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Abstract  of  Thesis  
N a m e  （   P a n   Wang   ）  

Title 
Effect of β-phase stability on physical properties in Ti-Nb base alloys for biomedical 

applications 

(生体用Ti-Nb基合金におけるβ相の相安定性が物性におよぼす影響) 

 

β-phase Ti alloys have been considered as important implant biomaterials because of their excellent 

properties. However, the phase transformation behavior and dislocation structure is complex. Therefore, the 

focus of this present study was directed at improving the understanding of β-phase stability and its influence 

on physical properties in Ti-Nb base alloys for biomedical applications. This dissertation is conveniently 

divided into 7 Chapters.  

Chapter 1 provides motivations and purposes of present study. The background is also briefly reviewed.

In Chapter 2, the relation between ω-phase transformation, β-phase lattice modulation and β-phase 

stability in Ti-Nb single crystals were investigated. We found that Ti-30Nb single crystal β-phase exhibits 

only lattice modulation, a low Debye temperature and a high the resistivity at 15 K, corresponding to the 

relatively low β-phase stability. 

In Chapter 3, effect of Al content on ω-phase transformation and lattice modulation in Ti-Nb-Al alloys 

were studied. The ω-phase is gradually suppressed with increasing Al content and the lattice modulation that 

has a propagation vector <ζζ̄0>* (ζ∼ 1/2) and the atom displacement of [110] appears in the Ti-Nb-Al alloys. 

Ti-28Nb-7Al alloy with an e/a of 4.21 showing low β-phase stability was obtained.  

In Chapter 4, the elastic properties of Ti-30Nb and Ti-28Nb-7Al single crystals which show low β-phase 

stability were investigated. By controlling athermal ω-phase and decreasing the e/a ratio, a large elastic 

anisotropy Ti-28Nb-7Al single crystal with E100 ∼ 36 (GPa) was obtained, which is almost similar to Young’s 

modulus of human cortical bones and is possible to apply to biomedical implants for avoiding stress shielding.

In Chapter 5, the compressive deformation behaviors of Ti-Nb base single crystals depends on the β-phase 

stability and addition of Al content were investigated. Deformation induced ω-phase transformation, which 

changes Tc, electrical resistivity curve and also suppresses the growth of athermal ω-phase below room 

temperature, was found in low β-phase stability single crystals. The formation of ω-phase may relate an 

anomalous softening after yield in stress-strain curve. However, deformation induced ω-phase transformation 

could be suppressed by a small amount Al content. We also found that both the major additional elements and 

Al element are important factors responding to the deviation of system plane. 

In Chapter 6, the cyclic deformation behaviors of Ti-Nb base single crystals were studied. The cyclic 

deformation behavior depends on β-phase stability and Al content. For ternary Ti-zNb-7Al single crystals, 

a continuously cyclic softening occurred. In contrast, it is complex for binary Ti-Nb single crystals. An 

asymmetrical shape was observed in Ti-28Nb single crystal that is caused by stress induced α″ martensite 

transformation. Symmetrical shape that is related to dislocation slip was observed in Ti- xNb (30 ≤  x ≤  40 

in at. %) single crystals. Continuous cyclic hardening was observed in Ti-30Nb single crystal, while an 

anomalous precipitation softening after cyclic hardening was observed in Ti-32Nb, Ti-34Nb and Ti-36Nb single 

crystals. After cyclic deformation, phase transformation occurs in the low β-phase stability binary single 

crystals which are four variants ω-phase appears in Ti-28Nb and Ti-30Nb single crystals and single variant 

ω-phase appears in Ti-32Nb, Ti-34Nb and Ti-36Nb single crystals. Furthermore, it is confirmed that single 

variant ω-phase formed by a dislocation interaction mechanism and the anomalous softening is caused by 

formation of single variant ω-phase.  

In Chapter 7, the present study has been summarized. 

 

 




