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Ferrite Grain Refinement of Ti-added Low Carbon Steel through Dynamic Recrystallization in Austenite Region

Eiko YASUHARA, Kazuhiro SETO and Kei SAKATA

Synopsis : Effect of grain size and deformation condition on dynamic recrystallization behavior of Ti-added low carbon steel in austenite region was

studied mainly through hot-compression test. When initial austenite grain size was smaller than 50 um, a peak of true stress, which is charac-

teristic of dynamic recrystallization, was observed even in high Z (Zener—Hollomon parameter) region such as at 1123K and at the strain rate

of 0.4/s. The small austenite grain can be obtained when more than 0.15% Ti is added and the steel is reheated at the temperature of lower

than 1423K. In this case, it is considered that TiC precipitates should prohibit the grain growth of austenite during heating. The peak stresses

in various deformation conditions were expressed by Z parameter, from which the apparent activation energy was calculated as 340 kJ/mol.

The typical final grain size of ferrite after dynamic recrystallization and transformation at the cooling rate of 50K/s was 2~5 um. It is esti-

mated that the effect of solute C and solute Ti on dynamic recrystallization was very limited.
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Table 1. Chemical composition of steels used (mass%).

C Si Mn P S Ti N
A 0.070 0.50 0.61 0.009 0.001 0.052___0.0023
B 0.067 0.50 0.62 0.009 0.001 0.105__ 0.0022
(¢} 0.074 0.50 0.62 0.009 0.001 0.156  0.0021
D 0.068 0.50 0.60 0.011 0.001 0.217 _ 0.0021
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Fig. 1. Schematic illustration showing the relation between
true stress and true strain in dynamic recrystalliza-
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Fig. 2. Effect of reheating temperature and Ti content on hot compression flow curves of low C steel sheet deformed at strain rate

0.4/s.
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Fig. 4. Effect of reheating temperature on fraction of Ti
precipitation in steel D.
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Fig. 5. Comparison of progress of precipitation between

thermocalc evaluation and measured result in steel
D.
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Fig. 6. TEM image of Ti precipitation of hot band as re-
heating temperature at 1423K in steel D.
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Fig. 7. Effect of reheating temperature and Ti content on
ferrite grain size of steels after hot compression at
strain rate 0.4/s and true strain 0.69.
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Fig. 9. Effect of C content and reheating temperature on hot compression flow curves of at strain rate 0.4/s.
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Fig. 10. Effect of C content and initial austenite grain size
on dynamic recrystallization in low C steels.
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