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Abstract: The near-net forming process such as additive manufacturing provides technical paths for the
preparation of complex parts of refractory high-entropy alloys, and also puts forward higher perform-
ance requirements for their powders. In this paper, the composition design criteria of refractory high-en-
tropy alloys and the effects of various elements on the properties of alloys are reviewed. The main tech-
nical routes of powder preparation (mechanical alloying, plasma rotating electrode process and radio
frequency plasma spheroidization) are analyzed and compared. In addition, the problems and solutions
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in the application of refractory high-entropy alloy powder in powder metallurgy, laser cladding, addit-
ive manufacturing and other fields had also been discussed.
Key words: refractory high-entropy alloy, component design criteria, powder preparation, additive

manufacturing
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Fig. 1 The relationship between the parameters and the phase
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# 1 Tigs,Ta,Nb, Zr (x=0,5.10,15.20) A S HE LM

AS, AH, ;0 €2, 6 218"
Table1 Values of AS,,, AH,;,, £2 and 0 of Tig, Ta,
Nb,yZr, (x=0,5, 10, 15, 20) refractory high en-

[15]

tropy alloy
FEAF ASu/(rmol "K' AH,, /(kJ'mol ) @ 6/% VEC
TigsTa,sNby, 7.12 1.17 143 0 4.35
TigTa,sNb, Zrs 8.59 1.31 155 1.9 435
TissTasNb,Zr,, 9.44 1.45 154 2.6 4.35
TisoTa,sNb, Zrs 10.04 1.59 15 3.12 4.35
TiysTa,sNb,Zry, 10.46 1.73 14.4 3.48 4.35
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Fig. 2 Schematic diagram of gas-solid fluidization technology
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Fig.3 Schematic diagram of atomizing pulverization pro-
cess with plasma rotating electrod”™
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Fig. 4 (a) TaNbTiZr bar””; (b) SEM image of powder prepared by PREP and particle size distribution of insertion”;

27,

(c) XRD pattern of TaNbTiZr rod and PREP powder preparation””
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Fig. 5 (a) SEM images of four different metal raw material powders” ; (b) SEM images after spray granulation, insertion

291,

grout photos™; (c) SEM images and particle size distributions of HEA powders after plasma spheroidization™”
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Fig. 6 Loading and unloading nanoindentation curve of
HEA powder inserted into indentation photograph™
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Fig. 7 Morphology of powder after hydrogenation crush-
ing and plasma treatment™"”

(a) HHEEIA (b) (a) HUBORIENE; (o) %8 TALEE IERIERIR; (d) (c) BITRORIEI R
B8 SHEEFHRURTEMAKE SEM F3z"™
Fig. 8 Morphology observed by SEM""
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Table 2 Comparison of three milling methods of refract-
ory high entropy alloy powder
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Table 3 Compositions of samples

JLH S1/% S2/% S3/% FH41H/ % T
A 27.6 2476 24.45 25.46 1.65
Ta 2809 2949  27.06 2821 0.99
Nb 21.61 2097 2193 21.50 0.16
Mo 23.05 2479 2667 24.84 2.19
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Fig. 10 SEM image and EDX element distribution of direct deposition and remelting deposition single-pass fuse surface
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