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'Eéht’ri'butlon of acoustic microscopy to the non-
destructive evaluation (NDE) of high-temperature
damage of thermal barrier coatings (TBC)




A Context of the study

A Description of coated samples
I Optical microscopy images

A Principles of Acoustic microscopy
I Micro-echography
I Acousto micro-interferometry
I llustration : US micro-echography and TOF images of TBC

A Perspectives of the proposed work

I Modeling acoustic signature of TBC
I Local micro-characterization of thermally stressed samples




Main issue of degradation of TBCs

* K.Ogawa, T.Shoji, H.Aoki, N.Fujita, T.Torigoe :
Mechanistic Understanding for Degraded Thermal Barrier
Coatings, JSME int. J, 44A, 4(2001), 507-513
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Top coating (approx. 300um thick.) TC
(YSZ : vitria Staia)

Bond co: ing (approx. 100um thick.) BC

Nigallo substrate MCrAlY Alumina

Schematics of cross-section of TBC Cross-sectional image of TBC
aged for 3000 hrs at 1000°C
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Crack & delgmina
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Long term operation
under high temperature

Substrate
Initiation and growth of TGO Formation of crack & delamination
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Influence of stress on TGO growth

Applcati(;n of TBC coatings
> Centrifugal force
TGO : } > Vol expansion of new TGO

(Alumina) > Thermal stress

BC Oxygen diffusion
(MCrAlY)

TGO growth mechanism

> 8ince high stress occurs in the TBC because of thermal stress, the
volume expansion of the newly grown oxide, and centrifugal force; the

growth rate of TGO may change depending on not only temperature but
also the stress.
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SEM images after 300 hrs at 900 C

,..': NS IO
-depl : s ALK
B depleted z—one f-depleted zone .
o b Y 7 L o T et AP
> Y T a3 2

= mean =X 20- mean
: -
2 § 151
: Z o
Q. a.
=) © 51
= =
(=9 ‘ (=) 0- L
0 | 2 3 4 5 6 0 1 2 3 4 5 6

Thickness of alumina, pym Thickness of alumina, um
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Description of coated samples

ASubstrate is Inconel 738 Alloy

ABond coat (BC) material is CONiCrAlY - Low Pressure
Plasma Spraying (LPPS) - approx. 100um thickness

ATop coat (TC) material is Yttria Stabilized Zirconia
(YSZ) - Air Plasma Spraying (APS) - approx. 300pm
thickness




Creep test specimens

3 kinds of samples available i,
No Creep + 900 C -800h
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Creep test - 156 MPa + 900 C - 800h
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—> Accessible views for optical microscopy

—>» Accessible view for US microscopy after removal of the mounting resin



Side view
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Top view




Yttria Stabilized Zirconia (YSZ) NiCrAIY - Inconel 625 Alloy
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Creep test 950° C - 156 MPa - 100h

Mounting resin

Open pore (TC)

\ Cracks in the
%. top coat (TC)
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