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ABSTRACT: The Al0.5CoCrFeNi high-entropy alloy powder was produced by using
a plasma rotating electrode process. The morphology, microstructure, and physical
properties of the powder were characterized. The powder exhibited a smooth surface
and a narrow particle size distribution with a single peak. The relationships between
particle size and secondary dendrite arm space as well as cooling rate were evaluated as
follows: λ = 0.0105d + 0.062 and vc = 4.34 × 10−5d−2 + 2.62 × 10−2d−3/2, respectively.
The Al0.5CoCrFeNi powder mainly consisted of fcc + bcc phases. As the powder
particle size decreased, the microstructure of the powder changed from dendritic to
columnar or equiaxed, along with a decrease in the fcc content and an increase in the
bcc content. The tap density (4.76 g cm−3), flowability (15.01 s × 50 g−1), oxygen
content (<300 ppm), and sphericity (>94%) of the powder indicated suitability for
additive manufacturing.

1. INTRODUCTION
High-entropy alloys (HEAs), consisting of five or more major
elements with equal or almost equal molar fractions, were
proposed in 2004.1 Compared to traditional metal materials,
HEAs possess numerous significant advantages, including
exceptional high-temperature strength, excellent strength-
plasticity, and high−low-temperature tensile strength.2−4

Nowadays, HEAs are mainly prepared by casting, metallurgical
sintering, and additive manufacturing (AM).5,6 AM technology
enables effective control over the structure and properties of
materials, resulting in HEAs with enhanced strength, durability,
and thermal stability compared to those of the conventional
manufacturing process.7 In addition, AM technology is
environmentally sustainable as it minimizes the wastage of
raw materials.8,9

Selective laser melting (SLM) technology is one of the most
promising AM techniques, enabling the direct fabrication of
various complex parts with a precise and uniform micro-
structure. Notably, selecting the appropriate raw material
powder is crucial in enhancing the quality and efficiency of the
finished parts in SLM. The SLM process requires powder
particles ranging from 15 to 53 μm in size, with good
sphericity, excellent flowability, and high tap density.10

Nowadays, gas atomization (GA), mechanical alloying (MA),
and plasma rotating electrode processing (PREP) are the
primary methods for developing powders. However, a
challenge arises from the presence of a significant number of
satellite powder particles and hollow powder in GA-prepared
HEA powders, both adversely impacting print quality.
Additionally, MA-prepared HEA powders exhibit low spher-

icity, necessitating subsequent spheroidization processes to
meet the powder requirements for AM.11,12 Although satellite
powder can also be produced through PREP preparation, it can
be greatly reduced through the sieving and optimization of
process parameters. Among these preparation methods, the
powder prepared by PREP exhibits advantages such as good
sphericity, low oxygen content, a narrower particle size
distribution (PSD), and a smooth surface, which meet the
basic requirements of raw material powders in SLM.13

However, the main drawbacks of PREP are coarse particle
size and low yield of fine powder, which limits its application in
the field of AM. Furthermore, differences in the density,
surface tension, and solidification temperature of different
materials as well as changes in the powdering process can lead
to variations in powder properties. Therefore, it is imperative
to investigate the relationship between PREP parameters and
powder particle size as well as performance, so as to explore
the impact of powder particle size on the microstructure. The
fabrication of pre-alloyed Ni41Al41Cr12Co6 spherical powder
produced using the PREP technology was investigated. The
results demonstrate that the powders exhibit enhanced
properties for AM applications.14 Furthermore, the AM
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process of Inconel 718 powders produced by GA and PREP
was analyzed, respectively.15 The results indicated that PREP
powders possess a smooth surface, spherical shape, higher bulk
density, and improved flowability compared to GA powder,
resulting in more stable mechanical properties of molded parts.

In recent years, Al0.5CoCrFeNi HEA has attracted significant
attention and research from numerous scholars due to its
favorable corrosion resistance, excellent high-temperature
properties, and superior mechanical properties. However, the
performance of Al0.5CoCrFeNi HEA still relies on the powder
quality, which subsequently impacts the performance of
molded parts.16−21 Regarding the excellent performance of
the Al0.5CoCrFeNi HEA, PREP was used to prepare high-
quality Al0.5CoCrFeNi HEA powder for potential use in AM
(especially SLM) in the present investigation. The micro-
structure and chemical composition of the powder were
characterized. Furthermore, the role of powder particle
diameter on the relationship between the secondary dendrite
arm spacing (SDAS) and cooling rate will also be analyzed.

