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Growth Kinetics of Intergranular Allotriomorph Ferrite in V-containing Steel

Pingjian Qu and Michihiko Nacumo

Synopsis :

Growth kinetics of intergranular ferrite in a V-N steel has been investigated from the measurement of isothermal

transformation kinetics. When compared with a V-C steel, the start of intergranular ferrite transformation starts earlier

on isothermal transformation in the V-N steel, whereas its growth is retarded.

The growth rates of the intergranular

ferrite are under the parabolic rate rule for both steels with a smaller rate constant for the V-N steel. When the rate
constants are ascribed to the supersaturation of carbon at the ferrite/austenite interface, the carbon concentrations are
estimated to be 0.29 and 0.35 mass% for the V-N and V-C steels, respectively. Johnson-Mehl-Avrami plot of the
transformation kinetics indicates that the ferrite nucleation rate is larger for the V-N steel. It is discussed that the
precipitation of intragranular ferrite in the V-N steel is facilitated owing to the retardation of the intergranular ferrite

growth in the steel.

Key words : low alloy steel ; isothermal transformation ; intragranular ferrite ; allotriomorph ferrite ; diffusion ; ferrite growth rate;

supersaturation.
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Table 1. Chemical compositions of the steels

(mass %) .
Steel C Si Mn S Cr A% N
A 0.24 0.31 1.49 0.049 0.31 0.13 0.0211
B 0.26 0.28 1.52 0.056 0.30 0.13 0.0009
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Fig. 1. Heat treatment patterns for the measurements of : (a) isothermal transformation nose temperature, (b)

transformation kinetics, (¢c) microstructure.
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Fig. 2. TTT diagram of steel A and steel B for the
start of transformation.
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Fig. 3. Optical micrographs of the specimens trans-
formed at 600°C.
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Fig. 4. Isothermal transformation kinetics at 600°C
from austenitizing at 1300°C.
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Fig. 5. Avrami plot of the transformed fraction at
600°C from austenitizing at 1300°C. The abs-
cissa is the time from the start of transfor-

mation.

Table 2. Avrami exponent n at different stages for
steel A and B.

Stage I o m
Steel A 1.1 1.8
Steel B 2.3 1.6 3.1
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Fig. 6. Optical micrographs of the specimens trans-
formed at 600°C.
(a) 10sec. (d) 24sec.
(b) 360sec. (e) 72sec.
(c) 760sec. (f)154sec.
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Fig. 7. Growth of proeutectoid ferrite at 600°C.
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Fig. 8. Average half-thickness of allotriomorph fer-
rite as a function of square root of the
growth time at 600°C.
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Fig. 9. Schematic carbon concentration profile at
the ferr;te/ austenite transformation inter-
face during diffusion-controlled growth.
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Fig. 10. Plot of log R as a function of log t for the
growth of allotriomorphs ferrite.

Table 3. Observed growth rate constants ‘k and
time exponent n, of Eq. (8).

n k
Steel A 0.569 1.75 X 10°
Steel B 0.525 3.20X10%
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