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Fig.3 SEM morphologies of NbMoTaW HEA powder at different milling time: (a) 0 h, (b) 6 h, (c) 15 h, (d) 30 h, (e) 45 h, and (f) 60 h

£ 1 FEIKERE NbMoTaW S EMABTEERSE
Table 1 Mole contents of elements of NbMoTaW HEA powder
at different milling time (mol%)
Sample Area Nb Mo Ta w Fe Cr Ni

Nominal - 25 25 25 25 0 0 0
6h 1 0 90.52 489 442 0.17 0 0
2 0 7999 10.85 890 026 0 0
I5h 3 29.82 31.66 1722 199 1.17 023 0
4 2271 21.46 30.11 23.74 1.51 0.37 0.1
30h 5 2447 27.88 22.03 2227 1.83 1.03 0.49
6 23.08 26.32 23.44 24.19 1.98 0.65 0.34
45h 7 2423 2572 24.13 22.56 2.05 0.82 0.49
8 2321 26.49 24.41 2248 232 0.73 0.36
60h 9 26.14 2529 22.15 22.5 3.12 0.44 0.36
10 23.85 23.55 24.18 23.59 3.32 0.96 0.55

T4 S sy . WSS, Fe. Cr. Ni 3 FiyCH K
IRLEZY N 7:2:1, 5 304 NN K B AHIE, R W%
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by ARG I T R B S SRR ERE |, TR R T — 2 AR A
14 NbMoTaW ridfii & &b KEREE 15, 45 h (0 fis SEM B3 B, By AR AN NG TR (X ML AS TR 2% T IR 3Kk e RE 2 (]
Fig.4 High magnification SEM morphologies of NboMoTaW HOMESE, S0 T BB . B ERES I A, R R
HEA powder at milling time of 15 h (a) and 45 h (b) BURL AN KT AL, 5 358 7 Hr R L 22 LG A B8 BRORT B B S 1
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Fig.5 Morphology (a) and EDS maps of NbMoTaW powder milled for 45 h: (b) Nb, (c) Mo, (d) Ta, (e) W, (f) Fe, (g) Cr, and (h) Ni
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Kl 6 BkEE 45 h 1) NbMoTaW #3 K (¥ TEM #1758 A X i AT 4 4L FE
Fig.6 TEM bright field image of NbMoTaW powder milled for 45 h (a, b) and SAED pattern of the area A (b)
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Fig.7 Particle size distribution of NbMoTaW powder at different
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Effect of Milling Time on Preparation of NbMoTaW High Entropy
Alloy Powder by Mechanical Alloying

Qi Peibu', Liang Xiubing?, Tong Yonggang’, Chen Yongxiong®, Zhang Zhibin?
(1. Army Academy of Armored Forces, Beijing 100072)
(2. Academy of Military Sciences China, Beijing 100010)
(3. Changsha University of Science & Technology, Changsha 410000)

Abstract: NbMoTaW high entropy alloy powders were prepared by mechanical alloying. The effects of milling time on the powder phase
structure, microstructure, impurity content and particle size were studied. The phase and morphology of the high-entropy alloy powder
were analyzed by X-ray diffraction, scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The element
distribution and impurity content in the powder were quantitatively analyzed by the energy spectrum analyzer. The particle size distribution
of the powder was measured by the laser particle size distribution tester. The results show that the mixed powder undergoes three stages
with milling time increasing: flattening, cold welding breakage, and sphericity. After 45 h ball milling, the powder forms a single bee solid
solution. The powder morphology changes from an initial irregular shape to a sheet shape, and then it changes into an ellipsoidal shape.
Meanwhile, the sphericity is gradually optimized. The impurities mainly originate from the agate jar and the grinding ball. The powders
after different ball milling time show different impurity content growth rates. The particle size changes with milling time, showing a trend
of increasing first and then decreasing, and the particle size distribution is more uniform.

Key words: refractory high-entropy alloy; mechanical alloying; milling time
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