
The Effect of Two Yttria Stabilized Zirconia Powders on the Thickness of 
Thermal Barrier Coatings 

Alajale Mohamed Abosdell1 and Abdulbaset Ali Frefer2

1Mechanical Engineering, Misurata University/Algaraboli, 2 Mechanical Engineering,
Al-Fateh University/Tripoli, Libya

Thermal barrier coatings (TBCs) have been developed in order to increase the operating temperature 
in gas turbine engines components that are exposed to aggressive environments.   Several applications 
require thicker ceramic coatings because of the increased process combustion temperatures. However, 
the increased thickness of TBCs increases the risk of coating failure that can lead to a reduced coating 
lifetime and reliability. Better understanding of the structure and deformation in these coatings is 
necessary for improved reliability and enhanced coating designs.  The main objective of this study is 
to investigate the effect of using two powders with different sizes, microstructures and properties on 
morphology and mechanical properties.

Three thicknesses (200, 400 and 650 µm) of two top coat powders Zirconia stabilized with 7wt% 
yttria (YSZ) powders (ZrOY-7-10-50 and ZrOY-7) and 100 µm bond coat of NiCrAlY metal powder 
were air plasma sprayed using OPO-8M spray machine onto Ni-base alloy sample with dimensions of 
(80 x 25 x 2 mm). The substrates were grit blasted to an average final surface roughness 6-10
microns and cleaned with ethyl alcohol before spraying the bond coat. The substrate was cooled on 
the backside during spray to introduce a required microstructure. The parameters used for plasma 
spray were selected to be the optimum. Characterization of the powders and coating microstructure 
were achieved by using optical microscope (New photo-21) and scanning electron microscope (SEM,
JSM6460-LV). The coating porosity was measured using the Archimedean method and ASTM C 373-
88 was used as a guide for the experimental method, Microhardness was studied according to ASTM 
C-1326 using PMT-3 Microhardness tester. Deformation characteristics of coating carried out under 
static conditions using a four point bend tests.

Figure 1. ( a and b) micrographs show that significant distinction in the grain shape,  size and 
distribution of both powders, the powder ZrOY-7 has irregular grin form, while the powder  ZrOY-7-
10-50 has basically spherical shape,  however a close looking in small diameter region reveals that the 
powder  ZrOY-7-10-50 has large volumetric fraction of small particles. Figures 2a, b revealed that 
both powders show more or less uniform distribution of pores, lamellae boundaries and microcracks, 
good adhesion of the ceramic and metallic coating at the interface can be seen, This type of 
microstructure was reported by other researchers[2,4,5]. With increasing thickness of a ceramic top 
coat layer over 400 m, a higher residual stresses is expected to increase gradually [6] which can
promote longitudinal (horizontal) microcracks in the ceramic coating. This is in agreement with was 
reported by others [7].

Conclusions

1- It is possible of spraying thermal barrier coatings on base of material using the air plasma 
(OPM-8M) machine. The obtained properties are comparable with foreign analogues.

2- Coating properties obtained from this study indicated that it is not possible to spray coatings 

cracks and failure.
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Figure. 1 (a, b) The Typical forms of particles of ceramic powder ZrOY-7 and ZrYO-7-
10-50

.

Figures. 2 (a, b) Typical microstructure of coating ZrYO-7 and ZrYO-7-10-50.
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