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Nano-domain structure and deformation mechanism in Ti-Nb-Zr-Ta-O alloys
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Gum metals have been studied extensively due to their unusual mechanical and physical properties such
as large non-linear elasticity, high strength, low Young’s modulus, and Invar-like behavior upon a wide
temperature range. These unigque characteristics have made Gum metals attractive candidates for a wide
range of applications such as eyeglass frames, medical implants and sporting goods. Over the years there
have been many researches to elucidate the mechanisms of the unique properties of Gum metals. It has
been recognized that interstitial oxygen atoms play a crucial role in achieving their unusual properties
however the underlying mechanisms have not yet been established. Recently, the presence of
martensite-like nano-domains was reported in Gum metals through systematic transmission electron
microscopy experiments. It has been reported that the nano-domain structure is introduced to release the
local stress field induced by interstitial oxygen atoms and the suppression of long-range martensitic
transformation in Gum metals. In this study, in order to clarify the mechanism of Invar-like behavior of
Gum metals, the effects of oxygen concentration and  stability on the nano-domain structure and thermal
expansion were investigated. And also the deformation mechanism of Gum metal was investigated.

The effects of oxygen concentration, Nb concentration and cold rolling on the nano-domain structure
and thermal expansion properties were investigated using the as-rolled and annealed specimens of
Ti-xNb-2Zr-0.7Ta-yO (at %) (x=21, 23, 25; y=0.3, 0.6, 1.2, 1.5, 1.8) alloys, where the Nb content was
varied to prepare alloys with different 3 phase stability. In the annealed alloys, normal positive thermal
expansion behavior was observed in all compositions while, in the as-rolled alloys, thermal expansion
behavior was strongly dependent on the oxygen and Nb concentrations. The linear thermal expansion



coefficient increased with increasing not only oxygen concentration but also Nb concentration. In the alloys
with 23 at.%Nb, the as-rolled 0.30 alloy exhibited a large negative linear expansion coefficient and the
1.20 alloy exhibited almost zero thermal expansion. When the oxygen concentration is fixed as 1.2 at.%,
the as-rolled 21Nb alloy exhibited a negative linear expansion coefficient and 23Nb alloy exhibited almost
zero thermal expansion. The nano-domain structure is also strongly influenced by Nb and oxygen
concentrations. The amount of nano-domains increased with increasing oxygen concentration while
decreased with increasing Nb concentration, i.e. with decreasing B phase stability. In the annealed alloys,
six variants of nano-domains were distributed randomly and uniformly. However, the growth of a
preferential variant of hano-domain occurred in as-rolled alloys. The preferential growth of nano-domains
became more prominent as the oxygen or Nb concentration decreased. The lattice constant of the B phase
increased monotonically with increasing temperature in all alloys. It is concluded that negative thermal
expansion coefficient and Invar-like behavior of Ti-Nb-Zr-Ta-O alloys is due to the lattice distortion strain
of nano-domains, where the contribution of amount of lattice distortion strain increased with decreasing
oxygen concentration or stability of B phase.

The deformation behavior of Ti-23Nb-2Zr-0.7Ta-xO (at %) (x=0.3, 0.6, 1.2, 1.5, 1.8) alloys was
investigated. The shape of stress-strain curve was highly dependent on the oxygen concentration. The 0.30
alloy exhibited superelastic recovery with stress hysteresis upon unloading. With increasing oxygen
concentration the apparent yielding stress increased and the stress hysteresis became narrower, implying
that the stress martensitic transformation was suppressed by the oxygen. It was also found that the athermal
omega phase affected the deformation behavior of the alloys and the oxygen suppressed the formation of
the athermal omega phase
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