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Objective

Small RE Cations with Large RE Cations make Multifunctional RE,Si,0, Compounds

Rare earth (RE) disilicates are utilized in environmental
barrier coatings (EBCs) to protect SiC-based ceramic
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materials, however, degrade when exposed to molten Yb,Si, 0, (YbDS) and Y,Si,0- (YDS) Environmental Barrier Coating Materials Transformations and Structure-Property

5111cate. dep051ts. pll‘llmarlly composed _Of calc1qm- Environmental Barrier Coating Materials Relationships
magnesium aluminosilicates (CMAS). Coating materials

are exposed to CMAS by engine ingestion of dust
particulates from terrestrial sources during operation.
Due to continual increases in engine operating
temperature, it is important to understand the high
temperature thermochemical mechanisms that drive
corrosion of these materials. This work focuses on
characterizing reaction products between disilicates and
CMAS and optimizing coating chemistries to mitigate

Larger RE disilicates (Ho—>La) Increasing Gd,Si,0., Content
have not been investigated with

CMAS, because materials exhibit Y;.24Gd,, 51,0,
vast polymorphism® as well as
large CTEs’ that preclude them
from EBC use. However, the
increased stability of apatite
with larger RE cations warranted

damage' further _ lnveStlgatlor_l _ Into solid solutions. The arrows highlight transgranular cracking.
. . mechanisms of crystallization of There is an increase in grain growth with increasing GdDS
MOtlvathn and BaCkgl'Ound CMAS Compositions with these content, which is indicative of an increase in sintering behavior.
materials. Yb,.,,Gd,,Si,0;

Decreasing CaO content

The use of coating materials with
greater RE content promotes
crystallization of the melt at
coating surfaces.! A Ca-RE apatite Y,Si, 0, + CMAS Yb,Si, 0.+ CMAS
type silicate is the most prominent
phase in these interactions.

B-RE,Si,0, (Type Y-RE,Si,0, (Type Y +6 Phase
C Monoclinic) D Monoclinic) Segregation

Gd3* is the optimal cation size for
which apatite formation is favored.

Reaction products of RE,Si,0,:CMAS with a) CMAS-1 and b) [f the cation is too large, there is the risk of W e

g}\/l AS-3. The agati’lcle , distlicate .ancll 510, phases are marked as higher liquid formation over crystallization. SEM micrographs of grain morphologies of Yb, , Gd,, Si,0,solid
ue, green, and yellow, respectively. solutions. The arrows highlight transgranular cracking.
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Ca0-MgO-SiO, liquidus diagram at 15 wt% DSC scans of the CMAS
Al,0;.3 The synthesized CMAS compositions compositions. The dashed lines
are highlighted by the blue circles, and the indicate temperatures utilized
MgO content line is highlighted in red. for furnace heat treatments.

Future Work - Environmental Testing

Four  calcium-magnesium-aluminosilicate =~ (CMAS)

- ' ' Mach 0.3 Burner Rig Facility?3
compositions were chosen based on relevancy to Furnace Heat Treatment Diffusion Couples 5 y Jet Fuel Supply
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originally formulated based on early studies of siliceous
deposits in gas turbine engines (CMAS-1).* CaO:SiO,

ratios of two additional CMAS compositions were Y,Si,07 Gd, (Y or Yb),Si,0, Yb.Si,07 high gas velocity and thermal
determined from a desert sand composition previously cycling on CMAS infiltration w_ Combustion
investigated (CMAS-2)°> and chemical analysis on 2010 CMAS infiltration rates and depth into doped pellet and corrosion of the doped Thermocouple
Eyjafjallajokull volcanic ash (CMAS-3). samples will be investigated and compared to disilicate coatings can also be Nozzle, 1” O.D.
baseline monolithic Y,Si,0-, and Yb,Si,0, samples. determined. Test Specimen
Compositions of synthesized CMAS glasses, determined by inductively coupled
plasma atomic emission spectroscopy (ICP-AES).
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