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M
ethodology: We have characterized atomic-
level interactions at ideal TBC interfaces

using a first principles density functional
method. We found that interfaces with alumina,
which is the typical oxidation product in current
TBCs, exhibit weak adhesion.1.2.3 We postulated
that one cause of the observed void formation at such

interfaces is the highly ionic bonding in alumina
leading to closed-shell repulsions with the nickel metal alloy. We demonstrated how doping the ceramic-metal interface with early

transition metals increases local bonding and decreases closed-shell repulsions.4,5 More recently, we have investigated the effect
of limiting closed-shell electronic structure at the interface by replacing alumina with a more covalently bonded ceramic, silica.
We found the ideal ceramic/metal and ceramiclceramic TBC interfaces formed using silica in place of alumina permit much stronger
interface adhesion. It is hoped that materials modifications to TBCs that enhance open-shell bonding at the interfaces will limit
the materials failure mechanisms that currently plague TBCs.

Thin ceramic coatings are used to protect turbine blades from heat and

corrosion. The protection afforded by these "Thermal Barrier Coating"

(TBC) films permits greater power and fuel efficiency. Current coatings fail

after repeated use. It is hoped that materials modifications to TBCs that

enhance open-shell bonding at the interfaces will limit the materials failure

mechanisms that currently plague TBCs.

References:
1) A. Christensen and E. A. Carter, Phys. Rev., B 62,16968 (2000).
2) A. Christensen and E. A. Carter, J.Chem. Phys., 114,5816 (2001).
3) E. A. Jarvis, A. Christensen, and E. A. Carter, Surf. Sci., 487, 55 (2001).
4) E. A. Jarvis and E. A. Carter, Camp. Sci. Eng., 4,33 (2002).
5) E. A. Jarvis and E. A. Carter, J. Phys. Chem., in press (2002).

~
.

.

...

..

.

.

...~
.~...\. "\.

. ::-'r"\ '-, .',
lOIlPf("3r:o)l ~uf( f>lln'rl' ."roll~: )lJ.t',tle

Figure 1. A schematic view tracing how the atomic-level interfacial
interactions of the TBC influence the jet engine and ultimately aircraft
performance and efficiency.
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