Vol.47 No.06 BIEFHA
Jun. 2026 FOUNDRY TECHNOLOGY <623

DOI:10.16410/j.issn1000-8365.2026.6053

BEELER TERA S &SR
MERE R 5T

MEZ",ZBE",IIXXE &3
(1. FMKRF MHHAFE TARFR, LA FMN 213164;2. T RF S5 22505, 25 &% 211189;3. 2T
AREWALE A TR G #7585 ITT 832061)

OB A SR R G 0 BT U 2 U RUARL  MRFE A R AT AR e R X R I
VU R AZ LB R, R SR A 7 19 0 2 PR BE il AR A T e e 0 P A e R PR TR B ) R N i S SR T
B GE il 4 N T T2 55 51 R A AT | bR R I P AR A o 45 Bl | 7 o o 24 FOASAE M R R 4 S T RRAE R T, O
R G o RE Tk 2 R DR BV PR R A AR ) DX A Ao oA R I Bk S R R i A A O AR L
P 5 R BE A AL B A% O PR B AR, AN SCR G BE i 0 5 <52 09 45 M Rk Sk RE AL I, B0 T A% S ] A i R 1Y T A RS
TR OE I B RO R TCNE OB E 3 R0 HOEHORTE B & & ST R B 5 2E R f R A RO T2
X fe G WOULZH U AL BB T 1 A5 400 1 B g 2 P R B TR 4 L TR AR T O — i 0 5 4 A AR T R v YOG B
HEA A} 2 () 5 BOR PR BRI L L BORMAC R R AR N AR AR R R BT OB HORTE s A 6 ST ROk

RIETT I,
KR =G S WOREOR OB A i 5 O R kot s OB
HESHES: TG139 THARIRAD A X EHE :1000-8365(2026)06-0623-17

Study on the Preparation Modification and Performance Regulation of
High—entropy Alloys under High—energy Laser Irradiation

KUAI Wenwen', AN Xulong', SUN Wenwen?, WANG Xin®

(1. School of Materials Science and Engineering, Changzhou University, Changzhou 213164, China; 2. School of Materials
Science and Engineering, Southeast University, Nanjing 211189, China; 3. Shihezi Joinchin Electrode Foil Co., Ltd., Shihezi
832061, China)

Abstract: As a new type of multi-principal element material that subverts the design paradigm of traditional
single-principal element alloys, high-entropy alloys exhibit excellent mechanical properties, high-temperature stability,
corrosion resistance and radiation resistance by virtue of four core effects: high entropy, sluggish diffusion, lattice distortion
and cocktail effect, thus boasting broad application prospects in the field of extreme service environments. However,
traditional preparation and processing technologies are prone to induce a series of problems, such as composition
segregation, coarse grains and brittle phase precipitation, which severely restrict the use of their intrinsic properties and
engineering applications. Owing to its unique advantages, including high energy density, ultrafast thermal cycle rate, narrow
heat-affected zone and noncontact precision processing, laser technology has become a core technical approach for realizing
the efficient preparation, fine microstructure regulation and high-performance optimization of high-entropy alloys. The
structural characteristics and performance advantages of high-entropy alloys are systematically discussed, and the inherent

bottlenecks of traditional preparation technologies are analysed. The research progress of three core laser technologies,
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namely, laser additive manufacturing, laser surface modification and laser welding, within the field of high-entropy alloys is

emphasized, and the regulatory effects of different laser processes on the microstructural evolution, defect formation and

inhibition, and mechanical properties of high-entropy alloys are revealed. Key basic scientific issues and technical

challenges arising from the interaction between lasers and high-entropy alloys are further discussed. The future development

trends of laser technologies applied to high-entropy alloys are ultimately predicted from the perspectives of theoretical

research, manufacturing processes, material systems and industrial engineering applications.
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Fig.1 Technical system, microstructure control and performance optimization logic of laser-processed high-entropy alloys
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Tab.1 Quantitative comparison of the regulation parameters, microstructures and mechanical properties of additively
manufactured high—entropy alloys

Control parameters

Microstructure evolution

Variation of mechanical properties

Significant reduction in pores and lack of fusion
Equiaxed grains — coarse columnar grains

The B2 phase and brittle phases decrease, while the FCC

Increase of laser power

phase increases

Hardness and strength decrease, while ductility
increases
The strength decreases by approximately 5%~20%,
and the elongation increases by 5%~15%!""

Strength and hardness increase, while ductility

Higher cooling rate leads to obvious grain refinement

Increase of scanning speed

residual stress

decreases

Finer cellular structure, suppressed segregation, elevated

The yield strength is increased by up to approximately
150 MPa ™

Density increases and defect rate decreases

Decrease of layer thickness

The relative density reaches up to 99.9%, and the

The number of thermal cycles increases, and the

strength increases by approximately 8%~12%""

microstructure becomes more uniform

The temperature gradient decreases, and thermal cracks

are reduced significantly

Increase of preheating temperature

Recrystallization is complete and dislocation density

decreases

Ductility is greatly improved and brittle cracking is

eliminated
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Fig.2 Dendritic structure at the sample surface of the WTaMoNbD refractory high-entropy alloy through the improved process: (a) top
view; (b) grain structure; (c) dendrite structure®
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Fig.3 Microstructure of the NbMoTa MEA: (a) BSE of longitudinal section (LMD); (b) BSE image by a square in (a) and the
elemental distribution images of the area; (c) BSE of longitudinal section (VAM); (d) BSE image by a square in (c) and the elemental

distribution images of the area
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Fig.4 TEM characterization of the Al,;NbTi;VZr, s high-entropy alloy: (a) bright-field images of the BCC matrix and AlZrV phase of
the as-deposited sample; (b) bright-field images of the w and AlZrV phases of the as-deposited sample!®!
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Fig.5 AICoCrFeNi cross-sectional morphology of the coatings: (a) as-sprayed coating; (b) remelted coating!!
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6 FOGCEK A L AlCo,CrFeNiCu =i A 4 iR )2 U R i SEM & . (a, a,) x=0; (b, b)) x=0.5; (c, ¢,) x=1; (d, d)) x=1.5;
(e, €) x=21*)
Fig.6 SEM images of the cross-section and surface of the AlCo,CrFeNiCu high-entropy alloy coatings synthesized by laser remelting:
(a, a,) x=0; (b, b)) x=0.5; (¢, ¢,) x=1; (d, d,) x=1.5; (e, ¢,) x=2*)
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Fig.7 XRD patterns of CoCrNiMnTi, coatings: (a) XRD patterns; (b) a segment of the peak intercepted from (a)
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Fig.8 Tribological performance of high-entropy alloy coatings at 600 C: (a) friction coefficient curves; (b) wear rate™
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Fig.9 The schematic of the experimental setup of high-speed X-ray imaging of DED AM: (a) enlarged schematic view of the interior
observation zone inside the processing chamber: (b) overall layout of the complete DED-AM experimental setup: (¢) schematic of
synchronous dual imaging detection®™
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Fig.10 AlCoCrFeNi,, high-entropy alloy microstructures of different zones in the joints welded with a friction pressure of 120 MPa:
(a) BM; (b) HAZ; (c) TMAZ; (d) DRZ®
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Fig.11 CoCrFeMnNi high-entropy alloy microhardness
distribution profiles of the various joint interface!®”
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