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Abstract—The TiZrNbMo refractory high-
entropy alloy (HEA) powders were 
successfully prepared by plasma rotating 
electrode process (PREP). Owing to rapid 
cooling rate and the immiscibility between Zr 
and Mo, The as-obtained alloy powders show a 
dendrite structure involving two body-
centered cubic (BCC) phases and nearly-
spherical shapes with relatively smooth 
surfaces. Bulk TiZrNbMo HEAs were 
fabricated by selective laser melting (SLM）
using the PREPed powders. The effects of the 
laser power and scanning rate on the surface 
morphology, microstructure and 
microhardness of the as-built HEAs were 
investigated in details. 
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I.  INTRODUCTION  

Based upon the design concept of high entropy 
alloy (HEA), refractory HEAs composed mainly 
of high-melting-point elements have gained more 
attention due to their advantages such as high 
strength, excellent corrosion, wear and high-
temperature oxidation resistances, which shows 
great potential as high-temperature structural 
materials [1-3]. However, preparing refractory 
HEAs is still challenging owing to the high 
melting points of constituent elements and 
significant difference among them [4-6]. 
Currently, most of refractory HEAs are prepared 
by vacuum arc melting. This method easily leads 
to heterogeneous microstructure due to elemental 
segregation and shrinkage porosity when 
preparing large blocks [7, 8]. Compared with 
vacuum arc melting, selective laser melting (SLM) 
method offer some advantages in the fabrication 
of refractory HEAs such as high energy density 
laser input suitable for processing refractory 
metals and reliable ability of obtaining the parts 

with complex shapes [9-15]. The microstructure 
and properties of refractory HEA parts prepared 
by SLM strongly depend on the quality of raw 
powders. Mechanical alloying, gas atomization, 
Plasma spheroidization and plasma rotating 
electrode process (PREP) can be applied for the 
fabrication of HEA powders. Compared with the 
first three methods, PREP is more suitable for the 
preparation of refractory HEA powder used for 
SLM since it is a cost-effective technique to 
obtain the powders with high sphericity and low 
porosity [16-17]. 

In this work, the TiZrNbMo refractory HEA 
powders were prepared by PREP and then used as 
feedstock powders for the subsequent SLM. The 
surface morphology and compositional 
homogeneity of the as-received alloy powders 
were investigated in details. The surface 
morphology, microstructure and microhardness of 
the as-built refractory HEA by SLM were also 
explored. 
 

II. EXPERIMENTAL PROCEDURES 

The TiZrNbMo HEA rods with a diameter of 
60 mm required for the subsequent PREP are 
prepared by vacuum electromagnetic levitation 
melting, and the raw materials used are pure 
metals with a purity of 99.95% or more. The rod 
used as the consumable electrode was atomized 
into the powders by PREP under high-purity Ar 
atmosphere (Easy gold new materials technology 
Co, Ltd, China) and the particle size of the 
powder falls between 15 μm and 53 μm as much 
as possible by adjusting the feed speed, rotation 
speed and electron gun power. Bulk TiZrNbMo 
refractory HEAs with a dimension of 6×6×3 mm 
were fabricated by using DiMetal-150 laser 
powder bed melting system (Leijia Co, Ltd, 
China). The build platform using TC4 substrate, 
the monolayer thickness is 40 μm, the scanning 
distance is 80 μm, and the laser scanning angle 
between the adjacent layers is 69°. The effects of 
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