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Residual Stresses and Structure of EB-PVD Thermal Barrier Coatings
Exposed at High Temperature

Kenji SUZUKI*®, Takahisa SHOBU,
Kunihiko WADA and Hideaki MATSUBARA

* Faculty of Education, Niigata University,
8050 Igarashi-2-no-cho, Nishi-ku, Niigata, 950-2181 Japan

The substrate material was nickel based superalloy (In738LC), CoNiCrAlY was pressureless
plasma-sprayed on the substrate as the bond coating. As the top coating, zirconia with 4 mol%
yittria was made by a electron beam-physical vapor deposition (EB-PVD) with a rotation. The
thickness of the bond coating was about 0.18 mm, and the thickness of the top coating was about 0.12
mm. The rotation speeds of specimens in the EB-PVD process were 5 rpm, 10 rpm and 20 rpm. The
specimens were exposed at 1273 K for 200h. The in-plane residual stress was measured by a
conventional X-ray method, and the out-of-plane residual strain was measured by a strain scanning
method with hard synchrotron X-rays. For the specimens with 5rpm and 10 rpm, the in-plane
compressive residual stresses were released by the high temperature exposure. For the specimen with
20 rpm, the in-plane residual stress did not change by the high temperature exposure, because it was
very small before the exposure. The in-plane residual stresses were large compression near the
interface. For the specimens with 5 rpm and 10 rpm, the out-of plane stresses were small from the
coating surface but became a compression near the interface. Both in-plane and out-of-plane
residual stresses of the specimen with 20 rpm were very small. In the effect of decreasing the residual
stress, the rotation speed of 20 rpm was the excellent condition. According to the observation with
a scanning electron microscope, the feather-like columnar structure decreased after the high temper-
ature exposure. This volume decrease caused the release of the in-plane residual stresses.

Key Words: EB-PVD, Thermal Barrier Coating, Residual Stress, X-Ray Stress Measurement,
Oxidation
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Table 1 X-ray conditions for in-plane stress measure-
ment
Specimen R5X  RI10X R20X
Rotation Srpm 10 rpm 20 rpm
Radiations Cr-Ka
Tube voltage 30kV
Tube current 30 mA
Filter \Y%
Diffraction 1334331 133
20y, deg 154.17 153.06
153.06 (133)
Scanning step 0.1 deg/step
Scanning 26 150~159 deg
Preset time 4 sec
V angle, deg 35~40 36 ~42
50~ 55 70 ~ 75
Stress constant | —189 (133+331) | —198 (133)
K, MPa/deg —198 (133)
2% B A &
21 =T Y7RIVEEHRE  HE28mm

D Ni ZEEE S (IN738LC) DFA_EIZ CoNiCrAlY
ZRWETIXEHL TR Fa—F4 v 7 LT,
Ry Fa—5F4 v 7EXiE, 018mm TH3, %
DLk, by Ta—F4 v 7 ELT4mol%Y,03-Zr0;
% EB-PVD IZ TR L 72,

BFE—LHA4SkW TN a7 Ty b a5
PhaZ7RiEM I, BEMeRERIcES S, 10,20
BERX ¢ 2236 by 72— 4 v 7 %BREL 7. EB-
PVD iZ & 3 REROEMOFBRES 1223 K, RIE
Ref% 1500s & L7z, 600, BB 2BIRBEX
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BfE L 72, AFETIE, 2o DOEREBUREL #
B F 2 BRI R WIS L ¢ Z 24 RSX, R10X,
R20X LFES, by 7 a—F 4 v B ZIZ, RSX,R10X,
R20X & b7 120 um TH 5.
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BITE 12D TIE, ZrO, O 133 [E#F & 331 [HR I B TE
DEELC, HBA RSX B XU RIOX BEBEHTE— 27D
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Table 2 Conditions for synchrotron X-ray
R5X RI10X R20X
0.17823 A(69.54 keV)
Height = 0.2, width = 5.0
Height = 0.2, width = 5.0

Specimen

Wavelength

Divergent slits, mm
Receiving slits, mm

Diffraction Zr0O, 422
Diffraction angle 26, 9.726 deg
Young’s modulus E 123 GPa
Poisson’s ratio v 03
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Fig. 1 Distributions of in-plane residual stress
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Fig. 2 Difference in diffraction profiles of EB-PVD coating with 5 rpm before and after exposure.
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Fig. 3 Distributions of out-of-plane residual stresses of exposed EB-PVD coatings.
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Fig. 4 Cross section of EB-PVD coating with a

rotation of 10rpm
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(a) Non-oxidized

(b) Oxidized

Fig. 5 Feather-like columnar structure. Arrow marks
indicate the position of necks between feather-
like columns.
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Fig. 6 Broken surface of columnar structure.
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