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Optimization of tensile properties of H13 steel deposited by laser directional

energy based on high carbon austenite stabilization
HOU Ying-pei!, * WAN Jie!*, YANG Hai-ou!, LIN Xin!, * CHEN Yu-zeng!**
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an, 710072, China; 2. Chongqing
Innovation Center, Northwestern Polytechnical University, Chongqing, 401120, China; 3. Ningbo Institute of Northwestern
Polytechnical University, Ningbo, 315103, China; 4. Suzhou Yunjing Metal Tech. 1td, Suzhou, 215024, China)

Abstract: The laser directed energy deposition technology can be used to achieve the fixed-point
repair and remanufacturing of die-casting molds. However, during the laser forming process of
medium-carbon hot work die steels represented by H13 steel, high-carbon martensite with intrinsic
brittleness will be generated, leading to problems such as forming cracking and insufficient plasticity.
In response to this, in this study, a small amount of In718 alloy powder was pre-mixed and
introduced into the H13 steel before forming. This increased the contents of nickel and chromium
elements in the retained austenite during the forming process, lowered its martensitic transformation
temperature, and effectively inhibited the formation of high-carbon martensite. The tensile test
results show that the yield strength of the modified H13 steel is 1176 MPa, the tensile strength is
1615 MPa, and the elongation at break reaches 10.6%. The comprehensive performance is superior
to that of the existing laser directed energy deposition H13 steel. Microstructural analysis indicates
that the austenite in the formed sample blocks is scattered, and there is an enrichment of nickel and
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chromium elements in the regions where the austenite is distributed. The scattered retained austenite
can coordinate the deformation of the matrix and improve the uniformity of the internal deformation
of the material. At the same time, the introduction of nickel and chromium elements effectively
improves the stability of the retained austenite and delays the formation of high-carbon martensite.
This study provides a theoretical and practical basis for the application of laser directed energy
deposition H13 powder in actual production.

Keywords: laser cladding; continuous laser; H13 powder; microstructure; mechanical properties;
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Tab. 1 Chemical composition of H13 and In718 (wt.%)

Material C Cr Ni Mo
H13 0.32 4.98 / 1.62
In718 / 19.72 53.27 3.16

B3k

Material Mn \% Si Nb Fe

H13 0.32 1.12 0.95 / Bal.

In718 0.35 / / 4.82 Bal.

200 pm

B 1 RBERAR: () BAREH; b)RTRI;
(O TTR; ()BTRS
Fig. 1 Gas-atomized powder raw material: (a) powder
morphology; (b) distribution of Fe element; (c) distribution of
Cr element; (d) distribution of Ni element
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Fig. 2 Schematic diagram of laser cladding: (a) schematic
diagram of the working principle of the laser head; (b) sample
deposition path and tensile specimens; (c) schematic diagram
of the sample formed by the continuous laser; (d) dimensions
of the tensile specimens
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Fig. 3 XRD pattern of the as-deposited sample
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Fig. 4 Micro-morphology of the sample: (a, b) morphology
under OM; (c, d) micro-morphology under SEM
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Fig. 5 EBSD and EDS characterization results of the sample

prepared by the continuous laser:
(a) phase distribution; (b) grain size; (c) distribution of Ni
element; (d) distribution of Cr element
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Fig. 6 Tensile properties of the material: (a) tensile curve; (b)
Ultimate tensile strength and elongation at break of H13 formed
by LDED in other work
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Fig. 7 Tensile properties and tensile fracture morphology: (a)
2000 X; (b) 1000 X; (c) 2000 X; (d) 5000 X
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Fig. 8 Schematic diagram of austenite formation and
distribution
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