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B Experimental Section

Materials.

Graphene (rGO) was supplied by Graphene-king Company. Titanium tetrachloride
(TiCl4), dopamine hydrochloride (CgHiiNO2'HCIl) and tetracthyl orthosilicate
(Si(OC2Hs)4) were provided by Aladdin. Ammonia solution (NH3-H>O), ethanol
(C2H6O) and sodium hydroxide (NaOH) were provided by Sinopharm Chemical
Reagent Co. Ltd. in China. All the chemicals were used without further purification.
Synthesis of silicon dioxide microspheres.

14 mL ammonia solution was dispersed into 300 mL ethanol and 40 mL deionized
water. Then the mixture solution was taken in the water bath heating at 30 °C and
stirring for 30 min. After, 24 mL tetraethyl orthosilicate was added quickly in the
solution through ultrasonication for 30 min. After then, the solution was heated during
30 °C and stirred for 30 min again in the water bath. After that, the aqueous
suspension of mono-dispersed silicon dioxide microspheres were obtained by
centrifugation while washing with ethyl alcohol and deionized water several times.
Synthesis of titanium dioxide/porous carbon (CTO-PC) prepared by an
impregnation method.

At the first, 80 mg PC was dispersed into 200 mL absolute ethyl alcohol and 50 mL
water deionized water by continuous ultrasonication and stirring. Then 20 mL TiCly
solution was added drop by drop under the mixed solution. Afterward the solution was
stirring at room temperature for 12 h. The precipitate was separated by centrifugation
and washed through ethanol and deionized water. Subsequently, the precipitate was
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dried overnight at 80 °C. The CTO-PC was acquired by calcined at 150 °C for 5 h
with a ramping rate of 2 °C/min under flowing N>.

B Characterization and Test

The morphology and microstructure of the samples were obtained by transmission
electron microscopy (TEM, JEOL, JEM-200CX), scanning electron microscopy
(SEM, JEOL, JEM-700F), high-resolution transmission electron microscopy (HTEM,
JEOL, JEM-2010F) and Micromeritics ASAP 2010 analyzer, X-ray diffractometer
(XRD, Rigaku D/MAX-RB, Cu Ka, 40 kV, 20mA), X-ray photoelectron spectroscopy
(XPS, Perkin-Elmer PHI 5000C, Mg Ka, 1253.6 ¢V), A drop shape analysis system
(Kruss, DSA100), respectively.

The material resistivity of different samples was measured by a four-point probe
(Model 280SI). The dates based on at least five independent measurements under
different positions in the prepared electrode surface. Besides, the electrochemical
behaviors of sample were observed by electrochemical impedance spectroscopy (EIS),
cyclic voltammetry (CV) and galvanostatic charge—discharge (GCD). The
electrochemical behaviors were revealed by three-electrode system in a 0.5 M NaCl
solution consisting of 20CTO-PC (working electrode), a graphite sheet (counter
electrode) and a calomel electrode (reference electrode). CV and GCD curves testing
were performed in a 0.5 M motionless NaCl solution at the beaker, with the working
voltage range from 0 to 1.2 V (vs. RHE). Based on following eqn (S1), the specific
capacitance could be calculated.':?

C; = —2 (S1)

L™ 2mwAv
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Where C;, Q, m, v and AV stand for the electrode specific capacitance, the
mathematical integral area of CV curve, the mass of the working electrode, the scan
rate and the voltage change, respectively.
In addition, the CV tests of 20CTO-PC at low scan rate (0.5 mV/s and 0.2 mV/s) were
carried by three-electrode system in a 500 mg L' NaCl solution consisting of
20CTO-PC (working electrode), Pt foil (counter electrode) and a calomel electrode
(reference electrode).
The proportion contribution of capacitive-controlled and diffusion-controlled could be
calculated by the following eqn (S2):>3

i(v) = kv + k,v%° (S2)
Where i, v, kiv and k2v*° respectively stand for the current, the scanning rate, the
capacitive current and the current resulting from diffusion-controlled. Besides, ki and
k> stand for constant under the settled potential.
The CDI performances were assessed by batch mode electrosorption with recycling
system, as described in our previous work. The electrodes were prepared by mixing
with the samples, acetylene black, and polytetrafluoroethylene preparation (8 : 1 : 1 in
weight) to form a slurry. The slurry was laid flat on the graphite sheet and then dried
at 120 °C about 12 h in order to remove the solvent from the electrode material. In all
electrodes, the mass of anode and cathode were the same in each electrode pair. The
active material in every electrode was 0.024 g. The total mass of active materials for
electrodes is 0.048 g.
Herein, based on the following equation, the salt adsorption capacity (SAC, mg L)
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could be calculated (eqn (S3)):1 46

SAC — (CO_Ct)V

(83)
Where Co(mg L), C; (mg L), V(L), and m respectively stand for the initial NaCl
concentration, the final NaCl concentration, the volume of the NaCl solution and the
total mass of the electrodes. The data were obtained by excluding the influence of
parasitic electrodes (pure graphite electrodes).
Based on the following eqn (S4), the concentration reduction (CR, mM) could be
calculated.’

