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Abstract: To solve the problem of welding hot cracks at the interface between the substrate and the iron-based sealing sur-
faces during arc surfacing process, this paper introduced the idea of gradient transition. The variations of hardness and pre-
cipitates with the content of Norem 02 alloy in the gradient transition layer were analyzed by JMatPro and Thermo-Calc soft-
ware. Based on the calculation results, two gradient transition strategies were designed. Different gradient transition deposi-

tion layers and non-transition deposition layers were prepared by the direct laser energy deposition, and the microstructure,
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hardness distribution, wear performance was studied systematically. The results showed that the gradient transition layers ex-
hibited a smaller hardness gradient at the interface, and the microstructure primarily consisting of primary dendrites and Cr-
rich primary carbides distributed along the interdendritic regions. In contrast, the non-transition layers showed a larger hard-
ness gradient at the interface, and abundant Cr-rich eutectic phases at the interdendritic regions and Mo-rich primary car-

bides at the secondary dendrite arms were found. The gradient transition layers effectively reduced the excessive hardness
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gradient at the interface and eliminated eutectic phases with low melting point, thereby mitigating the hot cracks tendency.

However, the gradient transition layers demonstrated poorer resistance to plastic deformation, resulting in higher wear rates.

The low wear resistance of the gradient transition layers was attributed to the high dilution rate in laser deposition, leading to

a lower than designed Norem 02 alloy content in the outer layer. Future optimization of the laser deposition process is ex-

pected to improve the wear resistance of the gradient transition layers.
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Fig. 1 Morphology and particle size distribution of metal powders
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Table1l Chemical composition of cladding metal powder and substrate

(wt. %)
ok C Si Mn Ni Cr Mo B N Fe
304 FH 003 039 1.03 7.83 1822 001 — — bal
304 B3K 001 020 1.12 1050 1862 — — 0.107 bal

Norem 02 A 1.38 3.26 4.28 4.08 2532 1.99 0.02 0.03 bal
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Fig.2 Hardness and primary precipitation content under different

mixing ratios of 304 and Norem 02
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Table 2 Proportion of alloys in different gradient transition layers

P H—2 R B2
40% Norem 02 + 70% Norem 02 +
40-70-100 100% Norem 02
60% 304 30% 304
10% Norem 02 + 55% Norem 02 +
10-55-100 100% Norem 02
90% 304 45% 304
Jeid 100% Norem 02 100% Norem 02 100% Norem 02
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Table 3  Specific laser deposition process parameters
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Fig. 4 Location and results of the micro-vickers hardness test for differernt deposited layers
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Fig. 6 Microstructure morphology of differernt deposited layers
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Fig. 7 Microstructure and composition distribution in the first layer of the 40-70-100 deposited layer
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Fig. 8 The microstructure and composition distribution in the first layer of the non-transition deposited layer
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Table 4 The size of wear tracks and the amount of wear of different

deposited layers
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