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Abstract: As two key performances, the thermal barrier effect and the resistance to spallation
exposed to high temperature guide the material selection, structural tailoring and process optimization
of thermal barrier coatings (TBCs). These two performances are highly dependent on the structure of
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the ceramic top coat of TBCs. Therefore, revealing structural evolution of the top coat is crucial to
understand the failure phenomenon during thermal service, and to provide some fundamental
supports for structure optimization. During thermal service, the structural evolution of the top coat
would be affected alternately by the sintering and the strain. Thus, the top coat would exhibit a
dynamic structural evolution. However, the mechanism behind is still not well-understood up to now,
since most of the current investigations were focused on the individual effect of the strain or the
sintering. Moreover, the associated microstructural changes during thermal service are relatively less
concerned. This study firstly reviewed the evolution of microstructure and properties of TBCs during
thermal exposure. Subsequently, the combined effects of sintering and strain on the microstructural
changes of the top coat were investigated. Finally, a novel multi-dimensional structure design was
developed, with the aim to realize higher thermal insulation and longer lifetime.

Keywords: Thermal barrier coatings (TBCs); Plasma spray; Scale-progressive sintering;
Multi-dimensional design; High performance
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Figure 1 (a) TBCs applied on aero-engine and (b) their thermal barrier protection on hot-sections ¥
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Figure 3 Lamellar structure with multiple pores of APS YSZ coatings **): (a) fractured cross-section; (b) surface
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Figure 28 In-situ observations of 2D inter-splat pores during short thermal exposure
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Figure 35 Changes of intra-splat cracks formed at different temperatures after thermal exposure [*%”): (a) cracks
formed at 300°C before thermal exposure; (b) cracks formed at 300°C after thermal exposure; (c) cracks formed
at 600°C before thermal exposure; (d) cracks formed at 600°C after thermal exposure
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Figure 37 Microstructure and elastic modulus at different regions of the ceramic coatings
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Figure 41 Secondary electron morphologies (left) and bckscattered electron morphologies (right) showing the

morphological evolutions of nanozones during thermal exposure ™': (a,b) 0 h; (c,d)10 h; (e,f) 200 h; (g) 500 h
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