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ABSTRACT The thermomechanical treatment processing was simulated by thermomechanical simula-
tion instrument for the T91 ferritic heat-resistant steel. The effects of immediate quenching after different
degrees of deformation in 650–850 �, locating in the austenite non-recrystallization region, on the mi-
crostructural formation and mechanical properties of T91 steel were studied. Optical microscopical and
TEM observations showed that the adopted thermomechanical treatment could not only refine structure
but also form more nano-sized MX carbonitride precipitates, as compared to the specimen after conven-
tional normalizing and tempering treatment. Tensile tests showed that the thermomechanical treatment
could effectively increase the strength of T91 steel which increases service temperature.
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B 1 T91 ikjkAn
Fig.1 Microstructures of T91 steel after (a) traditional heat treatment, (b) thermal mechanical treat-

ment, 750 l, deformation 15%, (c) thermal mechanical treatment, 750 l, deformation 30%,

(d) thermal mechanical treatment, 750 l, deformation 50%, (e) thermal mechanical treatment,

750 l, deformation 70%, (f) thermal mechanical treatment, 850 l, deformation 50%, (g) ther-

mal mechanical treatment, 650 l, deformation 50%.
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Fig.2 Morphologies of carbonitride precipitates in the investigated T91 steel after (a) traditional heat

treatment, (b) thermalmechanical treatment, 850 l, deformation 50%, (c) thermalmechanical

treatment, 750 l, deformation 30%, (d) thermalmechanical treatment, 750 l, deformation

50%, (e) EDS analysis results of the precipitate indicated by arrow o of (a), (f) EDS analysis

results of the precipitate indicated by arrow p of (a), (g) EDS analysis results of the precipitate

of (b), (h) EDS analysis results of the precipitate of (c), (i)EDS analysis results of the precipitate

of (d).
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imz 50%)

Fig.3 High density dislocations generated in the mi-

crostructure of the T91 steel by thermalme-

chanical treatment (750l, deformation 50%).

B 4 mqz{{x|k T91 ik{y|y

Fig.4 Yield strength (MPa) of the investigated T91

steel at various experiment conditions
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