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oReport summary (English)

Principal investigator: Hokkaido University professor Seiji Miura
R & D title: Study on the development of Ultra-high temperature materials based on
BCC refractory-metals.

1. Purpose of R & D

In order to reduce CO2 emission for electric power production, materials suitable for high
temperature combustion is required. The combustion temperature is increasing up to 1700 degree C,
which is for above the melting point of Ni-based super alloys.

In this R&D, alloy design of BCC refractory metal-based alloys with both the high strength Silicide
(T2) and high oxidation resistant Aluminide (B2) are intended. The alloys will reduce CO, emission
by attaining high temperature combustion of natural gas.

2. Outline of R & D

(1) Contents:

BCC matrix composed of several refractory metals are pursued to obtain good balance of toughness
and strength. The sample alloy compositions are decided by using the binary and ternary phase
diagrams to avoid the formation of brittle phases.

Si, B and other elements are added to obtain the BCC-Silicide(T2)-Aluminide(B2) three-phase
alloys. Nano-indentation is used to obtain the strength of each phases. Micro-cantilever method is
also applied to evaluate the toughness of brittle intermetallic compounds.

The rule of the formation of brittle Laves phase is pursued in terms of atomic size factors.

The effect of Aluminide coating on the oxidatiOon resistance are also performed.

(2) Achievements:

Multi-point nano-indentation testing are performed on various samples and it was found a statistical
processing is effective to evaluate the hardness and elastic properties of each phases.

It is also found that the size difference between refractory elements is the key to form the Laves
phase and also the BCC-BCC two-phase decomposition. The atomic size effect on the stability of
Laves phase are found to be a good indicator to avoid the formation of ternary Laves phase between
refractory matrix and B2-Aluminide.

The technique to coat the B2-based Aluminides on the base materials are established.

(3) Future developments:

Based on the composition design method of the three-phase alloys without brittle phase during this
R&D, the microstructure design will be pursued for obtaining mechanical properties suitable for
high temperature use to contribute to the CO; reduction.



