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Abstract

This study deals with the effect of austempering temperature and time on the microstructures and mechanical properties of
high-carbon nano-bainite steels. Although all the austempered specimens are mainly composed of bainite, martensite, and
retained austenite, the specimens which are austempered at lower temperatures contain finer packets of bainite. As the
duration for austempering increases, bainite packets are clearly seen due to larger amount of carbon atoms being
redistributes into bainite and retained austenite during bainite transformation. As the austempering time increases, the
hardness of the specimens gradually decreases as a result of lower martensite volume fraction, and later increases again due
to the formation of nano-bainite structure. The Charpy impact test results indicate that the impact toughness of the
austempered specimens can be improved if the formation of nano-bainite structure and the transformation induced plasticity
effect of retained austenite are optimized at higher austempering temperature.
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Fig.1Time-temperature-transformation(TTT) curve of an
Fe-0.81C-1.45Si-1.98Mn-1.5(Cr+Mo) alloy. Open
symbols indicate austempering temperatures and
times. Martensite transformation start temperature
(Mg) was calculated by JMatPro v7.0 software.
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Fig. 2 Optical micrographs of the high-carbon nano-bainite steel specimens austempered at the (a)-(c) 250 °C and (d)-
() 200 °C for different hours

Fig. 3 SEM micrographs of the high-carbon nano-bainite steel specimens austempered at the (a)-(c) 250 °C and (d)-(f)
200 °C for different hours
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Fig. 4 High-magnification SEM micrographs of the high-carbon nano-bainite steel specimens austempered at the (a)
and (d) 200 °C, and (b), (c), (e) and (f) 250 °C for different hours
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Table 1 Thickness of bainitic ferrite and retained
austenite in the high-carbon nano-bainite steel
specimens austempered at different tempera-
tures and times

Austempering Thickness (nm)
condition Bainitic ferrite | Retained austenite
72 h 74 £ 40 94 + 27
250 °C
6h 23270 116 + 15
144 h 55+ 33 78+ 14
200 °C
72 h 63 + 38 66 + 10
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Fig. 5 Vickers hardness of the high-carbon nano-bainite
steel specimens plotted as a function of austem-
pering time
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Fig. 6 Charpy impact toughness of the high-carbon
nano-bainite steel specimens with different
austempering temperatures for 24 hr

Fig. 7 SEM fractographs of Charpy impact specimens austempered at the (a) and (b) 250 °C, and (c) and (d) 200 °C for

24 hr
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