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Current state and future development of thermal barrier coating
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Abstract: Thermal barrier coating (TBC) is a kind of high temperature protection coating. Because of its wide
application, it has attracted more and more interests in recent years. The research progress of thermal barrier coating

worldwide was reviewed, covering TBC composition selection, structure design, coating forming techniques, failure

mechanisms, life prediction as well as the future development of TBC.
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Table 1 Advantages and disadvantages of ceramic materials used as TBC
Material Advantage Disadvantage
1) High corrosion-resistance
Mulli 2) Low thermal conductivity 1) Crystallization at 1 023—1 273 K
ullite
3) Good thermal-shock resistance below 1 237 K 2) Very low thermal expansion coefficient
4) Not oxygen-transparent
1) High corrosion-resistance 1) Phase transformation at 1 273 K
Alumina 2) High hardness 2) High thermal conductivity
3) Not oxygen-transparent 3) Very low thermal expansion coefficient
1) High thermal expansion coefficient
2) Low thermal conductivity o
. . . 1) Increased sintering rate
3) High corrosion-resistance L
YSZ+CeO, ) 2) CeO, precipitation at >1373 K
4) Less transformation between ¢ phase and ) )
3) CeO; loss during spraying
m phase than YSZ
5) High thermal-shock resistance
1) Very high thermal stability
LayZr,04 2) Low thermal conductivity 1) Relatively low thermal expansion coefficient
3) Not oxygen-transparent
1) Decomposition into ZrO, and SiO, during
Silicates 1) High corrosion-resistance thermal spraying

Rare earth oxides

Metal-glass composite

Y;ALFes O,

SrZrO;

LaPO4

YSZ

1) Low thermal conductivity

2) High thermal expansion coefficient

1) High thermal expansion coefficient

2) Not oxygen-transparent

1) Good high-temperature mechanical property

2) Low thermal conductivity

1) High melting point

1) Low thermal conductivity
2) High thermal expansion coefficient

3) High melting point

1) Low thermal conductivity

2) High thermal expansion coefficient

2) Very low thermal expansion coefficient

1) Phase instability

1) High thermal conductivity

1) Low thermal expansion coefficient

2) Low melting point

1) Low thermal expansion coefficient

2) Not good thermal-shock resistance

1) Phase transformation

1) Not good thermal-shock resistance

H R T L fEE AL, Taylor® MR IR
EREHAG: ZINIEA TRV TE iR € IR IPOUE T 2 g
ARgmd; TEE P, Chen  A5U2VRIFH K55 B AR

& T AK G EAETRIZ, W T B R B
PR, RIPPZIK REONEEE] 1200 CH 11.0X
10°~11.6 X 107°°C, P HHE N 1.80X 107°~2.54 X107
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Fig.1 Three structures of TBC: (a) Double-layer system; (b) Multi-layer system; (c) Graded system
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Fig.3 Columnar structure of EB-PVD TBC
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Fig.5 Hat-shape TGO after thermal cycling
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