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Fig. 1 Morphology of YbDS powder
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Table 1 Deposition parameters of the environment barrier coatings

Spraying Spraying Spraying Powde feeding Spraying Spray gun Primary gas Secondary
process voltage/V current/A amount/(r-min%) distance/mm rate/(mm-s™) (Ar)/kPa gas(He)/kPa
Surface layer 39 850 35 85 250 413.7 206.9
Bonding layer 38 750 35 85 450 413.7 758.5
Insulating tapes Gas flowemter
v v 7

Samples » ___
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Fig. 2 Schematic diagram of high temperature water vapor oxygen coupling environment assessment
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Fig. 3 Surface morphology of coatings with different corrosion
durations
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Fig. 4 XRD patterns of coating surfaces at different stages
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Table 2 Phase mass fraction under different corrosion durations

w/%

Component Value of RIR
Sprayed 20h 40h 60h
Yb,SiOs 1.30 216 58.1 95.1 915
Yb,Si,07 4.01 738 336 15 0.0
Yb,03 14.05 4.6 8.3 34 85

RIR is reference intensity ratio; w—Mass fraction.
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Fig. 5 Surface morphology and EDS point positions under different corrosion durations
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Table 3 Atomic ratio of elements under different corrosion

durations X%
Corrosion i
. Yb Si (0]
durations/h

20 20.98 20.84 58.18

40 19.26 20.60 60.14

60 25.77 13.76 60.47

100 23.18 6.08 70.74

x—NMole fraction.
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Fig. 7 Corrosion depth rate curves
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Table 4 Mass fraction of elements at different areas after

20 h of corrosion (in Fig. 6(a)) W%
Area Yb Si (e} o]

A 68.90 5.79 13.69 12.69

B 67.09 7.42 12.14 13.36

C 69.24 8.19 12.18 10.39

D 69.13 9.86 11.06 9.94
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Fig. 6 Back-scaterred electron images of near surface corrosion layer after different steam cycles
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Fig. 8 SE2 images after steam cycle
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Table 5 Thermo-mechanical properties of EBC system components!?22!

Material Therma}l expanesinoni1 Therma}l1 cjorjfiuctivity/ Speciji(f hiat/ Elastic modulus/ Poisson’s ratio Density/(g.cm™)
cofficientx10°/C (W-m™C™) Jg-C™) GPa
SiC 3.20 80.00 1.12 415 0.16 3.16
Si 4.02 24.50 0.87 120 0.22 2.33
SiO, 10.00 10.00 1.32 70 0.18 2.50
Yb,Si,07 4.50 0.98 0.58 94 0.30 5.67
Yb,SiOs 7.35 0.85 0.49 172 0.23 7.08
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Fig. 9 SDV values at different times under steam cycle
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Fig. 15 Mises equivalent stress after corrosion at 1325 'C
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Effect of Water Oxygen Corrosion on Crack Propagation of Yb,Si,O; Coating

DING Kunying, LIU Zijian, WANG Mengxiao, ZHANG Tao, WANG Zhe
(Tianjin Key Laboratory for Airworthiness and Maintenance of Civil Aircraft, Civil Aviation University of China, Tianjin
300300, China)

Abstract

Introduction The aimed environmental barrier coatings (EBCs) need to meet the characteristics of low oxygen permeability, match
thermal expansion coefficient, and keep phase stability under service conditions, which usually need to be designed as a multi-layer
structures to avoid premature failure of gas turbine engines during operation. Yb,Si,O; (YbDS) is considered the most promising
candidate due to its excellent resistance to water vapor corrosion and damage tolerance, a similar coefficient of thermal expansion
(4.1x10°%/K) to that of the matrix material (SiC, 4.7x107°/K), and does not generate high thermal cycling stress in EBCs systems.
However, when YbDS was exposed to an environment containing with high-temperature water vapor, corrosion transformation may
occur, which would reduce the durability of EBCs. To analyze the corrosion process, stress characteristics, and crack propagation
laws of YbDS under the coupling effect of water-oxygen corrosion and thermal cycling, the compositional and structural changes of
YbDS under high-temperature water-oxygen action were determined through experiments, also the influence of water—oxygen
corrosion on the stress evolution of the coating was explored using finite element software Abaqus. The extended Finite Element
Method (XFEM) was used to simulate the propagation path of cracks in YbDS, and the accelerating effect of water—oxygen corrosion
on crack propagation was discussed finally.

