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Coherent Laves Phase Finely Precipitated in Heat Resisting High-W and 10% Cr Ferritic Steels

Yoshinori MURATA, Kyohei TAKAMI, Misaki KAMIYA, Masahiko MORINAGA, Ryokichi HASHIZUME,
Kazuhiro MIKI1, Tsukasa AzUMA and Toru ISHIGURO

Synopsis : In recent advanced high Cr ferritic steels, it is known that the Laves phase precipitates during creep test when the steels contain a relatively

high level of Mo+W content. The Laves phase is believed to be granular in shape and to exist in the boundaries of lath, block, packet and

prior austenite grains, but a number of fine Laves-phase precipitates are found to exist even inside the martensite lath in the tempered steels

containing 10 mass% Cr and 4.6 mass% W. The shape of this Laves phase is plate-like, and the size is below 300 nm. The crystallographic re-

lationship between the fine Laves phase and the matrix phase is as follows; (11 Derrine//(00 1) gres @nd {0114 //[110]; e In the microstruc-

ture aged at 923K for 7~14 Ms, the fine precipitates of the Laves phase disappear inside the martensite lath, and coagulated Laves phase is

observed at the lath-, block-, or packet- boundaries. Only the low C steel containing 0.08% C and 3% W shows a few amounts of the fine pre-

cipitates of the Laves phase after aging at 923K for 7.268 Ms. This compositional dependence of the precipitation behaviour can be under-

stood qualitatively with the aid of the System-Free-Energy Concept.

Key words: ferritic steel; high Cr; heat resisting; Laves; coherent precipitate; martensite.
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Table 1. Chemical compositions of steels used in this study, mass%.

Steel [o] Si Mn Cr Mo \ Nb w Co B N Ni Fe ‘Md
ssc3ow | 008 [ 003 | 001 10.0 | 0.11 014 | 0.06 3.0 30 | 0011 | 002 0.2 Bal. 0.854
S8C46W | 0.08 | 003 | 0.01 102 | 0.1 014 | 007 4.6 3.1 0011 | 002 0.2 Bal. 0.860
S11C30W| 0.11 003 | 0.01 10.1 0.11 019 | 008 3.0 3.1 0.010 | 0.02 0.2 Bal. 0.854
S11C46W] 0.1 0.03 | 0.01 100 [ 0.11 019 | 0.08 4.6 30 | 0010 [ 002 02 | Bal 0.859
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Fig. 3. TEM micrograph of extraction replica showing the
fine Laves phase in S8C46W steel in the as-tem-
pered state. Arrows indicate the martensite-lath
2um boundaries.

Fig. 2. TEM micrographs of steels, (a) S8C30W, (b)
S8C46W, (c) S11C30W, and (d) S11C46W, in the
as-tempered state.
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Fig. 4. EDX spectrum obtained from the fine Laves phase in S8C46W steel in the as-tempered state.
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Fig. 5. EDX spectrum obtained from M,;C (Cr,5Cq) carbide in S8C46W steel in the as-tempered state.
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Fig. 6. A pair of micrographs of extraction replica ob-
tained from the same area but by changing tilt an-
gles. The fine plate-like Laves phase is present in
S8C46W steel in the as-tempered state.
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Fig. 7. Dark field image and the corresponding diffraction
pattern showing the precipitation of fine coherent
Laves phase in S8C46W steel in the as-tempered
state.
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Fig. 8. Result of X ray diffraction obtained from the
residue extracted from S8C46W steel in the as-
tempered state.
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Fig. 9. TEM micrographs of the experimental steels aged at 923K for, (a) 7.268 Ms for S8C30W, (b) 14.144 Ms for S8C46W, (c)
9.072 Ms for S11C30W, and (d) 14.386 Ms for S11C46W.
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Fig. 10. TEM micrograph showing the interface disloca-
tions around the fine Laves phase precipitated in
S8C46W steel in the as-tempered state. Morpho-
logical change from the plate-like to granular
shape is seen in the part of the Laves phase sur-
rounding by the dislocations as indicated by ar-
TOWS.
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Fig. 11. Schematic illustration showing the microstructural

evolution of the Laves phase in the experimental
steels during aging at 923K.
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Fig. 12. Schematic illustration showing the microstructur-
al evolution of the Laves phase during aging at
923K. It depends on both time and W content.
This figure is constructed on the basis on the Tem-
perature-time-composition (T-t-c) system diagram
for a binary alloy reported by Koyama ef al.?%*"
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