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Abstract
The Assisted-Reverse Electrodialysis (A-RED) process has been proposed as a remineralization unit strategy for river water RO permeate by thethrough direct recovery of minerals for from its retentate brine. In the present work, the use behaviour of an A-RED unit fed by multi-ions solutions including sodium, chlorides, calcium, magnesium, potassium, sulphates and bicarbonates was assessedtested. The effect of brine and permeate conductivities and ionic compositions was investigated atusing a laboratory-scale unit. The behavior of SUEZ-A-RED stack was assessed operatingoperated/operating at different applied voltages to build the current density-voltage curves and investigateing the ion-exchange membrane transport properties through the estimation of apparent ion transport numbers and membrane selectivity.	Comment by ALESSANDRO TAMBURINI: Rephrase it.
Results highlighted that the use of calcium or sodium chloride provided guaranteedthe higher currents, followed by the use of potassium chloride, while the presence of magnesium chloride, sodium sulphate or sodium bicarbonate resulted in higher stack resistance. Apparent transport numbers were independent of brine and permeate conductivities as well as the applied voltage/current,. while bBrine composition mainly affected transport numbers and selectivityselectivities. For both two- and three-salt solutions, the selectivity of the CEM cationic exchange membrane decreased from 1.9 to 0.8 depending on the ion as the concentration ratio between the generic ion and sodium increased. In contrast, the anionic exchange membrane selectivity remained constant at ~0.6 and ~1.4 for bicarbonate and sulphate, respectively, although the concentration ratio changed.
These results provided valuable information for the development and widespread application of the A-RED technology for the remineralization of river RO permeate by providing a deeper insight into/on ionic exchange of membrane ion transport phenomena and in particular ion competition. These data are particularly valuable for the development and widespread application of river RO permeate remineralization using A-RED technology. 	Comment by Philibert, Marc: Not sure I'm too happy with how I wrote this but it's just to try and clarify what I think would make for a more appealing approach to describing our work and not limiting it to our A-RED process.	Comment by ALESSANDRO TAMBURINI: That's fine
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1. Introduction
The Reverse Osmosis (RO) process is becoming of greatgaining interest in the field of surface water potabilization [1,2], in addition to itsthe well-established brackish and seawater desalination applications [3,4]. However, desalination processes result in the production of i) a highly concentrated solution, named brine, which is usually discharged, and ii) a mineral-less treated water, content permeatethe permeate and ii) a concentrated solution, or brine, which is usually discharged.. 
 RO plants for surface water desalination can achieve up to 90% recovery, producing brines that are much more concentrated than the original solution and enriched in microcontaminants or trace elements present in the resource. This concentrated solution is often discharged into sewers or rivers [5], which requires special permits and can contaminate the surrounding environment. Other options are to further concentrate the salts for subsequent recovery using evaporation ponds or the disposal with through deep-well injection [6]. Conversely, the a Zero Liquid Discharge (ZLD) strategy can be a promising option to both treat and valorize the remaining brine, thereby reducing environmental problems [7].
The permeate produced by RO units is very low in total dissolved solids (TDS), tasteless and aggressive [8]. Therefore, the permeate is usually treated to modify its pH, alkalinity and mineral content. Such post-treatment is important for human health [9], to prevent corrosion of pipes [10] and even to improve the taste of drinking water [11,12]. Remineralisation is often achieved by permeate contact with beds of calcium carbonate particles, enhanced by a pre-vious acidification step (often made withachieved by the addition of CO2 addition) [13], and followed by a pH adjustment step with an alkaline solution [14,15]. Although the process has been known for several years [16], laboratory and pilot scale [17,18] studies are being carried out to develop column contactor design models or particle dissolution models. In addition, other remineralisation methods are being explored, such as the use of white marble in Cameroon [19], the use of dolomite [20], no CO2 addition followed by pH adjustment in Daoura [21], and the use of micronized calcite slurry [22]. However, the most common method is the addition of Ca(OH)2 and CO2 to achieve hardness and alkalinity targets simultaneously [23]. The alternatives of to adding reagents such as Ca(OH)2+NaHCO3 or CaCl2+NaHCO3 can be more expensive [14]. Finally, blending with groundwater could be a low cost solution [24], although dangerous as it could lead to the addition of microbiological content, algae, or bacteria, drugs, or pesticides that may be present in the feed water [25,26].	Comment by ANTONIA FILINGERI [2]: Più dettagli	Comment by ANTONIA FILINGERI [2]: verificare
Most of these remineralisation techniques rely on the addition of minerals using external chemical reagents, which require procurement and all thepresent risks associated with transport to the site and handling. However, while, the minerals necessary for remineralisation are already present in the brine produced in the same plant [27]. Processes making use of this specificity have been developed such as aA patented RO permeate remineralization process involving the use of a solution rich in bivalent ion rich solutions extracted from the same feed stream was patented in 2020 [28]. The innovative use of Assisted-Reverse Electrodialysis (A-RED) to remineralise surface water RO permeates by recovering minerals from the corresponding RO brine was recently presented [29]. Indeed, the ideaThis process is based on the use of ion exchange membranes that allow ions to pass selectively from the brine to the permeate while rejecting large molecules such as pesticides or pharmaceuticals that could contaminate the drinking water (see Figure 1). The proof of concept has already been demonstrated using synthetic and real bicarbonate-rich solutions produced by a Low Pressure Reverse Osmosis plant [30]. The economic feasibility of the process at industrial scale was assessed through a parametric techno-economic analysis performed via a simplified model considering the brine as a pure sodium bicarbonate solution [31]. Despite the promising results of previous tests and the simplified techno-economic analysis, a detailed study of the process performance and the selective transport of the desired ions for permeate remineralisation is still lacking when using multi-ionic mixtures.	Comment by ALESSANDRO TAMBURINI: Io direi un paio di parole sulla sostenibilità di trasportare i reagenti quando sono invece disponibili in situ. Inoltre i reagenti sono prodotti in soluzione, essiccati, poi spesso dissolti in soluzione a parte e poi miscelati. 
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[bookmark: _Ref139653031]Figure 1. Scheme of the Assisted-Reverse Electrodialysis application for river water RO permeate remineralization through the recovery of minerals from RO brine (adapted from [31]).
Electro-membrane processes have been recently been investigated in hybrid configuration as pre- or post-treatment steps of desalination (often RO) units to increase the plant recovery [32], reduce the energyetic consumption [33,34] or valorize valorise the remaining brine [35]. Electrodialysis (ED) [36] stacks are based on the presence of several repeating units, called cell pairs, terminated by two electrodes, a cathode and an anode. A cell pair consists of a cation exchange membrane (CEM), an anion exchange membrane (AEM) and two spacers that separate the alternating membranes and create the channels for the flow of a diluate and a concentrate solution [37]. When an electric field is applied, cations move towards the cathode, passing through the CEM and being rejected by the subsequent AEM; conversely, anions cross the AEM moving towards the anode, but are blocked by the following CEM. Thanks to the selective action of the ion exchange membranes (IEMs), ions are removed from the diluted compartment and retained in the adjacent concentrated compartment. Electrodialysis is a well-known process whose main application is the brackish water desalination, although the research is focused on investigating higher performance membranes and optimising operating conditions to make ED a cost-effective process for seawater desalination [38,39]. Reverse Electrodialysis (RED) is a more recent electro-membrane process that is based on the same configuration as the ED stack, but it is operated in the opposite way: it uses the controlled mixing between two solutions being at a different concentration gradient to produce spontaneously energy that can be used by to supply an external utility load [40,41]. In the A-RED process [42] the spontaneous ion flux from the brine to the permeate exploited in RED is enhanced by the application of an external voltage like in ED.
