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Abstract

The fraction solid during solidification of statically undercooled molten Fe-C binary
alloys and carbon steel were calculated using a heat balance equation.

The mother alloy of the specimen were made by REM addition to enhance the under-
cooling. The sample of 12g in weight which was taken from the mother alloy was cooled
from 1580°C with 0.18°C/s, and temperatures of the specimen and atmosphere were mea-
sured. As a result, the maximum degree of the undercooling up to 284C was obtained.
In the stage of low undercooling two transformation points were recognized in the cooling
curve of the specimen and in high undercooling only one transformation point was recog-
nized. The results obtained showed that, when the degree of undercooling of molten
alloys increased, the fraction solid in the maximum recalescence point during crystalliza-
tion reached 1.0 and the heat of fusion was reduced to 2/3 at the maximum degree of
undercooling of 284°C compared with one of pure Fe and solidification time of alloys was
also decreased.
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Table 1 Chemical composition of specimen used
for the experiment (wt. %)

Element C Si Mn P S

Composition 0.38 0.19 0.47 0.017 0.013
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+- 1. Thermocouples 2. Glass wool 3. Furnace
e 4. Graphite lid 5. Alumina crucible
6. Sample 7. Heater 8. Firebrick
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Fig. 2 A method for determining the final solidification time of an alloy by
differentiation of the cooling curve of the specimen (Fe-0.25wt. 9%C binary
alloy). Tv.: Liquidus temperature. Ts: Solidus temperature.
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Fig. 3 Thermal analysis curves of a Fe-0.33wt. %C alloy. Lower figure shows the
comparison of fraction solid between calculation and the lever rule.
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Fig. 4 Thermal analysis curves of a Fe-0.33wt. %C alloy. Lower figure shows the
change in fraction solid fs calculated from the heat balance equation.
(sample weight=12g)

T : Temperature of specimen.
To: Ambient temperature.
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Fig. 5 Thermal analysis curves of a Fe-0.33wt. %C alloy. Lower figure shows the
change in fraction solid fs calculated from the heat balance equation.
(sample weight=12g)

T : Temperature of specimen.
To: Ambient temperature.
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Fig. 6 Thermal analysis curves of small undercooled 0.38wt. 9%C commercial
steel. Lower figure shows the change in fraction solid calculated from the
heat balance equation. (sample weight=12g)

T : Temperature of specimen
To: Ambient temperature
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Fig. 7 Thermal analysis curves of large undercooled 0.38wt. %C commercial
steel. Lower figure shows the change in fraction solid calculated from the
heat balance equation. (sample weight=12g)

T : Temperature of specimen.
To: Ambient temperature.
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Fig. 8 Change in the heat of fusion with increasing undercooling in commercial
carbon steels and Fe-C binary alloys.
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Fig. 9 Relationship between the solidification time and the degree of undercooling
in the carbon steel and Fe-C binary alloys.
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Fig. 10 Change in the fraction solid corresponding to the top of the recalescence
curve with increasing undercooling in Fe-C binary alloy. Black circle
shows the fraction of solid estimated from equilibrium phase diagram and
white circle shows the one calculated from the heat balance equation.
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