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Abstract: The effect of carbon content and isothermal heat treatment conditions on the microstructure
evolution and mechanical properties of ultra-high strength bainitic steels was investigated. A reduction
in carbon content from 0.8 wt% to 0.6 wt% in super-bainite steel with typical chemistry effectively
improved not only the Charpy impact toughness but also the strength level. This suggests that reducing
the carbon content is a very promising way to obtain better mechanical balance between strength and
impact toughness. The higher Charpy impact toughness at a lower carbon content of 0.6 wt% is thought
to result from a reduction in austenite fraction, and refinement of the austenite grain. The coarse
austenite grains have a detrimental effect on impact toughness, by prematurely transforming to
deformation-induced martensite during crack propagation. Mechanical properties were also affected by
the isothermal treatment temperature. The lower isothermal temperature enhanced the formation of
bainitic ferrite with a refined microstructure, which has a beneficial influence on strength, but reduces
impact toughness. The lower impact toughness at lower isothermal temperature is attributed to the
sluggish redistribution of carbon from the bainitic ferrite into the surrounding austenite. Higher solute
carbon in the bainitic ferrite contributes to an increase of strength, but at the same time, encourages
a propensity to cleavage fracture.
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Table 1. Chemical composition of investigated alloys (wt%).

C Si Mn Mo Cr
Alloy I 0.84 1.3 2.0 0.27 1.2
Alloy IT 0.63 1.3 1.9 0.26 1.2
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Fig. 1. Dilatation behavior of (a) alloy I and (b) alloy II upon
heating to 950 °C, followed by cooling to room temperature.
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Fig. 2. Dilation behavior during isothermal treatment: (a) alloy I at
250 °C, (b) alloy Il at 250 °C, (c) alloy II at 200 °C and (d) alloy II at
300 °C (arrows indicate the first saturation points in the dilatation
curves).
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Fig. 3. Heat treatment path of investigated alloys.
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Fig. 4. Microstructure of alloy I (a, b) and alloy II (c, d) after heat
treatment (arrows indicate the microstructure presumed to be
retained austenite).
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Fig. 7. Fracture surface after Charpy impact test; (a) alloy I, (b)
alloy IL.
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Table 2. Average tensile properties of investigated alloy I and II.
Yield strength Tensile Strength
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Fig. 9. Microstructure of alloy II after isothermal treatment at (a) 200 °C, (b) 250 °C and (c) 300 °C.
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Fig. 12. Representative stress-strain curves of alloy II depending on
isothermal treatment temperature.
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Table 3. Average tensile properties of alloy II depending on
isothermal transformation temperature.

Yield strength Tensile Strength

(MPa) (MPa) Elongation (%)
200 °C 1469 2192 5.7
250°C 1474 1907 13.3
300 °C 956 1665 15.7
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