While electro-membrane processes have been widely tested with synthetic solutions of one salt, most commonly NaCl, in recent years there has been a great deal of interest in recent years in the literature in studying membranes performance in the presence of multiple ions. Several studies focused on the modification/design of new membranes with greater selectivity to ion passage. Regarding the use of AEM, different types of crosslinked AEMs were prepared and compared in terms of chlorides versus sulfates selectivity showing values ranging from ~1 to ~5 depending on the type of AEM [43]. A modified anion membrane AEM was synthesized to selectively separate selectively chlorides from sulphates from a mixed solutions [44]; the authors reached a separation factor (ratio between chlorides and sulphates fluxes) of 5.7, which was much higher compared to the commercial FAB-PK-130 membrane. Golubenko and Yaroslavtsev [45] studied the Cl/SO4 selectivity in surfate-sulfonated AEMs obtaining an increasing trend with current and reaching a up to a maximum value of 5.5. Different AEMs were fabricated for selective separation of mono/divalent anions [46]. The chlorides selectivity with respect to sulfates of the DSA AEM was increased up to 47, probably due to both the pore-size sieving effect and the electrostatic repulsion. Regarding CEM transport studies, RALEX CEM were modified with sulfated zirconia to increase calcium versus sodium separation efficiency in water treatments [47]. However, the work is mainly focused on the effect of current on transport numbers and ion permselectivity, demonstrating a higher Ca/Na selectivity for doped membranes up to 3.8, obtained at low current density/limiting current density ratio. Zwitterion structured CEM showed higher Na/Mg selectivity due to the presence of carbolic acid, sulfonic acid groups and quaternary ammonium groups that enhanced the transport of sodium to a permeability of up to 58 [48].	Comment by ALESSANDRO TAMBURINI: Rephrase it.	Comment by Philibert, Marc: Add the supplier	Comment by ALESSANDRO TAMBURINI: Fumatech?	Comment by ALESSANDRO TAMBURINI: ?	Comment by Philibert, Marc: I don't know if these are commonly known membranes? Maybe at least add the company in brackets if they are commercially available	Comment by ALESSANDRO TAMBURINI: DSA should be specified.	Comment by ALESSANDRO TAMBURINI: Visto il valore enorme, due paroline in + a riguardo non guasterebbero.	Comment by Philibert, Marc: Same comment	Comment by ALESSANDRO TAMBURINI: Permselectivity e selectivity sono diverse per te? Se si, qualcosa in merito va detto. Se no, devi usare lo stesso termine sempre.
Experiments with multi-ions solutions were also performed also inon entire ED stacks, both using both modified and commercial IEMs. Monovalent selective ED process was studied forin treating groundwater for irrigation [49] investigating membrane selectivity for calcium and magnesium versus the reference sodium ion. The authors observed an increasing trend of both calcium and magnesium selectivities as function of the applied current density, although in all the tested conditions, divalent selectivity values remained below 1, representing a preferred transport of sodium, followed by calcium and then magnesium. Limiting current density was proposed as a selectively promoter for the ion removaling from multi-ionic mixture, using Commercial Selemion CMVN and ASVN, as cation and anion exchange membranes [50]. The authors observed that chlorides and fluoourides were selectively separated with respect to sulphates with a separation efficiency of 0.93 and 0.81, respectively, atfor the optimal current density. A theoretical electrodialysis model for sodium and potassium mixtures was developed and validated with experiments performed with a laboratory-scale unit, equipped with 10 cell pairs, using solutions containing only sodium nitrate and a mixture of sodium and potassium nitrates [51]. The authors observed that the electromigration transport resulted in the main contribution to the ion transport while the diffusion mechanism could switch the selective transport of ions due to the opposite contribution to the two ions.	Comment by Philibert, Marc: Supplier?	Comment by ALESSANDRO TAMBURINI: Teorico o semi-empirico?	Comment by ALESSANDRO TAMBURINI: Non è chiaro.
Ion transport through IEMs was explored for brackish water desalination [52,53] and wastewater treatment [54] of greenhouses to selectively concentrate the solution in the divalent ions as calcium, magnesium and sulfates by preferentially removing monovalent ions ofas sodium, chlorides or/and/or nitrates. Monovalent-selective electrodialysis (MSED) technology was tested with Neosepta and Fujifilm Type 16 membranes focusing on ion transport and membrane selectivity. Results demonstrated overall moderate larger selectivity towards sodium for the Neosepta membranes [54] with a decreasing trend of cation selectivity when the cation ratio increased for brackish water desalination [52] or no linear relationship between ion selectivity and ions concentration [54]. 	Comment by Philibert, Marc: What is this ratio?
Xu et al. [55] compared monovalent permselective CEM (CR671) with normal grade CEM (CR67) for brackish groundwater desalination at both bench and pilot scale. The authors observed a sodium selective transport respect to divalent cations, as well as calcium and magnesium, up to 9 times higher for the pilot unit at low current density while the performance difference between Na-selective CR671 and normal-grade CR67 diminished at high current density. However, they only analyzed CEM permselectivity ofregards calcium and magnesium compared to sodium with a fixed solution composition. With the same type of IEMs, Xu et al. [56] investigated the use of an ED pilot unit to treat brackish water RO concentrate solutions. They observed a relative transport number of potassium, calcium and magnesium compared to sodium approximately equal to 1.7, 2 and 3 respectively, in the investigated current density range. A pilot scale EDR system was tested for treating water for golf-course irrigation of golf course [57] demonstrating that the equivalent removal of divalent ions as calcium and magnesium compared to the monovalent sodium was dependent on current density and water recovery with the relative transport number of calcium versus sodium ranging between 5.5 and 1.7 and sulfates versus chlorides between 1.547 and 2.64, depending on the operating condition. 	Comment by ALESSANDRO TAMBURINI: Vedi commento sopra.	Comment by ALESSANDRO TAMBURINI: Mi pare mai usato prima come acronimo. Se si, va in esteso la prima volta.
Although electro-membrane processes have been extensively characterized with single salt solutions and some progress has been made in the case of multi-ionic mixtures, tests have often focused on characterizing a single membrane or a limited number of ions and operating conditions. In fact, an effective description of ion transport obtained from simple experiments with real units containing both CEM and AEM, providing a complete and detailed description of ion transport and membrane selectivities, is still rare. This work aims to fill this gap, in particular for the use of A-RED units, which have been poorly tested with multi-ion solutions, for the novel application of river water RO permeate remineralization by transporting ions from its brine. With this respect, an experimental campaign was carried out using a laboratory-scale A-RED stack equipped fed with SUEZ membranes with synthetic solutions containing two or three competing ions. The effect of applied voltage, as well as brine and permeate conductivities and a wide range of compositions were tested. In addition, membrane transport numbers and selectivity were testedassessed, highlighting potential applications of the technology for mineral recovery.	Comment by Philibert, Marc: I'm not sure we can say Suez membranes anymore though it was the case when we tested them…	Comment by ALESSANDRO TAMBURINI: L'introduzione è scritta molto bene e fila e si conclude efficacemente. 
La maggior parte dei lavori citati riguarda le performance di selettività di membrane speciali e non il tema specifico del lavoro. Al contrario non c'è nulla sul tema (vedi lavoro tuo e di Julio).
Ad ogni modo, a me va bene così, lo segnalo giusto per completezza e se vuoi ne parliamo con Andrea, ma, ripeto, così va benissimo.
2. Materials and methods
A-RED tests were conducted in open-loop mode with synthetic multi-ionic solutions, containing two or three salts at different composition, also mimicking a Seine river RO brine. This section explored presents the materials and setup system set-up (section 2.1), the experimental procedure (section 2.2), experimental campaign (section 2.3) and data analysis (section 2.4).
2.1 Materials and set-up
Experiments were performed with an SUEZ A-RED laboratory-scale unit (ElectromatTM MkI ED SUEZ France stack), assembled with five cell pairs of CR67T and AR204T SUEZ membranes having (0.028 m2 of active membrane area). Spacers of 760 µm thickness (woven polyester) were placeds between membranes to create the channel compartments. Coated titanium electrodes with a flat surface were used. Table 1 reports membrane characteristics and properties. Platinum wires (Alfa Aesar Pt wires, 0.127 mm dia hard, 99.9% metal basis) were included during the stack assembly.	Comment by Philibert, Marc: Will have to figure out what to write here, I don't think we can say Suez anymore	Comment by ANTONIA FILINGERI [2]: Andrea dice "to measure …". Io di solito nel set-up descrivo i componenti e nella procedura (prossima sezione) come sono usati, se serve precisare	Comment by ALESSANDRO TAMBURINI: Potresti dire una micro frase (tipo "stack assebly to measure….") e tra parentesi metti (see section XX).
[bookmark: _Ref137681531]Table 1. Properties of the SUEZ ion-exchange membranes used in this study. (SUEZ, France).
	
