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"Development of High Performance Ceramic Coatings by Advanced Materials Design and
Analysis Techniques"

Abstract: In recent years, materials design techniques based on the rapidly growing field of computational
chemistry have been applied to the design and control of interfaces in novel hybrid materias. In this
project, we will establish techniques based on these computational methods for the detailed design of
interfaces in the new generation of coatings being pioneered around the world, and analyze and evaluate
the conditions for controlling interfaces at the atomic/nano-levels. As a technique for improving highly
functional ceramic coatings, computational design based on molecular dynamics and first principles
methods is showing great promise. Also, we were able to develop technology for preparing coatings with
new functionality and structures, and have obtained experimental results concerning coating adhesion
strengths. In addition, an examination of the latest trends in thermal barrier coatings for use in aircraft
engines has been carried out.
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Al203 (10-10) 8 mol% YSZ (110)

S1/ S2=90/89 a) , b) 120 ps 1273 K
AlO3; —YSZ 1273 K.
o - Strain (%)
Description No of Interface Binding S vsz
2 2 -1
Atoms | Energy (J/m2) | Energy (J/m2) | (S.m1) ALOs | Zirconia
S1/ S2=90/89 11,161 3.78 0.67 3.56 -1.8/-1.8| 2.8/1.8
S1/ S2=63/112 3,118 3.23 1.25 2.19 0.6 -2.6/-0.7
Si/ S2=91/148 4,947 5.22 -0.63 0.84 3.6/-1.7| -1.7/7.8
Si1/ S2=192/300 | 5,221 5.02 -0.43 3.51 -1.45 3.73
Si/ S2=283/489 | 11,916 3.35 1.24 1.85 -1.1/0.8 -0.5
Si/ S2=252/448 | 10,974 3.32 1.27 2.16 0.5 -0.8
Zr0, Ni
Zr0, fcc i
Zr0,(001) // Ni(001)
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Zr0, Ni
Zr0, Ni Adhesive
System W4 (J/m?) Ref.
ZrO,(001),, // Ni(001) This work
Interface A (ontopof O) 6.2
Interface B (hollow site) 4.9
AlL,O; (0001),, // Nb (111) 12.3 Zhang et al.(2000)
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