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Abstract : Hot-forging die steel is a critical material used in the hot-forging of metal components. It is subjected to harsh
service conditions involving high temperatures, high stresses, and repeated thermal cycling, making it prone to failure
mechanisms resulting from the coupling of various complex processes, such as thermal wear, thermal fatigue, plastic defor-
mation, and creep. Therefore, the in-service performance of hot-forging die steel directly affects the quality of forgings and
production costs, making it imperative to fully understand the evolution of its failure behavior and propose effective strate-
gies for performance enhancement. Addressing this need, this paper reviews research progress on the in-service behavior
and failure mechanisms of hot-forging die steels and systematically summarizes four typical performance enhancement strat-
egies—alloy composition optimization, precise control of heat-treated microstructure and properties, surface modification
and strengthening, and nanoparticle-reinforced matrix—along with their respective effects. Based on this, the paper sum-
marizes the significant potential of the synergistic application of multiple strategies in extending die life and improving in-
service performance; highlights the limitation that a single strengthening strategy cannot fully account for the dynamic evo-
lution of failure behavior under the coupled effects of multiple factors; and notes the current inadequacy of collaborative
strengthening design and in-service performance prediction models tailored to actual operating conditions. Finally, the out-
look indicates that future research should focus on the organic synergy of various strengthening technologies and the appli-
cation of artificial intelligence in material design and performance prediction. These two areas mutually reinforce each
other and are expected to provide the theoretical foundation and technical pathways for the continuous development of hot-
forging die steels toward the goals of longer service life, higher reliability, and greater economic efficiency.
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Fig. 1 Schematic diagram of service behavior and failure mechanisms of hot—forging die steels
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Fig. 2 Schematic diagram of various wear models of hot—forging die steel
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Fig. 3 Key performance indicators of hot—forging die steel
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Table 1 Functional mechanisms of major elements in hot work die steel and their effects on microstructure and properties
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Fig. 4 Schematic diagram showing the microstructural evolution of H13 steel from the annealed state to the quenched and tempered

state under different heat treatment processes
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Table 3 Effect of optimized quenching and tempering processes on the properties of various types of hot work die steels
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Fig. 5 Schematic diagrams illustrating the mechanisms of various surface strengthening technologies
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Table 4 Comparison of the mechanical properties of H13
steel reinforced with nanoparticles of varying concentrations
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Table 5 Comparison of the effects of four strategies on improving the performance of hot—forging die steel
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