2. EXPERIMENTAL MATERIALS AND METHODS
The Al0.5CoCrFeNi HEA powder was produced by PREP with
the SL-ZFW-04 equipment (Sailong, China). The alloy
electrode bar was composed of Al, Co, Cr, Fe, and Ni in a
molar ratio of 1:2:2:2:2, respectively. To optimize the
preparation process, a series of experiments were conducted
to investigate the effect of different rotational speeds and
currents on the powder properties. Detailed experimental
results can be found in the Supporting Information. Based on
these experiments, rotational speed of 35,000 rpm with 650 A
current showed optimal particle distribution and morphology
while achieving high properties, thus identifying this
combination as the experiment process parameter.

The schematic of PREP is displayed in Figure 1. During the
powdering procedure, the ends of the alloy electrode bar are

melted under plasma heating, and the droplets are immediately
separated from the alloy electrode bar when sufficient
centrifugal force is obtained. Finally, the metal droplets rapidly
solidify and cool to room temperature via an inert gas process.
The parameters of the PREP prepared powder are listed in
Table 1. The equipment chamber was filled with Ar inert
protective gases and maintained at a working pressure of 0.15
MPa. The powder was sieved into size ranges of 25−50 μm,
50−75 μm, 75−100 μm, and >100 μm. The PSD and
sphericity of powder was measured using a laser particle size

analyzer (Mastersizer 3000E, Malvern, U.K.). The phases were
determined by X-ray diffraction (XRD, DRON-3, Burevestnik,
Russia) using Cu as the X-ray source, with a scanning range of
10−90° and a scanning speed of 4°·min−1. The powder was
inlaid and then mechanically polished and etched with aqua
regia. Microstructure and chemical composition of the powder
surface were analyzed using scanning electron microscopy
(SEM, SU5000, Hitachi, Japan) with energy-dispersive spec-
troscopy (EDS) capability and X-ray photoelectron spectros-
copy (XPS). Image Pro Plus software was used to measure
SEM images of powder cross sections ranging from 10 to 200
μm to quantify the SDAS. To obtain a representative value of
the SDAS for each cross-section, multiple measurements of the
SDAS were conducted within a single cross-section, and the
representative value was represented by calculating the average
of the selected measurements. In order to ensure accuracy and
reproducibility, consistency measures were taken in selecting
measurement points and calculating averages. Additionally, a
sufficient number of measurements were conducted to
minimize the influence of random errors. The flowability of
the powder was determined by using a powder flow tester
(BT100, Bettersize, China). 50 g of powder was poured into a
blocked funnel, then open the bottom entrance of the funnel
and record the time it takes for all of the powder to completely
flow out. The tap density of the powder was measured by using
a compaction density tester (ZX-201, Bettersize, China). The
powder (50 g) was placed in a measuring cylinder, which was
fixed to the apparatus and vibrated at a frequency of 200 Hz for
5 min. The oxygen content of the powder was detected using
an oxygen and nitrogen analyzer (ON736, Leco, USA).

3. RESULTS AND DISCUSSION
3.1. Analysis of the Powder Morphology. The

morphology (Figure 2a) and PSD (Figure 2b) of the
Al0.5CoCrFeNi HEA powder were characterized. Figure 2a
illustrates that the Al0.5CoCrFeNi HEA powder exhibits high
sphericity and minimal presence of satellite powder. PSD and
average particle size (d50) influence the quality of the AM
products. A uniform PSD improves the flowability of the
powder because the voids between particles of similar size are
more consistent, reducing the resistance during the flow
process. In addition, a smaller d50 results in a higher tap
density, which improves the mechanical properties of the AM
products. Two other key parameters of the PSD are d10 and
d90, which represent 10 and 90% of the total number of
particles with a size smaller than this value. The PSD of the
Al0.5CoCrFeNi HEA powder is displayed in Figure 2b. It can
be seen that the powder prepared by PREP had a more
uniform PSD. The characteristic particle size values of the
powder were as follows: D10 = 21.2 μm, D50 = 38.7 μm, and
D90 = 60.2 μm, indicating that the powder is suitable for AM.

