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Cycling water vapor corrosion behavior and degradation mechanism
of air plasma sprayed ytterbium silicate environmental
barrier coatings
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WANG Changliang, GUO Mengqiu,JIAO Jian

(Aviation Key Laboratory of Science and Technology on Advanced Corrosion and Protection for Aviation Material ,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Environmental barrier coatings (EBCs) are a key protective technology for the ceramic matrix
composites (CMCs) hot end components of high-performance aircraft engines, which can significantly
improve the service stability and reliability of the components. In this paper, Si/Yb,Si,0,;/Yb,SiO:; tri-layer
structural EBCs are prepared by air plasma spray, and their corrosion behavior and degradation mechanism
under 1350 “C and cycling water vapor conditions are investigated. The results show that the as-annealed
coating is mainly composed of monoclinic Yb,SiO; phase and cubic Yb,O; phase, with nano-sized Yb,O;
phase dispersed in Yb,SiOs. The surface of Yb,SiO; coating exhibits a ridge-like structure accompanied by a
certain number of pores after cyclic water vapor corrosion, and the content of corrosion products Yb,Si,O;,
increases with the number of cycles. The formation of Yb,Si,O; is related to the alternating wet to dry
corrosive environment and the gaseous substance Si(OH) ,. Penetrating cracks exist within the Yb,SiO;
coating but terminate at the Yb,SiO:/Yb,Si,0; interface, and the SiO, film generated from the oxidation of
the Si bond coat is well bonded to the Yb,Si,0O; interlayer and the Si bond coat in general. The tri-layer
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EBCs system in this paper exhibits excellent resistance to cyclic water vapor corrosion at 1350 °C.

Key words: environmental barrier coating; ytterbium monosilicate; air plasma spray; cycling water vapor

corrosion ;degradation mechanism
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Table 1 Parameters of air plasma spray

Space
i Current/  Voltage/ Ar H, i
Material distance/
\Y% (NLPM) (NLPM)

mm
Si 400 50 40 6 120
Yh,SLO, 500 55 45 8 120
Yh,SiO, 500 55 45 8 120
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Fig.1 Schematic diagram of cycling water vapor corrosion performance test platform
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Fig.2 Morphology and phase constitution of Yb,SiO; spray powders ~ (a)surface morphology ; (b)phase constitution
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Fig.3 Phase constitution, DSC curves, and microstructures of Yb,SiO; coatings

(a)XRD patterns; (b)DSC curve; (c¢)surface morphology; (d ) cross-section morphology; (e)cross-section morphology with high magnification
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Table 2 Chemical compositions of different regions

(atom fraction/ %)

Point Yb Si O
1 26.43 12.82 60.75
2 39.54 10.21 50.25

2.3 YbSiOsgkEEIMKEFE MITH
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Fig.4 XRD patterns of Yb,SiO; coating after cyclic water

vapor corrosion for different cycles
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Fig.5 Surface morphologies of Yb,SiO; coating after cyclic water vapor corrosion for different cycles
(a)30 cycles; (b)60 cycles; (¢)120 cycles; (d)200 cycles; (e)250 cycles
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Fig.6 Cross-sectional morphologies of Yb,SiO; coating after cyclic water vapor corrosion for different cycles
(a)30 cycles; (b)60 cycles; (¢)120 cycles; (d)200 cycles; (e)250 cycles
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Fig.7 Morphologies of Si/Yb,Si,0; interface after cyclic water vapor corrosion for different cycles
(a)30 cycles; (b)60 cycles; (¢)120 cycles; (d)200 cycles; (e)250 cycles
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