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Fig.1 Microstructure of as-sprayed TBC
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Table1 Number of cycles to failure for TBC samples

Number of failed

Number of cycles to failure

Test temperature/ C

samples 1 2 3 4 5 6 Average
1100 6 1260 1280 1300 1340 1340 1340 1310
1120 2 700 760 - - - 730
1150 5 420 420 420 460 460 - 436
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Fig.2 Microstructures of failed TBCs at different thermal cyclic temperatures: (a) 1100 “C, 1340 cycles; (b) 1120 °C, 760 cycles; (c) 1150 C,

460 cycles; (d) enlarged view of TGO marked in Fig.2a; EDS spectra and element content of spot 1 (e) and spot 2 (f) marked in Fig.2d
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Fig.3 Surface XRD patterns of as-sprayed TBC and failed TBCs

after different temperature thermal cycles
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Fig.4 Microstructures of the TBCs during thermal cycling process at 1100 C: (a) 10 cycles, (b) 100 cycles, (c) 200 cycles, (d) 400 cycles,

(e) 800 cycles, and (f) 1200 cycles
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Fig.5 Evolution of TGO thickness during thermal cycling process
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Fig.6 Evolution of maximum crack length in TBCs during thermal

cycling process
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Behavior of TGO Growth and Failure of NiCrAlY+YSZ TBC During Cyclic Oxidation

Xue Wenli, Lu Tao, Huang Jiahua, Zhang Yongzhi
(AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd, Shanghai 201306, China)

Abstract: NiCrAIY+YSZ thermal barrier coatings (TBCs) were deposited on HA188 alloy using air plasma spraying technique. The cyclic
oxidation behavior of TBCs was studied at 1100, 1120 and 1150 °C high temperatures. The results indicate that the lifetime of TBCs significantly
decreases with the increasing of thermal cyclic temperature. The failure of TBCs is attributed to the formation and propagation of crack in YSZ
layer near the YSZ/NiCrAlY interface. XRD analysis indicates that the phase composition of YSZ top coat has no change during all thermal cyclic
process, and keeps the same metastable tetragonal-prime (t-ZrO;) structure and no t'—c+m phase transition occurs. During thermal cycling
process, the growth of thermally grown oxide (TGO) formed at YSZ/NiCrAlY interface basically follows a parabolic law and has an important
effect on the formation and propagation of crack in YSZ.

Key words: thermal barrier coating; cyclic oxidation; TGO; failure mechanism
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