Figure 3 shows the surface morphologies of the as-prepared
powder. The morphologies of various particle size powders are
displayed in Figure 3. Figure 3a,d shows that the
Al0.5CoCrFeNi powder (102.9 μm) was spherical with a

Figure 1. Illustration of PREP.

Table 1. Parameters of the PREP-Prepared Powder

name symbol and unit value

diameter of the electrode bar d (mm) 30
length of the electrode bar l (mm) 600
rotating speed of the electrode bar n (rpm) 35000
working plasma current i (A) 650

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c00291
ACS Omega 2024, 9, 18358−18365

18359

https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c00291/suppl_file/ao4c00291_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c00291?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


rough surface, which was due to the solidification rate and
surface tension of large particles. The slower solidification of
powder with larger particle size leads to the adsorption of fine
particles, resulting in a rough surface. Furthermore, the
structure of the powder particle exhibits a combination of
primary and radial dendrites with smaller second dendrite
arms, which is attributed to the promotion of dendritic tissue
formation by rapid cooling and solidification processes. Figure
3b,e exhibits a particle with a size of 62.3 μm, which had a
smooth surface with significant voids and cell structure. This
phenomenon aris due to the inverse relationship between PSD
reduction and cooling rate enhancement. Figure 3c,f shows the
microstructure of powder particles with a size of 32.1 μm. It
can be observed that the powder exhibits equiaxed grain or
featureless crystal.

The presence of a higher satellite powder and defective
powder leads to the reduction of fluidity, which is detrimental
to the quality of the AM product. Five SEM images were
randomly selected for analysis, in which the percentage of
satellite powder and irregular particles was less than 1%. The
common defective powder particles of HEA powder made by
PREP are displayed in Figure 4. The satellite powder was
attached to the surface of particles with a particle size of
approximately 110 μm (Figure 4a), resulting from smaller
particles solidifying faster and being adsorbed onto larger
particles during solidification. Proper adjustment of the

rotational speed can reduce the formation of satellite powder
as it directly affects droplet separation and the solidification
rate. Figure 4b shows the formation of nonspherical particles
when molten droplets turned into flakes due to surface tension.
Figure 4c shows the fine particle with a 35 μm particle size

Figure 2. Morphology of the Al0.5CoCrFeNi powder (a) and the PSD (b).

Figure 3. Surface morphology of the Al0.5CoCrFeNi powder: (a) 102.9 μm with the corresponding local magnification (d); (b) 62.3 μm with the
corresponding local magnification (e); and (c) 32.1 μm with the corresponding local magnification (f).

Figure 4. Morphologies of defective particles of the Al0.5CoCrFeNi
HEA powder: (a) satellite powder; (b) nonspherical particle; (c)
collision particle; and (d) irregular particle.
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embedded within a larger particle measuring 110 μm, which
was ascribed to the collision between the solidified powder and
the unconsolidated powder. The powder particles of different
particle sizes have different trajectories in the PREP. The
solidified powder will collide with the unconsolidated powder
due to the overlap of trajectories. Reducing the generation of
irregular powder can be achieved by varying the flow rate and
type of cooling gas, which can affect the cooling rate and
trajectory of the liquid metal droplets. Figure 4d exhibits the
phenomenon of adsorption of small particle size powder by
larger particle after collision. To enhance the overall efficiency
of powder collection and minimize satellite powder accumu-
lation, it is recommended to employ more precise collection
equipment. Furthermore, implementing regular cleaning and
maintenance of the equipment proves to be an effective
strategy for reducing impurity and residue buildup.
3.2. Influence of Particle Diameter on the SDAS and

Cooling Rate. The SDAS, as a crucial parameter of HEA, has
a significant impact on its performance and applications. A
smaller SDAS can enhance the strength and ductility of HEA.
The SDAS can be effectively regulated by reasonable process
control, so it needs to be studied in depth to understand its
relationship with the particle diameter and cooling rate. The
solidification microstructure of the powder is influenced by
two apparent parameters during undercooling: the temperature
gradient at the solid−liquid interface and the solidification rate
of the solidification front. Under extreme undercooling
conditions, dendrites change to cytosol or even a featureless
smooth structure. Therefore, the solidification microstructure
of the powder is highly dependent on the size of the powder
particles. Cross-sectional solidification morphologies of the as-
prepared powder are displayed in Figure 5.

