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Peritectic Transformation and Austenite Grain Formation for Hyper-peritectic Carbon Steel

Tohru MARUYAMA, Kiyotaka MATSUURA, Masayuki KUDOH and Yohichi ITOH

Synopsis : Three binds of solidifying regions, (L+6), (L+ 8+7) and (L+7) have been observed in an unidirectional solidified hyper-peritectic steel

sample quenched from a temperature above the solidus temperature. The primary & phase in the (L+ 8) region solidifies to a dendritic struc-

ture, and the fine columnar ¥ grains are exist in the boundary part of the (L +7) region near to the (L++7). The columnar shape of the fine

y grains is caused by the shape of d-dendrite. A transition from the fine ¥ grains to coarse columnar y grains occurs in the (L+7) region

when a volume fraction of liquid lowers. The structure of coarse columnar ¥ grain have no relation with dendrite structure. The fine columnar

y grains disappear as a result of growth of coarse columnar y grain. The measured temperature ranges for the (L+ 8+7) region agree with

those calculated under a non-equilibrium condition. The end temperatures of peritectic reaction and solidification calculated are somewhat

lower than the equilibrium temperatures, and are independent of solidification rate.
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Table 1. Chemical compositions (mass%) and solidifica-
tion conditions used for the experiment.

No C Mn P V/mm-s' G/K'mm’
1 0.24 0.10 0.016 0.003 1.08
2 0.24 0.12 0.014 0.008 1.28
3 0.25 0.11 0.015 0.033 1.07
4 0.24 0.11 0.015 0.033 0.50
5 0.23 0.10 0.014 0.033 0.81
6 0.22 0.11 0.013 0.033 0.88
7 0.23 0.11 0.014 0.033 0.93
8 0.24 0.12 0.018 0.083 0.77
9 0.22 0.11 0.013 0.083 0.59
10 0.22 0.09 0.051 0.033 0.87
V : Solidification rate
G : Temperature gradient
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Fig. 1. Experimental apparatus for unidirectional solidifi-

cation.
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Fig. 2. Schematic profile of carbon content for calculation.
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Table 2. Diffusion coefficient and equilibrium carbon con-
centrations used for finite difference simulation.

D, 0.761X 10%xp(-134400R'T™Y) (£ m®'s™) '@
Corrs 8.91X107*T—1.48

Corr_y 1.68X107°T—2.81 '

Cony —5.86X107*T+10.53 '

Copor —1.83X107°T+32.89 7

R : Gas constant (J-K'-mol™)
T : Temperature (K)

C,/r_s : The equilibrium carbon concentration in 0 -phase at /7
interface (mass%)
Cs,y_, : The equilibrium carbon concentration in 7 -phase at 0/ 7

interface (mass%)
C,41_- : The equilibrium carbon concentration in 7 -phase at 7 /liquid
interface (mass%)
C,o. : The equilibrium carbon concentration in liquid phase at 7 Nliquid
interface (mass%)
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Fig. 3. A macrostructure of an unidirectional solidified
sample quenched from a high temperature above
the solidus temperature. (¥=0.003mm-s~', G=
1.08K-mm™")
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Fig. 4. Microstructure of §-dendritic region.
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Fig. 6. Microstructure of fine columnar ¥ grain region (a)
and result of EPMA analysis (b).
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Fig. 7. Microstructure of residual liquid region.
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Fig. 9. Effect of solidification rate on ends of peritectic re-
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Fig. 11. Relationship among primary arm spacing, fine ¥
grain size and solidification rate.
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grain size and solidification rate.
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Fig. 13. A dendritic structure (a) and a grain structure (b)
in the sample with 0.05mass% P (V=0.033
mm-s~!, G=0.87K-mm™})
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Fig. 14. Three-dimensional observed of coarsened colum-
nar y grain.
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