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Effect of Temperature Gradient in Through-the-thick Direction on the Growth Behavior of
Thermally Grown Oxide Layer in EB-PVD Thermal Barrier Coatings
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Thermal fatigue test has been applied to clamped Y>03-ZrO, EB-PVD thermal barrier coating (TBC) flat

specimen. The effects of temperature gradient in through-the-thick direction of the specimen on growth morphology

of thermally grown oxide (TGO) layer have been studied. It is found that the TGO morphology strongly depends

both on temperature gradient condition and surface temperature of the coating layer, respectively. In particular,

large temperature gradient (AT=180°C) and low temperature lead to significant rumpling behavior of the TGO layer

observed in this study. This result suggests that growth morphology of TGO layer should be considered the effects of

temperature gradient through-the-thickness direction and temperature, because the TGO rumpling induces the stress

through-the-thickness direction leading to failure of TBC.
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Morphology of TGO layer
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Fig. 1 Schematic drawing of the specimen heating and cooling
system.
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Fig. 2 Shape and dimensions of the specimen.
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Fig. 3 (a) TBC surface and substrate backsurface temperature
at position A during thermal cycling. (b) Temperature
gradient at position A, B and C indicated in Fig. 2.

(a) N=50 times, A (T,=1150°C, AT=130°C)

(c) N=250 times, A (T,,.=1150°C, AT=130°C)
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Fig. 4 SEM images of the TGO morphology after thermal cycling, (2) N=50 times, position A,
(b) N=50 times, position C, (¢) N=250 times, position A and (d) N=250 times, position C.
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Fig. 5 Plots of TGO layer thickness vs. number of cycles at
position A, B and C.
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Fig. 6 (a) Amplitude of TGO undulation as a function of
number of cycles. (b) Tortuosity of TGO layer as a
function of number of cycles.
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Fig. A1 Correction of the temperature detected by pyrometer.
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