Figure 5a shows that the Al0.5CoCrFeNi powder (93.3 μm)
exhibited a dendritic structure. When the particle size was
further reduced to 78.6 μm, the growth of secondary dendrites
was inhibited due to increased supercooling, resulting in
smaller dendrites and columnar crystals, as shown in Figure 5b.

Figure 5c shows that smaller cellular crystals can be found on
the outer side, and equiaxial crystals can be observed in the
cross-section of the powder particles. This is due to the
different temperatures and cooling rates present on the outside
and inside of the powder. As shown in Figure 5d, when the
powder size was reduced to 16.7 μm, equiaxed crystals were
observed. This is due to the increased contact area of the
powder with the cooling gas, which lead to an increase in the
cooling rate.

The alloy powder prepared by PREP has a high cooling rate,
which can reach 102 to 106 K s−1.22 As shown in Figure 5, the
particle size was largely responsible for the microstructure of
the PREP Al0.5CoCrFeNi powder. However, the SDAS is
usually reduced due to the reduction in the powder particle
size. Moreover, the correlation between SDAS and the
temperature gradient (G) and solidification rate (R) has
been proposed by different theoretical approaches, as shown in
eq 1.23

i
k
jjj y

{
zzzGR

SDAS
1 1/3

(1)

In powder particles of sizes 25−50 μm, 50−75 μm, 75−100
μm , and >100 μm, the SDAS was measured as 0.14−0.37 μm,
0.37−0.63 μm, 0.63−0.89 μm, and >0.89 μm, respectively.
Afterward, the function curve was acquired by linear fitting
about the SDAS (λ) versus particle diameter (d), which is

shown in Figure 6. The function of the SDAS in relation to
particle diameter is as follows

d0.01104 0.14= (2)

The results indicate that the SDAS in the PREP Al0.5CoCrFeNi
powder increases with an increasing particle size.

According to eq 1, the higher the cooling rate of the powder,
the smaller the SDAS of the powder. In addition, according to
eq 2, the smaller the SDAS, the smaller the particle size of the
powder. Therefore, the cooling rate of the powder can be
indirectly inferred by observing the particle size of the powder.
The function between the cooling rate (vc) and the powder
diameter (d) is given as24

v
T

t
h

C d
T T

d
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Figure 5. Cross-sectional morphologies of the Al0.5CoCrFeNi HEA
powder with different particle sizes: (a) 93.3 μm; (b) 78.6 μm; (c)
31.6 μm; and (d) 16.7 μm.

Figure 6. Relationship between SDAS and particle diameter.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c00291
ACS Omega 2024, 9, 18358−18365

18361

https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00291?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c00291?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


where Tp is the liquidus temperature for the Al0.5CoCrFeNi
HEA; h indicates the interfacial heat transfer coefficient; Cp
indicates the equivalent specific heat capacity; ρ indicates the
density of the molten liquid droplet; Td indicates the
temperature of droplet; and Tf is the temperature of gas.
The value of h can be obtained from the following equation
from a previous study.25 The values of Cp, ρ, Td, and Tf refer to
a previous report.26

h
k

d
k

U

d

2
0.6

g
g

g

g

= +
(4)

where kg represents the thermal conductivity; d represents the
droplet diameter; ρg represents the density of cooling gas; μg
represents the dynamic viscosity of cooling gas; and U
represents the relative velocity of droplets. The values of kg,
ρg, μg, and U refer to a previous report.26,27

During cooling in an argon atmosphere, if the actual
temperature of the droplet exceeds the desired solidification
temperature, then it must be reduced to a lower temperature
for complete solidification. However, as the droplets are not
superheated when they are first melted by the bar, the
calculations assume that there is no supercooling during
solidification of the droplets and that the temperature
distribution is uniform. The velocity of the droplets is 73.3
m s−1, calculated as v = 2πrn, where n is the rotational speed of
the alloyed bar of 35,000 ppm and r is the radius of the
rotating alloyed bar of 15 mm. The cooling rate of the droplets
can be calculated from eqs 3 and 4 as follows

v d d4.34 10 2.62 10c
5 2 2 3/2= × + × (5)

Figure 7 shows that the cooling rate of the Al0.5CoCrFeNi
droplets with a diameter of less than 13 μm was ∼106 K s−1,

which was the same as the cooling rate of the PERP droplet
prepared in the previous study28, ∼106 K s−1, with a diameter
of 8 μm. Furthermore, it can be seen that the cooling rate
dropped sharply from ∼106 to ∼105 K s−1 as the powder
particle size increased from 13 to 53 μm, while the cooling rate
remains within 10∼5 K s−1 as the particle size increased from 53
to 231 μm. The higher specific surface area may account for
the high cooling rate of the smaller powder particles.

