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ABSTRACT: The work aims to study the effects of thickness variation on the structure, mechanical properties and thermal
shock resistance of 8YSZ thermal barrier coatings. NiCoCrAlTaY bond coatings and 8YSZ ceramic coatings with thickness of
500 pm, 1.0 mm and 1.5 mm were prepared by high velocity oxy-fuel spraying technology and atmospheric plasma spraying
technology respectively. The morphologies and phase compositions of the sprayed powders and coatings were characterized by

scanning electron microscope (SEM), optical microscope and X-ray diffraction (XRD). The hardness and bonding strength of
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the coatings were measured by micro-hardness tester and universal material testing machine. Finally, the thermal shock

resistance of the coatings was tested by water quenching method. The 8YSZ coatings with different thickness basically consisted

of non-equilibrium tetragonal phase (t-YSZ) and exhibited a distinct layered structure on the fracture surface. As the thickness

increased, obvious reticular longitudinal cracks and edge interface cracks gradually appeared in the coating. The micro-hardness

of surface and cross section had no obvious change with increasing thickness. Meanwhile, the micro-hardness of prepared

coating was uniform over the entire section of the coatings. The bonding strength decreased significantly as the thickness of the

coating increased. In the thermal shock tests, all these three coatings failed in the form of interface cracking. Besides, the

thermal shock lifetime of the coatings became shorter as the thickness increased. The thickness variation has important effects

on the microstructure, bonding strength and thermal shock resistance of the 8YSZ thermal barrier coatings while phase

composition and micro-hardness are independent on thickness.
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Tab.1 Atmospheric plasma spraying parameters

Parameter Value
Arc current/A 550
Voltage/V 75
Primary gas flow rate Ar/(L-min ') 35
Secondary gas flow rate Hy/(L-min™") 12
Spray distance/cm 10
Gun speed/(mm-s ') 200
Spray angle/(°) 90
®2 BEERMNEBURSH
Tab.2 HVOF spraying parameters
Parameter Value
Oxygen flow/(m*-h™") 19.8
Natural gas flow/(m*-h™") 13.5
Air flow/(m*-h™") 18.7
Gun speed/(mm-s™") 800
Spray distance/cm 30
Spray angle/(°) 90
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Fig.1 (a) SEM image and (b) particle size
distribution of 8YSZ powders
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Fig.5 SEM images of cross-sections at the edge of 8YSZ (a) coating C1, (b) coating C2, (c¢) coating C3 with different thickness
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Fig.7 Tension-displacement curves, optical photographs and bonding strength of 8YSZ coatings with different thickness
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Fig.8 Optical photographs of 8YSZ coatings with different thickness after thermal shock: (a) (b) (c) (d)
cycled to 1000 C for 11, 30, 48, 52 cycles respectively; (e) cycled to 1000 C
for 11 cycles; (f) coating C3 cycled to 1000 ‘C for 5 cycles
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Fig.9 Optical micrographs of polished surfaces and cross-sections of 8YSZ coatings with different thickness after
failing in thermal shock tests: a;, a,) surface and cross section of coating C1 cycled to 1000 C for 52 cycles;
by, by) surface and cross section of coating C2 cycled to 1000 ‘C for 11 cycles;
¢y, €,) surface and cross section of coating C3 cycled to 1000 C for 5 cycles
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before and after thermal shock: a) as-sprayed coating; b)
failed coating cycled to 1000 C for 52 cycles
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Fig.11 Phase composition of 8YSZ coatings with different
thickness before and after thermal shock
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