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Abstract The basic concept of functionally gradient materials (FGM) is to fabricate materials type having
possibilities of applications in various fields by changing their intrinsic properties with continuous gradient. The
present communication has reviewed the developments and applications of various FGMs designed for improved

thermo-mechanical properties, in which the thermal protective and wear resistant materials are especially focused.

Effects of thermo-mechanical properties and limits of FGMs designed for high temperature applications were
mainly understood in terms of residual stress evolved from the design and fabrication. In addition, FGMs applied

in structural parts were also introduced and discussed in terms of typical fabrication method for FGMs.
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Table 1. Various fabrication methods of FGMs.
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Process Materials
Powder Metallurgy Process Hot Pressing, HIP, Spark Plasma Sintering YSZ/SUS, Al,04/Ni, YSZ/Mo,
Microwave sintering, W/Cu, Ti/HAP

Thermal Spray Process
Combustion Syntheis Process

Deposition Process

Arc Spray, Plasma Spray, D-Gun
Reactive Sintering, SHS
CVD, PVD, Electrodeposition

YSZ/NiCrAlY, Al,O4/Ni
TiC/Ni, TiBy/Ni, ZrO,/TiAl
SiC/C, SiC/TiC, Ni/Cu
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Fig. 1. Schematic illustration showing the deposition scheme to produce a 7-layer FGM by applying ‘shot control method’.
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Cross-sectional Planar

Fig. 2. (a) Cross-sectional micrograph showing the FGM layer. (b) and (c) are the enlarged micrographs showing ceramic-
rich and metal-rich areas of the FGM layer, respectively. (d) and (e) show the surface microstructure of (b) and (c) region,
respectively. The YSZ deposits have a dark contrast while NiCrAlY deposits have a light contrast.
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Fig. 3. Hardness values vs. distance from the 100%

NiCrAlY region through to the YSZ top coating layer in
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500

Bending strength {MPa)

0 25

50 7% 100
YSZ content {wt.%)

Fig. 4. Bending strength of individual layers of FGM
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Fig. 5 Bond strength of coatings with different graded
layers20).
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Fig. 6. Temperature profile of FGM measured using the
burner rig test system.
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Fig. 7. Comparison of the thermal barrier properties
between FGM TBC and duplex TBCs, as measured after

10min of heatings at each step of input flame temperatures
during thermal shock test.
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Fig. 8. Comparison of thermal fatigue lives between FGM
and duplex layer.
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Fig. 9. Schematic diagram showing the failure of FGM by oxidation.
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