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Isothermal Transformation Behavior in 12%Cr—0.3%C Steel with Partial Solution Treatment

Hirokazu INABA, Masato MIKaMI, Yoshinori ONO, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : 12mass%Cr—0.3mass%C steel was subjected to partial solution (PS) treatment in the two-phase region of austenite (y)+M,;C¢ carbide, and

then isothermally transformed to ferrite (¢r)+carbide at around 1000K. The isothermal decomposition behavior of y has been investigated by
means of hardness testing and microstructural observation. Time-Temperature-Transformation diagram obtained by hardness testing showed
that the decomposition of ¥ starts much faster in the PS-treated specimens than the specimens which have been subjected to the full solution
treatment in the ¥ single phase region, because a lot of insoluble carbide particles dispersed within ¥ grains provide the precipitation sites for
the carbide in the subsequent isothermal decomposition treatment. Upon the decomposition of ¥ in the PS-treated specimens, carbide precipi-
tates on the insoluble carbide in the made of “in-situ” type, and ¢ nucleates simultaneously at the carbon depleted ¥ region adjacent to the
carbide particles by the eutoctoid transformation mechanism. In this transformation, insoluble carbide particles always work as precipitation
sites for carbide, hence, typical lamellar structure is not formed but equiaxed o structure is formed around spherical carbide particles which
have previously dispersed in the y matrix at a PS-treatment temperature.

Key words: high chromium martensitic steel, isothermal transformation; eutectoid transformation; partial solution treatment; insoluble carbide; mi-

crostructure; precipitation.
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Table 1. Chemical composition of the steel used (mass%o).

C Si Mn| P S Cr N Fe
0.30 | 0.10 | 0.20 [0.004|0.001 [12.47 |0.002] bal.
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Fig. 1. Heat treatment diagram of 12%Cr-0.3%C steel.
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Fig. 2. Scanning electron micrograph of 12%Cr—0.3%C

steel with Partial Solution (PS) treatment at 1173K
for 1.8 ks following water-quenching (a), and X-ray
diffraction pattern obtained from the carbides ex-
tracted from the specimen (b).
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Fig. 3. Changes in hardness during isothermal aging after
the PS treatment of 1173K-1.8ks in 12%Cr-
0.3%C steel. T, and T, denote the starting and fin-
ishing points of the transformation, respectively.
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Fig. 4. TTT diagrams of 12%Cr—0.3%C steel with Full
Solution (FS) treatment at 1423K or the PS treat-
ment at 1173K. T, and T; denote the starting and
finishing points of the transformation, respectively.
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Fig. 5. Optical micrographs showing microstructural
change during isothermal aging at 973K after the
PS treatment of 1173K—~1.8 ks.

Fig. 6. Scanning electron micrographs showing change in
dispersion of carbide particles with the treatment;
PS treatment of 1173K—1.8 ks and water-quenching
(a), PS treatment of 1173K-1.8ks, isothermal
transformation at 973K for 1.8 ks and water-quench-
ing (b).
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Fig. 7. Change in volume fraction of carbide during
isothermal aging at 973K after the PS treatment.
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Fig. 8. Change in chromium content in carbide during
isothermal aging at 973K.
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Fig. 9. Transmission electron micrograph showing the nu-
cleation of ferrite grain at a M,,C, carbide particle.
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Fig. 10. Transmission electron micrograph of the speci-
men isothermally aged at 973K for 30s after the
PS treatment.
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Fig. 11. Schematic illustration showing the process of the
eutectoid transformation after the PS treatment.
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