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oReport summary (English)

Principal investigator: Tokyo University of Technology professor Yutaka KAGAWA
R & D title: Study of thermal radiation control coating on reflection of thermal radiation
energy

1. Purpose of R & D

The fuel efficiency of aeroengine has been improved by weight reduction and thermal resistant
increment of the components so as to reduce CO, emissions of airplanes. Therefore, the light and
high temperature tolerance CMCs such as SiC/SiC were recently implemented and the
implementation has been expanding. This project is towards development of thermal radiation
managing coatings of the CMCs so that heat flux onto the components could be cut with contributing
low CO; emissions and energy savings.

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

Periodic layered films that are composed of two kinds of heat-resistant oxides with greatly
different refractive indices are expected to have the electromagnetic wave reflection properties so as
to reduce the heat flux onto the films. The suitable laminate structure has been designed and the
electromagnetic wave reflection properties of the films are precisely evaluated and analyzed by
calculations and experiments. The new oxide ceramics that have excellent durability at high
temperature are explored. And the coating processes are also developed.

(2) Achievements:

For developing a multilayer coating with high reflectance of radiant heat as well as the
environmental durability, the performance evaluation of the multilayer was carried out. For the
evaluation of reflectance, a simulation method based on the Maxwell's equations was developed by
taking account of interaction between the radiation and the coating materials. The method of the
simulation will provide a key tool for evaluation of multilayer coating. It can be applied to an actual
multilayer with non-flat surface or interfaces, with pores or crystal grains in the layer.

Periodic layered films composed of Y,Ti,0O7 (high-refractive index) and Al,O3 (low-refractive
index) was developed mainly by aero-sol deposition techniques. The electromagnetic wave
reflection properties of the films were precisely evaluated and analyzed by calculations and
experiments. As a result, the process of the films that can be used below 1000 °C was established
and the radiation reflection of electromagnetic waves due to the periodic layered structure was
demonstrated. In addition, the new material combination and process guideline were presented for
stabilizing the periodic layered structure in the usage environments over 1000 °C.

The aqueous TiO2, Y203, Al,O3, SiO2, and mullite precursor solutions were developed. And the
solutions are very valuable as starting materials and coating materials, because they have higher
metal content and lower carbon dioxide emission on firing to metal oxide.

The manufacturing conditions of oxide CMC (Ceramics matrix composites) using commercially
available alumina fibers were established. The matrix was formed by a slurry infiltration method
using a water solvent and alumina-based powders. By optimizing the viscosity of the slurry and the
infiltration conditions, the matrix packing between the fibers was improved and a matrix with few
voids was formed.

Evaluation techniques to measure mechanical properties and strain/stress distribution were
developed for coatings with a thickness of several tens to hundreds nanometers. Nanoindentation
method was applied to the measurement of mechanical properties and evaluation of coating fracture.

(3) Future developments:
Implementation activity of the thermal radiation control coating on reflection of thermal
radiation energy has been started.



