T W, SR MR E . X
THEMIBKE CrCuFeMnTi & & MF SAHIIA hep
gy, (UH 34 R, @i/ T bee Al fee 4514,
A R A B b A S LUR AR BT, A &
ol I M REAE . T4 1100 CIHE KW A 4
%3 CrCuFeMnTi & €L FREIRALNERNESEHH

VAR 3t 7 4 [CFEFE (B
Table 3 Structure and hardness of CrCuFeMnTi alloy in

different annealed states

Annealing
565 750 900 1100
temperature/C

Structure hep+fece  hept+fec heptfee+ bee feetbee

Hardness, HV/MPa 4750 4470 3200 1430
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Kl 7 CrCuFeMnTi & &% 4 MKIB AW EE K4 N J7- M AF
HHEEY

Fig.7  Compressive stress-strain curves of CrCuFeMnTi in

as-cast and annealed states
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Effect of Annealing on Microstructures and Mechanical Properties of CrCuFeMnTi
High Entropy Alloy

Nong Zhisheng', Zhang Bo', Zhu Jingchuan®
(1. Shenyang Aerospace University, Shenyang 110136, China)
(2. Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to investigate the effect of annealing treatment on microstructures and mechanical properties of CrCuFeMnTi high
entropy alloy, a as-cast CrCuFeMnTi alloy ingot was prepared by vacuum arc melting under the argon protection, and then the
microstructures observation and mechanical properties testing of alloy samples under annealing treatment at different temperatures were
performed. The results show that the as-cast CrCuFeMnTi alloy is composed of a hexagonal close packed phase and a face centered cubic
solid solution, and typical microstructures with dendrite and interdendrite phases are observed. There is mainly element diffusion and
morphology homogenization when the annealing temperature is under 750 °C, and the hexagonal close packed phase will transform into
body centered phase after the alloy is annealed at 900 °C. Element diffusion causes the phase transition and controls it. The hardness and
strength of the alloy are all improved when the alloy is annealed below 750 °C; meanwhile, all the fracture exhibits a brittle character.

Key words: CrCuFeMnTi high entropy alloy; annealing; microstructures; phase transition

Corresponding author: Nong Zhisheng, Ph. D., School of Materials Science and Engineering, Shenyang Aerospace University, Shenyang
110136, P. R. China, Tel: 0086-24-89724198, E-mail: nzsfir@126.com



