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Oxidization of Thermal Barrier Coatings and Spalling Stress
Analyzed with Synchrotron X-Rays

by
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Yoshiaki Akintwa *** and Hideki Oxapo ****

As the bond coating, NiCoCrAlY powder was atmospheric plasma-sprayed on the Ni based super-alloy
(In738LC), and the thickness of the bond coating was 0.15mm. Zirconia powder with 8mass% yttria was atmospheric
plasma-sprayed as the top coating, and the thickness was 0.3mm. To oxidize the specimen, the specimens were kept
in air at 1373K for 0, 500, 1000 and 2000h. The cross section of each oxidized specimen was observed with a scanning
electron microscope. The thermally grown oxide (TGO) consists of the alumina layer and the composite oxide layer.
The thickness of alumina layer stopped to increase after 500h exposure, while the thickness of the composite oxide
layer incresed monotonically. The TGO grew at the convex part of the bond coating, and pushed up the top coating.
As a result, the spalling crack was initiated near the convex part. The spalling stress for each oxidized specimen was
estimated by the hybrid method using the stress data obtained by laboratory X-rays and high energy synchrotron X-
rays. The top coating without the oxidization did not have the spalling stress. For the oxidized specimen, the spalling
stress was small beneath the surface, and steeply increased near the interface between the top and the bond coating.
The spalling stress near the interface was about 200MPa. The distribution of the spalling stress for the case of the
1000h exposure was similar to that for the case of 500h. The TGO promotes the spallation of the top coating, and the

distribution of the spalling stress corresponds to the observed position of spalling cracks.
Key words : Thermal barrier coating, Spalling stress, Synchrotron radiation, Thermally grown oxide,

Residual stress

1 #%
O —F 4 VI, FREA-YrvvraiR
CoERREE A ER T ATEEM TH S, BB T 4
VOOEREER, ERBIEBIC XX ERFIIKE
SEEENS, ZOBEBEOERIZEZ, By s VE
¥ L OEEBIBELZ I LD L OB ARR LT
T 550, ‘
Evans 63 by 7Fa— bt LUKy Fa— EOREO
X, ZORMTER X5 EEBLIE »ES T — 7 4
VDR BECHETAZ LIIDNTEILLERL T
BY%7, bty Fa— bRV Fa—-rOREOHEI &
EiEELE (TGO : thermally grown oxide) A& < BEG 1
AFETHZLICEALT, HE L ERBLBOIZ B
JEHNOHBIZDOWTHRBEREIC L O FBICr S h
TW32I9ZN5DEFLTIE, ERBRILEL—HKOE
ETRETHEREEIN TS, L LEEOERREL

i

BOREF—HTAL, B2 OER T —T 4
VO OFHMEIZIE, FEERANIE BB AREIET S Z e
DETHD. 2, EVFMICBT 5 BEBHORE
A RETEIELBEETHD. KRR TWOES 1% |
< BEIG )T (spalling stress) 12 b v 73— DI BEOHE
DY &Ik 5 REICEE A FEDIGHIES os 2 BKL
T3,

WL BEHD A RIS R BB, Py T I—bEKRVF
a— FORBEFEDVILI=TIETH Y, T 3E0IEH
BER R FETYLAST by T2 — b O BEIS D &5
Uitk sy, —fRICi, XBOZALF—HHKE
S BEBIPECXBBARINKEL &S, F3H#HRDK
BHERERY Tk, BT AILF - XBEWMDH T I ENTE,
I—F 4 Y OHBREDIEHEFHE T2 Z L BT TH
3, EHELE, ThETEIILY - XHREFAHELUTK
Y Fa— bORERISEIEL TR TH B L AR LY

T FR2E TR 15F9H19H Received Sep. 19, 2003

* E & B #EISEHE ABBIEREEREESR 79502181 #iEw A+ 2 DI, Dept. of Tech. and Living Sci., NugataUruv Igarashi-2-

no-cho, Niigata, 950-2181

* % WY - BREEL 2T LAEMERE LY 4 —  T2300045 HEHEERXKIAHET, Power and Industrial System R & D Center, Toshiba Corporation,
Tsurumi-ku, Yokohama, 230-0045

