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Fig. S1 SEM image (a) with an insert showing a photo of water contact angle; and SEM-EDX mapping with C (b), O (c), and N (d) of the LC
electrode.
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Fig. S2 SEM image (a) with an insert showing a photo of water contact angle; and SEM-EDX mapping with C (b), O (c), and N (d) of the NLC
electrode.
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Fig. S3 Raman spectra of LC and NLC.
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Fig. S4 CV curves of the LC (a) and NLC (b) electrodes with various scan rates measured in 0.5 M NaCl solution.

Fig. S4 presents the CV curves as a function of scan rate of the LC and NLC electrodes in 0.5 M NaCl solution. All showed a
rectangular shape with a slight deviation in a high scan rate (100-200 mV s1). The CV curves of the NLC electrodes had a larger
area than those of the LC electrodes.
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Fig. S5 CV curves of the LC and NLC electrodes in 0.5 M NaCl (a), KCI (b), MgCl. (c), CaClz (d) at a scan rate of 10 mV s%.

Fig. S5 exhibits the CV profiles of the LC and NLC electrodes in different salt solutions. All curves were relatively rectangular
shape without redox peaks appearing in the chosen potential range, indicating the capacitive behavior. The specific capacitances
of the NLC electrode were higher than those of the LC electrode in all salt solutions. It was corresponded with their individual
specific surface areas. The specific capacitance of both electrodes in difference salt solutions decreased with the following order:
KCl > NaCl > CaCl, > MgCl,. This related well to various hydrated sizes and valences.



06

0.4 5
0.2+
0.0+

-0.2 4

Current density (Ag”)

-0.4 4

-0.6 4+—

—
00 V)
Voltage

T T T T T
.2 04 0.6 0.8

(V) vs. Ag/AgCl

Current density (Ag”)

0.6 20
- (C) ——C
0.4 "o —a—NLC
- L 154
0.2 - 8
c
2
0.0 5 ERLE
] 2
]
-0.2 4 N
4 = 5]
-0.4 - ]
i w
-0.6 B e s e e e Y LA | 1] . T T T --
-0.2 00 02 0.4 0.6 0.8 1] 50 100 150 200

Voltage (V) vs. AgiAgCl

Scan rate (mVs™)

Fig. S6 CV curves of the LC (a) and NLC (b) electrodes in 10 mM NaCl solution with different scan rates and their corresponding specific
capacitance at different scan rates (c).

Fig. S6a and b present the CV curves as a function of scan rate of the LC and NLC electrodes in a low concentration of
electrolyte. An oval shape was observed for all electrodes and the calculated specific capacitance with a variation of scan rate
was plotted in Fig. Séc.
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Fig. S7 Effluent conductivity during CDI process with different applied potentials of the NLC electrode in 10 mM NaCl solution.

Effects of operating voltage on the adsorption capacity were studied in the NLC electrode as shown in Fig. S7. The conductivity
of solution rapidly dropped in the early stage of the CDI process; subsequently, the conductivity gradually decreased until reaching
an equilibrium state. It was found that the change of conductivity increased by increasing applied voltage.
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Fig. S8 Effluent pH of the LC (a) and NLC (b) electrodes in 10 mM NaCl and CaCl; solution during CDI process.

The effluent pH of the LC electrode was decreased during adsorption step, and subsequently gradually returned to nearly
initial value in desorption process, indicating a reversible process (Fig. S8a). Generally, the decreased pH effluent is proposed that
carbon oxidation most likely contribute more than CI- oxidation or water splitting in a limited applied potential.1* Another reason
might be the H* ions exchange which occurs between acidic oxygen-functional group (such as carboxylic groups) on the carbon
surface and cations.> Regarding the XPS results, it revealed that LC composed of high oxygen content (9 at%), implying a high
amount of oxygen-functional groups (carboxylic or hydroxyl groups) on the carbon surface. Therefore, the results of the LC
electrode corresponded to such reasons. In contrast, the NLC electrode exhibited an inverted pH profile. The increase in pH was




observed in the initially adsorption time then almost constant at values between 8. It could be mainly due to a reduction of
dissolved oxygen generating hydroxyl ions,2356 causing a pH increase. However, there was not significantly different pH profile
observed between NaCl and CaCl; solution.
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Fig. S9 Cycling stability of the LC and NLC electrodes in 10 mM NaCl solution.

