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1. Introduction

SiC fiber reinforced SiC matrix composites (SiC¢/SiCm) demonstrate potential as the next generation of
gas turbine blades. However, SiC exhibits recession at high temperatures in an atmosphere with high water
vapor. Therefore, an environmental barrier coating (EBC) is required. A general EBC system includes a Si bond
coat, which obstructs oxidation and enhances adhesion, and a top coat of rare earth (RE) silicates such as
RE25i0s and RE:Si207. Recently, high entropy RE silicates with five or more equivalent molar RE have garnered
attention to improve the properties for EBC. The most promising structure is the polymorphism-free
[-RE2Si207 structure (with 6-coordination of RE less than 0.885 Ay,

To prevent water vapor recession of SiC, the EBC must be dense. However, coatings fabricated by
typical thermal spraying processes are rapidly cooled and amorphized by the temperature difference with the
substrate. Subsequent annealing crystallizes the coating, but eventually cracks and pores remain,
compromising the effectiveness of the EBC. Although an irreversible phase transition from a metastable phase
to a stable phase with volume expansion during annealing is attractive to cause crack healing in coatings?, an
understanding of the thermal evolution of the coating microstructure and phases has not been established.
The analysis is complicated by the volatilization of SiO in thermal spraying, the local element segregation of
the coatings?, and the multi-element composition of RE4. In addition, the thermophysical properties which
are important parameters in thermal spraying®, have not been reported for RE silicate. The purpose of this
study is to reveal the thermal evolution of microstructure and phases in RE silicate glasses without local

element segregation, thereby demonstrating crack healing, and to measure the thermophysical properties.
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2. Experimental Procedures

The RE elements Lu, Yb, Er, Y, and Ho were chosen to form 3-RE:5i207. Henceforth, RE sites with equal
molar ratios of Lu, Yb, and Er will be denoted as 3RE, and when Ho and Y are included, it will be represented
as 5RE. RE nitrate (RE(NO:s)s * nH20) and sodium silicate (Naz25iOs + 9H20) were dissolved in 30 mL of distilled
water, respectively. The solutions were prepared to have stoichiometric ratios of RE:Si = 0.5 and 1.0. 2M HCl
was added to the Na:5iOs solution, while diluted ammonia was added dropwise to the RE(NOs)s solutions.
The two solvents were mixed, followed by sealing the mixed solution in a 100-mL autoclave with a 70% fill
rate and holding at 220°C for 3 h. After washing by centrifugation, the obtained powder was exposed at 1600°C
for 10 h in air. The powder was irradiated with a CO: laser using a gas-levitation furnace. The crystallographic
phases of the powders before irradiated with a CO: laser were analyzed using X-ray diffraction. The CO: laser-

irradiated samples were measured by Raman spectroscopy.
3. Results and discussion

From the XRD patterns, the main phases of the synthesized RE25i207 and RE25iOs powders were
identified as $-RE25i207and X2-RE:SiOs, respectively. The diffraction peaks are slightly shifted toward the
lower diffraction angles as the average RE ionic radius becomes larger than that of Yb as the RE element
increases, causing lattice expansion. Figure 1 shows the photograph of CO: laser irradiated samples. RE25iOs
showed recalescence after melting and quenching. In addition, RE25iOs was non-transparent, which suggests
crystallization. Whereas RE25i207, with a SiO2-rich composition, was transparent and vitrified, and pores were
observed in the appearance of RE25i207. The Raman spectrum of RE25iOs, the increase in the RE elements
causes a marked broadening of the peak widths, indicating the presence of disordered atomic bonding. In
addition, the Raman peaks corresponding to the Si-O bonds also become broader, which is attributed to the
lattice distortion of the Si- and O- sublattices®. On the other hand, glassy RE25i207 shows only broad bands,

suggesting that it was amorphous, similar to the as-sprayed RE25i2077).
Figure 1. Photograph of the appearance of RE silicate after irradiation with a CO: laser
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