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Study on the precipitation Kinetics of carbides in austenite
and ferrite of microalloyed steels
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Abstract: According to the solid solution thermodynamic calculation of the multi-composite precipit-
ated phases and the classical nucleation growth kinetic theory, the deposition and precipitation of
carbides in austenite (y) and ferrite (o) phases in Ti-Mo, Ti-Nb-Mo and Ti-Nb-Mo-V composite mi-
croalloyed-steels were studied. It is shown that in y phase, the precipitates in Ti-Mo steel are mainly Ti-
enriched (Ti, Mo) C particles. In the higher temperature range, Ti-Nb-Mo and Ti-Nb-Mo-V steels
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mainly precipitate carbide particles enriched in Ti and Nb. In the ferritic zone, the precipitates in Ti-Mo
and Ti-Nb-Mo steels are mainly Mo-enriched carbide particles, while in Ti-Nb-Mo-V steel, V-enriched
carbide particles are mainly precipitated. The PTT and NrT curves of the precipitated phases in Ti-Mo
and Ti-Nb-Mo steels show "C" and reverse "C" shapes, respectively, while the NrT curves of (Ti, Nb,
Mo, V) C precipitated in austenite show reverse shapes "e". As the temperature decreases, the precipita-
tion time first decreases and then prolongs. The nucleation rate of (Ti, Nb, Mo, V) C is the fastest in the
high-temperature austenitic zone, followed by (Ti, Nb, Mo) C, and that of (Ti, Mo) C is the slowest. The
corresponding fastest nucleation precipitation temperature increases in sequence. In the ferritic region,
the PTT and NrT curves of (Ti, Mo) C and (Ti, Nb, Mo) C are presented "¢" form and reverse "¢" shape,
respectively. The nucleation rate of carbides in Ti-Nb-Mo-V steel is faster in the entire ferritic zone than

in Ti-Mo and Ti-Nb-Mo steels.

Key words: microalloy steel, carbides, thermodynamic calculation, precipitation kinetics, PTT curves
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Table 1 Main chemical compositions of Ti-Mo, Ti-Nb-Mo and Ti-Nb-Mo-V steels %
% P C Si Mn N Ti Mo Nb \
1" Ti-Mo 0.07 0.23 1.5 0.003 0.1 0.28 0 0
2 Ti-Nb-Mo 0.09 0.23 1.5 0.003 0.1 0.28 0.07 0
3 Ti-Nb-Mo-V 0.11 0.23 1.5 0.003 0.1 0.28 0.07 0.25
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Table 2 Parameters related to the precipitation kinetics of
carbides in y/a in composite microalloy steels
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Fig. 1 Effect of temperature on equilibrium solid solution of Ti, Mo, Nb and V
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Fig.3 A curve of chemical formula coefficient as a function of temperature
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Table3 Uniform nucleation parameters of carbides in

austenite in Ti-Mo, T-Nb-Mo and Ti-Nb-Mo-V

steels
7 Ti-Mo Ti-Nb-Mo Ti-Nb-Mo-V
Ig(l/K) 1g(tyoso/tos) 1gT/K) 1g(thos/te.) 1g8(I/K) 1g(to0sa/% )
700 —-20.79 26.49 -21.50 27.20 -20.55  26.85
750 —20.56 25.68 -20.92  26.14 -20.63  26.21
800 —20.67 25.15 -20.53 2527 -20.87 25.72
850 —21.28 25.01 -20.38  24.62 -20.89  25.13
900 —22.72 25.47 —20.53 2422 -20.50 2431
950 —25.85 27.10 -21.13  24.16 -20.25  23.63
1000 —33.14 31.54 —22.45  24.61 -20.66 2345
1050 -55.11 45.80 -25.09 2599 -22.02 2396
1100 —194.45 13833  —-30.60 29.31 -25.04  25.61
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Fig. 4 (a) NrT and (b) PTT curves of uniform nucleation of carbides in austenite in steels
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Table 4 Calculation results of carbide nucleation in aus-
tenite dislocation line in Ti-Mo, Ti-Nb-Mo and Ti-
Nb-Mo-V steels

T Ti-Mo Ti-Nb-Mo Ti-Nb-Mo-V
1g(I/K)q 18(t0.05 ar/to a0) 12UI/K)a 12(f0.05 ar/to aa) 18K g 18(Zo.05 aa/to aa)

700 —15.90 22.41 -16.43 23.19 —16.08 23.13
750 —15.71 21.57 -16.17 22.25 -15.90 22.24
800 -15.74 21.00 -16.01 21.49 -15.95 21.65
850 —16.09 20.80 -16.00 20.93 -16.06 21.15
900 —17.03 21.25 -16.19 20.61 -16.03 20.57
950 —19.22 22.98 -16.70 20.66 -16.10 20.12
1000 —24.71 28.05 -17.74 21.28 -16.56 20.13
1050 —42.61 45.56 —19.83 22.98 —17.68 20.85
1100-167.31 169.90 —24.29 27.09 -20.10 22.90
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Fig. 5 (a) NrT curves and (b) PTT curves of carbides nucleated in austenite dislocation lines in Ti-Mo, Ti-Nb-Mo and Ti-Nb-

Mo-V steels
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Fig. 6 Effect of heating temperature of ferritic zone on the equilibrium solid solution of microalloying elements in Ti-Mo, Ti-

Nb-Mo and Ti-Nb-Mo-V steels
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Fig. 7 Effect of temperature on chemical formula coefficients
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Table 5 Calculation results of uniform nucleation of
carbides in ferrite in experimental steels
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lg(W/K) lg(toosi/ton) 18K 18(toosaltoa)  1g(IIK) 18(toosa/to.)

500 —64.57 57.76 —43.81 44.65 -25.71 3234

Ti-Nb-Mo-V
7/C
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600 —129.97  99.61 —83.74 69.41 —25.38  30.31

650 —156.16 11642  —137.18 104.27 -2520 29.46
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Fig. 9 NrT and PTT curves of uniform nucleation of the precipitated phases in ferrite in experimental steels
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Table 6 Calculation results of carbide nucleation in ferrite dislocation in experimental steels

T Ti-Mo Ti-Nb-Mo Ti-Nb-Mo-V
- lg(l/K) 1g(f.054/t0) lg(l/K) 1g(9.054/t04) lg(l/K) 1g(to.05 /10 a)

500 -31.79 41.50 —-18.37 28.80 —16.1589 26.34
550 —47.79 56.56 —23.77 33.21 —15.440 1 24.65
600 —81.13 89.09 —42.06 50.63 —14.808 2 23.18
650 —103.85 111.15 —81.54 89.34 —14.253 8 21.90
700 —40.7 47.64 —37.35 44.52 —13.749 1 20.74
750 -30.17 36.75 -27.27 33.88 —13.254 6 19.65
800 —36.86 42.97 -36.17 42.25 —12.744 9 18.59
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Fig. 10 NrT curves and PTT curves of the precipitated phases nucleation on dislocations in ferrite in Ti-Mo, Ti-Nb-Mo and

Ti-Nb-Mo-V steels
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