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Design and Development of bcec Type TiNbTaZrMo High Entropy
Alloy as Comparable Biocompatibility of Pure Ti
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The equi-atomic TiNbTaZrMo high entropy alloy (HEA) was newly developed as a new metallic biomaterial in this study.
TiNbTaZrMo HEA was designed by some parameters such as the mixing entropy A4S, mixing enthalpy AH,, J
parameter, Q parameter and the values of valence electron concentration (VEC). In addition, it was also considered the
biocompatibility of the component pure metals for design of HEA. The main constituent phase of a TiNbTaZrMo HEA was
identified as body centerd cubic (bcc) solid solution phase. The equi-axis dendrite structure was observed in this alloy ingot.
It was found that the main bcc dendrite phase exhibits the tendency to enrich Ta, Nb and Mo elements, while the Ti and Zr
were concentrated in the inter-dendrite bcc solid solution region. TiNbTaZrMo HEA shows higher strength than Ti-6A1-4V
alloy and comparable biocompatibility compared with pure Ti. These results imply the possibility of HEAs as a new class of

metallic biomaterials.
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Table 1 Alloy parameters of ASyix [J/mol K1, AH
[kJ/mol], 6 [%], Q, and VEC in equiatomic
TiNbTaZrX (X=Cr, V, Mo, W, Fe) alloys.
“R” in the 48,,;x column is the gas constant.

ASpix AH, J Q VEC

TiNbTaZrV 1.61R 0.3 6.7 101 4.60
TiNbTaZrCr 1.61R -3.7 8.2 8.9 4.80
TiNbTaZrMo 1.61R -1.8 59 197 4.80
TiNbTaZrW 161R -32 58 115 4.80

TiNbTaZrFe  1.61R -10.1 84 3.2 5.20
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Fig. 1 XRD profiles of as-cast (a) and annealed (b)
specimens in the equiatomic TiNbTaZrMo
HEAs. The figure was referred from the
literature®, and was partly modified.
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Fig. 2 Variation in the microstructures with anneal-
ing period. (a) is as-cast state, (b) is annealed
state. The figures were referred from the
literature®, and were partly modified.
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Table 2 Chemical composition analysis results in as-
cast specimens in the equiatomic TiNbTaZrMo
HEAs by EPMA-WDS. The table was referred
from the literature?, and was partly modified.

Ti Nb Ta Zr Mo

Dendrite 15.5 22.4 30.8 8.4 22.9
Interdendrite 24.7 13.6 7.7 40.9 13.1
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Fig. 3 Proof stress and fracture strain of TiNbTaZr-
Mo HEA.
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Fig. 4 Giemsa staining of the osteoblasts cultured on
(a) SUS316L, (b) CP-Ti, (c) as-cast TiNbTaZ-
rMo, and (d) TiNbTaZrMo HEA annealed at
1273 K for 168 h. (e) Quantitative analysis of
cell density after 24 h cultivation on each alloy.
The figures were referred from the
literature?, and were partly modified.
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