	Thickness (dry)
[µm]
	Areal resistance
[Ω cm2]
	Permselectivitya
[%]
	IECb
[meq/g]
	Stability pH

	AEM: AR204T
CEM: CR67T
	280
300
	1.7
2.5
	89
86
	2.43b
2.55b
	1 - 10.5
1 - 14


a Obtained from OCV measurements at 0.5/1.0 M NaCl.
b Expressed as meq/dry g resin.	Comment by ANTONIA FILINGERI [2]: Capire cosa ha scritto o cercare più dettagli
The experimental campaign was composed of three different phaselevels: i) tests with a single-salt solution (i.e., NaCl, NaHCO3 and CaCl2) that were reported and discussed in our previous manuscript paper [30], ii) tests with two salts solutions, and iii) tests with three mixed salts solutions. More in detail, fFor testsmixed-salts trial runs with mixed salts, the combinations were carefully selected to obtain two/three competing cations with a unique joint anion (i.e., NaCl – CaCl2, NaCl–MgCl2 and NaCl – KCl for two salts tests and NaCl – CaCl2 – -MgCl2 for three salts tests) or two/three competing anions and a fixed cation (i.e., NaCl – NaHCO3 and NaCl-Na2SO4 for two salts solutions and NaCl – Na2SO4 –– NaHCO3 for three salts solutions). Sodium and chlorides were thus considered as the reference ion among cations and anions, respectively. Synthetic solutions were prepared in 250L tanks with demineralized water and single salts as NaCl (Laboratory grade, VWR Chemicals BDH®), CaCl2 (93% purity, Alfa Aesar), MgCl2 (>95% purity, Aldrich® Chemistry), KCl (>99% purity, Sigma-Aldrich®), NaHCO3 (>99.7% purity, VWR Chemicals BDH®), Na2SO4 (AnalaR NORMAPUR® Reag., VWR Chemicals). The electrode rinse solution (ERS) was composed of a 0.25 mol/L Na2SO4 solution, recirculated in closed-loop through both cathode and anode compartments. Figure 2 shows a schematic representation of the experimental setup. Gear Drive pumps (Micropump GA-T23.PFS.A) were used to feed both brine and permeate solutions in continuous mode and ERS in closed loop. Inlet pressure was monitored using pressure gauges (Cewal), placed before the stack entrance. Online rotameters were installed after the stack to continuously monitor the solution flowrates, which were periodically checked during each test with offline manual measurements. Electrodes were connected to a DC power supply (1902B, B&K precision) and two multimeters (Fluke 115) were connected in series and parallel to the stack to measure the electric current and the voltage, respectively. The conductivities of the inlet and outlet solutions were measured using a portable conductivity meter (WTW 314i), while samples of both solutions were taken for further ionic composition analysis using different instrumentation depending on the type of ion (850 professional IC, Metrohm; ICP-OES 5110, Agilent; Titrando 809 Metrohm).	Comment by ANTONIA FILINGERI [2]: Chiede se tutti i dati con singoli Sali sono presentati qui e la risposta è si.. Perché quando abbiamo revisionato il paper di Marc e trovato alcuni dati inconsistenti, gli ho dato i miei esperimenti con singoli Sali che avevo fatto alla SUEZ
[image: ]	Comment by ANTONIA FILINGERI [2]: Aggiungere Pt wires
[bookmark: _Ref138694468]Figure 2. Schematics of the A-RED set-up with some auxiliaries and picture of the stack (adapted from [30]).	Comment by Philibert, Marc: I don't know if it's possible but we could maybe add the platinum wires and the multimeters? If it doesn't make the graph too crowded...	Comment by Philibert, Marc: I like the picture!	Comment by ALESSANDRO TAMBURINI: Sono d'accordo con la faccenda dei platinum wires (si può fare uno zoom).
2.2 Experimental procedures and analytical techniques
Internal and external leakage tests [58] were performed after assembling the stack to ensure a negligible effect of leakage on the unit’s performance. Each time the solution varies was changed (i.e., different composition and/or conductivity), membranes in the stack were equilibrated with the feed solution for at least for overnight without applying any voltage to ensure stability to the process.
Experiments were performed in open-loop mode for both solutions in parallel flow at a velocity of ⁓2 cm/s (flow rates of 18 L/h) while the ERS was maintained in closed-loop mode. Before starting the test, inlet solution conductivities were measured as well as the Open Circuit Voltage (OCV) wereas measured. Then, increasing steps of voltage were applied to the stack for at least 8-10 times the residence time of the solution in the stack to ensure the achievement of the steady-state conditions. For each step of voltage, the corresponding current was recorded as well as the exiting solution conductivities, temperatures and flowrates. VThe voltage measurement was performed both at the electrodes and at the platinum wires. The first measurement represents the overall voltage applied to the stack (including both the voltage drop at the electrode compartments and the fraction of voltage effectively applied to the 5 cell pairs). The voltage measured at the platinum wires strictly represents strictly the 5-cell pairs voltage and is extremely important because it excludes the voltage of the electrodic compartments, which would havehas a significant effect on the laboratory stack with only 5 cell pairs, whereas it would be almost negligible on a pilot/industrial scale. From these informationdata points, current density-voltage and conductivity-current density curves were built to estimate the effect of different ions on the desalination performance and on the stack resistance (i.e., the slope of the current density-voltage curve). Furthermore, for tests with single salt solutions, the salt concentrations were calculated from the conductivities through the use of empirical correlations. For tests with multi-ionic solutions a more complete composition analysis was conducted for both anions and cations to study the specific ion transport at different applied voltages and brine compositions. 	Comment by ALESSANDRO TAMBURINI: Potremmo inserire anche qui velocità e portata se disponibili.
Several tests were repeated during the experimental campaign to study the results repeatabilityreproducibility. All tests were carried out at room laboratory temperature (T=17-20°C). Mass and charge balances were verified to be within an error of less than 15%, that was estimated to be the experimental error due to the ion analysis instruments used in this work.	Comment by ANTONIA FILINGERI [2]: Dire meglio ? (non posso dire con certezza che abbia scritto questo ahahaha	Comment by ALESSANDRO TAMBURINI: In effetti non è chiarissimo ma si capisce. Tu scrivi che 15% è l'errore sperimentale che si è scelto corrispondente all'accuratezza degli strumenti analitici. E' così?
2.3 Experimental campaign
Tests were carried out at inlet conductivity of 1200 µS/cm and 3000 µS/cm for the brine solution and 70 µS/cm, 300 µS/cm, and 1000 µS/cm for the permeate stream. The brine conductivities were chosen to match the brine exiting from a real three stage RO treated Seine river water which was mainly constituted by: Ca2+ (600 mg/L), Na+ (65 mg/L), Mg2+ (51 mg/L), K+ (22 mg/L), HCO3- (1400 mg/L), SO42- (330 mg/L), Cl- (170 mg/L), and NO3- (140 mg/L), at a conductivity of ~3030 µS/cm. Brine conductivity of 1200 µS/cm was also tested to mimic the conductivity of the brine entering the stack in a feed & bleed configuration in which part of the outlet more diluted brine is recirculated and mixed with RO-brine. The permeate conductivity range was selected to mimic the real operating condition of an A-RED unit for the permeate remineralization in which a recirculation configuration will probably be adopted to reduce specific energy consumptions and costs [31]. Part of the experimental campaign was performed by varying inlet permeate conductivity at i) 70 µS/cm, ii) 300 µS/cm, and iii) 1000 µS/cm to investigate its effect on ion transport through IEMs. On the basise of the results obtained, the second part of the experimental campaign was performed with an inlet permeate conductivity of 70 µS/cm.	Comment by ANTONIA FILINGERI [2]: Dice forse non serve riportare tutti i numeri visto che sono in tabella.

