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Simulation of TiC Precipitation in Ti-added Low Carbon Steel

Atsushi SAWAHATA, Masao ENOMOTO, Kaneharu OKUDA and Takako Y AMASHITA

Synopsis : Precipitation of TiC from austenite or ferrite in Ti-added low carbon steels is simulated using an N-model. The time-dependent nucleation

rate is calculated from classical nucleation theory, assuming that nucleation occurs preferentially along dislocations and the critical nucleus is

a parallelpiped with {100}y facets. The growth rate is calculated using the mean field approximation assuming that the transport of solute

(Ti) along dislocations accelerates the growth. Results show that at the first stage precipitation proceeds rapidly almost to the final volume

fraction. Then, the precipitation enters the second stage in which neither the particle density nor the size vary appreciably, which continues

quite a long time until the particle density begins to decrease, i.e. coarsening begins (the third stage). From comparison with isothermal hold-

ing experiments conducted at 1000°C for austenite and 580°C for ferrite, the precipitate/matrix interfacial energy which includes the interac-

tion of a nucleus with the strain field of dislocation is evaluated to be 0.20-0.25 J/m? for austenite, which are comparable with the values re-

ported by other authors, whereas it is 0.35-0.50 J/m? for the side facet of a TiC particle in ferrite.
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Fig. 1. Parallelpiped critical nucleus model of a NaCl type
carbide in steel.
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Fig. 2. Schematic illustration of solute concentration at a
TiC/matrix interface and its evolution during
isothermal holding.
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Table 1. Chemical composition of steels in mass%.

Steel C Mn Si P S Al Ti N
Aly 0.079  0.01 0.01 0.001  <0.0007 0.002 0.152  0.0009
B(w) 0.083 0.01 0.009  0.001 <0.0007 0.003 0.062  0.0010

500nm

25nm
Fig. 3. TEM micrographs of Steel A specimens isother-

mally held at 1,000°C a) for 5.4ks, b) for 18ks,
and c) 72ks, and Steel B specimens isothermally
held at 580°C d) for 3.6ks, e) for 14.4ks, and f)
28.8ks.
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Fig. 11. Volume fraction of TiN and TiC as a function of
temperature calculated by Thermo-calc.
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precipitates) calculated with varying interfacial
energy a) in Steel A, and b) in Steel B. Experi-
mental points were reproduced from Fig. 4b.
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Fig. Al. Parabolic growth rate constant of an oblate ellip-
soid calculated at an aspect ratio of 1/3 as a func-
tion of supersaturation.
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