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Abstract: Non-equiatomic FeNiCoAlTaB high-entropy alloys (NCATBs) exhibit promising engineering application
potential due to their unique elemental composition. However, the element segregation and NiAl phase alone at the grain
boundary generated by traditional processing techniques can compromise the strength properties of the material. On this
basis, a non-equiatomic FeNiCoAlTaB high-entropy alloy (NCATB-HEA) with a balance of strength and ductility was
fabricated via laser powder bed fusion (LPBF), followed by a 600 ‘C low-temperature aging treatment. The effects of
processing parameters on the densification, microstructure, residual stress, and mechanical properties of the alloy were
systematically investigated. The results show that a proper combination of laser power and scan speed significantly reduces
the number of defects and improves the density. Rapid solidification introduces a high density of dislocations and refines
the grain structure with an evident texture. Heat treatment promotes the formation of y’ and B2 precipitates, which
synergistically evolve with grain boundaries to increase the alloy strength. This work demonstrates that the integration of
additive manufacturing and heat treatment enables the coordinated strengthening and toughening of NCATB alloys, offering
promising mechanical performance and engineering potential.
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Tab.1 The parameters of NCATB HEA fabrication
via LPBF
Layer Hatch  Layer Laser
thickness ~ space  rotation  power Scanspeed  VED
Jum Jwm /°) y mmesh /Jma)
600 92.59
100 700 111.11
800 138.89
600 79.37
20 90 90 120 700 95.24
800 119.05
600 69.44
150 700 83.33
800 104.17
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Fig.1 Equipment for LPBF and powder characterization: (a) LPBF 3D printing equipment and its schematic illustration; (b, c) SEM
image and sphericity distribution of NCATB high-entropy alloy powders
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Fig.3 Variation in the number of internal defects with increasing Gokcekaya 2 °

laser energy density under different printing parameters
b
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Fig.4 EBSD characterization of microstructural evolution in the alloy under different scan parameters
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Fig.6 TEM and TKD analyses of the phase composition and microstructural evolution after aging: (a,, a,) bright-field TEM images and
SAED patterns; (b,, b,) phase distribution maps; (c,, ¢,) IPF maps and grain boundary characteristics; (d;, d,) GND density distributions
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Fig.7 Influence of aging treatment on the mechanical performance of the additively manufactured NCATB alloy: (a) tensile curves at
room temperature; (b) comparative mechanical property data of LPBF-processed FeCoNi-based HEAs from the literature!™ )
(c~g) SEM images of fracture surfaces for different aging conditions
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