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7 89 impact of the water content on the deposition. After separating and isolating the phases from the 90 system ABS-AcABS, the IL-rich phase was diluted in a minimum of water (0.2 g of water per 91 gram of isolated IL-rich phase) until the solution colour transitioned from deep blue to light red. 92 This well-known colour change is due to the transition of blue chloride-complexes (CoCl 4 2-or 93 CoCl 3 2-) to the formation of a red cobalt hexahydrate complex, Co 2+ (H 2 O) 6 . [START_REF] Neves | Evaluation 510 of Cation Influence on the Formation and Extraction Capability of Ionic-Liquid-Based 511 Aqueous Biphasic Systems[END_REF] This system is 94 referred to as "ABS-AcABs-diluted" in this work. 95 Obtained deposits were analysed by SEM-Energy Dispersive Spectroscopy (SEM-EDS) for 96 single metal extractions. Metallic deposits obtained after selective deposition of cobalt in 97 multielemental solutions were analysed through X-ray Diffraction (XRD). In the latter case, the 98 metal was fully leached in 5 mL of 4 mol.L -1 nitric acid (HNO 3 ) in order to investigate (i) the 99 purity of the metal and (ii) the Faradic efficiency of the electrodeposition (E F ). The Faradic yield 100 corresponds to the ratio between the experimental and theoretical conversion of S4. The concentration of the 157 [P 44414 ] + cation in the aqueous phase was found to be below the detection limit for all tested systems 1). As shown in Figure 3, 306 the partial substitution of HCl by NaCl reduces the [H 3 O] + concentration of the IL-rich phase 307 whilst maintaining the required solution acidity to perform the leaching of metals. This system was 308 studied both in its undiluted and diluted form to establish the impact of water and therefore Co(II) 309 complexation, on the quality of the Co(0) deposits. In the CV of undiluted ABS-AcABS, E Red Co 310 appears at -1.12 V vs. Ag/AgCl (Figure 5, grey line), similar to that obtained in the ABS system.

311 The composition of the obtained deposit is 92 mol.% of cobalt and only 7 mol.% chloride. This 312 represents a significant increase in the deposit purity compared to that obtained in AcABS. The 313 presence of Cl -is assigned to (i) the presence of residual [P 44414 ]Cl in the final deposit and (ii) to 314 the small leaching effect from the persistent presence of HCl ([H 3 O] + = 0.35±0.04 mol.L -1 ). SEM-315 SE analysis of the working electrode surface after deposition reveals its complete coverage by a 316 large layer of deposit (cf. Figure 6). The deposit presents a sheet-like structure with no observable 

111 10 146 147 Figure 1 .

 101471 Co(II) to Co(0) 101 during electrodeposition. E F was calculated according to the following equation: Co represents the concentration of cobalt in mol.L -1 in the aqueous phase containing nitric 104 acid, used to leach the deposits. V HNO3 is the volume of the nitric acid solution in L. I (A) represents 105 the current produced during chronoamperometry measurements for a given time t in seconds. F 106 and n stand for the Faraday constant and the number of moles of electrons exchanged during the 107 Development of mixed ABS-AcABS systems for metal extraction 112 The innovation of AcABS lies in its ability to extract metals directly from leachates just by 113 adding a carefully selected IL. However, optimal extraction and separation of Co(II) in the 114 [P 44414 ]Cl-HCl-H 2 O AcABS was shown to occur for highly concentrated solutions of HCl above 115 8 mol.L -1 or ⁓25 wt.%, considerably more concentrated than most common leaching solutions (cf. 116 Figure S1 of the ESI). A full description Co(II), Ni(II) and Mn(II) extraction in AcABS is provided 117 in the "Metal extraction in the [P 44414 ]Cl-HCl-H 2 O AcABS" section in the ESI. This includes the 118 effect of HCl concentration in AcABS on the partition of [H 3 O] + , Cl -and H 2 O to the IL-rich phase 119 (Table S2, ESI), the IL-rich phase viscosity before and after metal extraction (Figure S2, ESI) and 120 the influence of Co(II) feed concentration on the extraction efficiency and system properties of 121 AcABS (Figure S3 and S4, ESI). 122 However, the addition of extra HCl to leachates to induce AcABS formation and the efficient 123 extraction of Co(II) is not realistic from an industrial perspective due to i) the corrosivity of HCl 124 and ii) the increased cost of solution neutralisation after extraction. Furthermore, even small HCl 125 concentrations can inhibit the subsequent electro-deposition of Co(II) due to the narrowing of the 126 electrochemical window caused by the reduction of [H 3 O] + (cf. Figure S5 in ESI). [P 44414 ]Cl was 127 shown to form ABS with a wide range of chloride salts. 19 As such, we propose a mixed ABS-128 AcABS system using mixtures of HCl/NaCl capable of efficiently separating Co(II) from Ni(II) 129 and Mn(II) from any chloride-containing aqueous solution, even at low HCl concentrations. It is 130 important to stress that some degree of solution acidity is required leach metals and to prevent 131 metal hydrolysis common at the high pH of typical ABS. (A) The effect of NaCl concentration on the binodal curve of [P 44414 ]Cl-HCl-H 2 O system 148 at 298 K (binodal data is provided in Table S3 in the ESI). (B) Reduction in the HCl concentration 149 required to induce phase separation at a fixed NaCl concentration for 10 wt.%, 15 wt.% and 20 150 wt.% [P 44414 ]Cl 151 152 The partition of Co(II), Ni(II) and Mn(II) from a multielement solution containing 0.1 mol.L -1 153 of each respective metal ion was attempted for eight ABS-AcABS systems at different HCl:NaCl 154 ratio (T=298 K). The system compositions are given in Table S4 of the ESI and their respective 155 metal extraction efficiency and the concentration of Cl -, [H 3 O] + and H 2 O in the IL-rich phase after 156 extraction and phase separation are presented in Figure 2-3 and Table

  

  

Table 1 .

 1 Elemental analysis of the electrodeposited deposits obtained in ABS, AcABS and ABS-301 AcABS (undiluted and diluted) systems after extraction from solutions containing 0.1 mol.L -1 302 Co(II).
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  significantly improved after dilution, with close to twenty fourfold increase 371 in the deposit mass to 7.2 mg in the system ABS-AcABS-diluted. This results in a twofold increase

				Extraction Systems
		Deposit Composition	ABS-AcABS	ABS	ABS-AcABS-diluted
		Co (mg)	0.30 ± 5×10 -3	0.29 ± 5×10 -3	7.2 ± 0.1
		Mn (mg)	< 5×10 -3	< 5×10 -3	< 5×10 -3
		Ni (mg)	< 5×10 -3	< 5×10 -3	< 5×10 -3
		E F (%)	28.9	31.6	59.7
		Co electroplated (mol.%)	0.91	0.82	2.51
	369			
	370	Deposition yields are		
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