A Simple and Efficient Method to Recover 64Ni from Electrolytic Solutions
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Introduction: Production of high specific activity 64Cu via the proton irradiation of isotopically enriched 64Ni, electrodeposited on a suitable backing substrate, is the most common among the different methods to produce this emerging radionuclide. The electroplating of Ni(II) is normally accomplished using an alkaline solution of ammonium nickel sulfate [(NH4)2Ni(SO4)2] or an acidic solution of nickel chloride (NiCl2), in both cases using salt buffers to maintain the pH of the solution [1,2]. Some unforeseen cases arise when the electrodeposition does not work and the solution needs to be reprocessed, but the presence of salt buffers makes it difficult to recover the Ni(II) to prepare a fresh electrolytic solution. The aim of this work was to develop a simple and efficient method to recover isotopically enriched 64Ni from bath solutions.
Material and Methods: Sodium form Chelex 100 (100-200 mesh) and chloride form AG1–X8 (200-400 mesh) resins were acquired from Bio-Rad. All other high purity (>99.99%, metal basis) reagents and test strips for nickel (Ni2+) were from Sigma-Aldrich. Ni(II) electrolytic solutions in the chemical for of ammonium nickel sulfate and nickel chloride, using natNi, were prepared as previously reported [1,2], with a Ni-concentration of 6 mg/ml. A batch method was used to recover the nickel. Experiments with each electrolytic solution were carried out using 5 ml of stock solution (i.e. 30 mg of elemental Ni), adding 3 g of Chelex resin followed by gently stirring. Once Ni was completely absorbed by the resin, the samples were transferred to an empty chromatography column, and after washing the resin with Milli-Q water (3 x 2ml), Ni was desorbed from the resin, and eluted from the column, using 6M HCl (4 x 2ml). The eluted Ni-solution was passed through another column (connected in series) with 3 g of AG1-X8 resin preconditioned with 6M HCl. Once optimized, the method was used to recover enriched 64Ni from stored electrolytic solutions (chemical form NiCl2, pH(5) for which the electrodeposition did not work, and/or collected after a successful electrodeposition but with ppm traces of 64Ni.
Results and Conclusion: Chelation of Ni(II) by the resin was almost instantaneous as visually observed by the color fading of the solution (green and blue for the NiCl2 and the (NH4)2Ni(SO4)2 solutions, respectively), acquiring 
the resin the corresponding color. Chelation of Ni(II) was quantitative as confirmed by the Ni2+ test strips after a few min of stirring. The wet capacity of Chelex resin is 0.40 meq/ml and the amount used in the experiments was about two-fold the determined amount given the mass of elemental Ni in the sample solutions. Chelex resin is stable over the entire pH range and functionally active from pH 2-14. Cation exchange was faster for the acidic solution (pH 3.5-5) compared to the alkaline solution (pH 9). The chelation of Ni(II) from the alkaline solution was speed it up by the addition of two more grams of resin. As there was no certainty on the mass of enriched 64Ni in the used electrolytic solution, resin was added in two steps (3 +2 g), until confirming quantitative absorption with the Ni2+ test strips. Over 150 mg of 64Ni were recovered. Desorption from the resin and elution of Ni(II) from the column was also quantitative and observed as a greenish solvent front of the 6M HCl, leaving behind the uncolored resin. Recovered Ni(II) can then be processed to prepare a fresh electrolytic solution using standard methods. The use of the AG1-X8 column is optional; it is intended to remove metallic impurities like Co and Cu as the Chelex resin, although with different selectivity, chelate a broad variety of cations. The chemical purity of the recovered 64Ni, and consequently specific activity of 64Cu, can also be increased after recycling the Ni target material [3]. Note that this method is versatile and can be applied to recover other enriched target materials including, but not limited to, isotopes of Sc, Sr, Zn, Co, Fe, Ca and Mn. It can also be applied to recover enriched material of solution targets used for the production of metallic radionuclides such as 68Zn and 64Ni used for 68Ga and 64Cu production, respectively.
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