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Table 1 SPS process of MoNbTaW RHEAs

No. Sintering temperature/C Holding time/min
1 1800 20
2 1900 20
3 2000 20
4 1900 5
5 1900 10
6 1900 15
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Fig.1 XRD patterns of Mo, Nb, Ta and W mixed powder and
MoNbTaW RHEAs sintered at different temperatures (a)
and for different holding time (b)
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Table 2 Chemical component and lattice parameters of MoNbTaW RHEA alloy (No.3)
Element Mo Nb Ta W Qeale./NM dexp/NM
Content (this work)/at% 25.7+0.6 24.0+0.4 25.8+1.8 24.5+1.8 0.3232 0.3227
Content (as-cast)/at%!®! 27.3 22.7 24.4 27.3 0.3278 0.3220
Lattice parameter, a!'"//nm 0.3147 0.3301 0.3303 0.3165 - -

%3 AR SPS TZ#&H MoNbTaW BIESHEENEE . BEMRARR T
Table 3 Density, hardness and grain size of MoNbTaW RHEAs prepared at different SPS processes

No. Bulk density/g-cm™ Relative density/% Hardness/GPa Grain size/pm
1 12.7440.03 93.2 3.44+0.05 12.0
2 13.1340.02 96.0 4.52+0.18 17.1
3 13.6440.03 99.8 4.76+0.20 32.4
4 12.8340.02 94.1 3.60+0.10 12.5
5 13.10+0.07 96.0 4.22+0.26 16.0
6 13.08+0.05 95.9 4.19+0.20 16.7
As-cast(® 13.75+0.03 - 4.45+0.18 200
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Fig.2 Density and hardness of the alloys at different sintering

temperatures (a) and for different holding time (b)
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B3 AFEGELE IR T MoNbTaW S i & 4 I W7 O 5
Fig.3 Fracture surface morphologies of MoNbTaW RHEAs at different sintering temperatures: (a) 1800 C, (b) 1900 °C, and (c) 2000 C

Kl 4 Sh7E 2000 “CLEZi ) MoNbTaW =1 A < W
I EDS JuE il v LUEH, T docn & oA
B51, TR T IL S . 5 HlUE R i A AR T,
SPS L 2l 4% 1) i s O S Al 22 oy S A), B
SPS T2l M =i & 43R I T 3 s Ak % 0P
B, BAT S R A
2.3 MoNbTaW MBS HEE I HF R

T Y SPS T &S 406 MoNbTaW k% = i &5
S 1R BE R 2L PR ) e, 25 52 T L AT A F K

ZAPLH . 5 S MoNbTaW M4 i 4 A 4 10 s 47 . 77 -
PEAR M2k o 18] 6 Y7 T Hs 4 Je M i 5 0 IR 24 1) 1 Bl SPS
TEZH BN, B 6a B, BGRSEENTE,
MOoNbTaW Mt i3 5 15 <8 16 Hs 207 et JIR o JEE 189 o 6 AH
[F] PR PRt IS TB] (20 min) R, BE 4 FE 43 il 2 1800,
1900 F1 2000 CHf, £ 4 i ki L 73 5 oh 1004+ 14
Pa. 116114 MPa fl 1314+ 14 MPa. 454K 2 %)%
Leahilh e 2 A1) O R M2, Jem IR i 110 388 on A 2%
P AR — 3. T BT AT s A, IR R % 1) B

4 MoNbTaW HEH mi#ii &6 (No.3) (¥) EDS Jo 3 [ 4347 [l
Fig.4 EDS elemental mapping of Mo, Nb, Ta and W of the MoNbTaW RHEA(No.3)
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Fig.5 Compressive engineering stress-strain curves for the

MoNbTaW RHEAs at different sintering temperatures
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Fig.6  Yield strength and fracture toughness of the MoNbTaW RHEAs at different sintering temperatures (a) and for different holding time (b)
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Fig.7 Compression sample (a, b) and fracture surface morphologies (c) of MoNbTaW RHEA (No.3)
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Preparation of MoNbTaW Refractory High-Entropy Alloys
by Spark Plasma Sintering

Han Jiesheng'?, Wu Youzhi', Meng Junhu®, Zhang Aijun’, Su Bo®
(1. Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The MoNbTaW refractory high-entropy alloys were prepared by spark plasma sintering using pure metal powders as raw
materials. The effects of processing parameters including sintering temperature and holding time on the phase, crystal structure, sintering
behavior and mechanical properties of MoNbTaW refractory high-entropy alloys were studied. The results show that the single-phase bec
high-entropy alloy can be formed at the sintering temperature of 1800 °C with the holding time of 5 min. The sintering temperature is the
most important factor that affects the density, grain size and mechanical properties of the MoNbTaW refractory high-entropy alloy. The
grain size, relative density, hardness and yield strength of the alloy increase with increasing the sintering temperature. When the sintering
temperature is 2000 °C, the relative density of the alloy is 99.8%, the yield strength is 1314+14 MPa, and the fracture toughness is 5~6
MPa-m'?. The MoNbTaW refractory high-entropy alloy prepared by spark plasma sintering process has no chemical composition
segregation and is a brittle material with the fracture mode of cleavage fracture.

Key words: refractory high-entropy alloys; spark plasma sintering; mechanical property; cleavage fracture
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