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Abstract: Double-layered thermal barrier coatings (TBCs), which are composed of a top ceramic coating and a bonding coating, are
widely used in the industry to reduce the surface working temperature of hot components. The primary materials used for the ceramic

coating have been 6-8 wt.% Y,0; partially stabilized ZrO, (6-8YSZ), which has excellent performance of thermal insulation, high
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temperature resistance, low thermal conductivity, and effective thermal protection effect on metal substrates. However, traditional
plasma-sprayed TBCs contain numerous pores and microcracks, and they are susceptible to corrosive salt penetration at high
temperatures, leading to premature peeling failure. Doping with self-healing materials and laser post-treatment methods can
effectively improve the hot corrosion resistance of TBCs. Therefore, this study aims to examine the effect of laser alloying on the hot
corrosion behavior of plasma-sprayed TBCs. First, a NiCrAlY bonding coating is prepared on the surface of an Inconel 718
nickel-based superalloy via atmospheric plasma spray (APS) technology. An 8YSZ ceramic coating is then applied on the NiCrAlY
bonding coating. Finally, self-healing TiC is melted on the plasma-sprayed 8YSZ coating by using a 1 kW fiber-coupled laser. The
hot corrosion behaviors of the plasma-sprayed and laser-alloyed TBCs are investigated by immersion in 25% NaCl + 75% Na,SO,
mixed salt at 900 ‘C for 4 h. The weight losses of the plasma-sprayed and laser-alloyed TBCs following hot corrosion are examined.
The microstructures of the plasma-sprayed and laser-alloyed TBCs before and after hot corrosion are studied using scanning electron
microscopy. X-ray diffraction is used to characterize the phase composition of each coating, and energy-dispersive spectroscopy is
used to analyze the elemental compositions. A high-precision electronic balance is used to measure the weights of the plasma-sprayed
and laser-alloyed TBCs before and after hot corrosion, and the weight loss due to hot corrosion is determined. The results shows that
the surface of the laser-alloyed TBCs is smoother. A few segmented microcracks are distributed on the laser-alloyed TBCs, which
exhibits dense microstructure. The main corrosion products of the plasma-sprayed TBCs are needle-shaped Y,(SO,); particles and
m-ZrO,. Meanwhile, only a small amount of corrosive salt penetrates the interior of the laser-alloyed TBCs, and its corrosion products
are Y,(SO,); and a small amount of TiO,. After hot corrosion, the volume fraction of m-ZrO, in the plasma-sprayed TBCs is 18.2%,
whereas that in the laser-alloyed TBCs is only 8.1%. It is advisable to avoid the formation of m-ZrO, during the preparation of
8YSZTBCs. If a detrimental phase transformation of t-ZrO, to m-ZrO, occurs, the original pores and cracks will serve as the starting
points for stress relief, further exacerbating crack propagation and providing a pathway for the infiltration of corrosive salts, ultimately
leading to coating delamination. On the one hand, the microstructure of the laser-alloyed TBCs is denser; this can prevent the
penetration of corrosive salts into the interior of the coating. On the other hand, the surface roughness of laser-alloyed TBCs is lower,
leading to lowered contact area with corrosive salts. Additionally, the self-healing material TiC undergoes an oxidation reaction
during the hot corrosion test, resulting in partial self-healing of the pores and microcracks through volume expansion, further reducing
the occurrence of hot corrosion reactions and the formation of harmful m-ZrO, phases. Compared with plasma-sprayed TBCs, the
laser-alloyed coatings shows an improvement in hot corrosion resistance by 55.5%.

Keywords: plasma spraying; laser alloying; thermal barrier coating; hot corrosion resistance; TiC; self-healing
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Fig. 1 Surface morphology of plasma sprayed and laser-alloyed thermal barrier coatings
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Table 2 Chemical composition of different areas on the
face after hot corrosion (at.%)

Point zZr (0] Y S Na
A 29.9 62.3 2.6 18 3.2
B 18.8 63.0 1.7 4.7 11.8
C 6.4 53.5 236 16.5 0
D 8.7 46.5 6.4 125 25.8
E 5.4 53.9 16.2 24.5 0
F 25.6 58.3 4.6 0.8 10.5
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Table 3 M-ZrO, content of plasma-sprayed thermal
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Name Content of m-ZrO, / % Improvement / %

Plasma sprayed TBCs 18.2 -
Laser-alloyed TBCs 8.1 55.5
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(d) EDS analysis of Laser-alloyed TBC
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Fig. 7 Cross section morphology and EDS analysis of plasma sprayed and laser-alloyed thermal barrier coatings after hot corrosion
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