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Ⅰ Supplemental methods
S1.1 Preparation of the materials and chemicals
All graphite felts were first cleaned by soaking them in pure acetone overnight. These felts were then acid treated by soaking the brushes in a solution of ammonium peroxydisulfate (200 g L−1) and concentrated sulfuric acid (100 mL L−1) for 15 min. The graphite felt electrodes were heat-treated in amuffle furnace at 450◦C for 30 min. Following treatments, all anodes were washed three times with distilled water before being inoculated. Cathodes were made from wet proofed (with 30%) carbon cloth (Clean Fuel Cell Energy, LLC, USA) with Pt as catalyst, and a variable number of PTFE DLs. All cathodes contained a base layer of carbon powder (Vulcan XC-72R) and 40% PTFE solution (12 μL mg-1 of carbon powder) applied onto one side of carbon cloth, at carbon loading density of 2.5mg cm-2. 1 The carbon cloth was air-dried at room temperature for 12 h and then heated at 370◦C for 30 min. Four PTFE diffusion layers were applied onto the base carbon coating by brushing 60% PTFE, followed by air-drying at room temperature for 15 min, and heating at 370◦C for 12 min. Following application of the diffusion layers, the Pt catalyst layer (5 mg cm-2 10% Pt on Vulcan XC-72R with 33.3 μL cm-2 of 5 wt% Nafion as binder) was applied to the other side of carbon cloth and air-dried for 24 h. Milli-Q deionized (DI) water (18.2 MΩ cm-1) was used for preparation of the chemical solutions and fabrication of the electrodes.
S1.2 Construction of MDC reactor
[bookmark: OLE_LINK2]The MDC reactor consisted of three polycarbonate cube-shaped blocks, as shown in Fig S1. Each block has a 3 cm diameter hole, and three block chambers were clamped together with gaskets that provide a water seal between the chambers. The three chambers are the anode chamber, the desalination chamber and the cathode chamber from one side to the other, with the volume of 150, 50, and 100 mL, respectively. In order to minimize ohmic resistance, the cathode chamber is made thinner to shorten the distance between the anode and the cathode. The anode and middle desalination chamber were separated by a AEM (AMI 7001, Membranes international, USA) and cathode and desalination chamber were separated by a CEM (CMI 7000, Membranes international, USA). The main performance parameters of the ion exchange membrane were listed in Table S3. A heat treated graphite felt (450°C, 30 min) was used as the anode, 2 and carbon cloth with 0.5 mg cm-2 Pt coating and four diffusion layers was prepared as the air-cathode. 3 The specific treatment process of electrode material was described in detail in supplementary material S1.1. Titanium wires were selected to connect the anode and cathode with the external resistance of 1.5 Ω.
S1.3 Electrochemical measurements
[bookmark: _Hlk129897018]The electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) were analyzed by a CHI660e (CH Instruments, Inc.) electrochemical workstation. EIS measurements were conducted at open circuit voltage (OCV) over a frequency range of 105 to 10-2 Hz, with a sinusoidal perturbation of 5 mV amplitude. The cathode was used as the working electrode and the anode was used as the counter and reference electrode. To focus on membrane impedance changes, the anode chamber + AEM (or cathode chamber + CEM) EIS measurements were conducted using a three-electrode configuration, with an Ag/AgCl reference electrode in the middle chamber and the anode (or cathode) serving as the working electrode and the cathode (or anode) as the counter electrode. The internal resistances of the cell were obtained from Nyquist plots, where the intercept of the curve with the Zre axis is defined as the ohmic resistance. As for CV scanning, the scanning voltage of the working electrode of CV was in the range of -2.0 – 2.0 V (versus Ag/AgCl) with scan rates of 36 mV s-1. 

Ⅱ Supplemental Figures
[image: C:\Users\LENOVO\Desktop\最终图片\投稿拼\Fig.S1.emf]
Fig. S1 Schematic diagram of Microbial Desalination Cell reactor
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Fig. S2 pH changes in each chamber of (a) Na+-MDC; (b) Ca2+-MDC; (c) Fe3+-MDC; (d) Al3+-MDC; (e) Cu2+-MDC and (d) composited cations MDC
[image: ]
Fig. S3 Cyclic voltammetry curves of each cationic MDCs and the control group with 36 mV s-1
[image: ]
Fig S4 SEM micrographs showing the surfaces of the membranes before and after the operation of cationic MDC: (a) desalination side of the CEM of Cu2+-MDC; (b) cathode side of the CEM of Cu2+-MDC; (c) desalination side of the CEM of Al3+-MDC; (d) cathode side of the CEM of Al3+-MDC; (e) cathode side of the CEM of composited cations MDC; (f) cathode side of the CEM of composited cations MDC
Ⅲ Supplemental Tables
Table S1 Main properties relevant to the migration and their sources in chemical tailwater of different cations
	
	hydrated ionic radius / nm
	Standard Solubility product constant of corresponding hydroxide Kspθ / M
	equivalent ionic conductivity Λ°
 / 10–4 m2 S mol–1
	diffusion coefficient D / 10–5 cm2 s–1
	Gibbs hydration energy / kJ mol-1
	Main source

	Na+
	0.365
	/
	50.08
	1.334
	/
	Production residual

	Ca2+
	0.349
	5.02×10-6
	118.94
	1.584
	/
	Fenton

	Fe3+
	0.475
	2.79×10-39
	204.00
	1.812
	/
	Fenton; flocculation

	Al3+
	0.457
	1.30×10-33
	183.00
	1.623
	/
	Flotation; flocculation

	Cu2+
	0.332
	2.19×10-20
	107.20
	1.428
	/
	sterilization



[bookmark: OLE_LINK3]Table S2 Quality parameters of actual chemical industrial tailwater produced by a chemical enterprise in Nantong, China
	pH
	TOC
/ mg L-1
	TN
/ mg L-1
	TDS
/ mg L-1
	Na+
/ mg L-1
	Ca2+
/ mg L-1
	Fe3+
/ mg L-1
	Al3+
/ mg L-1
	Cu2+
/ mg L-1

	6.5–7.0
	25
	20
	9837
	5630
	715
	876
	430
	48



[bookmark: _Hlk130223541]Table S3 Main performance parameters of the ion exchange membrane
	
	Thickness
/ mm
	Resistance
/ Ω cm-2
	Selective transmission / %
	Compression strength / psi
	Water permeability
/ mL h-1 cm-2 Mpa-1
	Exchange capacity
/ mol kg-1
	Moisture content
/ %

	CMI-7000
	0.43
	6.0
	97
	100
	＜0.01
	≥1.8
	30-40

	AMI-7001
	0.43
	8.0
	98
	100
	＜0.01
	≥1.8
	30-45
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Microbial Desalination Cell reactor
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