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Abstract

In order to predict the mechanical properties of ductile cast iron heat treated in an intercritical temperature range, samples machined from
cast iron with a tensile strength of 450 MPa were heat-treated at various intercritical temperatures and air-cooled, after which a micro-
structural analysis and Brinell hardness test were conducted. As the heat treatment temperature was increased in the intercritical temperature
range, the ferrite fraction in the ductile cast iron decreased and the pearlite fraction increased, whereas the nodularity and nodule count did
not change considerably from the corresponding values in the as-cast condition. The Brinell hardness values of the heat-treated ductile cast
iron increased gradually as the heat treatment temperature was increased. Based on the measured alloy composition, the fraction of each sta-
ble phase and the hardness model from the literature, the hardness of the ductile cast iron heat treated in the intercritical temperature range
was calculated, showing values very similar to the measured hardness data. In order to check whether it is possible to predict the hardness of
heat-treated ductile cast iron by using the phase fraction obtained from thermodynamic calculations, the volumes of graphite, ferrite, and aus-
tenite in the alloy were calculated for each temperature condition. Those volume fractions were then converted into areas of each phase for
hardness prediction of the heat-treated ductile cast iron. The hardness values of the cast iron samples based on thermodynamic calculations
and on the hardness prediction model were similar within an error range up to 27 compared to the measured hardness data.
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Table 1. Chemical composition (wt%) of the ductile cast iron in the

present study.
C Si Mn Cu P S Mg
3.58 245 0.3 0.14 0.021 | 0.011 0.39
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Fig. 1. Calculated phase diagram of the Fe-C-2.45Si-0.3Mn-
0.14Cu system from FactSage® thermodynamic software.
The dashed line indicates the carbon concentration in the
present ductile cast iron.
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Table 2. Experimental condition and measured data during heat treatment.

Condition Target temperature (°C) Measured Temperature (°C) Measured Holding time (sec) Cooling rate (°C/sec)

HT1 800 802 3,196 0.78

HT2 820 821 3,167 1.08

HT3 830 832 2,905 0.84

HT4 860 863 3,360 1.72
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Fig. 2. Measured temperature profiles during heat treatment of the
ductile cast iron specimens.
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Fig. 3. Optical microscope images of the ductile cast iron at different heat treatment conditions: (a) as-cast, (b) HT1, (¢) HT2, (d) HT3, (e) HT4.
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Table 3. Microstructure data of the as-cast and heat-treated ductile cast iron.

Condition fs f, fp Nodularity* (%) Nodule count* (N/mm?)
AC 0.131 0.701 0.168 82.6 55.7
HTI 0.123 0.627 0.248 82.5 78.0
HT2 0.123 0.461 0416 85.2 58.7
HT3 0.123 0.380 0.494 85.1 453
HT4 0.125 0.045 0.830 82.7 533

* Nodularity and nodule count were evaluated by ASTM E 2567
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iron at different temperatures obtained from thermodynamic software. Circle symbols represent area fraction of pearlite in the heat-

treated samples.
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Table 4. Brinell hardness (HB) of the as-cast and heat-treated ductile

cast iron

AC HT1 HT2 HT3 HT4
156.845.2 | 174.442.4 | 207.2+4.0 | 211.7+8.4 | 257.1+8.8
300 >
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Fig. 5. Calculated Brinell hardness of the ductile cast iron based on
the hardness model suggested by Guo et al. [14] compared
with experimental data.
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