-Ti bio-alloys with low Young’s moduli interpreted by
cluster-plus-glue-atom model
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multiple alloying using both BCC stabilizers and low-E elements.
I attempted to introduce the cluster-plus-glue-atom model in the
composition interpretation of Ti-Zr-Mo-Nb-Sn alloys. I found out
quite interesting composition rules in terms of valence electron
concentration and atomic size.

Ti-based alloys are useful biomaterials for their low Young’s

Valence electron number per atom

-Ti biomedical alloys with low Young’s moduli require

modulus (low-E), high strength, excellent biocompatibility and
corrosion resistance [1]. They usually have BCC
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containing multiple non-toxic elements such as Mo, Nb, Ta, Zr,
etc. The alloying elements play two major roles apart from being
non-toxic: stabilizing the BCC structure and decreasing the
Young’s modulus of -Ti alloys.

Fig. 1

Compositions of low-E alloys in a 2D map coordinated by

valence electron concentration and atomic size. The data are

In light of our cluster-plus-glue-atom model [2,3], we here

both from our experiment (□) and from the literature (○). The

attempt to obtain the composition formula of the low-E -Ti solid

non-BCC alloys are marked with △. The Young’s moduli E below

solution alloys with high structural stabilities.

65GPa are shown near the alloy compositions.

According

to

enthalpies

of

mixing

H’s,

the

cluster-plus-glue-atom model specific to Ti-Zr-Mo-Nb-Ta-Sn
BCC -Ti alloys is proposed as [(Mo,Sn)1(Ti,Zr)14]Nbx. Alloys
conforming to composition formula were prepared at Dalian and
the data on BCC stability and mechanical properties were
collected there.
The correlations between the E value and elemental
properties such as valence electron concentration and average
atomic size were analyzed and summarized in Fig. 1.
Two conclusions can be drawn from this figure. First, all the
low-E alloys, both ours and from the literature, are located in the
same narrow region, with valence electron concentration per
atom being 4.1~4.3 and average atomic size being 0.145~0.148
nm. Second, the alloys showing the lowest E values are further

Fig. 2 NEDO Lab. Special Lecture on Nov. 29, organized by Dr.

grouped towards the lower edges of the composition region. It is

Yamaura and Dr. Zhang,

interesting to note that the latter zone is quite close to that of
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