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Defect Evolution and Microcracks of 8YSZ Double-layer Thermal Barrier
Coatings by Water Immersion Ultrasound Macroscopic Detection
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Abstract: Evolution of internal structure of 8wt% Y,05-ZrO, (8YSZ) thermal barrier coatings during thermal shock
was detected by PASCAN-64 water immersion ultrasonic equipment and scanning electron microscopy. The results
show that echo signal obtained by reflection of the ultrasonic wave which is incident from vertical top coating to the
bond coating mainly reflect evolution of the structure of top coating, and the echo signal obtained by reflection of ul-
trasonic wave which is incident from vertical basement to interface between bond coating and top coating mainly re-
flect evolution of structure of TGO layer, while the microstructure evolution of the whole coating is reflected by tran-
simission signal obtained by transimission of the ultrasonic wave from vertical top coating to substrate. When porosity
of the coating top coating is less than 11%, the maximum transverse size of the coating top coating is less than 50 pm

and the TGO layer is mainly dense a-Al,Os, the amplitude of the echo signal dB is less than 0. Uniform distribution of
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signals can be observed from corresponding images, indicating that the coating is in good condition. When the porosity

of top coating is more than 44%, the maximum transverse size is more than 100 pm, and the TGO layer is mainly

composed of oxides of Cr and Co with sparse structure and thickness of more than 5.2 pm. From the image, the area

whose amplitude dB is greater than 0 is connected into pieces, which indicates the imminent failure of the coating.

Water immersion ultrasound technology can accurately reflect the evolution of internal structure of thermal barrier

coatings, and it is a good nondestructive testing method for internal defects of thermal barrier coatings.

Key words: thermal barrier coatings; thermally grown oxide; structure evolution; water-immersion ultrasonic; macro-

scopic examination
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Table 1 Coating parameters of 8YSZ thermal
barrier prepared by APS

Materials Current/A  Voltage/V Feed .ré{tle/ _Spraylng
(rmin)  distance/mm
CoCrAlY 750 38 2.5 85
8YSZ 860 39 3.5 72

1 AFRRGE B REGREWL A F TGO ) SEM M
Fig. 1 TGO morphologies of thermal barrier coatings after
different thermal shocks (SEM)

(a) 50 times; (b) 100 times; (c) 200 times; (d) 300 times
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Fig. 2 Effect of thermal shock number on TGO thickness
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RPEER Se 5 ALR A ik £ S8 A0 S B, 7E 1% 53 T A 7
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MIGEILF] 300 Ik, FLERE RS (B 3(e))itt— P
K, R F TC A RS (K 3(), FLBE
50%).
2.2 IKIRHBEE AR AN

FRE L3R s 36 245 A 2 o TGO 13 A,
EHUAAGE 04 504 200 K LA KR J2 P30 HH B0 K i
(1) 300 RAGER R AT AR B AR . & 4 4 200
% 300 RIGER A AN LS. I 4 7T LLE H,
IR 200 P R AN SE I, JE IR Bk R, FAGE 300
W RO EHRCAHERMEI SR, U
GALEA KRS A T &ENTE, Bl RImaEqE
P ) T T REAL

HFASLIGHTH TBCs XA BA XZ454(TC
A1 BC), HAGEFEF TC/BC 1A TGO A k.
PRI, DA A St A U % J2 2 2 5 R AE R AR v
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Fig. 3 Pore and microcrack morphology (SEM) of TC after different thermal shocks
(a) 0 times; (b) 50 times; (c) 100 times; (d) 200 times; (e) 300 times; (f) 300 times
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Fig. 4 Appearance and morphology of thermal barrier coat-
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Fig. 5 Schematic diagram of water immersion ultrasound
detection method
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Fig. 6 Reflected echo signal image of thermal shock speci-
mens (incident in the vertical TC direction)

(a) 0 times; (b) 50 times; (c) 200 times; (d) 300 times
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Fig. 7 Reflected echo signal images of thermal shock speci-
mens (incident in the vertical TC direction)

(a) 0 times; (b) 50 times; (c) 200 times; (d) 300 times
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Fig. 8 Transmittance echo signal images of thermal shock

specimens (incident perpendicular to the TC direction)
(a) 0 times; (b) 50 times; (c) 200 times; (d) 300 times
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