Methods The Si powder was used for bond coat deposition, and Yb,Si,O; powder was used for top coat deposition. Powders used
in this experiment were designed with a particle size distribution suitable for thermal spray applications. Both the bond coat and top
coat were deposited onto the ¢ 25.4 mmx3 mm SiC substrate using the Praxair 3710 air plasma spraying system. Thermal cycling tests
of the EBC system was conducted in an aluminum oxide tube furnace at 1325 “C, The ratio of water vapor to oxygen was controlled
to 9:1 by a gas-liquid mixing device, samples were took out and cooled to room temperature when insulation for 5 h. Repeated this
steps until the coating failed. The cross-sectional and surface morphology changes of the coatings were observed via a scanning
electron microscope for both secondary electron mode (SE2) and backscattered electron mode (BSE). Energy dispersive spectroscopy
was used for elemental trace analysis, and X-ray diffraction was used to analyze the phase composition of the coating surface at
different stages of water oxygen corrosion. The fracture toughness of the coating was calculated via the indentation methods. The
changes in phase, structure, and mechanical properties collected from the experiment were compiled into the USDFLD and UEXPAN
subroutines in Abaqus, and then substituted them into the established two-dimensional finite element model for calculation. By
prefabricating XFEM cracks in the model, the influence of the cracks on the coating was analyzed.

Results and discussion The XRD results showed that the Yb,SiOs increased from 21.6% in the initial spray state to 58.1% and
95.1%, and the phase content of Yb,Si,O; decreased from 73.8% in the spray state to 33.6% and 1.5% when the sample surface
suffered 20 h and 40 h of water oxygen corrosion. After 60 h corrosion, phase composition of Yb,Si,O; was not detected, and the
content of Yb,SiOs increased slightly to 91.5%, and some Yh,03; was observed results show that the Yb,Si,O; would preferentially
decompose into Yb,SiOs under high temperature water vapor environment, and the Yb,SiOs has better high temperature stability
than that of Yb,Si,0;.

The finite element results showed that the corrosion zone of YbDS changed from compressive stress to tensile stress under the
joint action of corrosion and thermal cycle. After cooling, the stress increased to 631.4 MPa, resulting in an early corrosion EBC
cracking and rapid water vapor penetration. The volume shrinkage caused by the volatilization of the components in corrosion area
made a great influence on the stress of the corrosion layer, and the residual tensile stress caused by it was about 490 MPa, while the
effect of thermal mismatch in cycle stage was relatively small, only about 130 MPa. It should be noted that the new pores in high
temperature corrosion stage would change the stress field in the coating, and the more the corrosion depth, the more the new pores
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effect on the stress field. Through the simulation of crack growth process, it was found that the volume shrinkage in high temperature
corrosion stage exhibited a more important impact on the surface crack growth when the corrosion aera was shallow. The thermal
mismatch caused by water oxygen corrosion gradually became the main driving force for the crack propagation when corrosion depth
reached 147 pm. The above two alternate actions led to the surface cracking.

Conclusions The composition of environmental barrier coating would decompose to Yh,SiOs corroded under high temperature
water-oxygen environment. The volatilization of Si—O caused the increase of shrinkage stress in surface coating, and thermal
mismatch between Yb,SiOs and the matrix material also increased, the residual stress accumulated as the cyclic thermal load
continued. The alternating action of these two factors caused the surface layer to crack. At the same time, the pores generated during
the high-temperature corrosion stage could also resulted in the internal stress field of the coating, and its impact increases with the
increase of corrosion degree.

Keywords ytterbium silicate; environmental barrier coating; water oxygen corrosion; finite element analysis; stress analysis



