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Tensile Strength of Carbon Steel during and after Solidification

Hideo MizukaMl, Sei HIRAKI, Masayuki KAwAMOTO and Tadao WATANABE

Synopsis : Phase dependence of tensile strength of carbon steel during and after solidification has been studied by a technique for high temperature ten-

sile test. The experimental technique enabled a sample to melt and solidify without crucible, and measured a minute load in a solidification

temperature range.

A numerical model for the analysis of phase transformation during and after solidification was developed with an assumption of local equi-

librium at interfaces.

The tensile strength of carbon steel was dependent on the phase state but not composition. Predicted equations of tensile strength of 6

phase and ¥ phase were estimated from experimental results.

65=0.011(T5 —T)+1.1, MPa
6,=0.067(T, yuu—T)+6.5, MPa

¥, start

0.0005 mass%=C=0.55 mass%, 1550K=Temp.=1800K.

Tensile strength of & phase state is smaller than that of ¥ phase, and temperature dependence of tensile strength of & phase is also smaller

than that of y phase.
Key words : tensile strength; carbon steel; solidification; transformation.
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Table 1. Chemical composition of samples (mass%).

Sample C Si Mn P S
ULC 0.005 0.01 0.12 0.014 0.0028
LC 0.04 0.04 0.19 0.026 0.006
MC 0.14 0.16 0.54 0.016 0.003
HC1 0.37 0.24 1.28 0.019 0.001
HC2 0.55 0.15 0.91 0.021 0.001

Ar gas Load cell
atmosphere le——— (1961N)

[«<—— Water jacket

Thermocouple

WJ Sample

7 ($10X100mm)
L

High speed camera

Induction coil
100KHz
15KW

Marker

vl

[«——— Water jacket

Fig. 1. Measurement system of tensile strength during and
after solidification.
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volume element.
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Fig. 3. Flow chart of calculation.
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Table 2. Diffusion coefficients of solute elements.

Element | D° , m%s® D7 , m¥s? DL m/s®
C 1.27X10%xp(-19450/RT) | 7.61X10°exp(-32160/RT) | 8.4X10”
Si 8.0 X 10*exp(-59500/RT) 3.0X10exp(-60100/RT) 5.1X10*
Mn 7.6 X 10”%exp(-53640/RT) 5.5 X 10 °exp(-59600/RT) 4.4X10°
p 2.9 X10"exp(-55000/RT) 1.0 X 10 °exp(-43700/RT) 1.4X10"
S 4.56X10%exp(-51300/RT) | 2.4X10"exp(-53400/RT) 43X10°

765 IR



£ & 44 Vol. 84 (1998) No. 11

Table 3. Calculation conditions.

Parameter Value
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Fig. 4. Comparison between experimental results and ana-
lytical model.
(a) phosphorus profiles at various temperature, (b)
phosphorus profiles at various carbon contents, (c)
transformation temperature vs. carbon contents.
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Fig. 5. Tensile strength behavior during and after solidification.
(a)sample ULC, (b) LC, (c) MC, (d) HCI and (e) HC2.
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Fig. 6. Tensile strength and elongation vs. solid fraction.
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