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Microstructure and Residual Stress of EB-PVD TBCs
Grown under Substrate Rotation
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CoNiCrAlY was pressureless plasma-sprayed on a substrate of nickel-base superalloy as a bond coating. Under
the substrate rotation, zirconia with 4mol% yttria was coated as the top coating by the electron beam-physical vapor
deposition (EB-PVD). The rotation speed of the substrate was 5, 10 and 20rpm. The top coating was made by the
columnar structure which consisted of the core part and the peripheral part. The top of the core part had a pyramidal
shape made by piling up the zirconia (111) planes. The peripheral part showed feather-like structure, which was
made by growth of the zirconia (100) and (111) directions. For the specimen with 20rpm, the in-plane residual stress
was small within the range from —20 to 30MPa, the out-of-plane residual stress was a very small compression. By the
increase in the rotation speed, the column becomes thick and the inter-columnar space becomes large. The substrate
rotation is useful for the reduction of the residual stresses in the EB-PVD thermal barrier coating.
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B L 7z, EB-PVD (2 X 2 BRI O HA O P BRI 13
1223K, BN 15008 & L7z, AR T, Thoo
SRR A A B Rl ER 0 SIS L T2 F RS, R10, R20 &
MR, WIE SN2 by Fa—F 4 YO XIL, RS = 122um,
R10 =124um, R20=124um Tdh - 7=,

2.2 FRXBISHAESE

AT DA T OME S % Table 1 IR, by
TaA—T 4 YN FADIRS] o &, R E[FRRIZ T R
X HIZ & % sin®y kIZ & 01T - 72 2EB-PVD (2 & % ZrO»
by T A—T 4 YIORMAEBRE LT, A A b
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i, WET T 7 7 4 % ZrO, 0 133 [E#r & 331 [Blr i
WAHEL , &Y — 2O h 5 nirfy 20 #E L7,
R20 & ZrO2 ® 133 [t B33l 72 5 72D ¢, 133 [mlffric
KO E— OB EDPE LTz, WIESEECII A 2Bk
Wz, e, MER Tl U2z Y v o3 E=
123GPa &R 7V Vb v = 0.3 2 5 PE L2 D Z ok
Bod, Baeic k2 lEic S L7z,

W EORAIG T OB S FAO5 i, £4YEY
FZ T —=T/NTWHEIC & D EifibR T L2 58K X
IBHHIE AR L TR, 3—F 4 VRN
100um FEf& &<, RilifRFEIC & 25REIS TIOR3 iid
TR TE 0T, BEMILEITDE» -7,

23 WHEXEHBESX

by TaA—T 4 YO HOT A ez DREIL, ¥
vrubaBEEIZ LS ET L F - XA W20
FTHEZF v =V ZENCXOWE L 72, KR TIE, K
BRSO (SPring-8) M ¥ — 24 5 4 » BL02B1 % H)
L7

KNBEDOOTAZF v =V 7 BRI T 2 XS4,
Table 218, iRBRR I 2 € F — Clhaldx X B it 1A
DEIPTHREE A3 58 < PIERHIE 1238 L0 B BT -1
AHEL 72/, RS, R10E ZrO, @ 333 [m47, R20 i
Zr0, @ 600 [Alr ZFIFH L 7=,

OFTARAF vV TR, F—VHEN Ly Ta—
FAVIRLERZ Ny AT 4 YR PT—F 4

Table 1 X-Ray conditions for in-plane stress measurement.

Table 2 Conditions for synchrotron X-rays.

Specimen number | R5 | R10 | R20

Wavelength 0.17316 A(71.577 keV)

Height= 0.2, width= 5.0
Height= 0.2, width = 5.0

Divergent slits, mm
Receiving slits, mm

O and RS1 610 mm

RS1 and RS2 590 mm
Diffraction ZrO4 333 ZrO5 600
26y, deg 10.004 11.601

Specimen R5 R10 R20
Rotation 5rpm | 10 rpm 20 rpm
Radiations Cr-Ka

Tube voltage 30 kV

Filter A%

Tube current 20 mA 30 mA
Diffraction ZrO9, 133 + 331 Zr0-, 133
20y, deg 154.17 153.06

0.1 deg/step
150~159 deg

Scanning step
Scanning angle

Preset time 10 sec 4 sec
1 angle, deg 35 ~ 40, 36 ~ 42,

50 ~ 55 70 ~ 75
Stress constant | —189MPa/deg | —198MPa/deg

Ve DRI EREY) B 72 DI AR — DIRRE O A 1
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ORI BRI S b EARGE L, 1273K OEiRIZER
REAINEL U CIa OB & 2 Jim o2t 28 LT g
i L7z,
3 ERERBLUEE

3:1 byFaA—71>7J0OSEM HE
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F7z, P 5 RET 2 IO PIBROMEFET 5.
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WdBH, THOIIMMOHIRMRE L SO0 D R &I
LTW5, Rl oK E R ET 280, BOISHEA
U AT B R 2 AR L 7 5.
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X ff & ol & DMK EL 55, £72, Fig. 2 ()~
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EIZIRBIE T2 6 R I LT %, FRnldis
PEL &5 LMo ARE L, ZoWmEEIRIEE
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%, ZD2Ze¥ % (inter-columnar space) 121%, ~v 7 a—
N DHEFGEOFAIS T 28§ 2 1R B T & 5.
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DWREEIZ DN TR 5. FAR IR TR S h
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R20

10um

| B . vl

Fig. 1 Cross section of EB-PVD TBCs. Right side is surface of top coating and left side is interface.

(a) R, 5rpm
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LIRS (feather-like structure) (FNFERIZH DHlE X h
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WE g,

Fig. 3 (b)i%, R20 OMIRMIRROBEWTIB 4 /7 4. ik

(b) R10, 10rpm

(c) R20, 20rpm

Fig. 2 Top views of EB-PVD TBCs. The arrow mark AD indicates the rotation axis.
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(b) Broken columnar structure

Fig.3 Columnar structure.

@l pore
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Fig. 4 Columnar structure made by EB-PVD under substrate rotation.
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(b) R10

(c) R20

Fig. 5 Removed surface in depth of 80um.
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Fig. 6 Distributions of residual stresses.
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