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Validity of the Additivity Rule in Non-isothermal Diffusion-controlled Growth of Precipitates in Steel

Masato EnxomoTO

Synopsis : A computer model was developed to simulate the diffusion-controlled growth of planar boundaries during continuous
cooling or heating using the Green’s function method. Simulations of proeutectoid ferrite transformation from austenite
and precipitation of cementite from both austenite and ferrite were conducted and the results were compared with
calculation assuming the additivity rule which is based on the solution to the diffusion equation under isothermal
condition. The additivity rule caused quite a large error in all the transformations studied. From theoretical considera-
tions by other authors and present simulation results, it was concluded that the error occurred primarily due to the
temperature variation of the (local equilibrium) solute concentration at interphase boundaries. In contrast to the usual
expectation the amount of error was insensitive to the cooling rate and/or the magnitude of solute diffusivity.
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Fig. 1. Ferrite thickness as a function of tempera-
ture in an Fe-lat%C alloy continuously
cooled at a constant rate of 10 (triangle) and
1°C/s (square). Solid and dotted curves are
calculated from the present method and the
additivity rule, respectively.
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Fig. 3. Re-plot of Fig.1 changing the horizontal axis
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curves in Fig.1 was interchanged.
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