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Introduction
180mTa is the rarest isotope in nature with an unusually low abundance considering the yields of various processes in its mass region [1]. Its astrophysical origin is still an open question. It is thought to be produced during the slow neutron capture process in the Asymptotic Giant Branch stars through two mechanisms: via the β-decay of 180mHf (formed via n-capture on 179Hf) [2], and via the n-capture on 179Ta (formed via the β-decay of thermally excited 179Hf) [3]. The former route has been studied previously and it was shown that this mechanism alone is not sufficient to explain the observed abundance of 180mTa [4]. In the present project, we aim to investigate the latter of mechanism, and this requires the cross-section measurement of the n-capture reaction on the 179Ta isotope which is unstable with a half-life of 1.82(3) years. The presented work describes the efforts towards the separation of 179Ta originating from the proton irradiated hafnium metal, in order to supply pure tantalum fraction for the neutron cross section experiments.
Separations and outcome
The 179Ta sample was produced via 180Hf(p,2n)179Ta reaction by impinging 27 MeV protons on a high purity hafnium disk of 1 mm thickness and 15 mm diameter. The proton irradiation was carried out for ~7 hours with an average beam current of 32 µA at MC40 cyclotron, University of Birmingham. Unavoidably, also other isotopes were produced during the proton bombardment, inducing a significant dose rate from the sample. Therefore, after transfer of the sample to PSI, γ-ray spectroscopic measurements were performed in order to characterize γ and X-ray emissions from the sample. The obtained spectra with radionuclides attributed to the emissions are shown in Figures 1 and 2. The main dose rate contributor was identified to be 175Hf produced by Hf(p,xn)175Ta reaction and subsequent decay of 175Ta. Other significant radioactive impurities were 172Hf in secular equilibrium with its radioactive daughter 172Lu. As shown later, these radioactive isotopes of hafnium produced during the irradiations were conveniently used for the decontamination factor determination during the separations.
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Figure 1. Spectrum of the proton irradiated hafnium sample
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Figure 2. Spectrum of hafnium sample scaled for lower energies.
Separations on TBP resin
The partial dissolution of the sample was performed in concentrated hydrofluoric acid. Followed by the dilution with deionized water from MilliQ system yielding into 1 M·L-1 concentration and applied to the chromatographic column (internal diameter 5mm, height 150 mm) filled with TBP resin (Triskem). During this separation step the majority of hafnium matrix passes through the column while 179Ta was extracted by the resin. Elution of 179Ta from the resin was thereafter performed by 0.1 M HCl. After the 179Ta fraction was collected, the decontamination factor from hafnium was determined to be in the order of 3·102. The decontamination factor (Df) is defined in Eq. 1.,

   			    Eq. 1.

Where C0 and Cs represent relative hafnium concentrations, while A0 and As represent the radioactivity of 175Hf demonstrated by its 343.4 keV γ-ray emission from the sample before and after the separation. As radioactivity of the sample represented by 175Hf is proportional to the total concentration of hafnium in the sample the decontamination factor could be determined by γ-ray spectroscopic measurements. 
Separation on TEVA resin
The second separation step was based on the method developed by Snow et.al [5] The eluate from TBP resin was evaporated to dryness and re-dissolved in 6 M HCl/0.02 M HF mixture. The sample was thereafter applied to a chromatographic column filled with 2 grams of TEVA resin (Triskem). After the loading, the column was continuously washed with the same acid composition till no 175Hf signal was found in eluate. The elution of 179Ta from the column was performed with 6 M HNO3/0.02 M HF mixture. After the γ-spectroscopic analysis only weak signal of 175Hf was found in the eluate containing 179Ta, yielding to the minimum separation factor in the order of 1·104. Representative γ-ray spectra used for the decontamination factor determination are presented in Figure 3. Note that the spectrum before the separation was measured at 80 mm distance from detector, whether the separated sample was placed on the detector endcap yielding the scaling factor of ca. 280.
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Figure 3. Measured count rate of the 343.4 keV γ -line originating from the decay of 175Hf before and after the separation on TEVA resin. 
The separation procedure on TEVA resin was repeated once more without the use of additional radiotracers in order to remove last traces of hafnium from the sample. The eluate was free from the 175Hf signal in the spectra collected over 24h measurement time. The overall chemical yield of 179Ta was determined to be (80±10). 2.323(35) MBq of 179Ta could be produced by this method.
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