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Abstract: H13 steel was successfully fabricated by laser additive manufacturing technology. The effect of tempering treatment
on the microstructure and mechanical properties was studied by optical microscope (OM), SEM and XRD. Results show that
the microstructure of the as produced H13 steel is mainly composed of martensite, retained austenite and ultra-fine carbides.
After tempered treatments, the martensite is converted into tempered martensite and some fine alloyed carbides participated in
the matrix. When the tempering temperatures exceed 550 °C, the carbides becomes coarse. With increasing of tempering
temperatures, the microhardness increases firstly and then decreases, which reaches the maximum, 600 HV 5 after tempered at
550 °C. The wear mechanism of the samples tempered under different conditions is mainly adhesive wear and mild oxidation
wear. When treated at 550 °C, wear resistance increases twice than that of as-deposited samples. While treated at 650 °C, wear
resistance is the worst due to the soft matrix. Tensile tests show that the main characteristic of the broken pieces is cleavage
fracture mode when tempering temperatures below 550 °C. The largest ultimate tensile strength is 1 928.2 MPa with the
elongation of 6.4% after the sample is tempered at 550 °C. As the temperature ranging from 600 C to 650 °C, the ductile
fracture mode can be observed on the broken pieces, and the tensile strength decreases while elongation increases.
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produced by laser additive manufacturing
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Fig.4 Microstructure of different area of H13 steel produced by additive manufacturing
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Fig.10 Micrographs of the worn surface of H13 steel produced by laser additive manufacturing under different temperature
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Table 1 EDS elements results in different marked regions in

Fig. 10 (W/%)
Spots Fe (6] Si Cr v
1 71.4 19.9 3.6 42 0.9
2 65.6 24.7 4.8 4.1 0.8
3 66.4 23.8 4.5 4.4 0.9
4 68.2 21.7 5.4 4.0 0.7
5 70.5 16.8 7.6 43 0.8
6 68.3 223 4.4 4.1 0.9
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Fig.11 Morphology of the wear debris of the as-deposited H13

steel produced by laser additive manufacturing
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Table 2 EDS results of different shapes of wear debris in the as-

deposited H13 steel (W/%)
Spots Fe (6] Si Cr \%
I 67.5 23.6 4.9 33 0.7
II 68.5 21.8 5.2 35 1.0
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