* % % I £ 8 ZHBARLEWERSMIEEHR T4648303 HEEATHEXTEH, Dept. of Mech. Eng., Nagoya Univ., Chikusa-ku, Nagoya,
464-8603 ’

k ok k ok () BSEERRSENEE Y 4 - T679-5198 REEREAE = H AN YEF, Japan Synchrotron Radiation Res. Inst., Sayo-gun, Hyogo, 679-5198



BRI L BT — T 4~ S OBLIEEG & 13 < BE h O@ 735

T, BZALE-XBAFHLTRAY Fa—tEt by
Fa—- bPOMXIZEET S by Fa— PO EEBHO
WEHADR IS 534 7Y » FEEERELED

AR T, ERBILIC L8R —T 1 VDR
EEEABERTH L3I0, BILEEBICX 2R -7 4
YD BB NARDOENENA T Y FEIZK D
EL, BICEBEORBENDHELAG 2T 5,

2 X B 5 &

2.1 MESIUCHBRE

KEFFRICHO 2B, B & 5mm © Ni #8464
(In-738LC) DHEA D _EIZ NiCoCrAlY ¥R A kR 77 X~
WL, $90.15mm EXDRY Fa— b EFRER L, X
512, 8mol%Y:03 &8 ZrO K& by 7Fa— & L
TR T 7 XEF L2, FO by 73— MEXIIH03
mm Tho7z, IhLDEET—F 1 VB2 5EL
7%, BB L UTRE 20mm, 18 8mm (HHEIN TIZ
K0 LT, BRI —F 1 v RERF & L7s,

B LBE A EENICE 2 2 ANT, EBla—5 4 v
FRBRF A 1373K, ASHIC 0 BFERE, 500 BERE, 1000 FERRE
¥ L 072000 BERIRSE L 7=, 2000 BERE A% L 72306HZ D
WTEERRFHPIOER T -7 1 V<K BEL 2500
ZH, ThPSOERRIEFEOREBR BT,
BBt R A C2-al B 3 o 7z,

Bk, BRWEBICLOEM2S My 7a— 2B
¥, by Ta- PEEOHBR EFROM LT, »EE
EirHlEL-E 24 424g/cm® (BHEE 6.04g/cm®)
THotz. &/, 5ERVABRICK DRV v KT
27.2GPa TH -~ 7=.

22 SRXBOHBESMS

BREEFIE, by Fa— FORELSSREE T, FHE
ERE lum DEAYEY FR7 ) —THEBLEYNS, &
R X BOITRIE 247V, R X K EOBEREIS T4 & HE
L7z, 2O XISTTRE M % Table TITRd. 2/5 fff
TR ICHE 133 | & 331 Ef & &) T — s B %k
EL, 20-sinfy MRIOMEX L0, [GHHEF*EH L= —
iz, 75 XvEH &Nz by 73— b ORI RN
ERL, [AR2ELEEORELZYa—T 1 V&Y
XD ELBEERT. UL, XEhEEeix, ¥
LAZTOREFIZAR SN EHEOTROELER/ON

Table I. Conditions for stress measurements with

laboratory X-rays.
Radiations Cr-Ka
Tube voltage "~ 30kV
Tube current 30 mA
Filter V
Divergent angle 0.64 deg
Diffraction ZrQO2, 1334331
Diffraction angle 26 153.82 deg
sin? 1 0~ 0.6 (step 0.05).
Scanning 0.1 deg/sep
Scanning angle 149 ~ 159 deg
Preset time 2 sec
Stress constant K

—229 MPa/deg
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Table II. Conditions for stress measurements with

synchrotron X-rays.
Wavelength 71.8607 keV (17.246 pm)
Divergent slit (mm) | width=1.0, height=0.4
Receiving slit (mm) width=>5.0, height=3.0
Divergent angle 0.17 deg (soller slit)
Diffraction ZrQO2, 511+333
Diffraction angle 26 10.029 deg
Ex/(1+vx) 113 GPa
Stress constant K —11274 MPa/deg
Method Side inclination
Scanning angle 9.78 ~ 10.28 deg
26 step 0.01 deg/step
sin? ¢ 0.0~ 0.7 step 0.1
Fixed time 10 or 20 sec
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Fig. 1. Cross sections of oxidized thermal barrier coating at 1373K for each exposure time,

Fig. 2. Spalling crack of oxidized thermal barrier coating at 1373K for 2000h. TGO : thermally grown oxide.
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Fig. 4. Distributions of plane stress in top coatings.
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Fig. 5. Distribution of spalling stress.
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