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Effects of Carbide Pre—precipitation—Assisted Critical
Quenching on the Microstructure and Thermal Fatigue
Properties of Modified H13 Steel
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(1 School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093,
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Abstract: To address the issues of coarse prior austenite grains, wide martensite laths, and carbide coarsening in conven-
tionally quenched and tempered H13 hot-work die steel, the effects of a carbide pre-precipitation—assisted critical quench-
ing process on microstructure evolution and thermal fatigue behavior were investigated. The results show that, after a treat-
ment comprising quenching at 1 050 °C, carbide pre-precipitation at 730 “C, and critical quenching at 930 “C, the prior
austenite grain size was significantly refined from 126.9 wm (obtained after 1 050 “C quenching) to 36. 3 pm, while the
average martensite lath width decreased from 1.23 pm to 0.54 pm. The fine dispersed carbides formed in the pre-
precipitation stage were not completely re-dissolved during subsequent critical austenitization, thereby exerting a strong
pinning effect on grain boundary migration and facilitate nucleation, which resulted in a synergistic refinement of the mi-
crostructure. During long-term tempering at 610 “C and 700 ‘C, both processes exhibited carbide dissolution and coarsen-
ing; however, the carbide pre-precipitation—assisted critical quenching sample showed smaller carbide size, more uniform
distribution, and a significantly reduced coarsening rate. Both samples exhibited a two-stage softening behavior character-
ized by an initial rapid decrease followed by a gradual decline. Compared with conventional treatment, the carbide pre-
precipitation—critical quenching sample demonstrated a lower softening rate under high-temperature long-term tempering,
indicating markedly improved resistance to tempering softening. Thermal fatigue tests further revealed that after 1 000 ther-
mal cycles, the treated samples exhibited fewer cracks and shorter average crack length, more tortuous crack propagation
paths, and a significantly suppressed crack growth rate, demonstrating superior thermal fatigue resistance.
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Fig. 1

Thermal expansion curve and heat treatment process schematic of modified H13 hot—work die steel: (a) thermal expansion

curve during heating, (b) conventional heat treatment process, (c) carbide pre—precipitation — assisted critical quenching process
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Fig. 2 Microstructure and grain morphology of modified H13 hot—work die steel after different quenching processes: (a) grain mor-

phology after quenching at 1 050 °C, (b) grain morphology after 1 050 °‘C quenching, 730 °C carbide pre—precipitation, and 930 “C
critical quenching, (¢) SEM microstructure after quenching at 1 050 ‘C, (d) SEM microstructure after 1 050 ‘C quenching , 730 “C
carbide pre—precipitation, and 930 “C critical quenching
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Fig. 3 SEM microstructures of modified H13 hot—work die steel after tempering for 15 h at different temperatures: (a) 1050 C
quenching and 610 °C tempering, (b) 1050 ‘C quenching and 700 ‘C tempering, (c¢) 1050 “C quenching, 730 ‘C carbide pre—
precipitation, 930 °C critical quenching and 610 °C tempering, (d) 1050 ‘C quenching, 730 °C carbide pre—precipitation, 930 “C

critical quenching, and 700 “C tempering
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Fig. 4 Statistical analysis of carbide precipitation behavior in conventionally heat—treated and carbide pre—precipitation — assisted

critical quenched H13 hot-work die steel under different tempering temperatures and times: (a) carbide area fraction, (b) variation

in carbide size
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jected to different processes
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Fig. 6 Thermal fatigue crack morphology and average crack length of modified H13 hot-work die steel after 1 000 thermal cycles un-

der different heat treatment conditions: (a) cross—sectional crack morphology after 1 050 “C quenching and 610 °C tempering, (h)

cross—sectional crack morphology after 1050 °C quenching, 730 “C carbide pre—precipitation, 930 °C critical quenching and 610 °C

tempering, (¢) comparison of average thermal fatigue crack length, (d) schematic diagram of thermal fatigue crack propagation mode

in conventionally heat—treated samples, (e) schematic diagram of thermal fatigue crack propagation mode in carbide pre—precipitation

- assisted critical quenching samples
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Fig. 7 Morphology and elemental distribution of thermal fatigue cracks in modified H13 hot-work die steel with different heat treat-

ment processes: (a) thermal fatigue crack morphology of the sample subjected to 1 050 “C quenching and 610 °C tempering, (al -

a6) elemental distribution of thermal fatigue cracks in the sample subjected to 1 050 “C quenching and 610 °C tempering, (b) thermal

fatigue crack morphology of the sample subjected to 1050 “C quenching, 730 °C carbide pre—precipitation, 930 °C critical quenching

and 610 “C tempering, (b1 - b6) elemental distribution of thermal fatigue cracks in the sample subjected to 1050 ‘C quenching,

730 °C carbide pre—precipitation, 930 “C critical quenching and 610 °C tempering
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