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Influence of Quenching-Tempering Treatment on
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Abstract: To address the poor wear resistance of working components in agricultural machinery
(such as plowshares and rotary blades) , high-vanadium high-speed steel powder materials with
different compositions were designed, and surface strengthening of 60Si2Mn steel plowshare and
rotary blade components was performed using laser cladding technology. The influence of the
quenching-tempering process on the microstructure and properties of the cladding layer was
investigated. The results indicate that the quenched microstructures of cladding layer metals with
different compositions all consist of martensite+undissolved carbides (VC, M,C;, M,,Cs, and
M,C) +retained austenite; with the increase in tempering temperature, the microhardness of the
cladding layer shows a gradually decreasing trend caused by microstructural evolutions such as
retained austenite transformation, secondary carbide precipitation, and tempered martensite
decomposition. The microhardness distribution characteristics of the cladding layer are mainly
influenced by the size, shape, and location of carbide particles. Based on the random forest
algorithm, a microhardness prediction model for the cladding layer metal considering the
influence of chemical composition is established.

Key words: laser surface treatment; high-vanadium high-speed steel; heat treatment; carbide;
microhardness
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Table 2 Heat treatment regime for cladding layer
metals with different compositions
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Fig.1 SEM images of different cladding layer metals after quenching
(a)—1#-870Q; (b)—2#-890Q; (c)—3#-840Q.
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Fig.2 Relationship between alloy element composition of main carbides in 1# cladding metal and temperature
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Fig.3 TEM images of different cladding layer metals after quenching
(a)—1#-870Q; (b)—2#-890Q; (c)—3#-840Q.
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Fig. 5 Metallographic structure of 3# cladding layer
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Fig. 4 Distribution of main alloy elements in

microstructure of different cladding
layer metals after quenching
(a)—1#-870Q; (b)—2#-890Q; (c)—3#-840Q.
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Fig. 11

Comparison between experimental and calculated values of microhardness
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