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More recently a new type of damage has been pronounced in thermal barrier coatings (TBCs) by calcium-
magnesium-alumino-silicates (CMAS) from ingestion of siliceous minerals under certain operating conditions, 
based on synthetic material in Table 1. In order to understand material aspect of CMAS damage, a study on 
material interaction between  a synthetic CMAS and a single crystal yttria-stabilized zirconia (YSZ) was studied 
in this work. Here, the effect of crystallographic orientation on the interaction was also investigated.  The 
experimental works clearly showed that the material interaction between the CMAS and YSZ was significant, 
resulting in the change in microstructural morphology(Fig. 1(a)). The extent of interaction  depended on the 
crystallographic factor of the YSZ (Fig. 1(b)). The CMAS damage developed depending on the crystallographic 
plane of YSZ; it was the lowest onthe {111} plane.This is a noteworthy finding tomitigate the CMAS damagein 
EB-PVD top coat. The change in physical properties was also found to be pronounced at the CMAS damaged 
area. Based on these findings the  non-destructive detection was also tried for engineering applications. 
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Fig. 1 CMAS attack on a single crystal YSZ. 

 

Kikai, Yama and Umi, Mechanical Engineering Journal, Vol.00, No.00 (2014) 

[DOI: 10.1299/xxx.2014xxx000x]                                              © 2014 The Japan Society of Mechanical Engineers 
 

specimens by directly contacting with the model CMAS, where the model CMAS mixture was uniformly spread on the 

surface of the YSZ specimens (~0.8mg/mm2): Fig. 3. The CMAS-covered specimens were isothermally exposed at 

1250°C for 5h, 20h and 100h using an electric furnace in air, followed by cooling to room temperature. In this work, 

the cooling rate was an experimental variable: it was 6°C/min (furnace cooling) and ~2500°C/min (forced air cooling). 

The specimens after exposure were embedded in epoxy and then polished using SiC and diamond papers in order to 

observe the cross section. The changes in microstructure were characterized using a scanning electron microscope 

(SEM) equipped with an energy-dispersive spectrometer (EDS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results and discussion 

 

3.1 Interaction between SC YSZ and CMAS 

Figures 4(a)-(c) show the cross-sectional micrographs of the CMAS-affected SC YSZ specimens where the CMAS 

was mounted on {111} crystallographic plane for 5h, 20h and 100h at 1250°C with furnace cooling, respectively. It is 

found that the change in microstructure of the YSZ was significant near the CMAS/YSZ interface and the thickness of 

the CMAS-affected  area  increased  with  increasing  exposure  time.  This  region  is  referred  as  “interaction  zone”  in  this  

work. Figure 4(e) presents the high magnification image of the interaction zone squared in Fig. 4(c). The corresponding 

transverse cross-sectional micrographs along the dotted lines in Fig. 3(c) are given in Figs. 4(f) and (g), respectively. 

The interaction zone can be classified into two layers: those are an upper region where fine particles about a few  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Cross-sectional micrographs of the CMAS-affected SC YSZ {111} plane specimen after exposed at 1250°C for 

(a) 5h, (b) 20h, (c) 100h with furnace cooling (6°C/min) and for (d) 100h with forced air cooling (~2500°C/min). (e) 

High-magnification micrograph of the area squared in (c). Transverse cross-sectional micrographs of the (f) upper and 

(g) lower parts marked by the dotted lines in (c), respectively. 

Fig. 3 High temperature exposure test on single crystal YSZ specimens in contact with model CMAS. 
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plane on the interaction was also explored. 

 

2. Experimental procedure 

 

2.1 Preparation of model CMAS 

A model CMAS powder was prepared in order to simulate the CMAS damage. The chemical composition of the 

model CMAS used is shown in Table 1. This composition is similar to that of deposits observed on the surfaces of 

actual blades (Borom et al., 1996). The model CMAS was prepared though the following process; the constituent 

oxides were mixed and the mixture was melted in an alumina crucible at 1550°C for 30 min in an electric furnace, after 

which the melt was quenched in Air before pulverization, as shown in Fig. 1 (Aygun et al., 2007). Onset of melting of 

the CMAS powder was experimentally measured by ~1210°C by a differential thermal analysis (DTA) (Hayashi et al., 

2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Preparation of single crystal YSZ specimen 

The single crystal (SC) cubic-YSZ specimen comprised of 9.9mol% Y2O3-stabilized ZrO2 was used in this study. 

Three kinds of the YSZ plate specimens with dimensions of about 4 x 4 x 1 mm were prepared as shown in Fig. 2, so 

that one of specimen surface is facing on {100}, {110} and {111} plane, respectively. After cutting, the specimen 

surface was mechanically polished with SiC papers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Experimental work on CMAS damage 

The interaction between CMAS and YSZ was investigated through high temperature exposure of the SC YSZ 

Table 1 Chemical composition of model CMAS. 

Fig. 1 SEM image of synthetic CMAS crashed powder. 

Fig. 2 Geometry and crystallographic orientation of single crystal YSZ specimen, 

 and extraction of three specimens with a different crystallographic plane. 


