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Abstract

Thermal barrier coating (TBC) techniques enable high temperature combustion of turbines made of Ni-base alloy.
TBC is made of zirconia top coating on NiCoCrAlY bond coating. The internal stresses in the bond coating play essential
role in the delamination or fracture of TBC in service. With the X-rays from laboratory equipments, it is impossible to
measure nondestructively the intenal stress in the bond coating under the top coating. Synchrotron radiations with a high
energy and high brightness have a large penetration depth as compared with laboratory X-rays. Using the high energy X-
rays from the synchrotron radiation, it is possible to measure the internal stress in the bond coating through the top coat-
ing.

In this study, the furnace, which can heat a specimen to 1473 K, was developed for the stress measurement of the ther-
mal barrier coatings. The internal stresses in the bond coating were measured at the room temperature, 773 K, 1073 K and
1373 K by using the 311 diffraction from Ni;Al with about 73 keV energy X-ray. The internal stresses were obtained
through the top coatings with the thickness of 0.24 mm. At the room temperature, the bond coating had the large tensile
internal stress. The tensile stress decreased with increase in temperature, and the internal stress relaxed above 1073 K ow-
ing to softening of the bond coating. The behaviour of the internal stresses in the bond coating was explained from the
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difference in the thermal expansions between the top coating and the bond coating.
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Figure 1. Coordinates system for X-ray stress measurement.
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Figure 2. Furnace.
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Table 1. X-Ray conditions for stress measurement
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Crystal system ay=0.35844 nm
Diffraction Ni;Al, 220
Radiations Cr-Ka
Diffraction angle 26, 129.35 deg
Tube voltage 40 kV
Tube current 30 mA
Filter v
Preset time 10 sec
Scanning 0.1 deg/step
Divergent angle 0.64°
Irradiated area 4 X 8 mm?
sin2 y 0~0.6 (step 0.1)
Table 2. Conditions for stress measurement of bond coatings with
synchrotron radiations
Wavelength (nm) 0.016932
Slit size, (width X height) 2% 0.5 mm?
Crystal Ni;Al
Diffraction 311
Diffraction angle 26 9.0135 deg
Stress constant K (MPa/deg)
R.T. —19486
773 K —17128
1073 K — 15452
1373 K —12101
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Figure 3. SEM photograph of polished surface of bond coat.
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Figure 4. X-ray diffraction profile of NiCoCrAlY and simulation results by Rietveld method.
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Figure 6. Experimental results of measuring X-ray elastic con-
stants of bond coat.
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Table 3. Mechanical elastic constants for NiCoCrAlY and X-ray
elastic constants for NizAl-220 by Cr-Ka
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Figure 9. Change in internal stresses of bond coating with increase
in temperature.
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