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Continuous Cooling Phase Transformation Behavior
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Abstract: The continuous cooling phase transformation behavior has important guiding significance for formulating the
heat treatment process of steel. In this paper, the thermal expansion method was used to measure the continuous cooling
phase transformation curves of 40Cr13 mold steel at different cooling rates (0.5 °C/s-20 °C/s). The microstructure and
Vickers hardness of the material after phase transformation at different cooling rates were analyzed using scanning electron
microscopy and microhardness tester, The phase transition behavior of 40Cr13 mold steel was observed in situ under high-
temperature confocal laser microscopy (HTCLSM). The results showed that the critical transition point Ac, was 836 “C and
Ac, was 903 °C; Martensite transformation occured in the cooling rate range of 0.5 “C/s20 “C/s. As the cooling rate in-
creased, the distribution of carbides in the steel became more uniform. When the cooling rate increased from 0. 5 °Cls to
3 °C/s, the average hardness value of the sample increased from 417 HV to 550 HV. As the cooling rate continued to in-
crease, the average hardness value of the sample finally stabilized at 560 HV-580 HV. The cooling rate (v) and Vickers
hardness (Hv) were fitted with the formula H, = 564. 49 - o 18878
exp (v — 1. 88)
served under HTCLSM that the starting temperature of martensite transformation was 214. 5 °C. As the temperature de-
creased, the number of martensite increased, and the martensite laths grow in different directions and the thickness of the
laths in the same direction decreased
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Table 1 Chemical Compositions of 40Cr13 Die Steel %

C Si Mn p S Cr Ni Cu Al v
0.380 0.380 0.350 0.028 0.003 13.250 0.400 0.060 0.018 0.080
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Fig. 2 Phase composition variation of 40Cr13 die steel
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Fig. 3 Temperature—expansion curves at different cooling

rates: (a) 0.5 °C/s, (b) 20 °C/s
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Table 2 Phase transformation points of 40Cr13 mold steel

at different cooling rates

BHIEAE/(Cs™) M/C M/
0.5 383.1 109.1

1 3715 101.9

2 353.5 96.4

3 345.9 86.6

5 356.7 83.9

7 344.8 81.7

10 345.7 80.3

20 321.3 76.2
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Fig. 5 Hardness of samples at different cooling rates
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Fig. 6 Metallographic sructure diagram of 40Cr13 mold steel after corrosion at different cooling rates: (a) 0.5 “C/s, (b) 1 C/s, (c)
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Fig. 7 Microstructure diagrams of 40Cr13 mold steel under different cooling rates : (a) 0.5°C/s, (b) 1°C/s, (¢)2°Cls, (d) 3°C/
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Fig. 8 In—situ observation of martensitic transformation process of 40Cr13 die steel cooled to different temperatures at 3 “C/s cooling
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