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oReport summary (English)

Principal investigator: Kyushu University professor Hideharu Nakashima
R & D title: Development of next generation heat-resistant ferritic steel using nitrogen

1. Purpose of R & D

The steam temperature of coal-fired power plants in Japan is up to 620°C. The power generation
efficiency in this case is about 42%. Raising the steam temperature to 700°C increases the power
generation efficiency to 46%. In the United States, India, and China, which rely heavily on coal-fired
power, the power generation efficiency is about 36%. Converting them to a 700°C-class next-
generation plant has the effect of reducing CO; emissions by about 1 billion tons per year. The 700°C
next-generation plant is expected to be realized as a development of the conventional plant. Therefore,
the problem to be overcome is the development of a heat-resistant material applicable to high
temperatures. The purpose of this research project was to develop a high-nitrogen-containing ferritic
heat-resistant steel with excellent heat resistance and oxidation resistance with the aim of applying it
to next-generation high-efficiency power plants.

2. Outline of R & D

(1) Contents:

We conducted research and development of a new ferritic heat-resistant steel containing high nitrogen

with the following goals as targets.

1. 100,000 hours -100 MPa endurance temperature 650°C or more, oxidation rate 0.lmm/y
endurance temperature 700°C or more should be achieved.

2. To verify welding methods and identify issues in welding developed steels with high nitrogen
content.

3. Establish a methodology for predicting the strength of developed nitrogen-containing steel.

4. To clarify the effect of the microstructure peculiar to the developed steel on creep strength.

(2) Achievements:

The high-nitrogen steel developed mainly by the Kyushu University, Nagoya University, Osaka
University, and Nippon Steel Group is expected to achieve the target of 100,000 hours at -100MPa
durability temperature of 650°C or more. Results of creep tests at Kagoshima University and NIMS
for a maximum length of 25,000 hours indicate that nitrogen steel does not cause the "breaking strength
of fracture strength", which is a problem in predicting long-term strength of conventional steel. The
Tohoku University group examined the creep strength prediction model and found that it was possible
to predict the strength with high accuracy by extrapolating the short-term data. Research on oxidation
resistance was carried out at Kyushu Institute of Technology, and characteristics exceeding the target
value (oxidation rate 0.1 mm / y, endurance temperature 750°C or higher) were obtained. They found
that adding 0.2mass% or more of nitrogen was extremely effective in improving oxidation resistance,
but this effect was particularly large when the matrix structure contained a martensite structure. A
study on welding was conducted at the IHI Company, and it was confirmed that TIG welding of 0.3%
nitrogen-containing steel was possible by using a nickel alloy as the weld metal. Microstructure
evaluation revealed that the higher the ferrite ratio in the matrix, the higher the creep strength. However,
it is necessary to contain a certain amount of martensite from the viewpoint of oxidation resistance
and toughness. In addition, it was found that the creep strength tended to increase as the Cr and V
contents decreased, and that the addition of Co was extremely effective in improving the creep strength.

(3) Future developments:

The FN23 steel developed in FY2018 is expected to achieve a 100,000 hour -100MPa endurance
temperature of 700°C. Since it was found that the magnetic properties of the heat-resistant ferritic steel
at the operating temperature were related to the creep strength, this steel was intended to improve the
magnetic properties at high temperatures by adding Co. In the future, optimization of chemical
composition design considering the effect of Co is expected.



