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Evaluation on the Delamination Life of Isothermally Aged Plasma
Sprayed Thermal Barmer Coating
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Abstract

In this study, disk type of thermal barrier coating system for gas turbine blade was isothermally aged
in the furnace changing exposure time and temperature. The aging conditions that delamination occurs
were determined by the extensive microscopic analyses and bond tests for each aging condition. The
delamination map was drawn from the time-temperature matrix form which summarize the delamination
conditions. Finally, a method to draw the delamination life diagram of a thermal barrier coating system

by using the delamination map was suggested.
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Table 1 Compositions of thermal barrier coating system

Material Coating Type | Thickness
Substrate | GTD111DS - 3 mm
Bond Coat | MCrAlY LVPS 248 um
Top Coat | ., [~8% APS 472 im
Y203-Zr02

LVPS : Low Vacuum Plasma Spray
APS : Air Plasma Spray

Table 2 Conditions for isothermal aging

Temp. Exposure Time (hr)

(C) 50 | 100 | 200 | 400 | 800
950
1050
1100
1121
1151
1200
1350

0000
o000
o000
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Fig. 1 Microstructural evolutions  of therrml barner
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Fig. 2 Microstructural evolutions of thermal barrier
coating isothermally aged at 950°C for (a) 10
h (b) 50 h (c) 100 h (d) 200 h (x200)
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Fig. 3 Microstructural evolutions of thermal barrier
coating thermally aged at 1050°C for (a) 10 h
(b) 50 h (c) 100 h (d) 200 h (x200)

FHg. 4 Micrographs showing the microstructural
evolutions of thermal barrier coating thermally
aged at 1121°C for (@) 10h (b) 50h (c) 100h (d)
200 (x200)
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Fig. 5 Micrographs.showing the deIafnihations in'the
coating (a) 1151°C, 50 h (b) 1200°C, 50 h®
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Fig. 6 The relation between the thickness of TGO
and the exposure time

F A . 7]

o = Oé]

O:
Sl

Table 3 Result of microscopic analysis for delamination
in the coating (O; Delamination)
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Fig. 7 The relation between the thickness of TGO and
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Table 4 Matrix for dividing the various aging conditions
into the safe, delamination and spallation zone

1121°C |1121°C | 1121C
10n | 50nM | 100h
1100C |1100C | 1100C | 1100C |1100C
10nC1 | 50nC] | 100hM | 200h@ | 400nO
1050C |1050C | 1050°C | 1050°C
10h | 50nC1| 100h | 200n
950°C | 950C | 950C | 950°C
Temp| “30n" | 5on1| 100h | 200h
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Fig. 10 Delamination map and the lower and upper
bound of delamination life
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Fig. 11 Estimation of delamination life from curve

fitting using the measured thickness of TGO
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Fig. 12 Varification of the method for drawing
delamination life diagram
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