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Abstract: Based on the solid solution precipitation and nucleation growth theory of the second phase of
microalloyed composite, a thermodynamic and kinetic model for the precipitation of the (Ti, Nb)C com-
posite second phase in austenite in 0.06%C-0.17%Ti-0.03%Nb microalloyed steel was constructed, and
the nucleation rate-temperature(NRT) curve and precipitation-time-temperature(PTT) curve of the
second phase precipitates in austenite were drawn. The NrT curve of the test steel showed an anti "C"
type feature, while the PTT curve showed a typical "C" type feature. The peak nucleation rate was ob-
served at approximately 900 °C, a temperature which also corresponds to the optimum point for precip-
itation kinetics. The theoretical results were verified by stress relaxation test. TEM were used to charac-
terize the second phase precipitates in the typical samples of stress relaxation test. The results showed
that the second phase precipitates and the matrix met the N-W orientation relationship, mainly com-
posed of (Ti, Nb)C composite carbides precipitated in austenite.
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Table1 Chemical composition of test steel %

C Si Mn P S Nb Cr Ti Als N Fe

<0.07 <0.20 <1.65 0.015 0.004 0.03 0.35 0.17 0.025 0.003 Bal.
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Table 2 Thermodynamic calculation data

Temperature/°C~ [Ti)/% [Nb)/% [V]/% x y
1100 0.1035 0.0202 0.0446 09180 0.0820
1050 0.0681 0.0148 0.0351 0.9215 0.0785
1000 0.0418 0.0107 0.0279 0.9221 0.0779
975 0.0317 0.0089 0.0252 0.9217 0.0783
950 0.0235 0.0073 0.0229 0.9209 0.0791
925 0.0169 0.0059 0.0211 09199 0.0801
900 0.0118 0.0046 0.0196 09187 0.0813
875 0.0080 0.0035 0.0185 09174 0.0826
0.925
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Fig.1 Thermodynamic calculation results
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Table 3 Dynamics calculation data

Temperature/C ~ d;/nm AG; /] I;/K Ps/s  Pg/s
1100 27791 3.378E-18 =74.73 77.83 79.60
1050 1.568 5 1.025E-18 -28.71 32.17 33.94
1000 1.1114 4.882E-19 -19.34 23.19 24.96
975 09751 3.656E-19 -17.45 21.51 23.27
950 0.8711 2.835E-19 -16.31 20.58 2235
925 0.789 0 2.259E-19 -15.61 20.11 21.87
900 0.7225 1.837E-19 —-15.18 19.92 21.68
875 0.667 5 1.520E-19 —14.93 19.92 21.68
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Fig. 2 NrT relationship curve corresponding to the pre-
cipitation of (Ti, Nb)C in austenite
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Fig. 3 Theoretically calculated PTT curves for the precip-
itation process in the test steel
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Fig. 4 Stress relaxation curves of different samples
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Table 4 Start time and end time of precipitation of differ-
ent samples

Temperature/C Precipitation start time/s Precipitation finish time/s

875 324 431.4
900 14.0 74.0
925 18.2 100.0
950 26.6 690.0
975 334 516.8
1000 39.8 756.8
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Fig. 5 PTT curves of test steel
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Fig. 6 Precipitate morphology
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Fig. 7 EDS compositions analysis
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