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Abstract: This study systematically investigated the microstructural evolution and mechanical property variations of selec-

tive laser melting (SLM) ultra-high strength steel (UHSS) subjected to different aging treatments. Through low-temperature
long-duration aging (480 °Cx8 h) and high-temperature short-duration aging (530 °Cx3 h), combined with X-ray diffraction
(XRD), electron backscatter diffraction (EBSD), and transmission electron microscopy (TEM) characterization, the forma-
tion mechanisms of reverted austenite and nano-scale precipitates (n-Ni;Ti and Laves-Fe,Mo) were elucidated. The results
demonstrate that the low-temperature long-duration aging treatment promoted the homogeneous dispersion of high-density
needle-like 1-Ni,; Ti single-phase precipitates while maintaining a high dislocation density, thereby achieving an ultra-high
strength of 2400 MPa. In contrast, the high-temperature short-duration aging treatment induced the coarsening of n-Ni,Ti
precipitates accompanied by the dual-phase precipitation of Laves-Fe,Mo, leading to a diminished precipitation strengthen-

ing effect with significantly reduced strength but enhanced ductility. This study provides a theoretical basis for the optimiza-
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tion of aging protocols and performance tailoring of SLM-processed ultra-high-strength steels.
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Table 1 Chemical composition of ultra-high strength steel powder
(wt. %)

Ni Co Mo Ti Al C H (0] N S Fe
17.95 11.98 4.54 1.32 0.12 0.0007 0.00014 0.005 0.0007 0.0016 Bal.
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Fig. 1 XRD patterns of SLM ultra-high strength steel subjected to different aging treatments
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Table 2 Austenite content and dislocation density of SLM ultra-high

strength steel subjected to different aging treatments

&)F RIS /% PrFER /(<10 em™)
A480 2.71 6.679 3
A530 430 6.7817
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Fig. 2 EBSD analysis results of SLM ultra-high strength steel subjected to different aging treatments
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Fig. 3 Precipitate analysis results of A480 specimen
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Fig. 4 Precipitate analysis results of A530 specimen
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Table 3 Statistical results of precipitates in SLM ultra-high strength

steel subjected to different aging treatments
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Table 4 Mechanical properties of SLM ultra-high strength steel sub-

jected to different aging treatments
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Fig. 5 Mechanical properties of SLM ultra-high strength steel sub-

jected to different aging treatments
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