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Abstract.The actuation based on shape memory alloys relies on the martensitic phase
transformation that allows the reversible transition from the “soft” martensite phase to the
“hard” austenite phase. Usual shape memory alloys usually have transformation temperatures
around room temperature. While these are suitable for biomedical devices a higher temperature
range is needed for applications that are designed to work in aerospace applications. High
temperature shape memory alloys belonging to the Ti-Ta system manufactured by arc melting
are investigated for their potential to be used in applications requiring the actuation based on
martensitic transformation. The microstructure is analyzed based on X-ray diffraction and
scanning electron microscopy whereas the martensitic transformation is investigated based on
differential scanning calorimetry experiments.

1. Introduction

The shape memory effect was observed on numerous alloy systems, among which the so-called Ni-
free alloys, based on Ti (like Ti-Ta, Ti-Mo, Ti-Nb) are ones that can provide a large range of
transformation temperatures for a variation of the composition [1-4].

A number of applications requiring high temperature actuation cannot use the typical shape
memory alloys because their actuation temperatures are limited to about 100 °C. Hot environments
like the one required by home appliances, automotive or aerospace industry or power generation
systems need significantly higher transformation temperatures.

Among the high temperatures shape memory alloys (HTSMA) the Ti-X (X=Pd, Au, Zn) and Ru-X
(X=Nb, Ta) are the ones capable of leading to Ms transformation temperatures above 400 °C [5-8].
The B-type Ti-base alloys can show interesting shape memory and associated properties (like
superelasticity and shape memory properties by taking advantage of the f«»>a" reversible martensitic
transformation. The parent B-phase in Ti alloys is obtained by stabilization via the addition of B
stabilizing elements. Tantalum is a stabilizing element that also has the potential to increase the
martensitic transformation temperature and to limit the formation of the ® phase during aging at
intermediate temperatures, a phase that can supress the martensitic transformation [9].

The fabrication and microstructure of a Ti-Ta alloy was investigated in this paper in order to
develop the shape memory alloys with higher transformation temperatures.

2. Experimental details

Ti-Ta alloys have been manufactured by arc melting technique using an Arcmelter equipment
(Edmund Buhler GmbH), in Ar atmosphere, after the chamber was high-vacuumed to 3x10-5 mbar.
Several re-melting were made to ensure the homogeneity of the resulting alloys. Heat treatments were
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performed for samples transversally cut from the as-cast buttons encapsulated in quartz tubes
vacuumed at 3x10-5 mbar and sealed. The samples were heated at 1000 °C and maintained for 36 ks,
followed by furnace cooling. Further on the vacuum sealed samples were heated at 900 °C and
quenched in room temperature water by breaking the quartz tube in water.

Structural analysis was performed by X-ray diffraction in an X'Pert®> Powder (PANalytical) at room
temperature. Monochromatic Cu Ko was used as radiation, with a 1.541840 A wavelength, 40 mA
power at 40 KV, 0,04 mm step with a 0,5 s/step, for a 20° — 90° 26 range. Microstructural observations
of the samples was made by scanning electron microscopy (SEM) in a TESCAN Vega 3 LM scanning
electron microscope (SEM), equipped with a Bruker Quantax 200 Energy Dispersive X-ray
Spectroscopy (EDX) system with Peltier-cooled XFlash 410M silicon drift detector.

3. Experimental results

The buttons made out of Ti-Ta alloys by arc melting showed a relatively good homogeneity following
seven to eight re-melting and homogenization annealing. An analysis of the phase diagram
corroborated with the EDS investigation of the composition of the alloy recorded on a sample cut from
the button is shown in figure 1.
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Figure 1. Analysis of the alloy composition based on the phase diagram and the EDS results.
(Ti-Ta phase diagram after Phase Diagrams of Binary Titanium Alloys, 1987).

The composition of the alloy falls in the range where the shape memory effect was reported for the
Ti-Ta system. The microstructural observation of the free-solidification part of the as-cast button
(figure 2) shows a dendritic structure (with dendrites and interdendritic spaces), typical for Ti-alloys
[9]. According to the phase diagram (figure 1) an o+f structure is expected to be present at room
temperature over a large compositional range in the as-cast alloy. Further EDS investigations showed
that the solidification surface is Ti-rich, indicating that the Ti tends to segregate during the
solidification process.
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a) View of the as-cast solidification surface b) Area with denidritic structure
Figure 2. Microstructural aspects of the as-cast surface.

The martensitic transformation that appears in Ti-Ta shape memory alloy is influenced by the
composition, with the Ms temperature tending to reach temperatures lower than room temperature for
compositions with Ta content higher than 40%. Buttons quenched were analyzed by electron
microscopy and X-ray diffraction.

The Ti-rich as-cast surface of the button shows after quenching a lamellar structure which appears
to be influenced by the pre-existing dendritic structure and is of limited interest for the shape memory

properties.
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Figure 3. Detailed micrbstfucturai ‘aspects Figure 4. XRD profile of the Ti-Ta alloy
of the as-cast surface. solution treated at 900 °C and water quenched.

The quenching of the alloy leads to the formation of a martensite structure that identified in the X-
ray spectra shown in figure 4. The structure is composed of o" martensite that was stabilized at room
temperature by quenching and has an orthorombic crystal structure, which is consistent with the data

reported in literature.
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a) Martensite structure of the alloy b) Details of the martensite structure
Figure 5. SEM image of the Ti-Ta alloy following quenching (center of the cross sectional sample).

The presence of the martensite in the microstructure is a premise for the existence of shape memory
properties in the alloy.

4. Conclusions
The structure of a Ti-Ta alloy analyzed in the as-cast and quenched state reveals the formation of a
martensitic structure following quenching from 900°C in water. The corresponding martensite is o
orthorombic as it resulted from the X-ray diffraction profile.

A segregation of Ti-rich phase was observed on the surface of the as cast sample, thus several re-
melting are needed in order to obtain a homogenous composition throughout the thickness of the arc
melted button.
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