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Suppression of Thermally Grown Oxide by Pre-oxidation Treatment and
Durability Improvement of Thermal Barrier Coatings

BLE fFR™

NEGAMI Masahiro

PR SiE

NOMURA Yoshimichi

ABSTRACT

JIIEp BN

KAWANO Akihito

HIL% s

HIBINO Shinya

JRUR A

IGASHIRA Kenichiroh

FHH JLyg ™!

TANAKA Ryozo

Thermally grown oxide (TGO) formed on bond coat surface of thermal barrier coatings (TBC) is considered as

one of the serious causes of TBC spalling. In this study, we focused on thermal pre-oxidation treatment of the bond

coat as a means for forming an a-Al,O; layer for suppressing the growth rate of TGO. Firstly, we investigated high

temperature oxidation behaviors of the bond coat surface with the a-Al,O3 layer by means of in-situ synchrotron

X-ray diffraction (XRD) analysis. We also performed durability evaluation tests of TBC with the monolithic a-Al>O3

layer formed by pre-oxidation of the bond coat. Isothermal oxidation tests confirmed that the growth of TGO in the

pre-oxidated TBC was much slower than that in the non pre-oxidated TBC.

F—T—F:ARy—vr, EEa—T 47, BORRBRILY, PRI B

Key words : Gas Turbine, Thermal Barrier Coatings, Thermally Grown Oxide, Pre-oxidation, Synchrotron Radiation

1. [FUBHIC
EXERATAY — V5 IIcBnTiE, HELY—HE
ORFM EPRDLNTBY, ¥—E LAY OT R
J& (Turbine Inlet Temperature, TIT) @ & Ak 2%
DOENT WD, T2, BIMOBBET AL SHRET L
O, ¥—Y romERIcIESRT—F 1 2 (Thermal
Barrier Coatings, TBC) A i LI N Twb, LA L%
25, TBCIE LIEUITHEAHPICHEGAZELS 2 25,
AR I AEOR L (Bddk) KROS5 TWw5,
TBCOHBGIEREIZIE A RD DD HH, by 7Ta—
N OFIMEDHFFICHIEE 2B by 72— ORBEER D
12&LC, AyFa—-roFEREtick-Thy 7
O— T EORMITTER S N5 B EELY (Thermally
Grown Oxide, TGO) DB —FIZEM I LT
AU Lo T, TGOOKEZMHTH I EATE
g, TBCOEHMILIZOLhbLEZ BN,
TGO EMH TEL LTINETIZWL 29D F
EPREINTVDEA, ZO—DITK Y Fa— MRS
JEfaszA 20194E12H 5 0
Aewise T 20204 7 H28H
* 1 I T 3E0R
T673-8666 AT IGEH] 1 -1
E-mail: negami_masahiro@khi.co.jp
* 20 IR T3
T651-2271 MK EHEEG2-8-1

BB BRI 2 e % Filidd 5%, Zhud, B
LW REAS R~ Fa— bREOWALE PG < & FFEZ, K
YRa—= oA FILEEREE LCERLE S %
LB O EZIHT 5 2 & T, TCGOD K EHiE %
KT % EENTWD, KT, a-ALOsKZEZ KR > F
I — b OPIREBILLAEIC X YIRS 5 Fiid, thoFik
WAL 2 B % 2 L TE, D
TGODWEMHFNC KR E LR E /26T I LAIREN
TWBW, —hT, P LLEIC X > TR SN
AL L A A Y — ¥ v OB PIZER SN 5TGO
DREREBEDENRFD A B = XX OWTIE, T4
RSN TS LIRSV, FIZREMHOTGOD
B RZEB ORI, ERETIRRARH 720 L Lik
2T, Yyrubuyigheasiivg 2 k4R
KO Z L W O IRERALAE Y % B Kk, 57T &
LI EDMBEEINTVDHY, SPring-8?® & 9 7% 4 = 1AL
DRI e e TR S XE,  PUH 9 7 X5l
W@ OEERDI0E S OE 2 £ H, o CTEIERMT
DHMHBURETH D, 2F 0, FEWH O IRERILAER
WORKFWELZDEL R LT ENTE D, T2, Hl
BETH DI L LAY OB b IEFITE W,
L7235 T, iRy Fa— MNBIEEBHOGHIIZHH
WMEEZLND,

AR TIEITBCOEFmiboFEE LT, LiLoR

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.



322 FRELAEICL 2SRRI ORRIME| CES -7 1> TOREHIE

HAARZ —E > ZR5%

Y Fa— bOFRMBILLILICE H Lz, PHRIbo A i
2 X2 RABETOTCGOREZREBH OENIIONVWT, ¥
yorubuyEEHEEE E L2X# R (X-Ray
Diffraction, XRD) 12 & o THHT A = & 2 ilAa 7,

T FMEBALMBICE ) Ry Fa— bPEMIIC
a-AlbOs% T L7=TBCY » F NV 2E8 L, #iigiLat
Bxi79 2 & T, FHBILoF S BN 2 TGO kK
Rl EIC G 2 % 58 % 5l L 72,

