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oReport summary (English)

Principal investigator: Tohoku University, Professor Kyosuke YOSHIMI
R & D title: Establishment of advanced design and casting process of MoSiB-based
ultrahigh-temperature material

1. Purpose of R & D

Achieving high power output of gas turbines while suppressing CO, emissions and promoting low
carbonization is essential for establishing stable power supply and distribution system on a global
scale. In order to achieve this, a new energy conversion system using advanced gas turbines that can
be operated at a higher temperature than conventional systems without a cooling system is desired.
The heat resistance of Ni-based superalloys used for high-pressure turbine blades is approaching its
limit, and existing energy conversion systems are no longer expected to achieve dramatic improvement
in efficiency. Therefore, the purpose of this project is to develop a new MoSiB-based ultrahigh-
temperature material that surpasses the heat resistance of Ni-based superalloys and contribute to the
creation of a new high-efficiency energy conversion system. In addition, we aim to study casting
process at the laboratory level, which is one of technical issues toward the creation of the new material.

2. Outline of R & D

(1) Contents: Based on the TiC-added Mo-Si-B alloy, we drive forward the material design to
obtain excellent material properties through experiments and calculations. Experimentally, different
alloy compositions and alloys with various additional elements were prepared by arc-melting, and
phase stability and microstructure formation process were investigated through microstructure
analysis. Based on the first-principles calculation results, thermodynamics and/or elasticity of the
constituent phases will be considered. We experimentally examined the melting point, compressive
strength, creep strength, thermal expansion, and oxidation behavior of the prototype alloys in the
ultrahigh temperature range and evaluate their heat resistant properties as well as experimentally
examining their density, elastic moduli and fracture toughness at room temperature.

On the other hand, we will apply the melting and casting techniques of arc melting + drop casting,
plasma melting + downward drawing solidification, and high frequency melting +tilt casting step by
step to challenge the production of large-scale ingots for the developed alloy. Furthermore, as a
feasibility study of the developed alloy, a friction stir welding tool is prototyped and used for Inconel
600 friction stir welding. The possibility of oxidation resistant coating also will be examined.

(2) Achievements: We have developed a 65Mo-10Ti-5Si-10C-10B (at%) alloy, the so-called 1st
generation MoSiBTiC alloy. This alloy consists of Mo solid solution, MosSiB; (so-called T> phase),
and TiC three phases, and has a density of about 8.8 g/cm?, which has achieved the same weight
level as Ni-based SX superalloys. Regarding the melting points, the solidus point is about 1720°C
and the liquidus point is about 1920°C. Ultrahigh temperature tensile creep experiments have shown
that the alloy has the heat resistant temperature of about 1360°C which is given by the applied stress
of 137 MPa and the rupture time of 1000 hours. The room temperature fracture toughness
experiments also have shown an excellent value exceeding 18 MPa-m'?. As for high temperature
oxidation, dramatic improvement of oxidation resistance including the suppression of the pest
phenomenon was observed by macro-adding Cr and introducing TisSis.

The friction stir tool made from the 1st generation MoSiBTiC alloy has shown good friction stir
welding capability for Inconel 600, demonstrating the potential of this alloy for various (ultra) high
temperature applications.

(3) Future developments: We will drive forward (ultra) high temperature applications for 1st
generation MoSiBTiC alloy and its next generation with improved oxidation resistance. In addition,
we will study the development of manufacturing processes for industrialization such as mass
production of powder materials. Furthermore, we will explore the combination with Ni-based
superalloys and cultivate the science and technology for the usage of a ultrahigh temperature field.



