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Microstructures and properties of biomedical Ti-Nb-(Ta)-Zr alloys
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Abstract: The variations of microhardness and microstructures for the biomedical Ti-35Nb-5Ta-7Zr and Ti-35Nb-7Zr
alloys subjected to different heat treatments were studied by microhardness test, X-ray diffractometry and transmission
electron microscopy. The effects of alloying element Ta on these variations and aging precipitation sequences were
revealed. The results show that the aging strengthening effect in the Ti-35Nb-5Ta-7Zr alloy is more prominent than that in
the Ti-35Nb-7Zr alloy. For the solution-treated Ti-35Nb-5Ta-7Zr and Ti-35Nb-7Zr alloys (in ST state), the precipitation
sequences during subsequent aging treatments at 300 and 600 C can be described as pS+a”(ST)

300°C g —900C +o+isothermal @ for the former, and S+a"+quenched w(ST) —%C 5 B+atisothermal
q

@ —3%C ; p+q for the latter. The addition of Ta to the Ti-Nb-Zr alloy system can suppress the formation of quenched w

phase during the solution treatment and increase the precipitation temperature of the isothermal w phase during
subsequent aging treatments.
Key words: biomedical materials; biomedical titanium alloys; Ti-35N6-5Ta-7Zr alloy; Ti-35Nb-7Zr alloy; aging;

microstructure; microhardness
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Table 1 Chemical compositions of prepared alloys

Mass fraction/%

Alloy No.
Nb Ta Zr (0] Ti
1 33.8 4.6 7.8 0.56 Bal.
2 35.2 - 7.6 0.42 Bal.
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Fig.1 XRD patterns of alloys in different heat treatment states:
(a) Alloy 1; (b) Alloy 2
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Fig.2 Vickers hardnesses of Alloy 1 and Alloy 2 subjected to

different heat treatments
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B3 [HEAESE A4 1R 2 [ TEM {5 L0 B 3% X H AT S A
Fig.3 TEM images ((a), (b), (c), (d)) and corresponding selected area electron diffraction patterns ((a’), (b"), (¢), (d')) for
solution-treated alloys: (a), (a") Alloy 1, viewed along [111]; direction; (b), (b") Alloy 1, viewed along [311], direction; (c), (c') Alloy

2, viewed along [111] direction; (d), (d") Alloy 2, viewed along [311], direction
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Fig.4 TEM images and corresponding selected area electron diffraction patterns of Alloy 1 ((a), (a’)) and Alloy 2 ((b), (b)) aged at

300 °C for4 h
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Fig.5 TEM images ((a), (b), (c), (d)) and corresponding selected area electron diffraction patterns ((a’), (b"), (c), (d")) for alloys

aged at 600 C for 4 h: (a), (a') Alloy 1, viewed along [111], direction; (b), (b) Alloy1, viewed along [311]4 direction; (c), (¢') Alloy
2, viewed along [111]4 direction; (d), (d") Alloy 2, viewed along [311], direction
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Table 2 Phase formations in Alloy 1 and Alloy 2 subjected to different heat treatments
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