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Effects of Carbon and Ferrite-stabilizing Elements on Austenite Grain Formation
for Hypo-peritectic Carbon Steel

Tohru MARUYAMA, Masayuki KuDOH and Yohichi ITOH

Synopsis : In order to investigate the formation process from & dendrite to ¥ grain in a hypo-peritectic carbon steel, an unidirectionally solidifying car-

bon steel sample is quenched from a temperature above the solidus temperature. Three zones of primary dendrite, fine columnar grain and

coarse columnar grain are observed in the sample. The dendritic zone consists of (L+ &) phase, the fine columnar grain is both phases of

" (L+6+7) and (8+7), and the coarse columnar grain is ¥ phase. The width of the fine columnar grain agrees with the primary arm spacing

of the & dendrite and it is the same result as that for a hyper-peritectic carbon steel. The y grain boundary in the zone of the fine columnar

grain forms at the skeleton of the & dendrite, while that for a hyper-peritectic carbon steel forms at the position between the & dendrites.

Since transition from the fine columnar grain to the coarse one occurs immediately after the disappearance of § phase, the & phase prevents

the coarsening of the fine columnar grain. A length of the zone of the fine columnar grain decreases with increasing carbon concentration.

The length extends according to the addition of ferrite-stabilizing elements. The extended effect becomes stronger in the sequence of

Nb>V>Mo, while Ni as an austenite-stabilizing element have no influence on the length.

Key words: carbon steel; dendrite arm spacing; grain formation; grain size; peritectic reaction; phase transformation; stabilizing element; unidirectional

solidification.
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Fig. 1. Macrostructure of a unidirectionally solidifying
sample quenched into water bath. $0.14 mass% C,
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Fig. 2. Microstructure in the (a) upper and (b) lower zones
of fine columnar grain.
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Fig. 3. (a) Microstructure in the cross section of the upper
zone of fine grain and (b) result of EPMA analysis.
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Fig. 4. Relationship among primary arm spacing, the size
of fine ¥ grain and solidification rate.
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Fig. 5. Schematic views of the formation of the fine y
grain boundary; (a) hypo-peritectic carbon steel;

(b) hyper-peritectic carbon steel.
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Fig. 6. Dependence of carbon content on the longitudinal
length of the fine y grain zone; L: the longitudinal
length of the fine y grain zone; V: solidification
rate.
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