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Fig.1 SEM morphologies and phase structure analysis (XRD pattern) of CoCrCuFeNi high-entropy alloy powder: (a) low magnification;

(b) particle size distribution of high-entropy powder; (c) high magnification; (d) XRD pattern of high-entropy alloy powder
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Table 1 Composition of CoCrCuFeNi high-entropy alloy powder
(/%)

Co Cr Fe Ni Cu (0]

20.68 18.34 19.67 20.98 19.20 0.074

25 pm

D

Pore

/

Cr rich phase

Cu rich phase ——5

BE

W

. ’
Gt e

IS

N

fik; YR LR R = F) 1000 CRF, 41l 2b Fia Kz
[T R A R4 30, Bt o Bk s, (B SRIE e —
SEFLBR, 78 JEH R N 30 Sl A b H 1 Al fe b R
K, EDS BEi R A GX N EEX, At
TR A X3, IR E AR AR AE B E XIS [, K
FH Cr TR EEX, ZEE 3 1 XRD B xf B 57
WA x0T, AR % A AT AN fec2 A, 2K Al
RN Cr 9 o MRS ®), T4 BoK/>, XRD
ToIERIN R pedhiR B — P4 M A 1100 CHE, ME
2c WA BB, BUREE—BR s, B
HAH A R AR ER SR B3 S8 K68 X IBATY AR 43 AT
fEE AT AR L, K EAESE IR 2k
SEIR IS A 1150 CH, M 2d 7] LB BIFLIRIIA L
15, MRAREINR, AGHAFEREKK, K
Hr AR R AR M T A b AR AR R AR, A
FSHIR G R; $8 e gt i B G A5 Bk e A BUE Ak
Al BB B TS 55 b il 5 I 72 5 B0k R A & AR AR R
R, SPS et it 1) 45 H: FLAE FR A7 (45 F R R AR M L8
il 2 A AT, TV RS P s 5, PAY B I A A DA e s Y
B e AR R4S R EM AR AR, 1§
BRI AR B R LR, (R S AL R AR B,
T4 1o T T 45 65 B o AELJ2: F T i & 4 1 R i RS 7
FE R AR N R A A B T A AR R e, X Ad
R SRR iRALRE iR, Wi SPS AL,

25 pm \

Te€——__ Pofe

Cr rich phase

€——Cu rich phase

25 pm 8

-5 ) :
‘-Cu rich phase
f ' Crrichp ase

Pore
s

£
< .

K2 mESmAR SPS &R FIREIRE ) SEM-BSE [ )7l EDS TR /31
Fig.2 SEM-BSE images and EDS element mapping of high-entropy alloy after sintering at various temperatures: (a) 900 C, (b) 1000 C,

(c) 1100 °C, and (d) 1150 'C
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Fig.3 XRD patterns of high-entropy alloy powder after different

sintering temperatures
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Fig.4 Engineering tensile stress-strain curves of high-entropy alloy

powder at different sintering temperatures
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Table 3 Mechanical properties of high entropy alloy samples at different sintering temperatures

Sintering temperature/°C Young’s modulus/GPa

Yield strength/MPa

Ultimate strength/MPa Elongation/%

900 114.54
1000 154.14
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Fig.5 SEM fracture morphologies of high-entropy alloy powder at different sintering temperatures: (a) 900 ‘C, (b) 1000 C, (c, €) 1100 C,
and (d, f) 1150 'C
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Fig.6 TEM image (a), carbide morphology (b), corresponding SAED pattern (c) and EDS spectrum (d) of CoCrCuFeNi alloy after sintering
at 1000 C
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Effect of Temperature on Microstructure and Properties of CoCrCuFeNi
High Entropy Alloy by Spark Plasma Sintering

Xia Hongyong', Dong Longlong?, Huo Wangtu?, Tian Ning®, Zhou Yue*, Zhao Panchao?, Zhou Lian*?, Zhang Yusheng®
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(3. School of Materials Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China)
(4. School of Materials Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)
(5. Xi’an Rare Metal Materials Research Institute Co., Ltd, Xi’an 710016, China)

Abstract: CoCrCuFeNi high-entropy alloy was successfully fabricated by spark plasma sintering (SPS) at 900, 1000, 1100 and 1150 °C. The
tensile at room temperature results show that the tensile strength of the CoCrCuFeNi alloy firstly increases and then decreases with the increase of
sintering temperature. However, the uniform elongation firstly significantly increases and then decreases. When the sintering is carried out at
1100 °C, the yield strength and ultimate tensile strength of CoCrCuFeNi alloy reach 379.3 and 655.6 MPa, respectively, and the elongation after
fracture is 21.9%. When sintering temperature exceeds 1100 °C, the element segregation obviously appears in the material because of the local
melting. Besides, the tensile fracture is brittle feature along the surface of the spherical powder at 900 °C. While the fracture is ductile fracture as
the sintering temperature increases. Because of the diffusion of carbon atom during high temperature sintering, TEM results show that the carbon
reacts with the matrix to form the second phase carbide particles inside the matrix.

Key words: high-entropy alloy; spark plasma sintering; mechanical properties; sintering temperature
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