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Figure 2 Morphology of the NiCoCrAlYTa powders
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Table 1 Composition of the NiCoCrAlYTa powders
JLR Co Cr Al Y Ta Ni
TR w/% 22.0—24.0 19.0—21.0 7.5—8.5 0.4—0.8 3.5—4.5 S
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Table 2 Parameters of the transfer arc sputtering and

spraying
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Figure 3 Morphology of the unmelted particle in the
5-2-1 blade coating
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Figure 4 Schematic diagram of the formation of
unmelted particles
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Table 3 Problem replication validation programme
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Figure 5 Metallographic photos of the blades’ coatings
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Study of Unmolten Particle Size Exceedance in Low Pressure Plasma
Sprayed NiCoCrAlYTa Coatings on Turbine Blades

HUANG Yansong',ZENG Wei’, DENG Chunming”
(1. Department of Naval Equipment, People's Liberation Army, Beijing 100070, China; 2. Institute of New Materi-

als, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: Aero-engine combustion chambers, blades, turbine outer rings and other hot-end components operate in harsh

environments. In addition to being subjected to high temperature environments, these components are also subjected to

corrosion and leaching caused by high temperature gases, so the application of high temperature protective coatings is critical.
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Protective coatings not only improve the temperature resistance of components, but also extend their service life, which in turn
improves the overall performance of the engine. NiCoCrAlYTa coating is a typical high-temperature protective coating,
demonstrating excellent oxidation and corrosion resistance at 1 050 “C. Since elements such as Ta and Y have a promoting
effect on the selective generation of AlL,O, oxide film, the NiCoCrAlYTa coating can form a complete ALO, film at high
temperatures, resulting in good oxidation and thermal corrosion resistance. NiCoCrAlYTa coatings prepared on high-
temperature alloys using low-pressure plasma spraying technology have the advantages of dense structure, uniform elemental
distribution, low porosity, as well as significantly improving the fatigue limit of the substrate and excellent high-temperature
service performance, which has become the coating of choice for the hot-end components of turboshaft engines, especially the
turbine blades. However, the low-pressure plasma sprayed NiCoCrAlYTa coating has problems such as the thickness
distribution is not easy to be regulated and the size of the unmelted particles exceeds the standard. Especially, the unmelted
particles will lead to the decrease of coating performance and the reduction of oxidation and corrosion resistance, which will
shorten the service life of the blade. The problem of batch size exceedance of unmelted particles occurred in the trial
production of a turbine blade coating for a certain type of engine. Through the analysis of the unmolten particles in the
spraying process, it is determined by exclusion and reproduction verification that the NiCoCrAlYTa dust in the vacuum
chamber enters the coating during spraying, leading to the exceeding of the size of the unmelted particles in the coating. To
address the cause of the problem, by adopting enhanced transfer arc cleaning, the problem of exceeding the size of unmelted
particles caused by dust contamination can be effectively avoided, and coatings that meet the technical quality requirements can
be obtained. This study provides engineering experience for the disposal of low pressure plasma spraying coatings with
excessive size of unmelted particles.

Keywords: turboshaft engines;turbine blades;high-temperature alloys;high-temperature protective coatings; NiCoCrAlY Ta;low-

pressure plasma spraying;unmelted particles;transfer arc cleaning
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