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Microstructure Evolution and Mechanical Property Control
of H13 Hot-work Die Steel during Tempering
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Abstract : Taking as-cast H13 hot-work die steel as the research material, specimens were austenitized at 1 100 °C for 20
min followed by oil quenching, and subsequently subjected to tempering treatments at 560 ‘C, 620 °C and 650 °C with
varying tempering durations and cycles. Optical microscopy (OM) , scanning electron microscopy (SEM), electron probe
microanalysis (EPMA), X-ray diffraction (XRD), electron backscatter diffraction (EBSD), hardness measurements and
Charpy impact tests were employed to investigate the effects of tempering parameters on microstructure evolution and me-
chanical properties of the steel. The results reveal that tempering temperature dominates the microstructure evolution of
H13 steel. With increasing tempering temperature, time and number of cycles, the lath feature of martensite gradually
weakens; precipitated fine dispersed carbides undergo aggregation, spheroidization and coarsening, while the retained
austenite content and dissolved carbon content in martensite show an overall decrease, and the microstructure evolves from
tempered martensite to high-temperature tempered microstructure. Tempering at 560 °C retains relatively high hardness,
among which the group tempered at 560 “C for 65 min with three cycles achieves the maximum hardness of 54. 6 HRC, yet
a low impact absorbed energy. Tempering at 650 “C accelerates matrix recovery and carbide spheroidization, and the group
tempered at 650 ‘C for 65 min with two cycles achieves the highest impact absorbed energy of 15. 39 J with superior impact
toughness. The fracture morphology gradually transforms from cleavage/quasi-cleavage fracture at low tempering tempera-
ture to dimple ductile fracture at high tempering temperature. Optimized regulation of tempering temperature, time and
number of cycles enables synergistic improvement in hardness and toughness of H13 steel.

Key Words : H13 Steel; Hot-Work Die Steel; Tempering Process; Microstructure Evolution; Retained Austenite; Me-
chanical Properties
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Table 1 Chemical composition of H13 steel %

JLE Cr Mo Mn Al \Y C

Si S P N (0] Fe

% 4.96 1.32 0.34 0.04 0.91 0.38

1.18 0.012 0.022 0.0106 0.005 59 bal.




RS 45 - H13 AR RAR (0] K B0 AR 5 ) ~A PERE IR 45 - 89 -

ERR
140
1201l Ac,=881T
|
100 L I
g 80 1
R I
& 60 I
I
§ 40+ :
20t ;
|
0F I
I
-20 I
I
-40 N PR i " L | "
0 200 400 600 800 1000
R

Fl 1 HI13 B IK ih 2

Fig. 1 Thermal expansion curve of H13 steel
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Table 2 Heat treatment schedule for H13 steel

ptpp  TEACH TRCIRI LR LR LK

FEIC [1] /min B ] /min Bk
1 1100 20 560 60 2
2 1100 20 560 65 3
3 1100 20 560 70 4
4 1100 20 620 60 3
5 1100 20 620 65 4
6 1100 20 620 70 2
7 1100 20 650 60 4
8 1100 20 650 65 2
9 1100 20 650 70 3
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Fig. 2 Optical microstructures of H13 steel under different heat treatment processes: (a)—(i) correspond to Sample 1-9 (M = Mar-
tensite, S = Sorbite)
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Fig. 3 SEM morphologies of H13 steel under different heat treatment processes: (a)-(i) correspond to Sample 1-9 ( M = Martens-

ite, S = Sorbite, M-S = Martensite—Sorbite transitional structure )
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Fig. 4 EPMA elemental distribution maps of Sample 1-3: (a)—(c¢) correspond to Sample 1-3
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Fig. 5 EPMA elemental distribution maps of Sample 4-6: (a)-(c) correspond to Sample 4—6
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Fig. 6 EPMA elemental distribution maps of Sample 7-9: (a)-(c) correspond to Sample 7-9
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Fig. 8 EBSD phase maps of H13 steel under different heat treatment processes: (a)—(i) correspond to Sample 1-9
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Table 3 Mechanical properties of H13 steel under differ-
ent heat treatments

RS Wi ffi i€ (HRC)
1 7.35 38.5
2 2.22 54.6
3 2.67 53.1
4 2.43 48.4
5 4.42 41.1
6 5.03 427
7 4.19 475
8 15.39 264
9 8.96 28.7
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Fig. 9 SEM fractographs of impact fractures of H13 steel under different heat treatment processes: (a)—(i) correspond to Sample 1-9
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