2190 B ¢ M # 76 4 (1990) $12 5

© 1990 ISLJ
e Or g 5 4 bR B 0 B BT &
111771111171111111 Laves *B*ﬁﬂj 0:&03\\_@_ Si ja J: U\“ MO @%ﬁﬁg&

AR HUR* - FT O - HmIOMNET?

Effects of Silicon and Molybdenum on Long-term Heating Embrittlement
and Precipitation of Laves Phase of High Chromium Ferritic Heat
Resistant Steels

Atsuro ISEDA, Hiroshi TERANISHI and Kunihiko YOSHIKAWA

Synopsis :

Long-term heating embrittlement of high-chromium ferritic heat resistant steels was investigated. In
this work, long-term heating of 9 wt %Cr ferritic steels with various amounts of molybdenum and silicon
up to 10000 h at 450~700°C was conducted, and then toughness and microstructure were investigated. The
results are summarized as follows.

(1) Heating embrittlement was significantly caused by heating at 550~ 650°C because of precipitation of
the Laves phase mainly on the 6-ferrite/martensite boundaries and in 0 -ferrite grains.

(2) Decrease in the amount of silicon was effective in improving the embrittlement due to the decrease in
the amount of precipitation of the Laves phase. Low-molybdenum steels with 0.7 wt%Mo was not caused
the embrittlement because the Laves phase did not precipitate.

(3) Relationship between molybdenum in solute, temperature and silicon content was given as folows ;

log (Mo),,, = —1270/ T+ 1.51—0.67 - Si (wt%)

Where, T= 823~973K and Si = 0.03 and 0.17 wt%.

Key words : high-chromium steel ; heat resistant steel ; toughness ; long-term heating ; embrittlement ; Laves

phase ; precipitation.
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Table 1. Chemical compositions (wt% ).
Steel C Si Mn P S Cr Mo N &-ferrite (vol%)

A 0.06 0.17 0.52 0.012 0.006 8.99 2.05 0.004 28

B 0.06 0.03 0.53 0.013 0.007 9.00 2.08 0.004 21

C 0.06 0.20 0.51 0.011 0.003 8.95 0.71 0.003 0
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Photo. 3. Transmission electron micrographs after long-term heating at 550°C.

Table 2. Analysis of precipitates on lath bound-
aries of steel A heated at 550°C for 10%h.

A ( Laves) B (M23C6)
Element
at% Ratio at% Ratio
Fe 48 1.4 19 2.7
Cr 16 0.5 72 10.3
Si 4 0.1 2 0.3
Mo 33 1.0 7 1.3
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Photo. 4. Transmission electron micrograph in
tempered martensite of steel A heated at 550°C for
10* h by extracted replica.
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Fig. 5. Change in the amounts of extracted
residues after heating at 550°C and reheating
at 750°C.
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Photo. 5. Transmission electron micrographs of steel A after long-term heating.
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