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1. Simulation
The controlling equations are the mathematical foundation of the simulation. The
mass balance of dilute matter in the solution could be depicted by Eq. S1:
24V N; = Rizor (S1)
in which c; represents of concentration of the ion 1, # denotes the reaction time, N;
is the total flux of the matter i. The flux in the electrolyte was calculated with Nernst-
Planck Equation Eq. S2:
N; =—D;V; — Zjuy, iFc;VO; + c;u = J; + c;u (S2)
where the first, second, and third terms on the left side refer to diffusion,
immigration and convection, c; represents of concentration of the ion i, Z; is the
valence of the ion, D; refers to the diffusion coefficient, u,, ; denotes the transfer rate
of the ion, F demonstrates the Faraday constant (96485 C-mol!), @; stands for the
potential of the solution, u represents the velocity vector and J; denotes the mole flux
of relative transfer. The calculation of J; is in the following equation:
Ji=—-D;V; — Zjup, ;Fc;VQ; (S3)
Electrostatic current density could be calculated by summing the fluxes:
G =FXZN; +F]y—FJon (S4)
in which i; is the current density vector in the electrolyte, J5 and J oy denote the
mole fluxes of H" and OH, respectively. Since the electrolysis of water was introduced,

the mole fluxes of H and OH™ were calculated with the equations below:
Ju = —DyVe, — Um,pF ey VO, (S5)
Jou = —DouVe,, — UmonFconV9; (S6)
where cr represents of concentration of H', con represents of concentration of OH™.
The electric neutrality of the solution was controlled by Eq. S7:
YZici +C4—Cop =0 (S7)
To enhance the accuracy of the calculation, Eq. S2 was combined with the Poisson
Equation Eq. (S8):
Vo =f (S8)

in which ¢ and f are real or complex-valued functions on a manifold. There were
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no more other matters in the experiment, so we set all the boundaries in the model

(except for both sides of the membrane) as no-flux boundary conditions with the
following controlling equation:

—n-J; =0 (S9)

where n is normal vector of the boundary pointing into the domain. Furthermore,

all the boundaries except the cathode and anode plates were set to be insulated as shown

in Eq. S10:

—n-i;=0 —-n-ig=0 (S10)

in which i; and iy denote the current density vectors of electrolyte and electrode,

respectively. There was positive charge on the ion exchange membrane and the

mass/volume fraction of the electrolyte was 0.6. There is no convection because the

solutions are static. The parameters of the model are presented in Table S1, where the

exchange current densities of the electrodes were measured with the electrochemical

workstation (Multi autolab/M204, Metrohm, Switzerland).

Table S1 Parameters of the simulation model

Symbol Significance Value Reference
T experimental temperature 298.15K assumed
D-Li" diffusion coefficient of Li" 1.334X10° m?-s”! (Seader et al., 1998)
D-CI diffusion coefficient of CI’ 2.031X10° m?-s”! (Seader et al., 1998)
D-Na* diffusion coefficient of Na* 1.030X10° m?-s! (Seader et al., 1998)
i9-C exchange current density of the anode 0.004486 A-m2 measured
i0-LMO exchange current density of the cathode 0.002258 A-m2 measured
Ola anodic transfer coefficient of faradaic reaction 0.5 (Wu et al., 2014)
Oc cathodic transfer coefficient of faradaic reaction 0.5 (Wu et al., 2014)




2. Deionization test
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Figure S1. Comparison of the desalination capacities of different CDI cells containing

only activated carbon electrodes.



3. Characterization
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Figure S2. FESEM images of spinel LiMn20s4.



Figure S3. Field emission scanning electron microscope images of (a) LiCoOz, (b)

LiFePOs4, and (c¢) LiNio.sMno.3C00.202.
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Figure S4. (a) N2 adsorption/desorption

activated carbon.
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