In realtà non sono riportati in tabella perché questa è la soluzione vera.. Se vogliamo, possiamo fare una tabella ma diversi paper la riportano nel testo	Comment by ALESSANDRO TAMBURINI: Va benissimo nel testo.	Comment by ALESSANDRO TAMBURINI: Confermi che non è però stata indagata la configurazione feed & bleed, corretto?	Comment by ALESSANDRO TAMBURINI: 1000 è tanto, ma se è già stato fatto [31], ok.	Comment by ALESSANDRO TAMBURINI: Lo abbiamo già detto sopra, perché lo ripetiamo?	Comment by ANTONIA FILINGERI [2]: Ha messo un punto interrogativo.. Che condivido

non so bene come giustificare che per gli altri isali riduciamo il numero di test (visto che quei parametri non hanno effetto sulla selettività/numero di trasporto).. 

Se lo spiego, anticipo i dati, se non lo spiego mi sembra un po' strano non giustificare il ridotto numero di conducibilità di ingresso per alcune coppie di sali	Comment by ALESSANDRO TAMBURINI: Ma se non lo diciamo proprio qui? Tanto qui non serve, basta dire che hai indagato 70, 300 e 1000.

In alternativa, dopo "results obtained" potresti mettere tra parentesi il punto o la figura a cui ti riferisci.
Furthermore, for each inlet conductivity couple, tests with two/three competing ions were carried out starting with a reference composition obtained by assuming that the ratio between the generic cations/anions and the reference sodium/chlorides was the same asof the Seine river RO brine. Furthermore, for the inlet conductivity couple brine-permeate of 3000-70 µS/cm, two other compositions were tested to study the effect of the inlet composition on the performance of the A-RED unit. Table 2 and 
Table 3 summarize all the operating conditions tested in the present work for competition among the cations and anions, respectively. The corresponding ion concentration was adjusted to match the desired conductivity. 
[bookmark: _Ref137685197]Table 2. Operating conditions: inlet conductivities and ion ratio for both brine and permeate feed solutions for tests with competing cations.	Comment by ANTONIA FILINGERI [2]: Capire che parola ha aggiungo
	Salt
	Inlet brine conductivity [mS cm-1]	Comment by Philibert, Marc: In the paper you switch between the µS and mS units. Even if it's the same result, maybe we can keep one unit to make the paper homogeneous? 	Comment by ALESSANDRO TAMBURINI: Concordo (vedi sotto)
	Inlet permeate conductivity [mS cm-1]	Comment by ALESSANDRO TAMBURINI: Perhè qui usi mS e nel testo microS? Io uniformerei per aiutare il lettore.
	Generic cation respect to Na+ [mol/mol]

	NaCl - CaCl2
	3.0
	0.07
	 5.3
 1.0
 0.2

	
	3.0
	0.3
1.0
	 5.3

	
	1.2
	1.0
	

	NaCl - KCl
	3.0
	0.07
	 5.0
 1.0
 0.2

	
	3.0
	0.3
	 0.2

	
	1.2
	1.0
	

	
	1.2
	1.0
	

	NaCl - MgCl2
	3.0
	0.07
	 5
 0.2
 0.2

	
	3.0
	0.3
	 0.7

	NaCl - CaCl2 - MgCl2
	3.0
	0.07
	- Mg/Na  0.7 and Ca/Na  4.4
- Mg/Na  0.2 and Ca/Na  1
- Mg/Na  0.2 and Ca/Na  0.2

	
	
	0.3
	Mg/Na  0.7 and Ca/Na  4.4


[bookmark: _Ref138695506]
[bookmark: _Ref141120310]Table 3. Operating conditions: inlet conductivities and ion ratio for both brine and permeate for tests with competing anions.	Comment by ANTONIA FILINGERI [2]: Modificare in accordo alla tabella sopra
	Salt
	Inlet brine conductivity [mS cm-1]
	Inlet permeate conductivity [mS cm-1]
	Generic anion respect to Cl- [mol/mol]

	NaCl - NaHCO3
	3.0
	0.07
	 4.7
 1.0
 0.2

	
	3.0
	0.3
	 4.7

	
	1.2
	1.0
	

	NaCl - Na2SO4
	3.0
	0.07
	 5
 1.4
 0.4

	
	3.0
	0.3
	 1.4

	NaCl - NaHCO3 - Na2SO4
	3.0
	0.07
	- HCO3/Cl  4.7 and SO4/Cl  0.7
- HCO3/Cl  0.2 and SO4/Cl  0.2
- HCO3/Cl  1 and SO4/Cl  0.7

	
	
	0.3
	HCO3/Cl  4.7 and SO4/Cl  0.7	Comment by ALESSANDRO TAMBURINI: Non dovremmo aggiungere la valenza ionica corrispondete ad apice?