The cycling stability of the LC and NLC electrode was performed in 10 mM NacCl solution for many cycles and the
results are shown in Fig. S9. The Iy, retention (RTsq) is defined to be an index for the cycling stability, which is estimated
by equation:

Isait n X 100

Rrsalt(%) = T it
salt_i

where [t n and I5q: i are the salt adsorption capacity at the cycle of n and at the initial cycle, respectively during the
cycling stability test.

It was observed that after 30 cycling, the LC electrode remained approximately only 50% retention of salt adsorption
capacity while the NLC electrode still remained 80%. This result could suggest that the nitrogen doping improves the
stability of the carbon electrode in cycling CDI test.

Table S1 Comparison of electrosorption capacity of various N-doped carbon-based electrode materials.

Sample SSA N Initial Voltage Electrosorption
(m2g?) content concentration (V) capacity
(at%)

N-doped (polymeric based) porous carbon

N-doped mesostructured carbon 842 6.7 NaCl 584 ppm 1.2 20.63 mg gt
nanocrystals (NMCs-800)7

N-doped activated carbon 1887 2.1 NaCl 8 mM 1.2 247 mgg?
(NAC):AC//NAC30*

N-doped highly mesoporous carbon 459 3.9 NaCl 250 ppm 1.6 26.2mgg?
(NOMC)?

N-doped hollow carbon sphere 512 2.9 NaCl 500 ppm 1.4 13 mglL?
(N-PHCS)°

N-doped (bio-based) porous carbon

N-doped sucrose-derived porous carbon 1113 5.8 NaCl 1000 ppm 1.2 149 mgg?
spheres (NPCs-800)1°



N-doped pollen- derived porous carbon
powder (PC-900)1!

N-doped cluster-like porous carbons
(NCPCs)2

N-doped tamarind fruit shell -derived
activated carbon (NTC-800)13

Chitosan-based activated carbon (CTS-AC)14

Ginklo leaf-derived graphitic N-doped
porous carbon?®

Monovalent and divalent cation selectivity

Oxidized-AC and Aminated-AC
(O-AC//A-AC)5

Commerical AC16

PMMA-b-PAN fibers (PCFs)1?

Commercial AC3

Porous mordenite modified activated carbon

(MOR-AC): MOR-AC//AC18

N-doped lignin-derived porous carbon (NLC)
(This work)

1016

1357

410

2727

1228

1503//1

768

964

640

540

n/a

645

0.71

9.2

n/a

133

1.7

n/a

n/a

4.2

NaCl 260 ppm

NaCl 500 ppm

NaCl 600 ppm

NaCl 500 ppm

NaCl1M

10 mM of NaCl,
KC|, MgC|2, CaC|2

32 mM of each
salt solution

NaCl 500,

KCl 625,
MgCl,: 807,
CaCly: 938 ppm

NaCl or KCI 10
mM, CaCl, 5
mM

CaCl; 10 mM,
mixed salt
solution: CaZ+
Mg2* K*, Na*
ions (2.5 mM
each)

10 mM of NaCl,
KCl, MgCl,, CaCl,

14

1.6

1.2

1.2

1.2

1.0

1.0

1.0

1.5

1.2

1.2

18 mggt

17.2mgg?

18.8 mgg?

14.1mgg?

16.5mgg?

Na*: 0.265,
K*: 0.275,
Mg2*: 0.15,
Caz:0.18
mmol g1

Na*: 223,
K+: 237,
Mg2+: 155.3,
Ca?*:158.8
pmol gt

Na*: 0.52,
K*: 0.53,
Mg2*: 0.21,
Caz*:0.24
mmol g1

NaCl: 0.13,
KCl: 0.15,
CaCl,: 0.07
mmol g1

CaZ*: 248,

mixed salt test:
Caz* 61,

Mg2+: 57,

K*: 3.6,

Na*: 1.9 umol g

Na*: 0.45,
K*: 0.46,
Mg2*: 0.25,
Ca?+: 0.37
mmol g

MCDI: membraned CDI, A-CDI: Asymmetrical CDI, S-CDI: Symmetrical CDI
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