In summary, the relationship between the particle size and
SDAS, as well as the cooling rate, was evaluated. It can be seen

that reducing the particle size leads to a decrease in the SDAS
while simultaneously increasing its specific surface area,
thereby accelerating the cooling rate. These factors collectively
contribute to the reduction of SDAS. In PREP, augmenting
rotational speed and current intensity can effectively diminish
particle size, thus achieving the objective of reducing the
SDAS.
3.3. Phase Structure and Chemical Analysis of the

PREP Al0.5CoCrFeNi HEA Powder. The XRD patterns of
powder particles with different particle sizes are displayed in
Figure 8. The powder is mainly composed of a bcc + fcc duplex

solid solution from the main diffracted peaks corresponding to
(111), (110), (200), and (211) of XRD patterns. This
phenomenon is similar to the results in previous studies29 on
phase constituents of powder prepared by GA. Furthermore,
there is a significant correlation between the phase
composition and the particle size, as observed from the XRD
patterns of the powder. The fcc solid solution was formed in
powder with a particle size greater than 100 μm. However, the
powder was mainly composed of the fcc + bcc duplex solid
solution phase when the particle size decreased to 50−100 μm.
The powder primarily consisted of a major bcc phase and
minor fcc phase when the powder particle size was reduced to
25−50 μm. This is due to the reduction in the particle size,
which leads to an increase in the cooling rate of the powder.
The higher cooling rate reduces the time for crystal nucleation
and growth during solidification, which may contribute to the
formation of the bcc phase. In addition, the solid solubility
between different elements is limited, and the higher cooling
rate restricts diffusion between the elements, inhibiting the
formation of the fcc phase.

The distribution of elements in the cross-section of powder
should be carefully considered due to the complex chemical
composition of the Al0.5CoCrFeNi powder. The elemental map
distributions of Al, Co, Cr, Fe, and Ni in the PREP
Al0.5CoCrFeNi powder were obtained randomly, as illustrated
in Figure 9. The results of EDS analyses of the powder showed
that the elemental contents of Al, Co, Cr, Fe, and Ni are 12.70,
20.40, 23.30, 22.09, and 24.03%, respectively, indicating that
the Al0.5CoCrFeNi HEA powder with a uniform chemical
composition can be produced by PREP.

AM products often produce highly inhomogeneous grains
and chemically biased microstructures, which are more
common in HEAs. Therefore, it is essential to confirm the

Figure 7. Relationship between the cooling rate and powder particle
size.

Figure 8. XRD patterns of the PREP Al0.5CoCrFeNi HEA powder
according to the PSD.
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elements distribution on the surface of the HEA powder
produced by PREP. The elemental composition, chemical
state, and molecular structure of the surface compounds of the
Al0.5CoCrFeN powder were investigated by XPS analysis, as
shown in Figure 10. Al 2p3/2 and Al 2p1/2 represent the peaks
of Al in the metal phase. In addition, two peaks of Co 2p at
779.8 and 795.7 eV were observed, as shown in Figure 10c,
revealing that Co oxide is mainly in the form of Co2+.
Furthermore, the peaks for Fe showed both metallic and
oxidative contributions, while the peaks for Cr and Ni showed
only oxidative contributions.
3.4. Oxygen Analysis of the PREP Al0.5CoCrFeNi HEA

Powder. If the powder particles prepared by PREP are
exposed to air, they will quickly adsorb detrimental impurities,
such as oxygen, resulting in an elevation in the oxygen content
of the powder. Powders with a high oxide content may lead to
deterioration of the mechanical properties of the AM product,

which is due to the fact that higher oxides may lead to local
defects. The most effective way to reduce the oxygen content is
by minimizing exposure to oxygen as much as possible. First,
the pretreatment process should be carried out under a
vacuum or inert atmosphere to reduce residual oxygen levels.
Second, the preparation process should also be conducted
within a vacuum environment, thereby significantly reducing
the overall powder oxygen content. The oxygen content of the
powder is shown in Figure 11. The results demonstrated that
the oxygen contents of powder particles with particle size
>100, 75−100, 50−75, and 25−50 μm were 104, 107, 172, and
296 ppm, respectively. The oxygen content of the PREP
powder is similar to that of the GA powder.30 The obtained
result indicates that the Al0.5CoCrFeNi HEA powder prepared
by PREP has a lower oxygen content and is suitable for the
AM.

