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Study on the Embrittlement of the Mod. 9Cr-1Mo Steel Tempered at 550°C
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9 Sarim-dong, Changwon, Gyeongnam, 641-773, Korea
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Abstract The modified 9Cr-1Mo steel (P91 steel) is very popular as a boiler tube material of the USC (Uttra-
Supercritical) power plants. The steels were tempered in the temperature range of 400 to 650°C and the mechan-
ical tests, such as impact and hardness tersts were performed at the room temperature for the tempered steels. A
drop in the impact value (embrittlement) and the hardeness increase were simultanously observed in the range of
temperature between 475°C and 600°C, particularly at 550°C. TEM observation shows the hardening was
caused by M,C, resulting in the embrittlement. And the maximum volume fraction of M,C was also observed at
550°C, Therefore, the embritlement seems to be caused by both the M,C and M;C.
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Table 1. Chemical composition of P91 steel. [wt.%]
Element C Mn P S Si Cr | Mo A Nb N Al Ni
% Composition | 0.09 | 046 | 0.014 0.007 | 029 | 10.1 | 091 | 0.21 | 0.075 | 0.043 | 0.025 | 0.081
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Fig. 1. The effect of tempering temperature on the
impact values for the P91 steels.
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Fig. 2. Influence of tempering times on the impact
values for the P91 steel tempered at 550°C.
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Fig. 3. Fracture of the impacted specimenfor P91 steels.



a) as-nomalized

Fig. 4. SEM fractographs of the impact specimens.

b) tempered at 550T

¢) tempered at 650C

(a} As-normalized

) SADP of R. A [110]
Fig. 5. TEM micrographs & SADP of the As-normalized.
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Fig. 6. TEM micrographs of the samples tempered at 400°C and 450°C and SADP of M,,C carbide.
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Fig. 7. TEM micrographs of the sample tempered at 550°C.
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Fig. 8. TEM micrographs of the 600°C tempered condition.
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Fig. 9. The volume fraction of MC carbides with
tempering temperatures,
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Fig. 10. The volume fraction of the retained austenite.
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Fig. 11. The effects of the time on the impact values
and hardness of the steel tempered at 475°C.
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