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Separation and Enrichment of Rare Earth Elements by Multistep pH-Peak-Focusing Countercurrent Chromatography with a Polyethylene Glycol-Salt Aqueous Two-Phase System
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Countercurrent chromatography (CCC) is a liquid chromatographic technique with a support-free liquid stationary phase. Among all the existing CCC apparatuses, the hydrodynamic CCC developed by Ito and his co-workers is the most advanced form and has now been accepted as an efficient preparative technique, which yields a highly efficient separation of a large amount of samples in several hours.1 Although CCC is mainly used for separation of organic substances, it has also been demonstrated that this technique can be applied for separation of inorganic ions.2-4 In this paper, we will present multistep pH-peak-focusing CCC,5 a novel method for separation and enrichment of metal ions. We will show that mutual separation and enrichment of rare earth elements can be achieved using a polyethylene glycol-Na2SO4 aqueous two phase system (ATPS) and pH stepwise gradient elution.
The experiments were performed using a type-J Hitachi Tokyo Electronics (Tokyo, Japan) high-speed countercurrent chromatograph. The column holder revolves horizontally around the vertical axis of the centrifuge and an adjustable counter weight was mounted on the opposite side of the column holder to balance the centrifuge system. The revolution speed of the column was 750 rpm. The distances from the column holder axis to the coil and to the centrifuge axis are 53 mm and 100 mm, respectively. The column was prepared by winding the 9.3 m polytetrafluoroethylene tubing of 1.5 mm i.d. onto the holder hub and the total column capacity was 16.5 mL. The aqueous two-phase system used was prepared by dissolving PEG#1000 (5.4 % (w/w)), sodium sulfate (16.7 % (w/w)), and acetylacetone (50 mM) in water. The PEG-rich upper phase was used as the stationary phase, while the salt-rich lower phase was used as the mobile phase. 
The column was first entirely filled with the stationary phase alkalized with sodium hydroxide, and then the sample solution was injected through the sample port. Metal ions in a sample solution are chromatographically extracted in a basic stationary phase containing acetylacetone at the top of the CCC column. After the sample solution is introduced, the mobile phases of which the pH values have been adjusted with buffer reagents are delivered into the column by stepwise gradient elution in order of decreasing pH. Each metal ion is concentrated at a pH border formed between the zones of different pH in the CCC column through extraction with acetylacetone into the stationary phase at the front side of the border (basic region) and back extraction into the mobile phase at the back side of the border (acidic region), moving toward the outlet of the column with the pH border. The pH borders having sharp pH jumps can be formed in the CCC column by adjusting the pH values of the mobile phases with the individual buffers which show the maximum buffering capacities at the corresponding pH. If the buffering capacity of the mobile phase or the stationary phase is not high enough, the pH at the border may be affected by the distribution of the acid and base forms of the buffer.
Mutual separations of La(III), Ce(III), Nd(III), Yb(III), and Sc(III) were achieved by the present method using five step pH gradient elution, and each rare earth metal ion was effectively enriched at each of the five pH borders. The mechanism for formation of pH profile of the column effluent and the potential of this technique for preparative scale separation are also discussed.
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