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Table 1 Comparison of common high-temperature protective coatings
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Figure 2 The hot corrosion morphology in the engine
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Table 1 Collection of strategies for high-temperature protective coatings in special environments
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Degradation Mechanisms and Protective Approaches for Aero-Engine
Thermal Barrier Coatings Under Extreme Service Conditions

DING Dong',GAO Yimeng',ZHANG Jianyuan®
(1. Unit 93156 of the People’s Liberation Army of China, Ha’ erbin 150000, China; 2. Unit 93131 of the People’s Lib-
eration Army of China, Beijing 100080, China)

Abstract: With the continuous improvement of the thrust-to-weight ratio of aero-engines, the service temperature of hot-section
components has approached 2 000 K, imposing stringent requirements on the extreme-environment corrosion resistance of high-
temperature protective coatings. In special regions, such as saline-alkali lands, marine, and sand-dust environments, the
coupling effects of multiple factors, including molten salt corrosion and calcium-magnesium-alumino-silicate (CMAS)
corrosion, lead to coating failure, which has become a critical bottleneck restricting the long-life reliable operation of aero-
engines. This paper systematically reviews the corrosion behaviors and protective research progress of high-temperature
protective coatings for aero-engines in such extreme environments. For molten salt corrosion, the primary corrosive media are
Na,SO,, NaCl, and V,0;. In thermal barrier coatings (TBCs), these molten salts first attack the yttria-stabilized zirconia
(YSZ) ceramic top layer. The molten salts react with yttrium (Y) in YSZ, causing Y depletion in the top layer and triggering
a phase transformation from the tetragonal (t-phase) to monoclinic (m-phase). Subsequently, the molten salts infiltrate the
thermally grown oxide (TGO) layer and the NiCrAlY bond coat, generating large amounts of loose and porous oxides.
CMAS corrosion is primarily caused by sand and dust, with corrosive components including CaO, MgO, ALO,, and SiO,.
These components exert both mechanical and thermal corrosion effects on turbine blades. The mechanical effects involve
erosion from high-speed sand-dust impacts and thermal stress induced by the adhesion of molten CMAS during engine
operation cycles (e. g., takeoff and landing). The thermal corrosion effects refer to the dissolution-reprecipitation mechanism
of molten CMAS, which forces ZrO,to undergo phase transformation due to Y depletion. Protection strategies against both
corrosion types can start from interrupting the reaction mechanisms, such as applying a protective layer. However, a more
fundamental approach involves modifying the coating itself. Current research hotspots in high-temperature protective coatings
for environmental challenges include specialized high-temperature coatings, improved and doped YSZ coatings, and high-
entropy coatings. Finally, this paper summarizes the progress in high-temperature protective coatings for engines operating in
special regions and proposes future development directions.

Keywords: aero-engine; high-temperature protective coatings; special regions; corrosion behavior; protection strategies; molten

salt corrosion; CMAS corrosion;thermal barrier coatings (TBCs)



