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Thermal Barrier Coatings (TBCs) are widely applied in industrial gas turbine to protect hot parts from combustion
gas. Since spallation of the TBCs is crucial problem, better adhesion between substrates and TBCs has been required.
The purpose of this study is to propose practical ideas to improve adhesion strength of TBCs from a perspective of the
effects from internal stress of TBCs induced by spraying process on interfacial fracture toughness.

First, past studies for mechanism of internal stresses induced by spraying process were surveyed and paraffin
droplet tests were performed to model the spraying process and confirm the mechanism. Vertical cracks were observed
in the solidified paraffin with high quenching stresses.

Second, based on the mechanism of internal stresses, in-situ curvature monitoring method was conducted to
measure deposition stresses which evolve during deposition process for TBC top-coat sprayed by various parameters.
Simultaneously, the modified tensile test and the interfacial indentation test were conducted to evaluate the interfacial
fracture toughness. As the results, well-molten particles made dense coatings which cause higher deposition stresses
and higher interfacial fracture toughness.

The effects of residual stresses on the fracture toughness were also investigated. Various TBCs were produced by
changing the thickness of coating and substrate using the same spraying parameters. Residual stresses were measured
by in-situ curvature monitoring method and interfacial fracture toughness was measured by the tensile and indentation
methods. Additionally, the tensile test was analyzed by finite element method to evaluate the effects of several
influential factors on the fracture toughness. It was concluded that higher compressive residual stress decreases
interfacial fracture toughness.

Based on the experimental and analytical findings, practical ideas to improve interfacial fracture toughness were
proposed as followed; (1) Plasma output should be increased to provide well-molten coating powders, (2) substrate
temperature should be kept under 200-300°C to control the compressive residual stress, (3) coating microstructure
should involve vertical cracks which lead to tolerant coating for thermal strain.
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