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Peritectic Reaction and d-7 Transformation Mechanism in Carbon Steels

Tadayoshi TAKAHASHI, Kenichi OHSASA and Junichi TANAKA

Synopsis:

Fe-C binary alloys and commercial carbon steel were quenched at various temperatures above and below
the peritectic temperature. Peritectic reaction and the mechanism of subsequent transformation from &
phase to 7 phase were investigated on the basis of solidification structure and measurement of carbon

concentration by electron probe microanalysis in the quenched specimen.

summarized as follows.

The result obtained are

When the peritectic reaction occurs, primary 8 dendrites are isolated from surrounding liquid because 7

phase is formed on the surface of the primary & crystals.

The 7 phase nucleates successively in the untransformed primary & crystals as temperature falls below the
peritectic temperature and then conjugated concentration relationship between the 8§ and 7 phases holds
locally true. On the other hand, the 7 phase formed on the surface grows into the surrounding residual

liquid.

As the 7 phase elements nucleated in the untransformed & region begin to interconnect with each other,
the diffusion path for solute is progressively established, and carbon diffuses gradually through the 7 phase
formed on the surface to that nucleated in the untransformed § region.
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Table 1. Chemical composition of commercial
carbon steel used for the experiment of §-7

transformation.
(wt%)
C Mn Si P S
0.28 0.78 0. 47 0.013 0.03
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Photo. 1.

Solidification structure of a Fe-0.29 wt
94,C alloy specimen quenched immediately after
keeping for 1h at 1498°C. Solid line in the
photograph shows the scanning path of EPMA.
(x 75)
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Cy : Equilibrium carbon concentration in liquid at
the peritectic temperature
C;5 : Equilibrium carbon concentration in 6 phase
at the peritectic temperature
S : Solidified region
L : Liquid region
Fig. 1. Carbon concentration distribution in the
Fe-0.29 wt2,C alloy specimen shown in Photo. 1.

Photo. 2. Solidification structure of a Fe-0.29 wt
9,C alloy specimen which was cooled down to
1440°C at a cooling rate of 0.15°C/s after keep-
ing for 1h at 1498°C and was quenched at that
temperature. Solid line in the photograph shows
the scanning path of EPMA. (x 75)
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C;5 : Equilibrium carbon concentration in ¢ phase at
the peritectic temperature
Fig. 2. Cdrbon concentration distribution in the
Fe-0.29 wt9,C alloy specimen shown in Photo. 2.

Photo. 3. Solidification structure of a Fe-0.29 wt
9,C alloy specimen which was cooled down to
1440°C at a cooling rate of 0.06°C/s after keep-
ing for 1h at 1498°C and was quenched at that
temperature. Solid line in the photograph shows
the scanning path of EPMA. (X 40)
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Cy : Initial carbon concentration of the specimen
C5 : Equilibrium carbon concentration in & phase at
the peritectic temperature

Fig. 3. Carbon concentration distribution in the
Fe-0.29 wt 24,C alloy specimen shown in Photo. 3.
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Fig. 4. Estimated carbon concentration distribu-
tion on the basis of diffusion controlled mechanism
in Fe-0.29 wt 2,C alloy specimens cooled at various
cooling rates to 1440°C.
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Photo. 4. Solidification structure of a Fe-0.39 wt
9,C alloy specimen which was cooled down to
1488°C at a cooling rate of 0.05°C/s after keep-
ing for 1.5h at 1498°C and was quenched at that
temperature. White circles in the photograph
indicate the positions of scanning electron beam
of EPMA. (x 40)
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Fig. 5. Carbon concentration distribution in the
Fe-0.39 wt9,C alloy specimen shown in Photo. 4.
The parts enclosed by solid curves show the solidi-
fied regions and those by the dashed curves are
considered as untransformed ¢ regions on the basis
of carbon concentration profile.
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Tx : Keeping temperature

Tq : Quenched temperature
1:0.07wt%C-0.13wt%C
2:0.06 wt%C-0.12 wt%C
3:0.05 wt%C-0.10 wt %C

Fig. 6. Fe-C equilibrium phase diagram used in
the present work. Arrow in the right side of the
diagram shows the carbon concentration of the
specimen shown in Photo. 4 and the arrows in
the left side show the conjugated concentration
relationship between the § and 7 phases illustrated
in Fig. 5.
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Fig. 7. Structure during the §-7 transformation
process in a 0.08 wt 2,C alloy (upper figure) which
was kept for 1.5h at 1494°C and quenched at
1482°C, and carbon concentration profile(lower
figure) obtained by scanning across the specimen’s
surface.
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O 9°C To> 1474°C o SR TREY AL L. B85
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Photo. 5 3@ & KIGEE L 3°C Lo 1486°C ¢
25 L7 E % EPMA CHEA Vv Ao v LEBOE
BT, TORPITEIMH 1400 HThd, Fhiokt
TEEREREMRS Lo RO r BIEHEE L LT
Fig. 8 w75 7cRd. o, 757%HnE,
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EREo HO BEE/RL, BFXERRECTERLE 7
& 0.10wty% THote o Mot 0.18wty o 7 Hic s
BLICLDO BAMABHRTWEL0E E2bh5, X

Photo. 5. Solidification structure of a commercial
carbon steel specimen containing 0.28 wt9,C
quenched at 1486°C during the process of conti-
nuous cooling. White circles in the photograph
indicate the positions of scanning electron beam
of EPMA. (X 100)
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Fig. 8. The frequency distribution histogram of
carbon concentration nodes in the commercial
carbon steel specimen shown in Photo. 5.
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Fig. 9. The frequency distribution histogram of
carbon concentration nodes in the commercial
carbon steel specimen containing 0.28 wt 24,C
quenched at 1478°C during the process of conti-
nuous cooling.
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Fig. 10. The frequency distribution histogram of
carbon concentration nodes in the commercial
carbon steel specimen containing 0.28 wt 94,C
quenched at 1474°C during the process of conti-
nuous cooling.
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