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Fig. 1 Morphology and particle size distribution of CoCrFeNi high-entropy alloy powder. (a) SEM image; (b) profile of high-entropy

alloy powder particle; (c) particle size distribution
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Table 1 Content of each element in CoCrFeNi high-entropy

alloy powder

Element Atomic fraction /%
Cr 26.12
Fe 24.63
Co 24.59
Ni 24.65
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Fig. 2 Laser additive manufacturing and continuous-wave (CW) laser polishing. (a) Laser additive manufacturing system; (b) schematic

diagram of laser additive manufacturing process; (c) continuous-wave laser-polishing system; (d) schematic diagram of

continuous-wave laser-polishing process
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Fig. 3 Scanning strategies. (a) Uni-directional scanning; (b) orthogonal scanning
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Table 2 Experimental factors and levels

Level
Factor
1 2
Laser power P, /W 150 300
Scanning speed V /(mme+s ') 300 1000
Scanning pitch d /pm 5 150
Defocus z /mm 0 10
The number of scanning n 2 8
Scanning strategy S, Uni-directional scanning Orthogonal scanning
3 HEIIR SR
3 éljil:% —l:j )LTJ‘-VE\» Table 3 Screening test results
31 EmMEZEFELI Number  Surface roughness R, /pm  Standard error /pm
2 W3R 2 U B RS2 06 2 Bt AT 1 SR OB IOt 52 1 12.95 1.30
5, 6 A O IR AR B B R B S ROT RS 2 13.76 0.72
BB P B 2 T RE B2 (R,) , I 4 25 R AN 3 PR . SR 3 15.99 1.38
77 22 93 W a0 L g 4 R BEAT 0 M, o M 2R ik 4 4 15.43 0.62
FiR o NF AT mT DU A 28 2 2007 35 1 (I 35 5 5.29 0.42

JKFHR0.10, 200 PH R 0.002, 2-H 738 TN P 1A 6 12.54 1.10
°0.001) o PAERAS PA] 2500 14 4G 56 T LA L 32 AR 7 451 0.35
TR B 7V CHE R ) RO AN B3 (P (BN 0.12) , g 16.15 0.76
TS, (FAHl H e ) O AS i 3 (P (B 0.234) , T n(H 9

il UCBO ROV .35 (P B 0.773) , Hoay B 7 2400 1

9.88 0.65

WA R MO R B R O R S F K 1? 1;5408 22
B B 1 B 2 AR . 1142 116
WP 4 T DT AT B o 5 A I = 00 B 0 - 2020 o6
K Z IR WO T P B o R V| " 10.92 0.57

RS, KB ne I, 7R L b A%

# 4 CoCrFeNimi#i & &7 223 ¥
Table 4 Variance analysis of CoCrFeNi high-entropy alloy

Item Degree of freedom Adj SS Adj MS F value P value
Model 9 278.76 30.9733 36.51 0.002
Linear 6 124.492 20.7487 24.46 0.004

P, 1 10.873 10.8727 12.82 0.023
\% 1 3.3 3.3001 3.89 0.12
d 1 7.717 7.7165 9.1 0.039
z 1 97.68 97.6799 115.15 0
S, 1 1.667 1.6669 1.97 0.234
n 1 0.081 0.0807 0.1 0.773
2-factor interaction 3 154.267 51.4225 60.62 0.001

Pz 1 87.873 87.8727 103.59 0.001

P n 1 63.021 63.0206 74.29 0.001

Ved 1 10.392 10.3918 12.25 0.025
Error 4 3.393 0.8483

Summation 13 282.153
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Pareto plot of standardized effects
(response is C12, a=0.1)
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Fig. 4 Pareto diagram of screening test of CoCrFeNi high-

entropy alloy in continuous-wave laser polishing
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Fig. 5 Defocus schematic
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Table 5 Experimental process parameters
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Fig. 6 Influence of defocus on surface roughness of CoCrFeNi

high-entropy alloy additive samples
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Fig. 7 Three-dimensional morphologies of laser-polished surface at different defocuses. (a) 0 mm; (b) 2 mm; (¢) 4 mm; (d) 6 mm
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Fig. 8 Variation of surface roughness with laser power and scanning speed. (a) Variation of surface roughness with laser power;

