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Effect of Vanadium and Niobium on Austenite Grain
Growth Kinetics in Low Carbon High Strength Steel

Synopsis:

Hiroshi KOBAYASHI

The coasening of austenite grains has been studied kinetically in low—carbon high-manganese steels con-

taining Al, V, and Nb, respectively.

The austenite grain growth rate is remarkably decreased by a small addition of Nb. In contrast, the effect

of V is very small.

The activation energy for the austenite grain growth in the steels containing Al, V, and Nb in solution
has been determined to be 65.4, 65.0, and 93.7 kcal/mol, respectively; the energy is remarkably increased by
a small addition of Nb. This can be attributed to the fact that the activation energy for the diffusion of
Nb in austenite and the binding energy between Nb and austenite grain boundary are both great.

The rate constant of the grain growth below 1 250°C in the steels containing more than 0.10 wt%, Nb is
smaller than that predicted by “Impurity drag model”. This is considered to be due to the presense of
Nb (C, N) which is not dissolved. Such undissolved particles have a great effect of the austenite grain

growth.
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Table 1. Chemical composition of steels (wt%).

. Sol. Insol. | Sol. Insol. !

Steel | @ Si | Mn P s Ry nso v | N
! 0.06 | 0.05 | 1.58 | 0.012 0.012F‘ 0.027 | 0.003 — | — — ! 0.0056
2 | 006 { 005 | 1.60 | 0.011| 0.013| 0.025| 0.003 | 0.155 0.015 | — | 0.006]
3 | 006 | 0005 | 1.26 | 0.012| 0.015| 0.030 | 0.002 | 0.091 0.000 | — | 0.0052
4 | 006 | 005 | 1.24 | 0013 0.012| 0029 | 0003| — | — | 0.12 | 0.0055
5 | 006 | 0005 | 1.26 | 0.012| 0.012' 0.028 | 0.001 | 0.046| 0.004 | 0.06 | 0.0048
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Fig. 1. Effect of temperature on the austenite
grain size, when holded for 60 min.
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Photo. 1. Electron micrograph of steel 2, which
was holded at 1150°C for 100 min.
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Fig. 2. Time-austenite grain diameter relationship
in steel 1.
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Fig. 3. Time-austenite grain diameter relationship
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Fig. 4. Time-austenite grain diameter relationship
in steel 3.
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3.
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Table 2. Binding energy between an austenite grain boundary and solute atoms calculated
from experiment, using impurity drag model.

Activation energy for

Solute element grain growth, QG-B.-M.

Activation energy for Binding energy,
diffusion, Q1.P- EB

Al 65.4kcal/mol 56.0kcal/mol 9.4kcal/mol

\% 65.0kcal/mol 63.0kcal/mol 2.0kcal/mol

Nb 92.7kcal/mol 82.3kcal/mol 11.4kecal/mol
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Fig. 8. Binding energy between an austenite grain
boundary and solute atoms as a function
of their atomic radius.
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