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Abstract: The continuous cooling transformation of 12Cr1MoV perlitic heat-resistant steel was studied by means of ther-
mal expansion tester, laser confocal microscope, microhardness tester and scanning electron microscope, the continuous
cooling transformation (CCT) curve of experimental steel was drawn, and the effect of cooling rate on the microstructure
evolution of phase transformation during cooling process was analyzed. The results show that four transition regions of fer-
rite, pearlite, bainite and martensite will appear in the CCT curves of 12Cr1MoV steel at the cooling rates between 0. 5 “C/
s and 30 C/s. At the cooling rates between 0.5 “C/s and 1 “C/s, and the transformation products are composed of ferrite
and pearlite. At the cooling rates between 1.5 ‘C/s and 10 “C/s, and the transition products are mainly composed of upper
bainite and ferrite. At the cooling rates between 10 “C/s and 20 “C/s, and the transition products are mainly the mixed
structure of upper bainite, lower bainite and martensite. At the cooling rate of 30 ‘C/s, the transition product is mainly
martensite. The transition structure of undercooled austenite appears upper bainite at the cooling rates between 1.5 °C/s
and 20 ‘C/s. The appearance of upper bainite in the structure leads to a decrease in the mechanical properties of the steel ,
which is prone to crack formation and propagation. Based on the above research results, measures to reduce the cooling
rate of 12Cr1MoV steel continuous casting billets and hot rolling lines are proposed to reduce the upper bainite structure
The surface cracks of the bars are effectively controlled after adjustment.
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Fig. 1~ Schematic diagram of temperature control of determina-

tion of phase transition point
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Fig. 2 Solid solution calculation of V element in austenite of

12Cr1MoV steel
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Table 1 Chemical composition of 12Cr1MoV tested steels %
i H C Si Mn P S Cr Mo Vv
GB/T3077—2015 0.08 ~ 0.15 0.17 ~0.37 0.40 ~0.70 <0.030 <0.030 0.90~1.20 0.25~0.35 0.15~0.30

S 0.11 0.23 0.55

0.010 0.005 1.097 0.31 0.18
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Fig. 3 Experimental process of CCT curve measurement
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Fig. 4 Dilatation curves of the experimental steel during heating

-20¢ X . . . . ) X .
100 200 300 400 500 600 700 800 900 1000
1R HE/C

KI5 Syl R R ith 2k

Fig. 5 Dilatation curves of the experimental steel during cooling
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Fig. 6 Microstructure of experimental steel at different cooling rates: (a) 0.5 °C/s, (b) 1 °C/s, (¢) 1.5 C/s, (d) 3 °C/s, (e) 5 °Cls,

(f) 7 °Cls, (g) 10 °C/s, (h) 15 °C/s, (i) 20 °C/s, (j)30 ‘Cls
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Fig. 7 SEM morphology of experimental steel microstructure at different cooling rates: (a) 0.5 °C/s, (b) 1 °C/s, (¢) 1.5 C/s, (d)
3°Cls, (e)5°Cls, (f)7°Cls, (g) 10 °C/s, (h) 15 °C/s, (i) 20 °C/s, (j)30 Cls
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Fig. 8 Microhardness of experimental steels at various cooling

rates
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Table 2 Phase transformation temperature and structure
at different cooling rates
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Fig. 9  CCT curve
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