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Effects of Isothermal Bainite Transformation on Stability of
Retained Austenite and Mechanical Properties of CMnAI-TRIP Steel
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Abstract A continuous annealing process is used to treat transformation-induced plasticity (TRIP) steel containing
carbon, manganese, and aluminum and obtain the steel-plate samples at different temperatures and holding time of
isothermal bainite transformation (IBT). Further, the microstructure, element distribution, and retained austenite
of the steel treated by different processes have been characterized using scanning electron microscopy, electron probe
microanalysis, electron backscattered diffraction, transmission electron microscopy, and X-ray diffraction. The
stability of retained austenite under different bainite isothermal conditions and its effects on the plasticity and work
hardening of experimental steel are studied. The results denote that the microstructure of experimental steel treated
by different processes comprises ferrite, bainite, retained austenite, and small amounts of martensite. With
increasing the temperature of IBT from 380 °C to 420 ‘C, the volume fraction of retained austenite, mass fraction of
carbon in retained austenite, and product of tensile strength and elongation increase gradually. As the temperature
of IBT further increasing up to 460 °C, those three parameters decrease gradually. At the IBT temperature of
420 °C, the stability of retained austenite as well as the comprehensive mechanical properties are observed to be
optimal. When the time for holding the temperature of IBT at 420 °C is 180 s, the corresponding volume fraction of
retained austenite is 10.7%, mass fraction of carbon in retained austenite is 1.069%, yield strength is 455 MPa,
tensile strength is 681 MPa, total elongation is 31. 7%, and the product of tensile strength and elongation is
21.59 GPa+% . The extension of holding time of IBT can accelerate the bainite transformation, improve the volume

fraction and stability of the retained austenite, and enhance the comprehensive mechanical properties of TRIP steel.
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It is necessary to ensure sufficient volume fraction of the retained austenite to induce the TRIP effect, ensure proper

stability during continuous work hardening, and improve the plasticity.
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Table 1 Chemical compositions of experimental TRIP steel
Element C Mn Al Si P S Fe
Mass fraction /% 0.15 2.0 1.2 0.06 0.003 0.003 Bal.
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Fig. 1 Continuous annealing process of cold-rolled experimental steel. (a) Continuous annealing at different

bainite temperatures; (b) continuous annealing at different holding time
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(a) 380 “C;(b) 400 C;(c) 420 C;(d) 440 'C;(e) 460 C

Fig. 2 SEM images of experimental steel at different temperatures of IBT.
(a) 380 C; (b) 400 ‘C; (c) 420 C; (d) 440 °C; (e) 460 C
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Fig. 3 SEM images of experimental steel at 420 “C for different

holding time of IBT. (a) 10 s; (b) 60 s; (c) 180 s; (d) 300 s
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Fig. 4 SEM and EPMA images of experimental steel at different holding time of IBT. (a)(b) 60s; (c)(d) 300 s
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Fig. 5 EBSD analysis images of experimental steel at different holding time of IBT. (a) 60 s; (b) 300 s
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Fig. 6 TEM micrographs of retained austenite. (a)(b) Film-like retained austenite; (c¢)(d) block-like retained austenite
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Fig. 7 Engineering stress as a function of engineering strain for experimental steel with different annealing processes.

(a) Holding 180 s at different temperatures of IBT; (b) holding different time of IBT at 420 C
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Fig. 8 XRD phase analyses of experimental steel with different annealing processes. (a) Holding 180 s at

different temperatures of IBT; (b) holding different time of IBT at 420 C
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Table 2 Volume fraction of retained austenite and mass
fraction of carbon in retained austenite for

experimental steel after different annealing processes

Volume fraction Mass fraction of

IBT process

of RA /% carbon in RA /%
380 C/180 s <5 1.046
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Fig. 9 Volume fraction of retained austenite and mass fraction of carbon in retained austenite for experimental steel with

different annealing processes. (a) Holding 180 s at different temperatures of IBT; (b) holding different time of IBT at 420 C
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Fig. 10 Comparison of mechanical properties of experimental steel with different annealing processes.

(a) Different temperatures of IBT held for 180 s; (b) 420 °C held for different time
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Fig. 11 Instantaneous work-hardening exponent as a function of true strain for experimental steel with different

annealing processes. (a) Different temperatures of IBT held for 180 s; (b) 420 ‘C held for different time
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