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Estimation of Spalling Stress in Thermal Barrier Coating
Using High Energy X-Rays from Synchrotron
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A new hybrid method is proposed to estimate the spalling stress normal to the interface in
thermal barrier coating. As the X-ray energy becomes higher, the penetration depth gets deeper.
The in-plane stress, 01, is measured by the conventional X-ray with the low energy, and the out-of-
plane stress, 01— 03, is measured by the synchrotron X-ray with high energy. The spalling stress, 0s,
can be estimated from two measurements obtained by the conventional and the synchrotron X-ray
methods. The bond coating of NiCoCrAlY with a thickness of 0.2 mm was made by plasma spraying
on a Ni super-alloy substrate, and the ZrO, top coating with a thickness of 0.2 mm was plasma
sprayed on the bond coating. The distribution of the in-plane residual stresses, a1, in the top coating
was measured with characteristic X-rays Cr-Kea by repeating the measurements after successive
removal of the surface layer. The residual stresses, 01— 03, were measured by the synchrotron X-rays
with 73 keV. The spalling stress was estimated from the stresses measured by the two methods. The
spalling stress, 03, was small tensile beneath the surface of the top coat but increased to 75 MPa near
the interface between the top and bond coatings. A high tensile stress near the interface may induce
the delamination of coatings.

Key Words: Residual Stress, Delamination, Experimental Stress Analysis, Thermal Barrier Coat-
ing, Synchrotron
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Table 1 Conditions for stress measurement in labora-

tory X-rays
Top coating | Bond coating

Crystal ZrO, Ni Al
Diffraction 133+331 220
26, 153.82 deg 129.35 deg
Radiations Cr-Ka Cr-Ko
Tube voltage 40 kV 40 kV
Tube current 30 mA 30 mA
Filter v A%
Scanning 0.1°/step 0.05°/step
Divergent angle 0.64° 0.64°
Irradiated area 4x8mm? | 4x8mm?
sinfy=0~0.6 | 0.05 step 0.1 step
K (MPa/deg) —229 —728
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Table 2 Conditions for stress measurement with
synchrotron X-rays

Wavelength 0.016932 nm (73.23 keV)

Slit size, (w x h) 2 x 0.5 mm?

Method Side inclination method
Top coat Bond coat

Crystal ZrO, Ni; Al

Diffraction 511+ 333 311

20, (deg) 9.8090 9.0135

K (MPa/deg) —11492 —19486

sin® 0~ 0.7 (step 0.05)
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Fig.3 Change in residual stress and X-ray intensity in
the direction of depth
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Fig. 4 Diffraction profiles for TBCs with several thick-
nesses obtained by synchrotron X-rays
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Fig.5 26-sin® ¥ diagrams of TBC obtained synchrot-

ron X-rays
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Table 3 Residual stresses measured by synchrotron

Thickness | Residual stress oy, (MPa)
1. (um) | Top coat Bond coat
240 5 185
142 2 183
97 -7 175
40 —16 178
0 — 222
100 . .
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Fig. 6 Distribution of residual stress obtained by the
hybrid method
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