2.4 Data analysis	Comment by ALESSANDRO TAMBURINI: Più che data analysis, qui ci sono le main figure di merito. Ma mi va bene anche data analysis.
The experimental campaign focused on the use of multi-ionic solutions to investigate the the membrane behaviour in the presence of more ions. Particularly, the flux of the generic ion,  (mol/m2/s), was calculated from the mass balance as reported in the following equation:
	
	(1)


where  (L/s) is the permeate flowrate,  (mol/L) and  (mol/L) are the concentration of the generic ion at the inlet and outlet section of the stack, and  (m2) is the membrane area. This flux represents the net apparent flux, including migrative and diffusioven phenomena.. However, it is important to note that diffusive effects are negligible compared to migratitive ones due to the small concentration gradient between the concentrated and dilute solutions. In addition, this gradient decreases along the length of the stack as ions move from the concentrated to the dilute compartment in the A-RED process.
The apparent transport number,  (-), of the generic ion was calculated as the ratio between the generic ion flux and the total flux, as: 
	
	(2)


where zion is the ion valence. Specifically, the ion transport number was calculated separately for cations and anions that moves through the CEM and AEM, respectively. 
An important parameter to quantify the selectivity of each membrane to the specific ion is the membrane selectivity,  (-), here defined as the ratio between the transport numbers of the generic ion and reference ( ) ions, , normalized by the ratio between the inlet equivalent concentration of the same ions in the brine compartment [54]. In formula:
	
	(3)


where  and  are the concentrations of the generic and reference ions in the brine compartment. More in details, sodium was selected as the reference ion among the cations for the analysis of transport phenomena and selectivity of the CEM. Similarly, chloride was chosen as reference ion among the anions for examining the AEM selectivity. Selectivity for the reference ion will will always be equal to 1 as well as awhile a selectivity of a generic ion equal to 1 will represent a membrane that allows the ion to pass with the same affinity of as the corresponding reference ion. Selectivities above 1 will represent a CEM/AEM with a better affinity to other ions than Na/Cl. 	Comment by ALESSANDRO TAMBURINI: Come sopra.
3. Results and discussion
Results are here divided into two different sub-sections. Sub-section 3.1 focuses on the comparison among tests performed with two salts solutions, containing two competing ions. Sub-section 3.2 discusses the performance when three different salts are used.	Comment by ANTONIA FILINGERI [2]: Suggerisce di spostare quesyp sotto (senza le frasi sugli altri paragrafi credo xD) ed evitare di iniziare il paragrafo con "la figura mostra".. Non gli piace iniziare con Fig..	Comment by ALESSANDRO TAMBURINI: E' davvero un dettaglio e te lo dice un pillicuso 😊
3.1 Results for tests with two mixed salts	Comment by ANTONIA FILINGERI [2]: Dice che è troppo lungo e potremmo dividerlo in 2 sottoparagrafi: "ohmic behaviour" e "ion transport" ma questo significa modificare il tipo di testo.. 

Altrimenti propone di fare  i) un sale, ii) 2 Sali, iii) 3 Sali che è già così, almeno in parte, ma lo rendiamo più esplicito	Comment by ANTONIA FILINGERI [2]: Oppure si può fare un mix delle 2 proposte (mio commento)	Comment by ALESSANDRO TAMBURINI: Che intendi per mix delle proposte? L'alternativa di rendere + esplicito i) un sale, ii) 2 Sali, iii) 3 Sali a me può andare bene.
Figure 3a reports platinum wires voltage-current density curves for experiments performed with i) single- salt solutions, and ii) two- salts solutions at inlet conductivity of 0.07 mS/cm and 3.0 mS/cm for permeate and brine, respectively. All tests, with one or two salts, were prepared at the same conductivity for both permeate and concentrate channels, respectively. For the sake of simplicity, the ion concentration ratios reported in the graph were are the same of as that of the real Seine river RO brine; indeed the effect of the different ion concentration ratio on the platinum wires voltage-current density curves was negligible. Results for single- salt solutions were already reported in our previous work [30] but are here presented here with the use of platinum wires voltage that facilitates the comparison among experiments with single- and two-salts solutions. For all the experiments, obviously, the current density increased with the applied voltage as expected. Among the single-salt solutions, the use of the only NaCl or CaCl2 solution resulted in similar performances reaching the highest current density obtained at the operating condition of this work. In other words, the CEM affinity to the passage of Na+ or Ca2+ remained similar, hence the same resulting current waswas observed. Conversely, for single-salt tests in which a different anion is considered (NaCl or NaHCO3 only), a clear difference was observed for all the applied voltages. Indeed, when only HCO3- anions are present in the solution, a lower current density was achieved compared to tests with NaCl that can be attributed to the higher electrical resistance of membranes towards HCO3- than Cl-. At the maximum applied voltage (10 V to the total stack and ~7.7 V to platinum wires), current densities were in the range of 25-37 A/m2. Specifically, 22% lower current was reached with the NaHCO3 single-salt solution. This behavior was confirmed by tests with two-salts solutions. In particular, the use of both NaCl and CaCl2 resulted in a very similar total current to the corresponding single-salt solutions. Similarly, a mixture of NaCl and NaHCO3 resulted in a voltage-current density curve that was between the trend of the corresponding single salt tests. Two salt solutions were tested with NaCl and another with Na2SO4, MgCl2 and KCl as these ions were present in the real brine produced by the RO unit treating Seine river water, although in minor concentrations. The mixture of KCl and NaCl salts achieved slightly lower current densities (~9 %) compared to the only NaCl solutionalone, while the presence of SO42- or Mg2+ ions in the mixture negatively affected negatively the membrane resistance causing a lower total current for any applied voltage. Figure 3b shows the outlet permeate conductivity as a function of the platinum wires voltage. Obviously, the outlet permeate conductivity increased with the applied voltage due to the corresponding increase in the current density, thus ion transport from the brine to the permeate. At the maximum applied voltage, the outlet permeate conductivity was in the range of 0.8-1.2 mS/cm, ensuring a full remineralization. The final conductivity is higher than that required for drinking water since it can be diluted by mixing the outlet permeate solution with a bypass of the RO permeate stream in order to increase the production of remineralized water and reduce capital costs [31]. The conductivity trend showed a qualitatively good agreement with the trend of current density as a function of the applied voltage. In fact, the presence of sulphates, bicarbonates and magnesium reduced the current density, thus the outlet permeate conductivity while the presence of sodium, calcium, chlorides and potassium, as single-  salt or mixed- salt solutions, achieved higher remineralization. However, it is important to note that current density is directly correlated to the in-out concentration variation and not with the conductivity. For this reason, the slightly difference in the conductivity and current trends, as well as seen also for potassium, can be attributed to the different conductivity-concentration laws. 	Comment by Philibert, Marc: As mentionned previously I'd keep the same conductivity units throughout the paper.	Comment by ALESSANDRO TAMBURINI: Non capisco. NaCl mi pare sempre presente.	Comment by ALESSANDRO TAMBURINI: Si vedrebbe meglio se la figura (a) avesse voltaggio in ascissa e corrente in ordinata.	Comment by Philibert, Marc: This wasn't clear to me in the sentence. Is this correct?	Comment by ALESSANDRO TAMBURINI: Per me si capisce.
[image: ]	Comment by ANTONIA FILINGERI [2]: Suggerisce di dividerli come in figura 6 cioè grafico per cationi e grafico per anioni in competizione.. Posso farlo ma questa figura avrà 4 grafici se lascio la conducibilità di uscita	Comment by ANTONIA FILINGERI [2]: Dice di anticipare la posizione della figura..

