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oReport summary (English)

Principal investigator: Kyoto University, Professor Haruyuki Inui
R & D title: Development of MoSi>-Based Brittle/Brittle Single-Crystalline Ultra High-
Temperature Structural Materials through Functionalization of Interphase Boundaries

1. Purpose of R & D

The most realistic solution for the reduction of CO> gas emission is to increase the thermal
efficiency of many combustion systems such as thermal power generation, when referring to the fact
that about 30% (1.3 billion tons) of the total CO, gas emission in Japan is from power plants of thermal
power generation. The most efficient way to realize the increase in the thermal efficiency of
combustion systems is to increase the combustion temperature as expressed with the turbine inlet
temperature for gas turbine systems and for that purpose, new materials that exhibit high-temperature
thermal and mechanical properties much better than materials already existing as turbine blade and
vane materials are badly needed to be developed. According to calculation by a heavy industry
company in Japan, the thermal efficiency is expected to increase by as much as 5% if these high-
temperature structural materials are used without cooling in comparison with cooling in a gas turbine
with the inlet temperature of 1700°C. If no cooling of high-temperature structural materials in gas
turbine systems is realized in all thermal power plants in Japan, 2.4% of the total CO, gas emission of
Japan will be reduced, and eventually this may contribute significantly to the realization of low-carbon
emission society. New gas turbine systems with the high combustion temperature of 1700~1800°C
must be realized in the future for considerably reducing the CO, gas emission, and we aimed at
developing a new ultra high-temperature materials compatible to this purpose.

2. Outline of R & D
(1) Contents:

We have conducted investigation on alloy and process development of MoSir-based
brittle/brittle single-crystalline ultra high-temperature structural materials through functionalization of
interphase boundaries with the ultimate goal of the realization of no cooling of high-temperature
structural materials in gas turbine systems. The base material is MoSi> with the melting temperature
more than 2000°C, light weighted (specific weight 6.2 g/cm?) and excellent oxidation resistance, and
MosSis is chosen to form an eutectic with MoSi> with a labyrinth microstructure of high thermal
stability. Alloy development was made under a new concept of the combination of brittle materials
makes the alloy stronger and tougher, through close cooperation of experiments and theoretical
calculations. The final goal of alloy development is to realize a new material that possesses the 1100°C
materials properties (thermal stability, high-temperature strength and creep strength) of Ni-based
superalloys even the temperature is increased to 1400°C. Process development was also made for
additive manufacturing in anticipation of the realization of their practical uses.

(2) Achievements:

Alloying elements that can increase the thermal stability and mechanical properties of the
two-phase eutectic labyrinth microstructure were searched first in a close cooperation of experiment
and theoretical calculation and phase-field calculation. Allying elements were categorized into two
groups; Group 1 consisting of those solve into both phases through which lattice misfit control is
possible and Group 2 consisting of those do not solve much in any of the two phases but segregate at
the interphase boundary through which refining the labyrinth microstructure is possible. From this
result, a new guiding principle that ‘co-alloying of Groups 1 and 2 elements makes the material
stronger and tougher’ is emerged. We successfully developed MoSi>-based materials that possess
1100°C materials properties (thermal stability, high-temperature strength and creep strength) of Ni-
based superalloys even at 1400°C. Moreover, the toughness of the developed alloys exceeds SMPam'/2,
Process development was also successful in that a new gas atomize process for powder fabrication
was developed for subsequent additive manufacturing are obtained with the efficiency of 40% and that
a new technique is developed by which an eutectic single crystal but with much finer microstructure
is obtained by seeding.

(3) Future developments:

Alloy and process developments are both almost completed. But, this is the result of small
specimens of laboratory size. For practical uses of the developed materials with excellent materials
properties, further research is needed to manufacture the larger-size materials.



