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oReport summary (English)

Principal investigator: Mitsubishi Hitachi Power Systems, Ltd. Engineering Manager,
Takeshi Izumi

R & D title: Research on Innovative Heat-Resistant Superalloy Powder for Application

to High-temperature Components of Next-Generation Gas Turbines

1. Purpose of R & D

Demand for gas turbines with excellent load following performance will increase due to the
promotion of the introduction of renewable energy. Therefore, it will be important to improve the
efficiency of gas turbines in order to realize a low-carbon society. In order to improve the efficiency
of gas turbine, application of Additive Manufacturing (AM) parts for high temperature parts are
being tried. However, the AM material using the existing alloy does not have the same
characteristics as the current precision casting material, and the practical application is difficult.

In this research, an innovative heat-resistant superalloy that can be applied to high-temperature
components manufactured by AM was studied. This will enable the development of AM materials
with strength higher than that of precision casting materials and will contribute to future gas turbine
efficiency improvements.

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

Due to the influence of contamination such as oxygen and nitrogen contained in the powder, AM
parts often shows insufficient creep strength. In this research, innovative heat-resistant superalloy
with excellent contamination resistance was studied. Specifically, since Al and Ti, which are
indispensable to the y ' phase that is a precipitation hardening phase of Ni-base superalloy, are easily
oxidized and nitrided, new elements that stabilize the y ’ phase are searched. In the new alloy system,
since there is no information on the phase equilibrium necessary for the alloy design, MHPS
prototyped and evaluated the powder using a small atomizer and a small AM molding device, and
based on the results of the trial manufacture, phase equilibrium analysis such as the first principle
calculation is carried out at Tohoku University. In addition, the search for an alloy system to increase
the permissible amount of contamination in the matrix and the structure control to obtain high creep
strength are also discussed.

(2) Achievements:

By combining the trial manufacture and evaluation of the powder with phase equilibrium analysis
such as the first principle calculation, MHPS succeeded in the trial manufacture of the Al free
material in which Al was replaced by the candidate element. On the other hand, in order to examine
the effect of contamination on AM materials, Tohoku University focused on the observation method
of oxides in AM materials. As a result, sharp Al-rich oxides and rounded Ni-rich oxides were
observed in AM structures of existing Ni-base superalloys, suggesting that Al-rich oxides may affect
grain growth behavior and mechanical properties of AM materials. These results confirm the validity
of the guideline of alloy design to reduce Al-rich oxide content.

In addition, an alloy system with a large oxygen and nitrogen solubility limits, which is a
contamination, NiAl-based alloy was focused, and the characteristics of AM materials were
evaluated by MHPS. As a result, high creep ductility was obtained in NiAl system alloy despite
containing about 13 wt% of Al.

From the above, it was found that minimization and detoxification of harmful oxide-forming
elements (Al, etc.), utilization of an alloy system with a large amount of oxygen solubility, and
structural control to achieve both strength and ductility were important in the basic design leading to
the development of an innovative heat-resistant superalloy powder for the target AM material.

(3) Future developments:
Based on the results obtained, we will continue to study the mechanical properties required for the
application of high temperature gas turbine components to Al-free materials.