Figure 9. EDS analysis and elemental map distribution of the PREP Al0.5CoCrFeNi powder.

Figure 10. XPS electron spectra of the PREP Al0.5CoCrFeNi HEA powder: (a) full spectrum; (b) Al 2p; (c) Co 2p; (d) Cr 2p; (e) Fe 2p; and (f)
Ni 2p.
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The sphericity of the Al0.5CoCrFeNi HEA powder produced
by PREP exceeded 94% due to its immunity to the influence of
applied airflow during solidification. In addition, the low
probability of powder collision suggests that trajectories do not
easily coincide under high centrifugal forces. Furthermore,
flowability and tap density of powder are important processing
properties that determine their suitability for AM technology.
The spherical Al0.5CoCrFeNi powder was characterized by a
tap density of 4.76 g·cm−3 and an excellent flow rate of 15.01 s·
50 g−1, which has the ability to enhance the performance of
AM products.

The yield of powder produced by the PREP is significantly
influenced by the size of the equipment, the material
processed, and the operating parameters, ranging from a few
hundred grams to several kilograms. The production of powder
is listed in Table 2; the productivity of the powder reached

76.2% and the actual amount of powder produced per batch
was 157.2 g. Considering the high demand for powder in
powder bed fusion technology, it is especially critical to
increase the yield of PREP. To enhance yield without
compromising quality, productivity improvements can be
realized through the optimization of the operating parameters.
Specifically, fine-tuning of parameters such as the electrode
rotation speed and the plasma gas flow rate are crucial for
refining the production process and boosting the powder
production rate. Furthermore, the transition from a batch to a
continuous operation mode facilitates a seamless powder
production process. This is achieved by consistently feeding
the electrode material and systematically collecting the powder
produced, thereby significantly elevating the overall output.

4. CONCLUSIONS
In this paper, the PSD of the spherical Al0.5CoCrFeNi HEA
powder prepared by PREP was investigated, and the defective
powder was characterized. The impacts of particle size on the
SDAS and cooling rate were analyzed. Furthermore, the
influence of powder particle size on microstructure, phase
constituents, and chemical composition has been elucidated,
and the main conclusions are as follows:

(1) A Al0.5CoCrFeNi HEA powder with size ranging from
15 to 140 μm was produced. The characteristic particle
size values of the powder were as follows: D10 = 21.2
μm, D50 = 38.7 μm, and D90 = 60.2 μm. The
solidification structure is related to the particles size,
where larger particles exhibit a dendritic structure while
smaller particles display a cellular, equiaxed crystal
structure.

(2) The relationship between particle size and SDAS, as well
as cooling rate, was evaluated as follows: λ = 0.0105d +
0.062 and vc = 4.34 × 10−5d−2 + 2.62×10−2d−3/2,
respectively.

(3) The reduction in particle size led to an increase in the
bcc phase and a decrease in the fcc, which is reflected in
the predominance of the fcc + bcc phase in powder
larger than 100 μm, and the predominance of the bcc
phase in powder ranging from 25 to 50 μm, with a small
amount of the fcc phase present.

(4) The Al0.5CoCrFeNi HEA powder exhibits excellent
properties with a tap density of 4.76 g cm−3, flowability
of 15.01 s 50 g−1, oxygen content below 300 ppm, and
sphericity exceeding 94%. It is expected to be used in
AM, particularly in SLM.

The HEA powders produced by PREP have been widely
used in the aerospace, shipbuilding, and biomedical fields.
Exploring ways to prepare HEA powders with varying
compositions by PREP, studying in depth the relationship
between the performance of the powders and their micro-
structure, and evaluating their applicability are expected to
further promote the development of the AM industry.
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