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Effect of surface roughness on properties of

PS-PVD YSZ ceramic coating
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Abstract: YSZ ceramic coating was prepared by PS-PVD process on K417G superalloy prefabricated
with NiCoCrAlYTa bond coating. The tensile bond strength, particle erosion resistance and high
temperature oxidation resistance of PS-PVD YSZ ceramic coating were tested by the universal tensile
testing machine, particle erosion device and static oxidation furnace. The SEM and EDS were used to
analyze the surface, cross-section morphology and element distribution. The results show that surface
roughness has great influence on tensile bond strength, particle erosion resistance and high
temperature oxidation resistance of YSZ ceramic coating. The bonding strength is increased first and
then decreased with the increase of surface roughness. The coating prepared on the surface of R, =
0.40 pm has the highest bonding strength of 23. 5 MPa. The tensile fracture occurs in the interior of
YSZ ceramic coating at a distance of 40-70 pm from the bond coating. The erosion rate is decreased
first and then increased with the increase of surface roughness. The coating prepared on the surface of
R,=0.40 pm has the best particle erosion resistance, and the erosion rate is 2. 8 X107* g/g. Small
surface fluctuations and low porosity are two important reasons for preventing fast particle erosion.

The YSZ coatings prepared with different surface roughness can produce dense and continuous TGO
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layer. Larger surface roughness causes larger fluctuation of growing TGO layer, which is more likely

to cause local thickening and stress concentration, thus leading to failure.

Key words: plasma spray-physical vapor deposition; YSZ ceramic coating; surface roughness; bond

strength;particle erosion;high temperature oxidation
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Fig. 1 Morphology of YSZ ceramic powder
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Table 1 Parameters of YSZ ceramic coating by PS-PVD

Ar flow rate/ He flow rate/ O, flow rate/
Current/A

(L min™ 1) (L *min 1) (L*min~ 1)

Carrier gas flow rate/ Gun moving speed/ Spray distance/

(L min~ 1) (mm =+ s 1) mm

2600 35 60 2

16 1000 950
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Fig. 2 Bond strength of YSZ coatings with different

surface roughnesses
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Fig. 3 Fracture morphologies of YSZ coatings

(a)fracture macrograph; (b)fracture cross-section; (c) . (d)fracture surface
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Fig. 4 Erosion rate of YSZ coatings with different surface

roughnesses
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Fig. 5 Morphologies of YSZ coatings after particle erosion

(a)surface morphology; (b) cross-section morphology
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Fig. 7 Interface morphology(a) in 280S coating after isothermal test at 950 ‘C for 400 h and EDS analysis(b)
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