Chiede come sarebbe il grafico della conducibilità se in ascissa avessimo densità di corrente.. Risposta: sarebbero tutti sovrapposti solo che alcune curve avrebbero l'ultimo punto a densità di corrente inferiore (lo avevo provato ma ho pensato non fosse facilissimo distinguere le varie curve ma ve lo posso far vedere e decidiamo)	Comment by ALESSANDRO TAMBURINI: Io in realtà avrei messo il voltaggio come ascissa visto che è la variabile indipendente anche per il grafico a). Ad ogni modo parliamone insieme ad Andrea e decidiamo. Anche così va bene, ma ammetto che è arduo seguire. Ad esempio, io avrei usato un simbolo diverso per le miscele binarie che coinvolgono un sale non indagato come single salt solution.
[bookmark: _Ref138865339]Figure 3. a) Platinum wires voltage-current density curves and b) outlet permeate conductivity-platinum wires voltage curves for i) single salt solution (empty symbol, already reported in [30]) and ii) two salt solution (filled symbols). All the tests were performed at inlet conductivity of 0.07 mS/cm and 3.0 mS/cm for permeate and brine, respectively. The composition of the two-salts solution is indicated in the graph.
Figure 4 shows the trend of the transport numbers for two tests with two-salts solutions as a function of the current density, brine conductivity and composition. Figure 4a shows the Ca2+ transport number obtained from tests with CaCl2-NaCl in which calcium and sodium cations were in competition while the anion was common to both salts; Figure 4b shows the transport number of HCO3- for different tests performed with the NaHCO3-NaCl mixture where the anions were in competition while the cation was common. Calcium versus sodium and bicarbonates versus chlorides competitions are discussed in more detail in the manuscript paper due to their main role in the remineralization objectives. Indeed,While, transport numbers for the other two- salts solution mixtures (KCl-NaCl, MgCl2-NaCl, and Na2SO4-NaCl) are reported in the Supporting Information section (see Figures S1-S3) and similar conclusions were obtained.	Comment by ANTONIA FILINGERI [2]: Metterlo prima del pezzo "Figura 4.."	Comment by ANTONIA FILINGERI [2]: Il pezzetto "similar conclusions were obtained andrebbe spostato alla fine	Comment by ALESSANDRO TAMBURINI: Primo punto) A me va bene anche qui.	Comment by ALESSANDRO TAMBURINI: Secondo punto) A me va bene anche qui.
Obviously, the transport number of the competingtive cation/anion in Figure 4a/Figure 4b, respectively, can be easily be obtained as the complement to 1 of the transport number reported in the Figures. Transport number was independent ofn the current density in all the experiments performed. Furthermore, transport numbers were not dependent on the brine conductivity when the composition was kept fixed, as it can be observed from tests at inlet brine conductivities of 3000 µS/cm and 1200 µS/cm. Moreover, permeate conductivity had no effect on the transport numbers as can be observed from their constant values for permeate conductivities of 70 µS/cm, 300 µS/cm and 1200 µS/cm. This result can be expected as the ions are transported from the brine to the permeate in the A-RED configuration, so the parameters affecting transport are mainly related to the brine compartment. Indeed, the main effect was obtained when varying the composition of the brine solution. Specifically, as the Ca/Na and HCO3/Cl ratios increased, the transport number of the competitive ion increased too. This behavior can be expected because apparent ion transport numbers are heavily dependent on the ion concentration in solutions. In fact, ions at high concentration in solution are associated with high transport numbers [52,59]. It is interesting to note that for the CaCl2-NaCl solution at equimolar concentration, transport numbers of Ca2+ and Na+ were atwas ~0.66 and ~0.34, demonstrating that CEM has good affinity with this bivalent cation. Indeed, comparing the two tests at Ca/Na ratios of 0.2 and 5 it can be noted that calcium crossed CEM more easily when it was at lower concentrations, i.e.,in fact, calcium transport numbers were ~0.32 and ~0.81, at ion concentration ratio of 0.2 and 5, respectively. When bicarbonates and chlorides were in competition in a equimolar solution (tests NaHCO3-NaCl test in Figure 4b), bicarbonates transport number was ~0.37 on average, confirming the lower affinity of AEM for bicarbonate, as observed also by the higher stack resistance (lower current) of tests performed with NaHCO3 only with respect to the single NaCl solutions.	Comment by ALESSANDRO TAMBURINI: Rephrase it.	Comment by ANTONIA FILINGERI [2]: Dice di accorciare il commento e distinguere i colori dei rombi blu in funzione della conducibilità del permeati di ingresso	Comment by ALESSANDRO TAMBURINI: Capisco il commento di andrea, ma va bene solo se i grafici non si incasinano troppo perché così sono chiari.	Comment by ALESSANDRO TAMBURINI: Non dovremmo ipotizzare una spiegazione?	Comment by ALESSANDRO TAMBURINI: In realtà abbiamo detto sopra che la conducibilità della brine non conta. 	Comment by ALESSANDRO TAMBURINI: Io scriverei "brine compartment composition" e taglierei la frase sotto.
Regarding the other two- salts solutions tests (SI Figures S1-S3), it is interesting to note that for KCl- NaCl solution at equimolar concentration, transport number of K+ and Na+ were at ~0.5, demonstrating that CEM has similar affinity to both monovalent cations, although a ~9% lower current density was measured at the maximum applied voltage (see Figure 3a). As observed for calcium, at approximately equimolar solutions (ion concentration ratio of 0.7), magnesium transport numbers had values above 0.5. Conversely, sulphates ions resulted in a transport number of 0.37 and 0.65 for ion concentration ratio of 0.2 and 0.7. 	Comment by ANTONIA FILINGERI [2]: Mettere numeri precisi da excel	Comment by ALESSANDRO TAMBURINI: Aggiungerei un ovvio conseguente commento sulla relativa affinità.	Comment by ALESSANDRO TAMBURINI: Dopo aver letto anche questo commento, forse riportare qui s1-s3 unite non è una cattiva idea.
[image: ]	Comment by ANTONIA FILINGERI [2]: Mettere simboli più grandi e check dimensione titolo assi.. In asse verticale segni di grad. 0.2 anziché 0.5	Comment by ALESSANDRO TAMBURINI: Ok.
I rombi del grafico a sono di colore diverso di quelli del grafico b.	Comment by ALESSANDRO TAMBURINI: Capisco che i grafici si incasinano, ma non abbiamo info su accuratezza sperimentale. Le barre di errore sarebbero tutte con un 15%? Magari ne parliamo.
[bookmark: _Ref139041786][bookmark: _Ref138952821]Figure 4. a) Calcium and b) bicarbonates transport numbers as function of current density for different inlet brine and permeate conductivities and compositions for tests performed with two salts solution: a) CaCl2-NaCl and b) NaHCO3-NaCl . 
In order to take into account the effect of the ion concentration in the brine solution, apparent ion selectivities were defined with respect to a reference ion; specifically in relation to sodium for CEM and to chlorides for AEM. 	Comment by ANTONIA FILINGERI [2]: Qui dovrebbe ini<iare secondo andrea una subsection 3.1.3 Selectivities	Comment by ALESSANDRO TAMBURINI: Va bene anche questa opzione, ma va mantenuta anche x 3salts cases immagino.
Figure 5 reports selectivities of different cations (Figure 5a) and anions (Figure 5b) in competition with the corresponding reference ion, i.e., sodium and chlorides, respectively, as a function of different ion concentration ratios. The precise composition of multi-ion mixtures is reported in Table 2 and 
Table 3 and ion concentration ratio of 0.7, used for both magnesium and sulphates, is here reported as 1 for the sake of comparison.
Cation selectivities reduced decreased as the concentration ratio increased for all the ions tested in the present work. A similar result was also obtained for multi-ionic brines at different molar ratio tested in electrodialysis with bipolar membrane units to produce acidic and alkaline solutions [59], although withthe extremely different solution composition and conductivity. Both calcium and magnesium showed higher selectivity compared to sodium that can be attributedlikely due to the larger electrostatic attraction between divalent cations and the negatively charged membrane groups [55]. The higher potassium selectivity respect to sodium can be ascribed to the larger potassium’s higher mobility, derived from itsthe larger ionic radius and the lower shell of hydration [60]. All cation selectivities were greater than or equal to 1.0 for concentrations below the ion ratio of 1.0, i.e., although the generic ion was present at low concentration in the brine, it passed through the CEM at a higher relative rate than sodium ion. Conversely, when the ion concentration ratio in the brine is very high, i.e. 5.0, the ion transport number was very high (see Figure 4), but the selectivity selectivity with which it crossed the membrane was reduced in all cases to values less than one (0.8-0.95 depending on the ion). Consequently, these results showed that at least with the membrane tested in this work, in order to enhance the passage of a cation from the brine to the permeate, a compromise must be found between increasing the concentration of the ion in solution and having a high membrane selectivity. 	Comment by ANTONIA FILINGERI [2]: Gli sembra fuori luogo qui e suggerisce di metterlo alla fine.. Nemmeno io ne sono convinta ma siccome non abbiamo una spiegazione più certa, ho provato a mettere ref di letteratura (in questo caso nostro lavoro) per dire che è già stato visto anche se il processo era EDBM e la composizione completamente diversa.. Nemmeno lì abbiamo trovato una vera spiegazione	Comment by ALESSANDRO TAMBURINI: Io la lascerei qui. Secondo me messa qui non fa venire voglia di una spiegazione.	Comment by ALESSANDRO TAMBURINI: Questo non dovrebbe renderlo meno mobile? L'H+ è infatti il + mobile	Comment by ANTONIA FILINGERI [2]: Dice esempio di come snellire il testo	Comment by Philibert, Marc: It feels like this is an important conclusion to put forward.	Comment by ANTONIA FILINGERI [2]: Andrea dice che la conclusione è corretta ma non elegante, e che siccome noi non possiamo cambiare la composizione, è più pratico dire che il comportamento è legato al ben noto effetto di riduzione della selettività di IEM quando aumentano le concentarzioni	Comment by ALESSANDRO TAMBURINI: D'accordo.
For AEM, a different behavior was observed. In fact, the ion selectivities of both bicarbonates and sulphates remained constant as the ion concentration ratio increased. More specifically, the selectivity of bicarbonate ions was constant at values always lower than one (i.e. around 0.60, with a variation of about 10%, which is similar to the experimental error). .This was not the case for the sulphate ion, which maintained a selectivity of about 1.40 with a relative variation of 6% as the concentration ratio changed. Thus, sulphates ions are transported with a higher selectivity compared to chlorides, as observed in [57], although thedespite the higher stack resistance for all thethe complete applied voltage range tested in this work.	Comment by Philibert, Marc: Not sure if I got this right...	Comment by ALESSANDRO TAMBURINI: Commento per il futuro: sono davvero curioso di sapere se questi comportamenti vengono stravolti con membrane commerciali diverse. Sicuramente cambiano, ma mi chiedo se si può addirittura arrivare a vedere inversioni.
The negligible effect of both brine and permeate conductivities on ion selectivities, as expected from the transport numbers trends, is showed in Figure S4 of the Supplementary Information for K+ and HCO3- ions in competition with Na+ and Cl-.	Comment by ANTONIA FILINGERI [2]: Andrea chiede perché non li abbiamo per tutti e che un reviewer solleverebbe la questione per avere l'effetto anche per Mg e Ca.. Per cui dice, se non li abbiamo, meglio togliere la frase e la figura S4. 

