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Effects of Alloying Elements and Carbon Potential on the Amount of
Retained Austenite of Carburized Steel

Nobuhiro Mural and Terutaka Tsumura

Synopsis : The effects of alloying elements and carbon potential on the amount of retained austenite in carburized steels were
investigated. First, the Ms temperature of high carbon steels was measured by means of a dilatometer. In high carbon
region, the contribution of carbon content to Ms temperature became smaller than that of medium carbon steels, ‘while
the contribution of Mn, Cr and Mo which are substitutional elements became larger.

Next, 1.0mm thick specimens were gas-carburized at 1203K for 108ks to reach equilibrium, quenched into oil and
tempered at 443K for 7.2ks. The equilibrium carbon content, which increased with increasing Mn, Cr and Mo content
but decreased with increasing Si and Ni content, could be calculated from carbon potential in atmosphere and
interaction parameters of carbon on these alloying elements. The amount of retained austenite could be calculated from
the Ms temperature of high carbon steel as a function of the equilibrium carbon content, and a parameter which should
be determined by quenching and tempering condition.

These results indicate that it is important for calculation of retained austenite content of carburized steels to take into
account the change in contribution of alloying element to Ms temperature in high carbon region and the change in

equilibrium carbon content due to chemical composition of steel.

Key words : alloying element ; low alloy steel; carburizing ; carbon potential ; phase transformation ; retained austenite; Ms

temperature ; interaction parameter.
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Table 1. Chemical composition of test steels. (mass%)

Steel C Si Mn P N Ni Cr Mo \ Nb Ti solAl N
Al 0.20 0.24 0.85 0.008 0.006 0.01 1.06 0.20 0.002 0.001 0.002 0.025 0.0102
Bl 0.86 0.26 0.86 0.008 0.006 0.01 1.11 0.22 0.001 0.001 0.001 0.030 0.0114
Cl 1.01 0.25 0.41 0.006 0.004 0.01 1.44 0.01 0.001 0.001 0.001 0.022 0.0044
D1 0.19 0.10 0.82 0.020 0.015 0.0t 1.00 0.01 0.001 0.001 0.001 0.031 0.0108
D2 0.20 0.99 0.80 0.017 0.013 0.0f 0.70 0.01 0.001 0.001 0.002 0.029 0.0092
D3 0.19 0.20 0.80 0.013 0.011 0.03 1.07 0.01 0.006 0.001 0.001 0.031 0.0096
D4 0.21 0.28 0.67 0.022 0.013 0.03 1.00 0.18 0.003 0.002 0.003 0.035 0.0077
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Table 2. Condition of carburizing and quenching.

Carburizing Quenchant
Temperature Holding Carbon
time potential
(K) (ks) (massX)
A 1203 108 0.75 0i1(403K)
B 1203 108 1.16 0i1(403K)
C
Fe
Center Surface

Fig. 1. Linear analysis of carbon by EPMA. 1.0mm
thick specimen was carburized at 1203K for
108ks and quenched(Steel D3).
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Fig. 4. Optical microstructure of various steels carburized at 1203K for 108ks and low-temperature-tempered.
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Fig. 5. Effects of alloying elements on carbon content and the amount of retained austenite in lmm thick
specimens carburized at 1203K for 108ks and low-temperature-tempered.
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Fig. 6. Comparison of experimental Ms tempera-
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ture calculated by linear equations.
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Table 3. Interaction parameters of carbon on alloy-
ing element in austenite.
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Fig. 8. Comparison of experimental equilibrium
carbon content and equilibrium carbon con-
tent calculated by dilute solution model.
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