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ABSTRACT A low-activation F/M steel 12Cr3WVTa micro-alloyed with V and Ta was designed by Thermo—-Calc thermodynamic sim—
ulation in combination with experimental methods. Tts microstructure and precipitation after water quenching at 1050 °C and then tem—
pering at 780 C were examined by means of optical microscopy ( OM) scanning electron microscopy ( SEM)  transmission electron
microscopy ( TEM) and energy dispersive spectrometry ( EDS) . The results show that the microstructure of the steel after quenching
and tempering contains mainly tempered martensite with a small amount of 3-ferrite as well as precipitates My; C; and MX (M =V
Ta; X=C N). M,;C, carbides distribute mainly along the lath boundaries and the phase interfaces while MX precipitates within the
tempered martensite and the 8-ferrite. The steel has good tensile properties at room temperature and high temperature ( 600 °C) and its
tensile strength and yield strength are 507 MPa and 402 MPa at 600 °C  respectively which meets the tensile property requirements of
cladding tubes for supercritical water cooled reactors ( SCWR) .
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Fig.1 Mass fraction of equilibrium phases as a function of temperature for 122Cr3WVTa steel (a) and its partial magnification ( b) calculated by

Thermo-Calc software
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Fig.3 SEM images and EDS spectra of precipitates in 12Ct3WVTa steel after quenching and tempering: ( a) precipitation of martensite and EDS

spectrum of the arrow-marked precipitate after quenching; ( b) precipitation of 3ferrite and EDS spectrum of the arrow-marked precipitate after

quenching; ( ¢) precipitation of tempered martensite; ( d) precipitation of tempered d-ferrite
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Fig.4 TEM microstructures in tempered martensite in 12Cr3WVTa steel EDS spectra and electron micro-diffraction pattern of precipitation after

quenching and tempering: (a) thin foil; ('b) the extraction replica
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Fig.5 TEM microstructures in § ferrite in 12Cr3WVTa steel and EDS spectrums of precipitation after quenching and tempering: ( a) thin foil; ( b)
extraction replica; (¢) EDS spectrum of the particle ( Arrow A) ; (d) EDS spectrum of the particle ( arrow B)
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Fig.7 Tensile fractographs of 12Cr3WVTa steel at room temperature ( a) and 600 C ( b)
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