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Abstract: HfO,-based thermal barrier coatings doped with 19 mol.% rare-earth elements, including Hf 5, Y 160, 905
(YSH19)/YSZ and Hf| 4, YD 0u75 Y 0.142501 905 (YDYSH19)/YSZ, were prepared by atmospheric plasma spraying
(APS). The thermal shock performance of the coatings under 1300  burner rig was studied. The results showed
that the thermal insulation capacities of the YSH19/YSZ and YbYSH19/YSZ coatings with 200 um thickness were
about 200 . The YbYSH19/YSZ coating was relatively complete after 280 cycles of thermal shock, revealing much
better thermal shock resistance compared with YSH19/YSZ and YSZ coatings. The failure mode of the coatings is
the peeling of the coating layer by layer caused by the large impact load at the center area, and the peeling of the
coating caused by the axial stress and shear stress at the edge position.
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Table 1 Samples of various TBC systems for different thermal shock tests
(um) (mm’)
1 YbYSH19/YSZ 100+100
2 YSH19/YSZ 100+100 (32.5% 3
3 YSZ 200
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Table 2 Processing parameter of the NiCrAlY bondcoat by HVOF
0, 0,
(Lhh (LhY (MPa) (MPa) (MPa) (mm) (g/min) (MPa)
40 17 0.76 1.00 0.70 300 50~60 0.30
3 APS YSZ
Table 3 APS spraying process parameters of YSZ ceramic coatings
Ar/H,
(mm) (mm-min™") V) (A) (kW) (L'min™) (%) (grmin™)
HfO, 80 500 70 400 28 40/8 16 25
YSZ 80 500 67 600 40 35/12 19 30
1.3 YbYSH19 C 20
X (XRD, Rigaku D/max 2200 34.5~35.4°
PC, Japan, Cu K)
(Zeiss, EVO18)
(BH- C C
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Fig. 2 XRD patterns of the as-sprayed YSH19 and
YbYSHI19 coatings
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Fig.3 SEM image of YSH19/YSZ and YbYSH19/YSZ thermal barrier coating systems:
(a) YSH19 surface; (b) YbSH19 surface; (c) YSH19 cross-section; (d) YbSH19 cross-section
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Fig. 4 Photographs of TBC systems after 1300  high speed flame thermal shock:
(2) YbYSHI19/YSZ; (b) YSH19/YSZ; (¢) YSZ

51300 :(a) (b) YbYSH19/YSZ; (¢) YSZ
Fig. 5 Morphology of cross section of TBC systems at different regions after 1300  high speed flame thermal shock:
(a) schematic diagram of sample cutting; (b) YbYSH19/YSZ; (c) YSZ
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Fig. 6 Surface morphology of TBCs at the inner region after 1300  high speed flame thermal shock:
(a) YbYSH19/YSZ; (b)YSH19/YSZ; (c)YSZ
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Fig. 7 XRD patterns of TBCs at different regions after 1300  high speed flame thermal shock: (a) YbYSH19/YSZ; (b) YSZ
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8 YbYSHI19/YSZ 1300 (a) (b)
Fig. 8 Surface morphology of YbYSH19/YSZ TBC after 1300  high speed flame thermal shock:
at the (a) inner region; (b) outer region
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Fig. 9 Diagram showing the spalling of YbYSH19/YSZ TBC during 1300  high speed flame thermal shock
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