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Thermal barrier coatings (TBC) represent the most effective system to protect structural 
components from damage caused by high temperature and corrosive/erosive environments. 
Yttria-stabilized zirconia (YSZ) is among the most studied ceramics for such applications. The 
adherence of the ceramic layer to the metallic object needing thermal protection is one of the 
critical issues in real operation conditions at high temperature or under thermal shocks. A bond 
coat is necessary to ensure the adherence of the YSZ top coat to the substrate. In our work, Y, Ta 
doped NiCrAl compounds bond coat obtained by air plasma spray (APS – Fig. 1) and high velocity 
air fuel (HVAF) have been subjected to increasing temperature thermal treatments (700 – 1 300 
oC/5 h). The system behavior under thermal stress has been investigated by microstructural 
methods including XRD, SEM and TEM. The TEM/STEM results (Fig. 2) show the oxidation 
resistance of the HVAF vs APS deposited bond coats. Spurious Y-Ta-O structures have been 
evidenced which otherwise failed to be observed by conventional XRD/SEM-EDS (Fig. 3).  

The identified microphases which appear at the high temperature represent the nucleation 
point for the layer of thermally grown oxide (TGO) with a decisive role in the delaminating process 
at high temperature. We show that in the APS-deposited bond coat the TGO was distributed in 
the whole mass of the bond coat, while in the HVAF-deposited bond coat the TGO is pushed 
toward its outer surface. 

Formation of TGO is initiated both at the ceramic-bond layer interface and into the pores 
existing inside the bond layer. The size and morphology of the pores inside the deposited layers 
depend on the deposition method (ex: APS or HVAF). Fracture occurs at the YSZ/TGO 
interface. Below fracture, the TGO to bond coat transition is abrupt (~ 5 – 10 µm). Diffuse Al2O3 
can be observed in TGO/BC region (2), which segregates at the BC/substrate interface (3); TGO 
does not built in a compact oxidation barrier layer. Ta, Y, Ti segregations form into the top coat, 
bond coat and substrate. 
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Figure 1. Schematics of the APS deposition process. 

 

Figure 2. Description of figure 1. 

 

Figure 3. Cross-section SEM image indicating the spots from where thin lamellas have been extracted around the 
TBC-substrate interface for TEM investigations: 1- bond coat (BC); 2 - TGO/BC; 3 – substrate; 4 - top coat. 
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