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Silicon-based ceramics such as SiC and SizN4 are promising materials for use in gas
turbine engines due to high melting temperatures and excellent thermomechanical
stability. Unfortunately the SiO, layer on surface of these materials reacts with water to
form SiO(OH), that volatizes in the high pressure and gas flow of combustion
environments. Environmental barrier coatings (EBCs) were developed to protect the
underlying component from recession. However, mismatch of the coefficient of thermal
expansion (CTE) in these coating systems results in stresses that can cause cracking or
spallation, which exposes the substrate to the combustion atmosphere and drastically
reduces component lifetime. State-of-the-art coatings for SiC/SiC composites consist of
a Ba; «SrxALSi,05 (BSAS) topcoat, a mullite or mullite + SrALS1,Og (SAS) interlayer,
and a silicon bond coat. When heated above 1200°C, the as-deposited BSAS undergoes a
crystallographic transformation accompanied by a change in volume and CTE reduction.
Internal stresses in these candidate systems were investigated using microfocused high-
energy X-rays in a transmission diffraction geometry. Strains were measured in situ
during cooling from 900°C in samples with a metastable hexacelsian or a stable celsian
BSAS topcoat, and converted to stresses using X-ray elastic constants, where available.
Changes in the CTE of the BSAS layer influenced the sign and the magnitude of the
stresses in the other coating layers. In addition to stress measurements, the CTE of the
EBC materials were measured. The coating CTE values and elastic properties were used
to model the evolution of coating stresses versus temperature, which were compared to

the measured X-ray internal stresses.
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