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Abstract

Environmental barrier coatings(EBCs) are applied to the SiC/SiC ceramic matrix composites(CMCs)
in order to protect CMCs from being corroded with water vapor by combustion gas in gas turbine
engines. Ytterbium silicates, such as ytterbium monosilicate and ytterbium disilicate, are ones of
the candidate materials for EBCs due to their excellent resistance to water vapor corrosion as
well as thermal-expansion match with SiC.

In this study, ytterbium silicates are fabricated with 2-step solid-state synthesis targeting ytterbium
disilicate. After synthesizing ytterbium monosilicate, the mixtures of ytterbiummonosilicate and SiO;
are heat-treated and densified by using pressureless sintering or hot pressing with a variety of
heating conditions. The phase formation, thermal expansion, and oxidationbehavior are examined
with fabricated specimens. The final densified bodies are found to be composites between ytterbium
monosilicate and ytterbium disilicate with different ratios, which results in 4.43 to 6.72x10°/K range
of coefficients of thermal expansion. The probability of these ytterbium silicates for EBC applications
is also discussed.
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and SiC/SiC CMC(modified from ref.[14]).
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Table. 1. Compositions and synthesis conditions of 1°
syntheses for fabricating ytterbium monosilicates

Batch composition (wt.%) Synthesis condition

86.77% Yb,03 + 13.23% SiO, 1400C, 5C/min, 10h
86.77% Yb,03 + 13.23% SiO; 1400C, 5C/min, 20h

86.77% Yb,03 + 13.23% SiO; 1500C, 5C/min, 10h
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Table. 2. Compositions and synthesis conditions of 2™ syntheses for fabricating ytterbium disilicates

ID Batch composition (wt.%) Synthesis condition Synthesis condition of YbMS
PS-1 88.32% YbMS + 11.68% SiO» 1500C, 5C/min, 4h 1400C, 5C/min, 10h
PS-2 88.32% YbMS + 11.68% SiO; 1500C, 5C/min, 4h 1400T, 5C/min, 20h
PS-3 88.32% YbMS + 11.68% SiO» 1500C, 5C/min, 4h 1500C, 5C/min, 10h
PS-4 88.32% YbMS + 11.68% SiO; 1550C, 5C/min, 4h 1400T, 5C/min, 10h
PS-5 88.32% YbMS + 11.68% SiO» 1550C, 5C/min, 4h 1400C, 5C/min, 20h
PS-6 88.32% YbMS + 11.68% SiO; 1550C, 5C/min, 4h 1500C, 5C/min, 10h
PS-7 88.32% YbMS + 11.68% SiO; 1600T, 5C/min, 4h 1400T, 5C/min, 10h
PS-8 88.32% YbMS + 11.68% SiO» 1600T, 5C/min, 4h 1400C, 5C/min, 20h
HP-1 88.32% YbMS + 11.68% SiO; 1500C, 5C/min, 1h, 30 MPa 1400T, 5C/min, 10h
HP-2 88.32% YbMS + 11.68% SiO» 1550C, 5C/min, 1h, 30 MPa 1400C, 5C/min, 10h
HP-3 88.32% YbMS + 11.68% SiO; 1600T, 5T /min, 1h, 30 MPa 1400T, 5C/min, 10h
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Table. 3. Coefficients of thermal expansion of ytterbium disilicates with a variety of synthesis conditions

ID Batch composition (wt.%) Synthesis condition Synthesi;;\c;{r;dition of Ceie;ifsif:g Zfltol_lée r/r;l(;ll
SiC - - - 4.93
PS-1 | 88.32% YbMS + 11.68% SiO, 1500C, 5€/min, 4h | 1400T. 5C/min, 10h 6.72
PS-2 | 88.32% YbMS + 11.68% SiO; 1500C, 5C/min, 4h | 1400T, 5C/min, 20h 6.09
PS-3 | 88.32% YbMS + 11.68%SiO; | 1500T, 5C/min, 4h | 1500C, 5C/min, 10h 6.39
PS-4 | 88.32% YbMS + 11.68% SiO, 1550C, 5€/min, 4h | 1400T, 5C/min, 10h 6.30
PS-5 | 88.32% YbMS + 11.68% SiO, 1550C, 5€/min, 4h | 1400T, 5C/min, 20h 5.64
PS-6 | 88.32% YbMS + 11.68% SiO, 1550C, 5€/min, 4h | 1500T, 5C/min, 10h 5.85
PS-7 | 88.32% YbMS + 11.68% SiO, 1600C, 5¢/min, 4h | 1400T. 5C/min, 10h 5.50
PS-8 | 88.32% YbMS + 11.68% SiO, 1600C, 5% /min, 4h |  1400T. 5C/min, 20h 5.50
HP-1 | 88.32% YbMS + 11.68% SiO; 1500‘@,305°CM/12m, the 1400, 5C/min, 10h 5.50
HP-2 | 88.32% YbMS + 11.68% SiO; 1550(@’3535“ the | 1400, 5C/min, 10h 443
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Fig. 8. Normalized weight changes with time after being
exposed to water vapor at 1300°C for 100hrs: SiC,
ytterbium silicates hot-pressed at 1500°C for 1 hr(HP-1),
and ytterbium silicates hot-pressed at 1550°C for 1
hr(HP-2).

Table. 4. Equilibrium vapor pressure of water with temperature[23]

Equilibrium vapor pressure

Temperature (C) of water (kPa)

90 70.03
95 84.48
96 87.65
97 90.92
98 94.29

99 97.76
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