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The main phases were identified as Mg and MgO, indicating that the evaporated Mg had solidified and a part of the Mg had been oxidized by air exposure. The result indicates that the by-product Mg easily evaporates even at 1123 K without vacuum.
2RE(s, in magnet) + 3MgCl2(l) → 2RECl3(l) + 3Mg(g) 	(1).
In the SEEE process, the evaporated Mg and MgCl2 can be reused together as the RE extraction agent (MgCl2) after the chlorination by Cl2 gas formed in the next step.
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Fig. S1. (a) A photo and (b) an XRD pattern for evaporates collected from the low temperature part of the top of container after RE extraction in a molten CaCl2–MgCl2 (3 mol%) system at 1123 K for 20 h without vacuum.
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Fig. S2. (a) Cross-sectional SEM image with EDX analysis results and (b) XRD pattern of the sample obtained by the potentiostatic electrolysis with a Ni electrode at a potential of 0.60 V. (c, d) Potential dependences of the (c) RE–Ni alloy formation rate and (d) concentrations of RE elements and Dy:Nd ratio in the RE–Ni alloys. The samples were obtained by the potentiostatic electrolysis with Ni electrodes at various potentials and temperature of 1123 K for 30 min in a molten CaCl2–CaF2 (6.00 mol%)–NdCl3 (2.00 mol%)–DyCl3 (1.00 mol%) system.
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