functions. The HfO, based oxides have been developed
as potential candidate 1650°C coating materials for the
advanced thermal/environmental barrier top coating
applications.

Fig. 12 shows the 1650°C sintering and cyclic
behavior of an advanced multi-component HfO,-
(Y,Gd,Yb),0; coating that coated on the mullite-based
EBC/Si on SiC substrates. The advanced multi-
component HfO, coating had relatively low
conductivity increase during the first 20hr steady-state
testing, and also showed essentially no cracking and
delamination during the subsequent 100, 30 min cyclic
testing at 1650°C, indicating its excellent thermal
stability and cyclic durability. In contrast, the HfO,-
Y203 (Hf02-5 mOl%Yzog and HfOz- 1 5mol%Y203)
baseline coatings showed significant conductivity
increases during the initial 20 hr steady-state sintering
test, and later conductivity reductions due to the coating
cracking and delamination. The lower yttria content
HfO,-5mol%Y,0; showed severe spallation partially
due to the large amount of monoclinic phase formation
(>25mol%) and the phase destabilization [3]. The
advanced HfO,-(Y,Gd,Yb),0; coatings also showed the
significantly improved radiation resistance.

Fig. 10 The laser heat flux, high velocity water vapor
rig for advanced TEBC development. The
100% water vapor is injected at the velocity up
to 5 m/sec at the specimen coating surface,
simulating the combustion water vapor
environment in an engine. A controllable heat
flux and thus thermal gradient can be achieved
for the coating specimen by delivering a
uniform or tailored distribution CO,
(wavelength 10.6 microns) laser heat flux
combined with controlled air cooling.

Fig. 11 An advanced coating design concept for the
1650°C TEBC system for ceramic matrix
composite (CMC) combustor and vane

applications [6].
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Fig. 12 The 1650°C sintering and cyclic behavior of a
multi-component HfO,-(Y,Gd,Yb),O; coating
that coated on the mullite-based EBC/Si on
SiC substrates, as compared to the baseline
5YSHf and 15YSHf coatings.

CONCLUDING REMARKS



Thermal and environmental barrier coatings will
play a crucial role in advanced gas turbine engines
because of their ability to further increase engine
operating temperature and reduce cooling, thus help
achieve engine emission and efficiency goals. Future
advanced coating systems must be designed with
increased phase stability, lower thermal conductivity,
and improved sintering and thermal stress resistance in
order to effectively protect engine hot-section metallic
and ceramic components. Advanced low conductivity
TEBCs have been developed by incorporating multi-
component oxide dopants into zirconia-yttria or hafnia-
yttria to promote the formation of thermodynamically
stable defect clusters within the coating structures.
These multi-component TEBC systems have been
shown to have significantly reduced thermal
conductivity and improved temperature stability
associated with the paired rare earth dopant additions
and defect cluster formation. The current advanced
TEBC systems have demonstrated long-term cyclic
durability at very high temperatures (1650°C) that are
far beyond the current state of the art baseline ZrO,-
Y,0; coating capabilities.
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