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1-1 Coolant Pipes Made Economically Competitive by Shortening
–Development of High Chromium Steel for FBR Components Which Has Excellent
 High Temperature Strength, Toughness and Microstructural Stability–

Fig.1-4 Effects of vanadium and/or niobium on creep 
strength
Creep strength obtained by V alone is more stable than that 
obtained by Nb alone.

Reference
Onizawa, T., Ando, M., Wakai, T., Asayama, T. et al., Long Term Efficiency and Stability of MX Precipitation Strengthening of High Chromium Steel 
(Transformations and Microstructures), Tetsu To Hagane, vol.94, no.3, 2008, p.91-98 (in Japanese).

Fig.1-2 Pipe shortening by employing high Cr steel

Applicability of high chromium (Cr) steel as a main 
structural material in FBR has been explored to enhance the 
economic competitiveness of the FBR. Since this steel has 
excellent high temperature strength and thermal properties, the 
coolant pipes can be shortened and a compact plant design can 
be achieved  (Fig.1-2). Applicability of Mod. 9Cr-1Mo steel 
has been investigated for the demonstration plant because the 
steel has proven performance in thermal power boilers. For a 
commercial plant, however, development of innovative high 
Cr steel is required to enhance the economic competitiveness. 
Some conventional high Cr steels have properties superior to 
those of Mod. 9Cr-1Mo steel, as shown in Fig.1-3. However, 
such steels cannot be used in the FBR components directly, 
because their long term stability at elevated temperature has not 
demonstrated yet. In addition, excellent creep-fatigue strength 
and fracture toughness are required in the FBR structural 
material. Therefore, prior to employing the steels in the FBR 
components, it is required that these properties be improved.

Though high temperature strength of the high Cr steel has 
been achieved by adding some strengthening elements such 

as vanadium (V) and niobium (Nb), long term efficiency and 
stability of strengthening elements has not been confirmed yet. 
Therefore, the long term effectiveness and stability of V and 
Nb were investigated.

Generally, both V and Nb contribute to improve the high 
temperature strength of high Cr steels by precipitating as fine 
carbides and/or nitrides (VX and NbX, where X is C or N; all 
of these termed “MX”). Several trial products in which the V 
and Nb contents were varied were made, and mechanical tests 
and metallurgical examinations were conducted to investigate 
the long term effectiveness and stability of the precipitation 
strengthening. As shown in Fig.1-4, both creep strength and long 
term stability depend on the V and Nb content. Metallurgical 
examinations revealed that VX was stable after long term creep 
and aging. This result shows that precipitation of VX in high Cr 
steel is an efficient strengthening method for FBR components. 
Based on the above investigations, the stability of precipitation 
strengthening can be enhanced by controlling the V and Nb 
content.    

Fig.1-3 Material properties of stainless steels and high Cr steels 
FBR structural materials require high strength, low thermal expansion, and 
high thermal conductance.
12% Cr steel has high potential as a FBR structural material, because it 
has almost the same tensile strength as SUS316 and thermal properties 
superior to stainless steels.




