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Abstract The 05Cr15Ni5Cud4Nb precipitation-hardening stainless steel plate is fabricated by the laser additive
manufacturing technique. The microstructure, precipitated phase and mechanical property of the as-deposited,
adjusted and solid solution state microstructures after aging heat treatments are analyzed, and the technology for the
heating processing is optimized. The results show that the as-deposited microstructure mainly consists of epitaxial
columnar grains where there are several cellular-like dendrites and residual ferrite exists in the inter-dendritic region.
The tensile strength of the as-deposited state microstructure is 1128.5 MPa. After aging heat treatments, the
residual ferrite is eliminated, the NbC particles and a large number of nano-sized e-Cu phases distribute dispersedly
in the martensite lath. There are significant increase in both the microhardness and the tensile strength. Compared
with that of the as-deposited state microstructure, the plasticity of the direct-aging and solid-solution-aging state
microstructure is lower, but the tensile strengths are 1440 MP and 1367 MPa, respectively. The adjusted state
microstructure has a favorable ratio of strength and toughness, and the elongation rate and tensile strength are 16 %
and 1164.5 MPa, respectively.
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Table 1  Chemical compositions of powder and laser deposited part for 05Cr15Ni5Cu4Nb stainless steels (mass fraction, %)

Element C Cr Ni Cu Nb Mn Si P S Fe
Powder 0.046 14.690 5.000 3.180 0.350 0.540 0.320 0.020 0.0018 Bal.
Laser deposited plate 0.048  14.830  5.130 3.000 0.380 0.470 0.380 0.018  0.0015 Bal.
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Fig. 1 Schematic illustration of laser additive manufacturing process
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Fig. 2 Schematic diagram of shape and dimension of specimen for tensile test
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Fig. 3 (a) Columnar grain morphology; (b) dendrites morphology; (c) residual ferrite; (d) phase composition
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Table 2 Element distributions in interdendritic region and dendrite arm (mass fraction, %)

unit

Intensity /arb

Position Cr Ni Cu Nb
Interdendritic region 18.561 2.959 2.093 0.718
Dendrite arm 15.101 5.242 3.183 0.364
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Fig. 4 Microstructure of 05Cr15Ni5Cu4Nb stainless steel after direct-aging. (a) Columnar grain morphology;
(b) tempered martensite; (c) NbC precipitated phase, high-resolution two-dimensional lattice image of NbC is at

upper right corner; (d) e-Cu and NbC, energy spectrum of copper-rich phase is at lower right corner
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Fig. 5 Morphology of 05Cr15Ni5Cu4Nb stainless steel after adjusted-aging. (a) Macro morphology;
(b) tempered martensite; (¢) NbC; (d) eCu and NbC
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Table 3 Microhardness of 05Cr15Ni5Cu4Nb stainless steel by laser additive manufacturing after different heat treatments

Heat treatment As-deposited Direct-aging Adjusted-aging Solution-aging
Microhardness /HV 358.5+3.4 477.6+9.8 399.7£8.3 452.5+11.1
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Fig. 6 Morphology of 05Cr15Ni5Cu4Nb stainless steel after solution-aging. (a) Macro morphology;
(b) tempered martensite; (c) NbC; (d) eCu
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Fig. 7 Tensile property comparison among 05Cr15Ni5Cu4Nb precipitation-hardening stainless steels by laser additive
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manufacturing after different heat treatments, as-deposited states, and castings and forgings at room temperature.

(a) Tensile strength and yield strength; (b) elongation rate and reduction rate of area
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