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Analysis of Morphology and Formation Mechanism of Ti and
Nb Liquid Precipitation Phase in Medium Carbon CrMo Steel
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Abstract: The morphology of the liquid precipitation phase of micro alloys Ti, Nb, and V in 42CrMo steel continuous cast-
ing billets was observed, as well as the changes of the liquid precipitation phase after heating and rolling, then the forma-
tion mechanism was derived by using thermodynamic calculations. The results showed that Ti and Nb precipitated in the
form of composite carbonitrides can be observed in 42CrMo steel 410 mm X530 mm continuous casting billets with Ti
0.012% , Nb 0. 030%, V 0.030%, N 0. 003 5%, which was formed a micrometer scale liquid precipitation phase. Those
with higher Ti content (70%-83% ) were mostly polygonal blocks, while others with higher Nb content (70%-85% ) were
mostly thin films or irregular blocks, and no significant V segregation in the liquid phase; The carbonitrides precipitation
phases of Ti and Nb can dissolve and grow together, the liquid precipitation with higher Nb content grew into blocks with
the liquid precipitation with higher Ti content as the core, while some phases nucleate and grew with sulfides as the core or
basal planes; There were many carbonitrides liquid precipitation phase in the center of continuous casting billets, and
their sizes were relatively large ( up to 35 um) , but its quantity and size under the surface were relatively small (below 10
pum) ; After heating and rolling the continuous casting billet at 1200 “C, liquid precipitation phase can be partially dis-
solved, resulting in a decrease in quantity and size, and it will break during the rolling process.
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Table 1 Chemical composition of micro alloyed 42CrMo
steel %

C Si Mn P S Cr Mo Ti Nb v N
0.40 0.25 0.75 0.013 0.004 1.12 0.20 0.012 0.030 0.030 0.0035
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Fig. 1  Morphology of Ti and Nb liquid precipitation phase in the center of microalloyed 42CrMo steel continuous casting bloom : (a)
polygonal block TiNb, (b) irregular block NbTi, (c) long strip NbTi at the edge of shrinkage hole
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Fig. 2 Composition Distribution of Ti and Nb liquid precipitation phase in the center of micro alloyed 42CrMo steel continuous cast-

ing bloom : (a)block TiNb and thin—film NbTi, (b)the lamelellar NbTi
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Fig. 3 Morphology of Ti and Nb liquid precipitation phase on the surface of central shrinkage of micro alloyed 42CrMo steel continu-

ous casting bloom : (a) distribution of shrinkage hole surface precipitate , (b) NbTi overall morphology , (¢ )NbTi upper left corner mor-

phology(d)NbTi core morphology
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Fig. 4 Morphology of Ti and Nb liquid precipitation on the surface of micro alloyed 42CrMo steel continuous casting bloom: (a)irregu-

lar block, (b)long strip
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Fig. 5 Morphology of Ti and Nb compounds in the center of micro alloyed 42CrMo hot rolled bar : (a),(b), (¢)block; (d)chain
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Table 2 Formula and calculation results of solid solubility product of Ti.Nb.V carbonitride

e Hr iy [l AR AL BT R T R/ °C T SR/ °C

1 TiN({) Ig[Ti][N],,=—13 500/T+4.46 1255 -

2 TiN lg| Til[N]=-15 490/T+5.19 1346 1066

3 TiC lg[ Ti][C]=-7 000/T+2.75 1108 880

4 NbC 1g[Nb][C]=-6 770/T+2.26 1346 1034

5 NbN 1g[Nb][N]=-8 500/T+2.80 981 811

6 VN lg VI[N]=-8 330/T+3.46 914 -

7 Ve 1g[ VI[C]=—9 500/T+6.72 826 -
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