(R ==t (S4)
Where M stands for sodium chloride mole weight.
Based on the following eqn (S5), the salt adsorption rate (SAR, mg g! min™') could be
calculated.!®

SAR = 2% (S5)
Where t (min) stands for the desalination time.
The average salt removal rate (ASAR, mg g! min™) is the average of all SAR values
obtained throughout the desalination period.*°
Based on the following eqn (S6), for constant-voltage water purification test, the
specific energy consumption (SEC™!, mg J!) could be calculated.'® !

SEC_1 — (Co_tct)V
Va fO Idt

(S6)
Where I (A) and V4 (V) respectively stand for the time dependent current and applied
voltage.

Based on the following eqn (S7), the charge efficiency (A, %) could be calculated.” 2
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A=— (S7)
Where I', F and X respectively stand for deionization capacity, Faraday constant and
obtained by integrating current.

Based on the following eqn (S8), the water recovery (WR, %) could be calculated.” !!

Vity

WR = ————
Vltl +V2t2

(S8)
Where V7, t1, V> and 1 stand for the volume of initial NaCl solution, the time of NaCl
removed in one cycle, the volume of recuperative initial NaCl solution and the time of
recuperating initial NaCl solution. There is concentration recycle, resulting in V;=V".

Based on the following eqn (S9), the energy consumption (EC, J g') could be

calculated.’

Vq [y 1at

m

EC = (S9)

Based on the following eqn (S10), the product water-specific Gibbs free energy (Ag,

J g1 could be calculated. '

pg=arr ([ [ s

Where R and T stand for the ideal gas constant and the absolute temperature.
Based on the following eqn (S11), the energy efficiency (EE, %) could be

calculated.!?

Ag
EC

EE = (S11)
Based on the following eqn (S12), the Na* diffusion coefficient (Dna", in cm? s7')

could be calculated.'

1/ RT \?
Dnat = 3 (7eom) (812)

where R, T, F, ¢, o and A stand for gas constant, temperature, Faraday constant, Na*
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concentration in bulk electrolytes, diffusion resistance obtained by fitting Nyquist

plots and electrode geometric area.
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Fig. S1. (a) SEM, (b) TEM, and (c) SAED pattern of 20CTO-PC.
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Fig. S2. (a) SEM and (b) TEM images of PC. (¢) SEM and (d) TEM images of

10CTO-PC. (¢) SEM and (f) TEM images of 30CTO-PC.

S10



Fig. S3. (a) SEM and (b) TEM images of CTO-PC prepared by an impregnation

method.
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Fig.S4. XRD patterns of CTO-PC prepared by different preparation strategies.
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Fig. SS. Full XPS spectra of PC and CTO-PC prepared by an ALD strategy.
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Fig. S6. Cis XPS spectra for (a) PC, (b) 10CTO-PC, (c¢) 30CTO-PC and (d) CTO-PC

prepared by an impregnation method.
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Fig. S7. Nis XPS spectra for (a) PC, (b) 10CTO-PC, (c¢) 20CTO-PC, and (d)

30CTO-PC.
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solution.
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Table S1. The content of TiO» in different samples.

Sample TiO, (Wt%)
10CTO-PC 3.53
20CTO-PC 6.95
30CTO-PC 10.97

CTO-PC prepared by impregnation 7.10
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Table S2. Elemental composition of C, O, N and Ti in different samples.

Sample C (at%) O (at%) N (at%) Ti(at%)
PC 58.39 38.00 3.61 0
10CTO-PC 64.14 31.89 3.37 0.60
20CTO-PC 65.49 28.53 4.79 1.19
30CTO-PC 73.28 20.16 4.69 1.87
CTO-PC prepared by impregnation 71.39 22.96 4.45 1.20
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Table S3. Comparative results on the removal capacity among different materials.

NaCl
Materials voltage concentration Rfcmoval . References
V) (mg L) capacity (mg g™)
N-doped carbon sphere 1.2 500 13.71 15
3D porous graphene 1.4 300 18.43 16
graphene aerogel/TiO» 1.2 500 15.1 17
HC@MnO, 1.2 500 30.7 6
TiO»-NTs/C 1.2 500 13.11 18
Graphene/Co0304 1.6 500 20.16 19
MoS,—graphene 1.2 500 19.4 2
ZnO/AC 12 500 9.4 20
NaOH-Ti;C,Tx 1.2 500 16.02 21
MoS,/g-C3N4 1.6 250 24.2 22
Ti3CoTx~MXene 1.2 500 26.7 23
3DOM-TiN 12 500 23.6 24
20CTO-PC 1.2 500 38.54 This work
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