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Abstract: Rare earth silicates are the third generation of environmental barrier coating materials
for Si-based ceramics due to their good corrosion resistance to water vapor and low thermal
expansion coefficients. Recently, some investigations revealed the low thermal conductivity of some
rare earth silicates and make them with good thermal and corrosion resistance properties. It highlights
the rare earth silicates as an integrated environmental/thermal barrier coating for Si-based ceramics.
Therefore, this work summarizes the intrinsic thermal and mechanical properties, CMAS and water
vapor corrosion resistance of rare earth silicates. It can provide guidelines on the selection and
optimization of rare earth silicates as integrated environmental/thermal barrier coating materials.
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Figure 1 The evolution of components of blade in gas turbine engines
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Figure 4 Directional Young’s moduli of X2-RE,SiOs in 3-D scenario, (100), (010), and (001) atomic planes
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% 1 B-RE,SiO, B — &G ARG LN H/E. G/B F1 Kio/oth &
Table 1 Hy/E, G/B and K /o of B-RE,Si,0; and some damage tolerant ceramics

B-Yb,Si,04 B-Lu,Si,0, LaPO, Macor v-Y1S1,0;
H,/GPa 6.8+0.2 7.0+0.3 4.86 3 6.2+0.1
E/GPa 171 178 134 66 155
B/GPa 139 153 99.3 52 112
G/ GPa 66 68 53 25 61
Kic/ MPa-m"? 2.0+0.1 26+02 1.0+0.1 14+0.5 2.12+0.05
o/ MPa 137+7 168 + 10 101.82 94 135+ 4
H/E 0.040 0.039 0.037 0.045 0.040
G/B 0.47 0.44 0.53 0.48 0.54
Ki/o 0.015 0.015 0.010 0.015 0.016
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Figure 12 TEM micrographs of deformation region with high stress: (a) weak beam dark-field image of parallel
dislocations; (b) dark-field image of dislocations; and (¢) inverse HRTEM-FFT analyses of the defective region
indicated by the yellow circle in (b)
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Fig. 13 TEM micrographs of deformation region with relatively low stress: (a) bright-field image of deformation
twinning; (b) correspondingHRTEM image of (a); (c) bright-field image of another deformation twinning; and (d)
corresponding selected-area electron-diffraction pattern of(c)
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Fig. 14 (a) Calculated directional shear moduli on (1 1 0) plane; and (b) schematic (1 1 0) twinning plane in the
crystal structure of B-Yb,Si,0;
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A 15 B-Yb,Si,O7 % 1300°C &/ #y TEM 4l (a) frsd BAEL%E; (b) L2
Figure 15 TEM micrographs showing B-Yb,Si,0; deformed at 1300°C: (a) evidences of dislocation activities
and clustering, and (b) dislocations climb

B 16  B-Lu,Si,O; & X8 TEM 4 E: (a~c) FRMAR; (d) EHH
Figure 16 TEM micrographs showing the deformation region in 3-Lu,Si,O7: (a ~ ¢) twinning; (d) slip bands
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Figure 18 Morphology of B-Yb,Si,0; after drilling test and internal face
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Table 1 Minimum thermal conductivity (W-m '-K ") of X2-RE,SiOs

szSlOs DyZSIO5 H028105 Er28105 Tm28105 szSlO5 LU,2SIO§ YleOs
Kmin (Clarke) 1.00 1.01 1.01 1.03 1.03 1.01 1.05 1.26

Kmin (L10) 0.80 0.82 0.82 0.83 0.83 0.81 0.85 1.01
Kmin (Cahill) 0.86 0.88 0.88 0.90 0.90 0.89 0.93 1.11
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Table 3 Thermal shock resistance parameters of X2-RE,SiOs compared with engineering ceramics (R)
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Figure 24 Cross-section images of Y,SiOs after interaction with CMAS at 1300°C for 1 h, 4 h, 24 h, and 100 h
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Figure 25 Cross-section images of Yb,SiOs and Yb,Si,0; after interaction with CMAS at 1300°C for 250 h
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