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Part 4: High-Temperature Alloy
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Abstract: The details of microstructure and mechanical
properties of Nb-Si based alloys have been shown with the
addition of B4C. Results show that the addition of B4C
promotes the formation of silicide phases, Moreover, the
fracture toughness has been improved with doping of trace
B4C, and the maximum value of the investigated alloys is
14.26 MPa·m1/2, which improves by 41.05%.
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1 Introduction
The Nb–Si based alloys are one of the most potential
candidate materials for the next generation aerospace
turbine blades, because of its higher melting point (>1700
◦C), lower density (6.6–7.2 g/cm3) and excellent high-
temperature strength [1-3]. However, the poor fracture
toughness at room temperature has limited its practical
application of Nb-Si alloys[4-6].

2 Experimental procedure
All the ingots have been prepared by the non-consumable
electric arc melting, and the nominal chemical compositions
are Nb-16Si-20Ti-20Zr, Nb-16Si-20Ti-20Zr-1B4C, Nb-
16Si-20Ti-20Zr-2B4C, and Nb-16Si-20Ti-20Zr-4B4C. The-
X-ray diffraction (XRD) is used to examine the phase
structure and crystalline structures. The room-temperature
fracture toughness is measured by conducting three-point
bending specimens with the size of 20*4*2 mm. The room-
temperature compressive test is conducted using the Instron
5569 electronic testing machine with the size of 4*6.

3 Result and discussion
Mcrostructure
The XRD results can be seen in Fig. 1. It can be seen that
the constituent phases no change with the addition of trace
B4C.All the Nbss and γ(Nb, X)5Si3 phases exist in the 0-
2at.% B4C alloys. As the content of B4C exceed 4 at.%, the
new silicide phases ((Nb, X)3Si) appear in the matrix.
Fig. 2 shows the backscattered electron (BSE) images of
investigated alloys. The Nbss/γ(Nb, X)5Si3 eutectic and
small proportion of γ(Nb, X)5Si3 phases exist in 0B4C alloys.
And It is obvious that the proportion of γ(Nb, X)5Si3
increases as doping of B4C, suggesting that B4C can change
the solidification of Nb-Si based alloys. In 4B4C alloys, the
gray (Nb, X)3Si phases appear in the matrix.

Fig. 1.XRD images of Nb-16Si-20Ti-20Zr-xB4C alloys

Fig. 2. BSE images of Nb-16Si-20Ti-20Zr-xB4C alloys

Fig. 3. The KQ values of Nb-16Si-20Ti-20Zr-xB4C alloys
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Room temperature fracture toughness
Fig. 3 shows the room-temperature fracture toughness of
investigated alloys. The KQ valus of based alloys is 10.11
MPa ·m1/2. The fracture toughness increase with doping of
B4C, and the fracture toughness of 1B4C and 2B4C are
10.62 and 14.26 MPa · m1/2,which increase 5.04% and
41.05%. However, the fracture toughness decreases as the
content of B4C exceed 4at.%.

4 Conclusion
(1)The addition of B4C changes the microstructure of Nb-Si
based alloys. The proportion of primary γ(Nb, X)5Si3 phases
increase with doping of B4C. In 4B4C alloys, (Nb, X)3Si
phases appear in the matrix
(2)The room-temperature fracture toughness increases

signally with doping of B4C. The KQ value of 2B4C alloys
is 14.26 MPa·m1/2, which improves by 41.05%.
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