(b) variation of surface roughness with scanning speed
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Fig. 9 Three-dimensional topography at different laser powers
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Fig. 10 Three-dimensional topography at different scanning speeds
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Fig. 11 Influence of the number of scanning on surface
roughness of CoCrFeNi high-entropy alloy additive
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Abstract

Objective

‘Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhouw 310023, Zhejiang, China

High-entropy alloy additive parts face certain difficulties in maintaining surface quality and machining. As a new class of

materials, their processing is inevitably different from that of conventional alloys in terms of material removal mechanisms and surface

processing methods. To investigate the material removal mechanism of laser-polished high-entropy alloys and to solve the technical

problems encountered in their processing and expand the scope of the laser processing system, this study investigated the continuous

laser polishing of high-entropy alloy additive parts. The material removal mechanism and the influence of the laser-polishing

parameters on the surface quality are analyzed to provide process support for the optimization of the laser-polishing process.
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Methods A high-entropy CoCrFeNi alloy was used as the experimental material. First, the high-entropy alloy additive parts were
prepared via laser additive manufacturing and then polished using a continuous laser under different processing parameters.
Subsequently, their surface roughness was evaluated through laser confocal microscopy. The screening test method was used to
determine the contribution of each influencing factor on the surface roughness, followed by the single-factor test method to analyze the
influence of the process parameters such as defocus, laser power, scanning pitch, scanning speed, and the number of scanning on the
surface roughness of the polished specimen. Finally, scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDS) were used to analyze the material removal mechanism and the effect of laser polishing on the surface micromorphology and
elemental distribution.

Results and Discussions The main factors that affect the surface polishing of the high-entropy CoCrFeNi alloy additive parts are
defocus, laser power, scanning pitch, scanning speed, and the number of scanning (Fig. 4). The surface roughness of the polished
sample tended to decrease at first and then increase with increasing defocus (Fig. 6). At a constant scanning speed (V=300 mm/s) and
scanning pitch of 0.005 mm, the surface roughness decreased progressively with increasing laser power. At a scanning pitch of
0.01 mm, the surface roughness tended to increase and then decrease with increasing laser power, whereas it tended to decrease and
then increase with increasing scanning speed (Fig. 8). At a scanning pitch of 0.05 mm, the surface roughness of the sample increased
by approximately 166 % with increasing scanning speed. Further, at V=300 mm/s, the surface roughness tended to increase and then
decrease with increasing scanning pitch. At V>300 mm/s, the surface roughness exhibited a progressively larger increase with
increasing scanning pitch. Furthermore, the surface roughness of the laser-polished specimen tended to increase, then decrease, and
then increase again as the number of scanning increased (Fig. 11). The O and Cr contents of the polished material decreased
significantly, whereas the Co, Fe, and Ni contents increased (Fig. 15), and no new solid-solution structures were generated (Fig. 13).
The surface roughness of the sample was reduced by 90% at the optimized polishing parameters (P,=400 W, V=300 mm/s, d=

0.05 mm, 2=-+2 mm, and n=6).

Conclusions In this study, laser polishing of a high-entropy alloy was performed using a continuous laser to investigate the
influence of the process parameters on its roughness. And the study analyzes the mechanism of laser removal of high-entropy alloy
surface materials. The surface material removal under continuous laser illumination mainly occurs through instantaneous melting or the
evaporation of the surface material after the absorption of the laser energy, resulting in “peak and valley reduction.” Some metal
solutes form new protrusions on the surface under surface tension and gravity. The surface roughness of the sample decreases as the
laser power increases, and it tends to decrease and then increase with increasing scanning speed, defocus, and scan cycles. During the
laser-polishing process, the material surface undergoes complex physical and chemical reactions, and the surface elemental

distribution changes.

Key words laser technique; continuous-wave lasers polishing; CoCrFeNi high-entropy alloy; surface roughness; surface topography
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