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Abstract

H13 die steel specimens were fabricated by selective laser melting (SEM). Then they were treated
by quenching or tempering compared with traditional forged H13 steel. Microstructures and
phase compositions were tested by optical microscope (OM), scanning electron microscope (SEM)
and X-ray diffraction (XRD). Meanwhile, the hardness and tensile mechanical properties were stu-
died. The results show that slight compositional segregation exists in H13 die steel specimen fa-
bricated by SLM. The fine grain size is less than 1 um, and the microstructure consists of marten-
site with bcc structure and retained austenite with fcc structure. After tempering, the retained
austenite disappears completely, and changes into the tempered martensite. Tensile strength and
elongation increase from 1191 MPa and 3.5% for the SLM state to 1751 MPa and 4.5%, respec-
tively. Hardness decreases to 53HRC slightly.
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Figure 1. Morphology (a) and particle size distribution (b) of H13 steel powder
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Figure 2. Heat treatment process of SLMed and forged H13 die steels. (a) Quenching and tempering; (b) Spheroidize an-
nealing
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Figure 3. OM graphs of H13 die steel fabricated by SLM. (a) (b) Cross section; (c) (d) Longitudinal section
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Figure 4. Schematic graph illustrating the overlapping of scanning tracks during SLM
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Figure 5. SEM graphs of H13 die steel fabricated by SLM on the longitudinal section
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Figure 6. OM graphs of forged H13 die steel before and after spheroidizing annealing. (a) Before spheroidizing
annealing; (b) After spheroidizing annealing
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Figure 7. XRD patterns of H13 die steel before and after different heat treatments
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Figure 8. OM graphs of SLMed H13 die steel after heat treatment. (a) Tempering; (b) Quenching and tempering
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Figure 9. OM graphs of forged H13 die steel after heat treatment. (a) Quenching; (b) Quenching and tempering
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Table 1. Mechanical properties of SLMed and forged H13 die steels before and after heat treatment
% 1. SLM RS FNiiRiE H13 IR ARNEHRAIRATE R S1F 1448

R iP5 E R (MPa) K 4 (%) % 2% HRC
SLM 1191 35 54
SLM-[a] k. 1751 4.5 53
SLM-#K + [alk 1177 5.0 44
Bt - K 1782 8.0 53
BBt - K+ EK 1463 13.5 47
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Figure 10. SEM morphologies of tensile fracture of SLMed and forged H13 die steels after different heat treatments
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