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Abstract: With high melting point, low density, and good high-temperature strength and processability, ultra high temper-

ature Nb-Si intermetallic based superalloys are considered as the most promising materials for replacing the third generation

of monocrystal Ni-based superalloys. This paper introduced a series of results regarding typical microstructure characteris-

tics, composition optimization, microstructural control, and roles of constituent phases for Nb-Si based superalloys. Re-

cently, some properties, such as room-temperature fracture toughness, high-temperature strength, and oxidation resistance,

have met the application requirements of turbine airfoil materials.

However, there is still a gap between the current compre-

hensive properties and application requirements. In the future, based on the optimization of alloy design, how to develop a

more available process for microstructural control to achieve a comprehensive combination of room-temperature fracture tough-

ness, high-temperature strength, and oxidation resistance, is important for the development of ultra high temperature Nb-Si

intermetallic based superalloys.
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Fig. 1  Liquidus surface projection of Nb-Ti-rich zone in Nb-Ti-Si ternary system
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Table 1 The effect and content of the elements in Nb-Si-based alloys!? 41825 -31]
Elements Influences Content ( atomic percentage) and explanation
Give certain volume percentage of intermetallics . . -
. . 1 . In order to obtain enough fracture toughness for engine applications,
Si to optimize the oxidation resistance and . : o
. the volume percentage of intermetallics should be more than 30%
creep resistance
Improve the fracture toughness of Nb solid solution.
T As Ti increases, the melting point decreases. TisSiy, a harmful phase to creep strength, will form if Ti
Certain Ti will improve the oxidation resistance of addition is more than 25%
Nb solid solution and silicides
L . The formation of Cr, Nb can be stabilized if Cr is more than 5% ,
Cr Improve the oxidation resistance. .
but its volume percentage should be less than 15%
Al Improve the oxidation resistance and Nb; Al, a harmful phase,
decrease the pest sensitiveness. will form if Al addition is more than 5% .
- . - Be beneficial if the amount is 2% ~6% . More than 3% of B
Be beneficial to improve the oxidation . _— . .
B R R . - . will make contributions. However, more than 6% of B will
resistance with partial substitution for Si. . .
decrease the oxidation resistance
Be beneficial to improve the oxidation resistance
Ge with partial substitution for Si, but the The amount of Ge should be more than 6%
melting point will decrease.
The role of Fe (more than 5% ) is equal to that of
Fe Cr. However, the combination of Cr and Fe could Generally, its amount is calculated with Cr
not be better than the same amount of Cr.
Improve significantly the pest .
Sn - . Sn content of 1. 5%
oxidation resistance at 750 ~950 °C. v
Be beneficial to improve the high temperature creep
resistance. Have a limited improvement on pest . . .
Ta S . . P pest Generally, its amount is calculated with Nb.
oxidation resistance. Play a limited worse role on the oxidation
resistance at high temperature.
Solid strength to improve high temperature strength
and creep resistance. Be beneficial to improve . . . .
D SIS . pre If the amount of W is 2% , it has no impacts on the high
w the pest oxidation resistance. Have a negative 1 .
. temperature oxidation resistance.
influence on room-temperature toughness and
high-temperature oxidation resistance.
Solid strength to improve high temperature strength
M and creep resistance. Have a negative influence If the amount of Mo is 1% , it has no impacts on the high
o . i .
on room-temperature toughness and high- temperature oxidation resistance.
temperature oxidation resistance.
Improve the strength, oxidation resistance,
processability, ductility, toughness, fatigue,
Re and Ru and creep resistance. Re can significantly Platinum element of 1% ~15%

Y, Tb, Dy, Er

improve the tensile strength
and creep resistance of Nbgg.

Improve the oxidation resistance

o Rare earth element of 0. 1% ~5%
and ductility.
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