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Investigation of Adhesion Strength of Nanostructured Ceramic Thermal Barrier Coatings Fabricated
via Spark Plasma Sintering Optimized by Adaptive Neuro-Fuzzy Inference System (ANFIS)

Abstract

This study investigates the adhesion strength and microstructural properties of nanostructured thermal barrier coatings (TBCs
fabricated using spark plasma sintering (SPS) at temperatures of 1040°C, 1060°C, and 1080°C. Yttria-stabilized zirconia (YSZ
was deposited on a NiCrAlY bond coat over an Inconel 713LC substrate. An adaptive neuro-fuzzy inference system (ANFIS
coupled with a genetic algorithm (GA) was developed to predict and optimize SPS process parameters, resulting in significant
improvements in adhesion strength and coating quality. The SPS coating fabricated at 1080°C exhibited superior adhesion strength
of 70 MPa and reduced porosity (4.3%) compared toglasma-spra ed (APS) coatings, which typicalll}:_/ show adhesion strengths of
30-40 MPa and porosity levels of 15-20%. The ANFIS-GA model, with a mean square error (MSE) of less than 5% and an R?
value of 0.98, effectively identified othimaI parameters, reducing experimental iterations by up to 60%. The enhanced performance
of SPS coatings is attributed to rapid Joule heating, pressure-assisted densification, and uniform microstructure, which minimize
defects and thermal stresses. This work demonstrates the efficacy of combining SPS with ANFIS-GA optimization for producing
high-performance TBCs for high-temperature applications, such as gas turbine blades, enhancing durability, thermal resistance, and
corrosion protection. The results highlight the advantages of SPS over APS, including lower porosity, higher adhesion strength,
and extended service life under thermal cycling.

Keywords: Thermal Barrier Coatings, Spark Plasma Sintering, Adhesion Strength, Yttria-Stabilized Zirconia, Adaptive Neuro-Fuzzy Inference System
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SPS and APS Coatings: Adhesion Strength and
Porosity

SPS-1080: 70 MPa, 4.3% porosity; APS: 30-40 MPa, 15-20% porosity [3,9]
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