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Effect of Y on the microstructure and mechanical properties of WTaCrVTi

high-entropy alloys

CHEN Shijie , ZHANG Shirong , XUE Lihong , YAN Youwei , ZHANG Wuxing
(State Key Laboratory of Materials Processing and Die and Mould Technology, Huazhong University of Science and
Technology, Wuhan 430074, China)

Abstract: WTaCrVTi high entropy alloys have excellent mechanical properties and irradiation resistance, and the
individual components have low neutron activity, which can be used in the neutron irradiation environment of
nuclear fusion reactors. Thus, they have potential applications in nuclear fusion reactors. However, elemental
segregation and enrichment exist in the alloys during the preparation process, resulting in an inhomogeneous
microstructure. In order to improve the homogeneity of the microstructures, mechanical alloying combined with
spark plasma sintering was adopted to prepare WTaCrVTigY, high entropy alloys. The effects of Y content on the
microstructure and mechanical properties of high-entropy alloys were explored. It is found that the alloys without Y
addition include the solid solution, TiO particles, laves phases and Ta-rich phases. The solid solution with BCC
structure is the matrix, and the atomic ratios of W, Ta, Cr and V are close to be equal. The TiO particles are
uniformly distributed in the matrix with an average particle size of (1.08+0.38) um. The laves and the Ta-rich phases
are sporadically distributed in the matrix. While, the alloys with the addition of 6at% Y is mainly composed of the
solid solution with BCC structure and Y,05 particles. The average size of Y,0; particles is about (1.25 + 0.85) pum.

And the atomic ratios of W, Ta, Cr, and V in the BCC phase tend to be 1. The room-temperature compressive yield
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strength and hardness of this alloy reach 2 674 MPa and HV (848.6 + 9.3), respectively.

Keywords: refractory high-entropy alloy; mechanical alloying; spark plasma sintering; microstructure; homo-

geneous; mechanical properties
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Fig.4 Average grain size of BCC phase in the alloys
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éé‘z\ﬂég@/ﬁ\ A ﬂél] C *H o SH—K IEJ Y& = E JA 52 Fig.5 BSE-SEM images of WTaCrVTigY, high entropy alloys:
1945 A AT EDS 2o br, AR ANER 1 BiR . S5y (a) Y5 (b) Y5 () Vi (d) Yo

R 1 WTaCrVTigY, BEEEFENMANTESE
Table1 Elemental content of individual phases in WTaCrVTigY, high-entropy alloys

Element content/at%
Alloy Area Phase
w Ta Cr \% Ti Y 0
A 24.49 24.36 24.54 2455 2.06 0 0 Solid solution
Y, B 9.16 26.94 41.57 17.99 0.79 0 3.55 Laves
C 1.08 1.42 2.98 6.81 38.11 0 49.60 TiO
D 1.95 91.68 0.89 1.91 0.47 0 3.10 Ta
A 43.90 25.29 14.90 12.56 3.35 0 0 Solid solution
Y, B 8.47 34.01 36.47 18.93 2.12 0 0 Laves
C 0 0 0 0 17.49 17.40 65.11 (Ti/Y)-0
A 30.84 28.21 19.27 16.26 5.42 0 0 Solid solution
Y, B 8.13 33.75 39.25 15.07 3.79 0 0 Laves
C 0 0 0 0 0 38.86 61.14 Y,0,
v A 25.12 24.94 22.03 23.66 425 0 0 Solid solution
6 C 0 0 0 0 0 39.14 60.85 Y,0,

Y, &4, BCCEEM R EIEIRES S, H # TaV,. VTa, I TiCr,!'? % Laves M IIE I, P,
Bk, FEEE W, Ta, Cr. VIR T HL#E T4 Laves t1 & & Ta. Cr. VIR, L, &84, FHH
JEF L, B TiO ORI ) o A fE Sk rp, Py oA W, Ta, Cr. V#JEF H 0 25 %5 5 F L,
WL R ~F 4 (1.08+0.38) pm, Laves A Fl&5 Ta #H % Cr vy & mEd, JBEPRH TIO fl Y05 IR
B A AE LR, 18 Cr Y RHEAs H 28 W ¢ GOk, REBHE A RIS, Laves A 5 A KL
F Laves # 19 JE B "%, X J& it F Cr A H A T R Bk, & TatHiik. YZ26&MWALERES Y, &
ZEPEFEEZER K, HHT AB, B Laves # &AL, HEEE S Cr fl v & R Y, &
MIE B, U TaCrye 3 4h, TiRYWN, &0 GEf2 ST, BEBR TN Y,050 Yo A e £
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Fig.6 SEM images of WTaCrVTigY, high entropy alloys fractures with
different Y contents: (a) Yy; (b) Y; (¢) Yy (d) Ye
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R 2 WTaCrVTigY, 5 EWZFE 3000 | (a) 5870 I Room temperature
Table 2 Density of the WTaCrVTigY, alloys 2576 26
Allo Actual density/  Theoretical density/  Relative £ 2500F 2354
Y (g-cm™) (g-cm™) density/% %
B0 2 000 |
Y, 12.398 12.407 99.9 g
Y, 12.026 12.056 99.8 @
2 1500+
Y, 11.706 11.722 99.8 E
Ys 11.399 11.402 99.9 §
£ 1000}
S
W XTEY a4, WHY SRR, 4% ol
U R A i B R S R B B AR, Y B
U R 46w R R R AR R R B s, e 0 o 5 A .
2674 MPa il HV (848.6+9.3), X & T, FH Y& Y content/at%
s, — 751 BCC AH Y b ROF /)y, B 20 40 Looo[®) Hardness GTV)
- L I Hardness
SAHRALAEAT, 53— BOC M4 76 % & iL# T i
NN _.‘ . 840.9 848.6
IR, AT S IR A L wl i
. S
3 &g z
(1) B Y AR, & &R R, 2 0T
FCC # Fll Laves AH 1Y B FE AR . 24 Y AU 4 2
\ N 5 400t
6at% i, & 4 3 541 A BCC 45 4 [ 7 7k 1l Y,0, g
UKL, Y,05 UKL 1Y 7 1 RSF 292 (1.2540.85) pm, 200
Yoy oy A Ae Bk p, AR W, Ta, Cr. VY
JEF T 1. 0
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