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Development of a microstructure-thermal history database for accident process
estimation to realise early decommissioning of the Fukushima nuclear power
plant.

Furuya, Kazuyuki
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n the next generation of nuclear reactors, higher temperatures will increase

energy efficiency, especially in ferrous materials. Under irradiation, ferrous materials with an
fcc crystal structure are known to have reduced creep properties and a significantly reduced
lifetime. In addition, Co, Ni and other materials are known to have high iInduced radioactivity.
Therefore, a new high-entropy alloy (Fe-20Mn-15Cr-10V-10A1-2.5C) with a bcc crystal structure was
produced and characterised for the first time. The present study shows that such an elemental system
has previously unknown properties, i.e. hardness exceeding that of pure tungsten and irradiation
resistance higher than previously studied fusion reactor materials and various high-entropy alloys.
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Table 1 Chemical composition of ion-base high entropy alloy (at. %)

Mn Cr v Al C Cu Mg Na Si

20.7 15.4 10.2 10.0 25 0.001 0.001 0.001 0.004
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Fig. 1. Microstructures of Fe-Mn-Cr-V-Al-C HEA after the normalizing at 1150 C. (a) a bright-
field image and (b) a differential phase contrast image are shown and small carbides are formed
in the matrix.
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Fig. 2. XRD spectrum measured in Fe-Mn-Cr-V-Al-C HEA.
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Fig. 3. (a) SEM image and (b)-(g) elemental mappings (Fe, Mn, Cr, V, Al, C) in a Fe-Mn-Cr-V-Al-
C high-entropy.

Fig. 4. (a) HAADF image, (b) and (c) TEM image, diffraction patterns (d) near surface region with
sub-micro size crystallines and (e) matrix of a Fe-Mn-Cr-V-Al-C high-entropy alloy.

Fig. 5. (a) HAADF image, (b) and (c) differential phase contrast image of a Fe-
Mn-Cr-V-Al-C high-entropy alloy. The area of (a) corresponds to the area in
Fig. 4 (b).
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