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Focusing on the interaction between interstitial and substitutional
elements, the clustering behaviors by competition and coupling of ordering and phase separation
during tempering of carbon/nitrogen martensite and nitriding process were investigated
experimentally and theoretically. With the addition of substitutional elements, the kinetics of
low-temperature tempering of high-carbon martensite was found to be delayed, while the resistance to

temper softening occurs due to the formation of alloy carbide/nitride and nano-cluster, as well as
the suppression of dislocation recovery. Moreover, the clustering behavior inducing the formation of
nitride can enhance surface hardening during nitriding process. Such a precipitation sequence was
re?ro?ucgd by the combination of first-principles thermodynamics and kinetic Monte Carlo
calculation.
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