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Abstract: Silicon-based non-oxide ceramics and their composites have excellent physical and
mechanical properties at high temperature, demonstrating a huge potential for application in the
aero-engine at high temperature. However, when exposes to combustion environment containing
water vapor, it is easily oxidized and reacts with water vapor to generate Si(OH),, which causes
weight loss and failure of ceramic components. In order to successfully apply silicon based ceramics
in combustion environment at high temperature, an environmental barrier coating (EBC) was
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developed to protect it from water vapor corrosion and to improve the temperature and durability of
hot section in combustion environment. In this paper, based on the introduction of the current status
of water-oxygen corrosion resistance of traditional environmental barrier coatings, the chemical
reaction process of water vapor corrosion coatings is defined, the failure mechanism of traditional
environmental barrier coatings is summarized and a new environmental barrier coating material
series is described. The research progress of performance is expected to provide a useful reference for
future selection of environmental barrier coating materials for aero-engines and protection against
water and oxygen corrosion at high temperature.

Keywords: Environmental barrier coatings; Silicon based ceramics; Water vapor corrosion;
Surface stability
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Figure 1 SEM images of mullite coatings after two 24-h thermal cycles between room temperature and 1000°C:
(a) traditional coating; (b) fully-crystalline mullite coating
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Figure 2 Weight-loss curves of mullite- and mullite/Y SZ-coated SiC in high-pressure burner rig
(1230°C, 6 atm, equivalence ratio 1.9, Vg, 2000 cm/s)
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Figure 3 Mullite- and mullite/Y SZ-coated SiC in cyclic water vapor furnace
(200 h, 1300°C, 2 h cycle, 90% H,0/0,, 1 atm)
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Figure 4 SEM micrographs of modified mullite/BSAS-coated SiC in cyclic water vapor furnace

(200 h, 1300°C, 2 h cycle, 90% H,0/O,, latm)
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Figure 5 Water oxygen corrosion micrographs of C¢/SiC (1250°C, 50%H,0-50%0,, 100h, 1.013 x 10’ Pa)
(a) cross section of C¢/SiC; (b) holes left after C fiber corrosion
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Figure 6 Morphologies of SiC-Si/BSAS after a 150 h exposure at 1200°C in 1 atm, 50 % H,0-50 % O,, 0.4 m /s
environment: (a) surface morphology; (b) section morphology
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Figure 8 Oxidation kinetics curve of

Si/Mullite/Er,SiOs environmental barrier coatings
at 1350°C
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Figure 9 Macroscopic photographs of the Si/3A1,05-:2S10,+BSAS/Yb,SiOs after exposure of
(a) 0 h; (b) 20 h; (c) 60 h; (d) 80 h
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Figure 10 SEM images of the surface of multi-layered EBCs:
(a) before the test; (b) after the test ; (¢) magnified of (b)
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Figure 11 BSE micrographs of the YbDS-Si interface after steam cycling showing the development of a
thermally grown oxide (TGO). After (a) 250, (b) 500, (c) 1000 and (d) 2000 cycles at 1316°C with
90%H,0/10%0, flowing at 44 mm/s
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Figure 12 Measured activity of SiO, and calculated activity of Yb,04
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