2. EBREE
2.1 FEE{LREE U /-NiCoCrAlY R E D B {b & 25T
NiZk &4 (CMSXA4, BEH#FHLK % Table 11I/RT) %
HEMELTHWR, TOEMIZKY Fa—-+ELT
NiCoCrAlY (Ni-23Co-17Cr-13A1-045Y) &4 K % &k
7 L — 2% (High Velocity Oxi-Fuel, HVOF) 12X ©
#9100 pmiiti U720 Z OEFRIA i1 & 72 2 F CHF
LD DZBRILEHDITHOY > T ve LTHW
(7 A X 15x10%x 1.5 mm)o
Sample Al, FHFERILALIHEE S Fito T ML H)
SHTICAE L 72, Sample BIZxF LT, Hisk™? T4 L
5T LA 21T 5 720 T b H, FHAEFH
A5t (Po, = #9107 Pa) T T1080C, 4 hourZWLH L
NiCoCrAIY KIS ILIEZ TR S ¥ 720 B 2 DML
FHIRRE, WERIE—BM 2R O T h 5o
RAHFHTORY Fa— M RMOBILWDOER, WE
ZEg, FOYXHEYT (in-situ XRD) 5% THHM L 72,
5 X R A Y i 7 SPring-8 BL16X U Tt L 72
Fig. 1iCin-situ XRDFEED Xty b7 v T&RT, 7
V&R A 57— (Anton Paartl DHS1100) _FIZ#%iE
L7zo B 70k )V #2322 2 A L TR a &
BHL 720 Y 7V AREELI0C /minT1100C £ T
#4411 hourfi¥r L, Z oREHE L CXRDIME %179
ZETRY Fa— MERENSEK T 5B bl % Bk 54T L
720 XRDIEIZIE, 10 keVOXHRZ H w720 72, 9
VTR EH D ER 2 BRI T 5720, BUMNGERA
HHTOMWEEIT-o72 Thbb, X#OAHMIZ05,
20MF 1° ICEZEL, 20p8i% A3 % » L Cin planels
MO M2 WE L7ze XRDEIEIE 5 ~ 7.5 mind B[
& TiT- 72
2.2 FHEBIERIEOTBCADEA & TGO KX & 5T
NifA4 (MarM247, LMK % Table 112779) O
A (75%25%5 mm) DFEKIIINICoCrAlY & L 7 T
A < %5 (Low Pressure Plasma Spraying, LPPS) T
BT L7z0b, 2180 v 7 & CEZEEHLA T O
1 T1080C, 4 hour® FHiMRILALE % 47\, S 512
8 wt% 4 v MY 7ZEATY VI =7 (Yttria Stabilized
Zirconia, YSZ) HEK % KR 7T A~ 4T (Atmospheric
Plasma Spraying, APS) TJti L. L CTBCY ¥ 7V % 1k
BL720 TOFTVITHL, REFTTORHRILRA
Bra gLz, KRB, X EBRISTVIRERET

ORMMRABEEZ HE T 5720, RBRREL2. 1Hi0%E
B X DKW 1050TCICERE L 72 10T /minT1050C £ ¢
S, 200 hourfREFL 72O BIFGET A9 4 7 LV &# 0 &
L REHME I AT3000 hour!ZiET % £ THERZ 4T - 726
EHRCTHEEEY > 7V 2D WL Tt 2 154 5 mm$ D>
Yikr L, CIWRTR 2 SBrE SIS Y v TV 2 ER L, W
%2 SEM@i% L7z 2 OWHSEM% A 5 TGOE & % &
WU BRAL S 2 5 L 720 TGODJE X1, SEM%&H 5
TGO D WiFE % WARIAATIZ THI L, SEM&O 5 )
RETHRLMEEERL, 40065DOSEMIZ10FIZHR LT
B L TR L2 vz,

Table 1 Chemical composition of Ni-base superalloys used for
substrates of TBC specimens.
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CMSX-4 - |65 |Bal. [ 9 (06| 6 [65]| 1 |56 - - |01
MarM247 |0.16 | 82 | Bal. | 10 | 0.6 | 10 3 1 55 |0.02|0.05| 15

Fig. 1 Configuration of in-situ XRD test equipment (SPring-8
BL16XU)
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Fig. 2 Cross-section SEM image of NiCoCrAlY surface after
pre-oxidation at 1080°C for 4 hour in vacuum (before
in-situ XRD oxidation measurements)
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Fig. 3 XRD pattern of NiCoCrAlY surface after pre-oxidation
at 1080 C for 4 hour in vacuum (before in-situ XRD

oxidation measurements)
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Fig. 4 Results of in-situ XRD analysis of oxide formation behavior when NiCoCrAlY thermal-sprayed coat was heated
in ambient air environment, (2) Sample A (Non pre-oxidated), (b) Sample B (Pre-oxidated)
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Fig. 5 Cross-section SEM images of NiCoCrAlY surface
after in-situ XRD oxidation measurements, (2) Sample
A (Non pre-oxidated), (b) Sample B (Pre-oxidated)
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Fig. 6 (a) Thickness of TGO of various samples during
isothermal oxidation test at 1050C , (b) Thickness
of TGO vs. exposure time t?

Fig. 7 SEM images of top coat/bond coat boundary of the TBC
samples after isothermal oxidation at 1050C for 200 hour,
(a) non pre-oxidated sample, (b) pre-oxidated sample

Fig. 8 SEM images of top coat/bond coat boundary of the TBC
samples after isothermal oxidation at 1050°C for 3000 hour,
(a) non pre-oxidated sample, (b) pre-oxidated sample
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Fig. 9 XRD pattern of non pre-oxidated TBC sample between
bond coat and top coat after isothermal oxidation at
1050C for 1400 hour
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