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Residual Stress in Zirconia Coating by EB-PVD Method

Kenji Suzuxi ¥, Kunihiko Wapa **, Hideaki Matsusara *
Takahisa Suosu ****, Masashi Kawamura

by

ok

ook ok ok ok s ok ok ok sk

and Keisuke Tanaka

The Ni-based superalloy IN738LC was used as the substrate material, and CoNiCrAlY powder was pressureless
plasma-sprayed on the substrate as the bond coating. Zirconia was coated as the top coating by the electron beam-
physical vapor deposition (EB-PVD) method. In the EB-PVD process, the specimens were kept at 1223K and rotated
with 5rpm, 10rpm and 20rpm. According to the microscopic observation and the result of the pole figures, the top
coatings had a columnar structure, which was made by the piling up of (111) planes. The cross section of the column
had a diamond shape, and its diagonal was parallel to the rotation axis. The residual stress on the surface of the top
coatings was evaluated by the X-ray diffraction method. Each diffraction profile was separated into the 133 and the
331peak, and the residual stress was measured by the sin?y method. The measured residual stresses were —76.7MPa

for 5rpm, —63.0MPa for 10rpm and —25.1MPa for 20rpm.
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Fig.1 Thermal barrier coating by EB-PVD method.
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Fig. 2 Spinner mounted on y goniometer.
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Table 1 X-Ray conditions for stress measurement.

Specimen R5 R10 | R20
Rotation, rpm ) 10 20
Tube voltage 30 kV

Tube current 30 mA

Filter v

Optics Parallel beam
Divergent angle 0.64 dcg
Irradiated area 4 x 2 mm?
Scanning 26 150.5 ~ 158.5 deg
Preset time 4 sec
Scanning step 0.1 deg/step
Young modulus 123 GPa
Poisson’s ratio 0.3

Stress constant

—192 MPa/deg

Substrate
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Fig.3 Cross section of EB-PVD TBC (R5).
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Fig. 4 Photographs of EB-PVD zirconia near interface between top and bond coating.
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Fig. 5 Photographs of EB-PVD zirconia near surface.
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(a) 5rpm

(b) 10rpm

(©) 20rpm

Fig. 6 Pole figures of ZrO2 (111) by Cr-Ke line.
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(b) R10 removed off 5um from surfacce

Fig. 7 Micro-photographs of removed surface.
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Fig. 8 Crystal growth mechanism of columnar
structure of EB-PVD zirconia.
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Fig. 9 Diffraction profile map of R10 for ZrOz 133 + 331
by Cr-Ko..
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Fig. 10 Separation of ZrOz 133 + 331 diffraction profiles
by Cr-Ke for R20.
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Fig. 11 26-sin®y diagram of ZrO; 133 + 331 by Cr-Ko
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Table 2 In-plane residual stresses measured.

Specimen R5 R10 R20
Rotation, rpm ) 10 20
or, MPa —76.7 —63.0 —-25.1
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