Non li abbiamo, infatti al CIRSEE non erano abituati a fare tutte queste analisi, quindi mi chiesero di ridurre la campagna sperimentale con multi-ioni perché i campioni erano troppi	Comment by ALESSANDRO TAMBURINI: Mi sa che andrea ha ragione. Aggiungo che se dovessero chiederci qualcosa cmq, almeno abbiamo la figura S4 conservata da usare.
It is important to note that the main goal of remineralization is to add calcium and bicarbonate ions to the permeate coming from the RO unit. In the case of the membranes tested and with reference to the RO brine solution from the Seine river desalination, the passage of the cations of interest remained favored by a selectivity almost equal to or greater than 1, while the transport of bicarbonates was favored by the high concentration of these ions with respect to chlorides. The transport of potassium, sodium, and magnesium is expected to be low due to the very low concentration compared to calcium. 
[image: ]	Comment by ALESSANDRO TAMBURINI: Come mai abbiamo scelto gli istogrammi? Potrebbe essere interessante per la figura (a) vedere la legge con la quale la selettività cambia con il concentration ratio. Magari ci aiuta a capire che succede.	Comment by ALESSANDRO TAMBURINI: E' il 1° e credo unico grafico dove si vedono barre dell'errore.
[bookmark: _Ref139039726]Figure 5. Selectivities as function of the ion concentration ratios for competitive a) cations and b) anions for two-salts solutions. Sodium and chlorides were selected as reference ions among cations and anions, respectively. Inlet brine and permeate conductivities equal to 3.0 mS/cm and 0.07 mS/cm, respectively. Platinum wires voltage ~7.8 V.
3.2 Results for tests with three mixed salts
Figure 6 reports platinum wires voltage-current density curves for experiments performed with i) single salt solutions (CaCl2, NaCl, and NaHCO3), and ii) two- salts solutions (MgCl2-NaCl, CaCl2-NaCl for graph a, and Na2SO4-NaCl, NaHCO3-NaCl for graph b), and three- salt s-solution (MgCl2-CaCl2-NaCl in graph a and Na2SO4-NaHCO3-NaCl in graph b). All tests were performed at inlet conductivity of 0.07 mS/cm and 3.0 mS/cm for permeate and brine, respectively, while the ion ratios were varied. For the three cations in competition (see Figure 6a), the presence of magnesium in the mixture, even if at low ion concentration ratio, significantly affected significantly the voltage-current density curve, reaching lower values of current at thefor the same platinum wires applied voltage. The trend of three salts solution is in line with the results obtained with MgCl2-NaCl salt solutions. Therefore, the presence of magnesium resulted in an increase of the stack resistance, thus in lower corresponding currents. 
Similarly, for the three anions in competition, the presence of sulphates ions in the three-salts solution caused an increase in the total resistance and thus current densities close to the values obtained with the Na2SO4-NaCl two- salts mixture or only NaHCO3 alone.. The conductivity trend as a function of the applied voltage is reported in the Supplementary information and confirmed the trend obtained with two- salt s-solutions.	Comment by ANTONIA FILINGERI [2]: Dice di mettere la gifura qui come 6c e 6d	Comment by ALESSANDRO TAMBURINI: ok

[image: ]	Comment by ANTONIA FILINGERI [2]: Dice di togliere NaHCO3 dalla prima e CaCl2 dalla seconda.. Li avevo aggiunti perché così c'era un metro di paragone visivo però posso toglierli	Comment by ALESSANDRO TAMBURINI: Mah, decidete voi, essendo singoli Sali si potrebbero anche lasciare, ma decidete vobis.
[bookmark: _Ref139223146]Figure 6. Platinum wires voltage-current density curves for tests performed with three salts solutions with a competition between a) cations (MgCl2-CaCl2-NaCl) and b) anions (Na2SO4-NaHCO3-NaCl). All the tests were performed at inlet conductivity of 0.07 mS/cm and 3.0 mS/cm for permeate and brine, respectively. The composition of the two and three salts solution is indicated in the graph.
Figure 7 shows selectivities trends for cations (graph a) and anions (graph b) in competition with sodium and chlorides, respectively, as a function of ion concentration ratio. Particularly, tTrends for three-salts solutions were compared with the corresponding two-salts mixtures. The precise composition of multi-ion mixtures is reported in Table 3 and ion concentration ratio of 0.7, used for both magnesium and sulphates, is here reported as 1 for the sake of comparison. Tests with three-salts solutions confirmed the decreasing trend of cations selectivities as the concentration ratio of the same ion to the reference ion increased. Indeed, it is interesting to note that the selectivity of calcium with respect to sodium in mixtures of three cations including magnesium was in all cases slightly higher than the selectivity of calcium with respect to sodium in the case of two salts solutions. Indeed, the presence of magnesium, which showed a higher selectivity towards sodium respect tothan calcium versus sodium selectivity, in the three-salts mixture resulted in a mildly beneficiary effect on calcium selectivity, which increased. SimilarlyOn the other side, the selectivity of magnesium with respect to sodium in the presence of  the calcium ions was slightly lower than in the mixture of magnesium and sodium chlorides alone. Therefore, the presence of a third cation in the mixture seemed to slightly affect the ion selectivity compared to the simple two-salts solution case. 	Comment by ANTONIA FILINGERI [2]: Metterlo come nota in Fig 7	Comment by ALESSANDRO TAMBURINI: Assolutamente si! Avere un grafico anziché un istogramma risolverebbe il problema.	Comment by ANTONIA FILINGERI [2]: Dice niente transport numbers? 

