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Structure Evolution and Surface Raman Spectral Characteristics of EB-PVD

Thermal Barrier Coatings

CHEN Jian-wei, ZHAO Yang
(NDT Lab, Laser Institute of Shandong Academy of Science, Jinan 250014)

Abstract: Thermal barrier coatings have been widely used in high temperature components such as aero engines and gas
turbines. The failure mechanism and non—destructive failure testing are urgent to be solved in the research on thermal
barrier coatings. Three groups of thermal barrier coating specimens were prepared using electron beam physical vapor
deposition (EB-PVD) method. The thickness of the ceramic layer of the specimens are 180, 120 and 90 pm. The speci-
mens were oxidized at 1 000 C for 0, 1, 10, 50 h and 100 h. The Raman spectroscopy of each sample surface was meas-
ured by HR800 laser Raman microscope. The crack and thermally grown oxide (TGO) thickness were observed using
scanning electron microscopy (SEM). Results show that the cracks mainly initiate inside the ceramic layer and at the in-
terface between the top coating (TC) and the bonding coating (BC). The probability of crack initiation at the interface
between the BC and the substrate is relatively small. The growth of the oxidation layer decrease with the increase of ce-
ramic thickness. The surface residual stresses will increase with the increase of ceramic layer thickness. The surface re-
sidual stress of the thermal barrier coating will also increase with the increase of the oxidation time. The reduction of the
surface residual stress means the generation of the cracks or peelings.
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Table 1  Substrate size and thickness of the coatings of

three group samples in different size

Samples  Thickness Thickness
Group  Substrate
size/mm  of BC/pm of TC/pm
1 0Cr25Ni20 @ 25X5 120 180
2 GH3030 @ 30X4 120 120
3 GH3030 ® 30 X4 120 90
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Fig. 1 Interface morphologies of the EB-PVD thermal

barrier coatings after different oxidation times
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Fig. 2 TGO thickness of the TBC as a function of oxi-

dation time
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Fig. 3 Interface morphology between the BC layer and

the substrate after 50 h oxidation
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(a) 180 pum, oxidation time of 100 h, crack propagated (b) 180 um, Oxidation time of 100 h, crack propagated
horizontally into the TC layer along the interface

20 um 20 um

(¢) 120 pm, oxidation time of 100 h, crakc propagate (d) 120 um, oxidation time of 1 h, buckling of the coating
vertically into the TC layer

10/ um

(e) 80 um, oxidation time of 1 h, crack at the interface
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Fig. 4 Crack initiation and propagation inside the EB-PVD thermal barrier coatings after different oxidation times
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Fig. 7 Raman peak of the TBC surface as a function of
TGO thickness
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