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oReport summary (English)

Principal investigator: Wataru NAKAO University professor Yokohama National
University

R & D title: Study of development of innovative ceramics turbine materials with self-
healing property

1. Purpose of R & D

The technical issue to be addressed in this research is a practical innovation that realizes an extremely
high-efficiency jet engine by promoting the game change of the fuel efficiency improvement method
of the jet engine from the increase of the combustion gas temperature to the weight reduction of
members and no cooling. As advanced ultra high heat resistant and lightweight material to achieve
this purpose, a new continuous-fiber-reinforced ceramic with self-healing property will be proposed.
We will improve the self-healing property and strength of the proposed 1 continuous-fiber-reinforced
self-healing ceramics (shFRC) to properties suitable for jet engine turbine blades. Furthermore, we
will develop a technology to quantitatively evaluate the structural integrity due to self-healing, which
has emerged as a new strength criteria.

2. Outline of R & D

(1) Contents:

The self-healing agent, which is a substance that expresses the self-healing function, the base material
that determines the durability of the entire material, and the microstructure in shFRC that is directly
linked to the mechanical properties were investigated with the aid of the finite element method from
a multi-scale perspective.

Furthermore, focusing on the competitive relationship between crack growth and self-healing in
shFRC, we proposed a new strength criteria that reflects self-healing property, and established the
evaluation method. At the same time, we constructed a finite element method protocol to elucidate the
relationship between the microstructure heterogeneity determinants of shFRC and the determinants of
each structure and microstructure.

(2) Achievements:

By using an interfacial layer composed of TiSiz as a reaction activator of a SiC self-healing agent, we
have developed a prototype shFRC which has the strength (> 137MPa @ 1200°C), and self-healing
ability (full strength recovery within 10 min. @ 10000C) required as a material for medium-pressure
turbine blades. By using our new finding that Ti-based carbide is promising as a self-healing agent for
low temperature, the other type of prototype shFRC with enough refractoriness (> 137MPa @ 10000C)
and self-healing ability (full strength recovery at 600°C within 10 min.) has been developed, where
these required conditions are suitable for low-pressure turbine blades.

By reproducing the competitive relationship between crack growth and self-healing that occurs in
shFRC in a uniaxial tensile creep test at high temperature, and analyzing the change over time in the
elongation rate from both the low stress side and the high stress side, the threshold stress for self-
healing was determined at high temperatures. We developed a finite element method protocol that
evaluates the correlation between microstructure nonuniformity and strength distribution in ceramics
and expresses self-healing as a mechanical hand property, and analyzes the competitive relationship
between crack growth and self-healing by the finite element method.

(3) Future developments:

Using the obtained and systematized basic technologies to design self-healing ceramics from this study,
we started new R&D of self-healing ceramics for various applications other than jet engines.
Furthermore, the uneven distribution of microstructures in self-healing materials and the optimization
method introduced in this research for the first time in the world became an important self-healing
material design guideline in other material systems. Utilizing this material design guide, we have
begun to develop new materials that add self-healing function to other high temperature structural
ceramics, asphalt, and high strength steel.