Mi sembrava ripetitivo aggiungerli sia come figura che commento e poi la verità è che danno una info parziale visto che dipendono dalla composizione.,. Mentre la selettività riesce a normalizzare questo effetto	Comment by ANTONIA FILINGERI [2]: Nell'altro paper EDBM i reviewer ci avevano infatti detto di accorciare il commento sui transport number e focalizzarci sulla selettività	Comment by ALESSANDRO TAMBURINI: Mi sembra una buona motivazione.
Conversely, for mixtures of three competing anions, as observed for two-salts solutions, constant selectivity trends of selectivities were observed as a function of the ion concentration ratio. Indeed,In particular, for three-salts solutions, ion selectivities were slightly lower compared to the corresponding selectivity for two salts at the same ion ratio, although such differencethis error is similar comparable to the experimental uncertainty. Overall, results for tests with three competiting anions confirmed the trend of two competiting anions tests. 
[image: ]	Comment by ANTONIA FILINGERI [2]: Chiede se manca un punto sperimentale per Cratio di 5 perché ci sono 3 valori anziché 4.. Non manca, solo che la concentrazione era la stessa per 2 test quindi non c'è quel punto	Comment by ANTONIA FILINGERI [2]: Non l'ho spiegato bene ma dopo lo vediamo al meeting	Comment by ANTONIA FILINGERI [2]: Cambiare il colore dei tre Sali	Comment by ALESSANDRO TAMBURINI: Infatti non ho capito.	Comment by ALESSANDRO TAMBURINI: I colori degli anioni non corrispondono (vedi solfato)
[bookmark: _Ref139225974]Figure 7. Selectivities as function of the ion concentration ratios for competitive a) cations and b) anions for two and three-salts solutions. Sodium and chlorides were selected as reference ions among cations and anions, respectively. Inlet brine and permeate conductivities equal to 3.0 mS/cm and 0.07 mS/cm, respectively. Platinum wires voltage ~7.8 V.
Conclusions	Comment by Philibert, Marc: I have a feeling we could add a couple sentences to clarify what the impact of these results would mean for the use of ED and/or A-RED. An example from above: "in order to enhance the passage of a cation from the brine to the permeate, a compromise must be found between increasing the concentration of the ion in solution and having a high membrane selectivity". Maybe we can say what this means, for example, if I get this right: if your water is high in Mg2+ it's going to be hard to get the other divalents because of the competition (this might be wrong…). Anyway, I think we just need to figure out what are the main conclusion points for applications and it will be clearer.
The effect behaviour of multi-ionic solution in Assisted-Reverse Electrodialysis (A-RED) unit with multi-ionic solution for recovering minerals from river RO brine and directly remineralize its permeate was investigated. This work focused on the study of the behaviour ofA laboratory-scale SUEZ stack and cation and anion exchange membrane (CEM and AEM) transport when two/three- salts solutions were used. The experiments were performed using two or three cations/anions in competition and fixing the same anion/cation, including sodium, chloride, calcium, magnesium, potassium, bicarbonates and sulphates. A reference composition was selected on the basise of a real Seine river RO unit,  but, then,while the effect of applied voltage/current, brine and permeate conductivities and compositions was studied to investigate the membrane behaviour at different operating conditions. Apparent transport numbers and membrane selectivities were calculated referring tousing sodium and chloride as reference ion among the cations and anions, respectively.	Comment by ANTONIA FILINGERI [2]: Capire cosa ha scritto ma è solo una questione stilistica	Comment by ANTONIA FILINGERI [2]: Rivedere con Ale
The A-RED unit showedhad similar behaviour when sodium and/or calcium chlorides were used, achieving the highest current density, thus permeate remineralization demonstrating a similar CEM affinity to both ions. The use of potassium reached achieved slightly lower performances, while the presence of magnesium ions resulted in a higher stack resistance. Regarding anions, the presence of bicarbonates and/or sulphates compared to the only chlorides-only provided 20-25 % lower current, demonstrating the higher stack resistance to the their transport. 	Comment by ALESSANDRO TAMBURINI: Rephrase a bit.
Current density as well as brine and permeate conductivities had negligible effect on membrane properties at the tested operating conditions. Conversely, brine composition had the main effect leading to large variation in transport numbers, i.e. for calcium transport number from ~0.32 to ~0.81 when the calcium versus sodium concentration ratio was increased from 0.20 to 5. Interestingly, cation selectivities were reduced from ~1.9 to ~0.8,, on average depending on the ion, as the ion concentration ratio increased. Conversely, AEM selectivities remained constant as the ion concentration ratio increased at values of  ~0.6 and ~1.4 for bicarbonates and sulphates.	Comment by ALESSANDRO TAMBURINI: Io direi quali sono perché tipicamente con membrane properties ci si riferisce ad altro.
This study had provided interesting insights into the characterization of ions transport through IEMs in the A-RED unit when multi-ionic solutions are used for mineral recovery from river RO brine and remineralization of its permeate, and may be a first step towards the widespread of its application. 	Comment by ALESSANDRO TAMBURINI: Le conclusioni riassumono benino i risultati, ma non mi piacciono come conclusioni. Sono attualmente un elenco di cosa e stato trovato, concluso con una frase staccata dal resto. Io mi sforzerei di concludere in modo più efficace la faccenda. Puoi provare e poi le rivediamo insieme.

List of abbreviations	Comment by ANTONIA FILINGERI [2]: I will re-check at the end
Acronyms
AEM		anion exchange membrane
A-RED	assisted-reverse electrodialysis
CEM		cation exchange membrane
ED		electrodialysis
ERS		electrode rinse solution
IEM		ion exchange membrane
MSED		monovalent-selective electrodialysis
OCV		open circuit voltage
RED		reverse electrodialysis
RO		reverse osmosis
TDS		total dissolved solids
ZLD		zero liquid discharge
Symbols
 (m2) 		membrane area
C (mol/L)		ion concentration
i (A/m2)		current density
IEC (meq/g)		ion exchange capacity
 (mol/m2/s)		ion flux
 (L/s)			solution flow rate
 (-)		membrane selectivity
t (-)			transport number
VPt (V)			platinum wires voltage
Greek symbols
σ (mS/cm)		solution conductivity
Subscripts and superscripts
Brine		brine stream
ion		generic ion
IN		inlet
OUT		outlet
Perm		permeate stream
ref		reference ion
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