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Effect of Isothermal Holding in Austenite Region on Proeutectoid Ferrite Growth Rate in a V-C—N Steel

Pingjian Qiu and Michihiko NAGUMO

Synopsis : The mechanism of retarded growth rate of intergranular proeutectoid ferrite in a V-C—N steel has been investigated by examining the effect

of holding in austenite region during cooling from the solutioning prior to the isothermal transformation at 600°C. The growth rate increases

and the transformation start time decreases by increasing the holding temperature, while a C-curve behaviors appears. The growth rate can be

ascribed to the supersaturation of C at the transformation interface. THERMO-CALC calculation indicates that substantial precipitation of

V(C, N) takes place in the V-C-N steel and the fraction of C in the precipitate decreases with the increasing holding temperature. Analysis

of the transformation kinetics in terms of the Johnson—Mehl-Avrami equation shows a two-step process, suggesting decrease in the ferrite

nucleation rate by the holding. It is concluded that absorption of C into the precipitate during the incubation period decreases the supersatura-

tion of C at the transformation interface.
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Table 1. Chemical composition of the experimental steel
(mass%).

C Si Mn S Cr \% N
0.24 031 1.49 0.049 0.31 0.13 0.0211
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Fig. 1. Schematics of thermal history (a) isothermal trans-
formation, (b) isothermal holding in austenite re-
gion prior to the isothermal transformation at
600°C.
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Fig. 2. Optical microstructures of specimens isothermally
transformed at 600°C (a) without and (b) after
holding at 900°C for 30 min.
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Fig. 3. TTT transformation start time of specimens with/
without holding at 900°C for 30 min.
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Fig. 4. Isothermal transformation rate at 600°C after subjecting to isothermal holding at various temperatures.

/0
0 1050°C ‘ /Q,‘”
0 900°C
0.1F ® Non-holding ‘/)7
—_
5
S 0.01}
=4
0.001 |
0.0001 . .
1 10 100 1000
Time(sec)

Fig. 5. Johnson-Mehl-Avrami plot of Fig. 4.

Table 2. Avrami exponent n at two stages of transforma-
tion in Fig. 5 for steels with/without holding in
austenite region.

Stage I I
Non-holding 1.1
900°C 25 1.1
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Fig. 6. Optical microstructures of specimens during isothermal transformation at 600°C in (a) without (b) with holding at 900°C

for 30 min.
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Fig. 7. Growth kinetics at 600°C of proeutectoid grain
boundary ferrite in with/without holding at 900°C
for 30 min.
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Fig. 8. Logarithmic plot of Fig. 7, showing the rate con-
stants.

Table 3. Rate constant ¢, supersaturation 2 and interface
carbon concentration C, calculated from Fig. 8.

a Q C;
Non-holding 0.50 0.17 0.29
900°C 0.73 022 031
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Fig. 9. Amount of V(C, N) precipitate as a function of
temperature calculated with THERMO-CALC.
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Fig. 10. Equilibrium compositions of V(C, N) precipitate
as a function of temperature calculated with
THERMO-CALC.
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Fig. 11. Solubilities of N and C (wt%) calculated from sol-
ubility products.
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