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Precipitation Kinetics of composite carbides of
Nb-Ti-V-Mo microalloyed steel

Yao Na, Xing Chao

(Department of Metallurgy and Chemical Engineering, Jiyuan Vocational and Technical College, Jiyuan 459000, Henan,
China)

Abstract: The precipitation thermodynamics of the multi-element composite precipitates in the Nb-Ti-
V-Mo microalloy E460 off shore steel was calculated by JmatPro thermodynamics software, in combin-
ation with the classical nucleation and growth kinetic theory, were used to study precipitation law of
(Nb,Ti,Mo,V)C in austenite and ferrite. The influence of austenite deformation storage and deformation-
induced precipitation on (Nb,Ti,Mo,V)C precipitation and precipitation kinetics were also discussed.
The results indicate that (Nb,Ti,Mo,V)C begins to precipitate at 1 448.6 K. In austenite region, as the
temperature decreases the critical nucleation energy gradually decreases, and the NrT curve and the PTT
curve show a monotonous trend. In the two-phase region of austenite and ferrite, the fastest precipita-
tion temperature of (Nb,Ti,Mo0,V)C is 1 062.6 K. Relative nucleation rate increases, and both precipita-
tion and incubation period shorten with the increase of deformation energy storage. As the amount of
precipitation induced by deformation increases, the PTT curve shifts to the left, and the maximum nuc-
leation rate temperature and the fastest precipitation temperature are between 1058.3 K and 1063.8 K.
Key words: Nb-Ti-V-Mo microalloyed steel, carbide, precipitation kinetics, PTT curve, Nr'T curve
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Table1 Chemical composition of Nb-Ti-V-Mo microalloyed steel %
C N Si P Al Cr
0.11~0.13 0.003 0 ~0.004 0 0.20~0.30 1.1~13 0.010~0.012 0.030 ~ 0.05 0.16 ~ 0.20
Ni Mo Cu Nb \% Fe
0.20~0.30 0.18~0.22 0.15~0.18 0.013 ~0.017 0.024 ~ 0.028 0.030 ~ 0.036 At
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Fig. 1 Phase transformation of E460 steel and precipitation thermodynamics of main precipitations
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Table 2 Relevant parameters for Kinetic calculation of MC in austenite s
PritiAe [Fil 375 BEAR MICK 8 #RE (em®s ™) AnA& i A/ nm
3.70-9 100/T 530 exp(—344 000/R
NbC ! ol D 0.4470
a 3.90-9 930/T 50.2 exp(—252 000/RT)
2.75-7 000/T 0.15 exp(—251 000/R
TiC Y P D 04318
a 4.40-9 575/T 3.15 exp(—248 000/RT)
1.29-523/T 0.036 exp(—240 000/R
MoC ' p( D 0.4277
o 3.19-4 649/T 1.3 exp(—229 000/RT)
6.72-9 500/T 0.28 —264 000/R
vC Y exp( D 04182
o 2.72-6 080/T 3.92 exp(—241 000/RT)
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Table 3 Nucleation parameters of (Nb,Ti,Mo,V)C at different deformation energies under dislocation nucleation

JEZEfi%fiE=0 J/mol
P TE R /K

EAR i fiE=2 000 J/mol

JEAR it fiE=4 000 J/mol

1g(l/K), Ig(t005/10)a 1g(l/K), 1g(t005/%0)a 1g(/K), 1g(to0s/10)a
1373 ~325.62 297.57 ~325.56 297.44 -325.51 29731
1323 -131.38 102.52 -131.33 102.39 -131.28 102.26
1273 ~86.54 57.32 ~86.49 57.18 ~86.43 57.05
1223 —69.23 39.91 —69.18 39.77 ~69.12 39.63
1173 ~61.65 3244 ~61.60 3230 ~61.54 32.15
1123 ~59.24 30.31 ~59.18 30.15 ~59.12 30.00
1073 ~52.20 23.22 -52.13 23.06 ~52.07 22.90
1023 ~55.46 26.58 ~55.39 2641 -55.32 26.24
973 ~70.95 42.69 ~70.88 4251 ~70.81 4233
923 ~59.42 3131 -59.35 3112 -59.27 30.94
873 ~55.55 27.97 ~55.47 27.77 ~55.39 27.57
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Table 4 Initial content of elements in ferrite at different deformation induced precipitation (1 073 K) %
MC Mo Nb Ti v C
Brihi 0.056 3 0.002 14 0.023 3 0.013 1 0.009 15 0.008 51
10% 0.198 0.005 07 0.003 20 0.024 8 0.112
30% 0.199 0.009 72 0.005 83 0.026 6 0.114
50% 0.199 0.014 4 0.008 45 0.028 4 0.116

x5 HTIFSHHEE 10%.30% F1 50% B (Nb,Ti,Mo,V)C S EF RS EMITELER
Table S Calculation results of nucleation parameters of (Nb,Ti,Mo,V)C in ferrite under strain induced precipitation 10%,
30% and 50%

) 10% 30% 50%
PASIE AR /K
1g(1/K)d lg(t(l.(IS/t(l)d lg(I/K)d lg(tﬂ 175/tﬂ)d lg(I/K)d lg([U.lJS/tU)d
1093 -199.43 172.21 -94.80 66.78 =72.07 43.69
1073 —152.28 124.73 —83.74 55.51 —66.53 37.97
1053 —146.15 118.51 -82.76 54.47 —66.26 37.65
1033 —158.57 131.02 —87.64 59.42 -69.40 40.87
1013 —183.63 156.28 -96.93 68.89 =75.28 46.91
993 —226.61 199.55 -112.18 84.39 —84.81 56.68
973 —306.99 280.33 —138.23 110.78 —100.62 72.81
953 -141.22 113.88 —88.93 61.06 =72.95 44.81
933 —135.54 108.38 —88.35 60.70 =73.30 45.39
913 -131.36 104.40 —88.24 60.83 —73.94 46.28
893 -113.42 86.58 —81.14 53.88 —69.68 42.21
873 -96.14 69.40 =73.23 46.13 —64.55 37.26
1150 1150
1100 | 1100 |
1050 | 1050
4 i
#1000 | #1000 |
i =
950 | 950
900 |+ 900 -
850 1 1 1 1 1 850 1 1 1 1 1
-350 =300 -250 200 —150 -—100 =50 0 50 100 150 200 250 300
lg (/K) lg (to.05/10)
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Fig. 5 Influences of the amount of strain induced precipitation on NrT (a) and PTT (b) curves of (Nb,Ti,Mo,V)C in ferrite
under different strain induced precipitations at 800 °C
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