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A Mathematical Model for Nb(C, N) Precipitation Kinetics in Austenite Controlled Both by
Chemical and Interfacial Energy

Riki OxAMOTO and Masayoshi SUEHIRO

Synepsis : A mathematical model for predicting precipitation kinetics of Nb(C, N) in austenite has been developed on the basis of the classical nucle-

ation theory and the diffusion controlled growth theory. The local equilibrium condition is assumed to maintain at the interface in which the

contribution of the interfacial energy due to the curvature of precipitates is taken into account. With this modification, the changes in diame-

ter and its distribution of precipitates can be evaluated as well as the fraction precipitated in the overall reaction including the Ostwald ripen-

ing. Calculated diameters and fractions of Nb(C, N) in both extra low carbon and HSLA steels are in good agreement with those observed.

The present model predicts the existence of stasis in the change in average diameter of precipitates prior to the Ostwald ripening. This stasis

can be understood as a result of the change in the diameter distribution of precipitates due to the change of the principal driving force for the

movement of the interfaces.

Key words: precipitation; carbonitride; austenite; thermo-dynamics; local equilibrium; nucleation; growth; Ostwald ripening; distribution function; inter-

facial energy.
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Fig. 1. Schematic molar Gibbs energy diagram illustrating
the effect of curvature of precipitates on the equi-
librium condition at the interface.
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Fig. 2. Schematic Fe-corner isothermal phase diagrams for
Fe-Nb—C ternary system illustrating the effect of
curvature of precipitates on the equilibrium condi-
tions at the interface. a) initial stage (nucleation
and growth) b) the last stage (Ostwald ripening)
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Fig. 3. Dependence of interfacial energy ( ) on perticle ra-
dius.
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Table 1. Diffusion coefficient of Nb in Austenite®.

Dy(m?/s)
5.6X10*

Diffusion atom
Nb

Q(kJ/mol)_
286

Matrix

Austenite

Table 2. Lattice constant and molar volume of Nb(C, N)

and austenite®?.

Phase lattice constant molar volume
(R) (m*/mol)
Austenite 3.54 6.68X10°
Nb(C,N) 4.47 6.72X10°
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Fig. 4. Flow chart for predicting Nb(C, N) precipitation
kinetics with use of Thermo-Calc as a subroutine.
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Fig. 5. Computed fraction ( /') and mean particle diameter
(d) of Nb(C, N) precipitates (solid line) are com-
pared with those observed” (plots).
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Fig. 6. Schematic Fe-corner isothermal phase diagram for
Fe-Nb-C ternary system illustrating the effect of
curvature of critical radius of nucleus on the equi-
librium condition at the interface.
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Fig. 9. Normalized distribution functions of precipitated
particle radius f(R/R) calculated by this model in
the chemical driving force controlled growth stage

(II type stage).
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Fig. 10. Normalized distribution functions of precipitated
particle radius f(R/R) calculated by this model in
the interfacial controlled growth stage (III type
stage).
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