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Evaluation of Bond Strength of Isothermally Aged Plasma Sprayed
Thermal Barrier 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. For each aging condition, bond tests for three
samples were conducted for evaluating degradation of adhesive or cohesive strength of thermal barrier
coating system. For as-sprayed condition, the location of fracture in the bond test was in the middle of
epoxy which have bond strength of 57 MPa. As specimens are degraded by thermal aging, bond
strength gradually decreased and the location of failure was also changed from within top coat at the
earlier stage of thermal aging to the interface between top coat and TGO at the later stage due to the
delamination in the coating.
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Table 1 Materials of thermal barrier coating system
Layer Material
Substrate Super Alloy

Metallic Bond Coat MCrAly or Pt-Al
TGO Typically a-AlO;
Ceramic Top Coat 6~8 wt.% YSZ
YSZ : Yttria Stabilized Zirconia
I-:-..
T e R w Y I
ﬂrji_ﬂﬁita.nmm{{mt M.:‘_\ Partially Stabilized Lirconia
COr b A | AL
~ TGO ALD, TGO (AL,
Bond Coat B
Fig. 1 Schematic showing typical microstructure of
a plasma sprayed and an EB-PVD TBC
showing the failure locations”
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Fig. 2 Cross-section of a as-sprayed coating showing
the method for measuring thickness®
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Table 2 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
Y,05-ZrO,

LVPS : Low Vacuum Plasma Spray
APS : Air Plasma Spray

Table 3 Conditions for isothermal aging

Temperature(C) Time(hr)
1100 0, 10, 50, 100, 200, 400
Time(hr) Temperature(C)
50 950, 1100, 1121, 1151, 1200
e Blasting —’.
| Adhesive |
26 I Adhesive . :l
" sond costen | Btosing 0
Adnestve GTD111DS
ZIG Adhesive Blasting @
| Adhesive |
ZIG Elasting —-‘ =
et
(a) (b) (c)

Fig. 3 Schematic illustrations of specimens for
evaluating bond strength and the locations
where grit blasting is applied®
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Fig. 4 Experimental setup for bond test
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Table 4 Type of fracture in the bond tests

Type of Failure
A B C
]
As-sprayed [
]
] | |
10h [
| |
| |
Constant 50h u
| |
temperature =
of 1100C 100h L u
| |
] ]
200h ]
] ]
|
400h ]
|
||
As-sprayed [
||
| |
950C ] ]
| |
]
Constant 1100C u
]
temperature =
of 50h 1121C L
| |
||
1151°C [ ] ]
| ||
|
1200C ]
|
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Table 5 Results of bond tests, TBC™

O~
— o
2 SR To] vh(spallation) H#] ko Aol

Load Bond Strength
Teogp' Tihme (kN) (MPa)
r
(©) () Mean Sg/ Mean Sg\j/
As-Sprayed | 0 30.37 | 1.18 60 2
10 | 25.22 | 5.09 50 10
50 | 19.03 | 2.87 38 6
1100 100 | 18.50 | 3.83 37 8
200 | 15.44 | 157 30 3
400 | 10.95 | 1.50 22 3
950 30.83 | 1.62 61 3
1100 19.03 | 2.87 38 6
1121 50 | 24.75 | 5.38 49 11
1151 21.02 | 5.97 42 12
1200 6.52 | 1.72 13 3
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Fig. 10 Micrographs showing the interface between
bond coat ant top coat(1151°C, 50h)
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Fig. 11 Images showing c-scanning result (a)
as-sprayed (b) 1151°C, 50h
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Fig. 12 Micrographs showing the interface part
between bond coat ant top coat,

thermally aged at 1121°C for 50h
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