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Ceramic materials for elevated temperature resistance applications should be selected to attain optimal 

microstructure and hardness. Zirconia (ZrO2)-based thermal barrier coatings (TBCs) deposited by atmospheric 

plasma spraying (APS) have received considerable attention because of its physical properties such as low 

thermal conductivity, high melting point, and high strength. Mechanical properties of TBCs are dependent 

principally on the resultant residual stresses that may relax to form cracks or the tendency to concentrate near 

the top of coat/bond interface, which can cause the coating to spall from the substrate [1-3]. Metal oxides are 

added to ZrO2 to stabilize the tetragonal and/or cubic phases at the ambient temperature conditions [4,5]. The 

use of well established commercial ZrO2-CaO and ZrO2-MgO ceramic powders provide coatings with an 

excellent ability to act as abrasion resistance and thermal load prevention layers. Establishing optimal spraying 

conditions to benefit from the distinct properties of calcium and magnesia-stabilized zirconia could have a 

significant effect on TBCs. This study gives an insight into microstructure development of the plasma-sprayed 

mixed powders of calcia and magnesia-stabilized zirconia and their mixture on 304 stainless steel substrate 

and its impact on the mechanical properties of the resulant coatings. 

In the present work, three plasma-sprayed coating systems of ZrO2-5 wt.% CaO, ZrO2-24 wt.% MgO, in 

addition to their mixture were studied, designated here as CSZ, MSZ, and CSZ-MSZ, respectively. The powder 

used for the bond coating was Nickel Aluminium (Ni-5 wt.% Al). And equal measured weights (50:50 ratio) 

of the two CSZ and MSZ powders were thoroughly mixed prior to spraying (CSZ-MSZ). A number of scans 

of the plasma torch were performed over the substrate to achieve the required top coating thickness. The 

thickness of the bond layer was prepared at approximately 50 mm. The top coatings of the sustrates were 

sprayed at three selected plasma input currents of 600, 650, and 700 A. The microstructure and hardness of the 

as-sprayed coatings were characterized by scanning electron microscope (SEM), energy dispersive X-ray 

spectroscopy (EDX), and Rockwell hardness measurment. 

Cross-sectional SEM in “Figure 1(a)” of the CSZ coating revealed a progressive crack along the interface 

of the top coating and the Ni-5Al bond coating. Mismatch in the coefficient of thermal expansion (CTE) of the 

coating components induced residual stresses, which act on a larger scale leading to the cracking of the coating. 

In addition to the effect of differences in the CTE, the oxide content in the sprayed coating may have a major 

role in affecting the bond strength. “Figure 1(b)” showed delamination that occurred between the top coat and 

the Ni-5Al layer. Because of increased residual stresses at the MSZ/Ni-5Al interface, crack growth reached a 

critical size that led to top coat delamination. On the other hand, the mixed CSZ-MSZ coating exhibited an 

adherent interface with the bond layer as seen in “Figure 1(c)”. In Figure 2 (a) is SEM image of a mixed coating 

(CSZ-MSZ), which consists of several regions of different contrasts, this is due to the difference in the 

elemental ratios of these regions as indicated  by the EDX spectra of these regions. Depicted in Figure 2(b) is 

the Rockwell hardness measurments of the mixed coating (CSZ-MSZ) at different plasma input current. 

In conclusion, SEM and EDX analysis revealed modification of the top coating microstructure and the 

formation of different regions which is attributed to the differences in morphology and melting points of 

between the initial feeding particles of CSZ and MSZ powders. Investigation of the resultant mixed coating 

emphasized that mechanical properties of the coating are sensitive to the growth of oxide grains 

microstructures. The growth of these grains might provide a barrier for cracks that form due to induced stresses 

near and onto the bond layer and hence this results in reduced cracking, which in turn lessen or prevents the 

delamination of the coating. 
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Figure 1.  SEM images showing crack propagation and coating delamination of as-sprayed top 

coatings in (a) CSZ and (b) MSZ, respectively. (c) Adherent interface between the Ni-5Al bond coat and the 

top ceramic CSZ-MSZ mixed coating. The coating was at plasma current of 700 A.  
 

 
Figure 2. (a) SEM of mixed CSZ-MSZ coating as seen by the SEM. The EDX spectra were taken at 

selected regions. (b) Rockwell hardness of the mixed CSZ-MSZ top coats at thickness of 300 mm and at 

different plasma input current. The samples Mix 7, Mix 8, and Mix 9 were carried out at plasma input current 

of 600, 650, and 700 A, respectively.  
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