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oReport summary (English)

Principal investigator: Tokyo Institute of Technology, Professor Masao Takeyama
R & D title:  Elemental Technology for Design and Manufacturing of Innovative
1073 K Class Super Austenitic Heat-resistant Steels

1. Purpose of R & D
Fundamental principles of design technology as well as elemental technology for practical
applications of the novel class of austenitic heat resistant steels strengthened by two intermetallic
compounds of TCP (FexNb Laves) and GCP (Ni3Nb) phases, that is what we call “super-steels”,
applicable to the boiler and turbine components of power plants under the steam temperature of
800°C, higher than that of current A-USC project (700°C), have been examined, in order to make
contributions to both the reduction of CO» gas and stable electric power supply in the future. This
is a tremendous challenge that has ever been done.

2. Outline of R & D
This is a university/industry collaborative program. Tokyo Tech has taken responsibilities of the
microstructure design principle, creep behavior and strengthening mechanisms, together with
steam oxidation behavior, of the super-steels, and propose the model alloys. Industry sides, in
contract, elemental technologies on fabrication/forming processing of the super-steel components
have been examined using the proposed steels by Tokyo Tech, from viewpoints of practical
applications in the future. For boiler components, such as tubes and pipes, Nippon Steel Co.
(NSC) has identified the issues on the effects of impurity elements inevitably introduced during
large-scale melting process on creep behavior and weldabilities of the super-steels, and examined
the countermeasure. For turbine components, Mitsubishi-Hitachi Power Systems Co. (MHPS,
currently Mitsubishi Power) has examined the applicability of powder/HIP processing to the
super-steels and evaluated the performance of the trial components produced by the process.
Followings are the significant achievements obtained:

Achievements:

® The modified super-steels show the 103 h creep rupture strength at 800°C under 100 MPa
almost equivalent to a Ni-based alloy IN263, with good steam oxidation resistance, and the
temperature capability becomes more then 740°C, incredibly stronger than those of any
conventional steels. The excellent strength is due to the grain boundary precipitation
strengthening (GBPS)

® The inclusion of inevitable elements in practical manufacturing process, the creep strength of
the proposed steel decreased. To achieve both excellent weldability and creep strength,
microstructure/morphology control of the grain-boundary TCP and grain-interior GCP
precipitates is required to make them more stable.

®  The super-steels produced by Powder/HIP process are confirmed to be more suitable for high
temperature parts such as gas turbine than Ni based alloys, and the appropriate compositions
were determined. The trial components (gas turbine disk and steam turbine valve) by the
process were successfully produced and exhibit excellent mechanical and physical properties.

Future developments:

® Novel super-steels are further possible to increase the temperature capability of the creep
strength through microstructure control. In addition, the steels are found to be of potential to
replace IN 718, most commonly used Ni-based alloys. Thus, we are currently extending the
knowledge obtained in this study to the development of novel Ni-based alloys.

®  The practically manufactured model super-steels can be fabricated to tubes, and the
weldability and creep strength are currently undershot the target. However, the results and
findings obtained during the project were of great value for development of new materials.

® The powder/HIP process for super-steels opens further possibilities to develop the practical
products and other applications, and this is currently in progress.



