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LONG TERM RESEARCH OBJECTIVE

Development of improved performance, more affordable thermal barrier coatings
(TBC’s) via electron beam-directed vapor deposition (EB-DVD). EB-DVD will be used
to synthesize improved thermal barrier coatings microstructures tailored for the
multifunctional requirements of the gas turbine engine environment.

SCIENCE AND TECHNOLOGY OBJECTIVES

A multilayer system is being investigated consisting of an yttria-stabilized zirconia top
layer with engineered porosity optimized for both very low thermal conductivity and in-
plane stiffness in order to both protect against the hot working gas and to reduce thermal
mismatch stress.

APPROACH

In Year 1, the effort focused upon specific equipment upgrades to the EB-DVD system to
optimize it for TBC deposition. Progress was measured based upon attainment of
desirable phases and microstructures in the zirconia deposits produced utilizing the

process enhancements. In Year 2, the effort focused on process modeling and further
experm}ental enl.la}ncements. .The process modeling aimed at establishing
processing conditions for optimized zirconia microstructyral depositions.




4) Deposition of reduced thermal conductivity YSZ layers with “zig-zag” morphologies
were investigated by altering the “zig-zag” wavelength using various dwell times. The
thermal conductivity of these samples were at 0.8 w/mk.

5) Reactive deposition of yttria stabilized zirconia was achieved using a two source
crucible and advanced beam scanning techniques. Such approaches offer the possibility of
in-situ compositional control.

NAVY RELEVANCE AND TECHNOLOGY TRANSFER

This effort is relevant to Navy needs for prime reliant coatings in air and marine gas
turbine propulsion applications. Technology transfer is accomplished by frequent
interactions with turbine engine companies and their suppliers of thermal barrier coatings.
In particular, General Electric is interacting with the investigators to produce trial samples
for GE’s internal evaluation, as well as having discussions regarding licensing of EB-
DVD technology from the University.

PLANNED RESEARCH

The research has been continued under the follow-on ONR Grant Number N00014-00-1-
0147. Research will focus on the development of an atomistic level understanding of the
growth processes during EB-DVD TBC deposition. Such an understanding will be

critical in the development of highly engineered TBC layer which are optimized for low
thermal conductivity, high spallation resistance and high thermal stability. Such research
will add to the collective effort of developing prime reliant thermal barrier coatings for
turbine applications. Once achieved, gas turbine engines can be designed to fully take
advantage of TBC benefits leading to increased engine operating temperatures and
improved engine efficiencies.
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