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1. Experimental Section
1.1 Synthesis of 3DC

Using citric acid as carbon source and SiO, nanosphere as template were used.
The SiO, nanospheres and 3DC were prepared by the Stober sol-gel method and
self-assembly method, respectively. Briefly, citric acid (2 g) and SiO, (5 g) were
dissolved in 80 mL of deionized water by magnetic stirring. The mixture above was
fast froze in liquid nitrogen and then freeze-drying. After that, the production was
ground into a fine powder and then heated at 800 °C for 2 h under Ar atmosphere.
3DNC was obtained after filtrated with HF, deionized water, and dried at 80 °C in
vacuum.
2.2 Synthesis of NIHCF@3DC

NiHCF@3DC composites were synthesized by a chemical co-precipitation route.
Basically, 0.12 g 3DC was dispersed in 250 mL deionized water and under ultrasonic
for 30 min. Then 0.872 g NiCl, was added into the former solution, and stirring to
form a uniform solution. Then a solution containing 50 mL deionized water and 0.495
g KjFe(CN)s was added into above solution under vigorous stirring. The
NiHCF@3DC-2 was collected by centrifugation and vacuum filtration, then washed
with deionized water and ethanol by three times before dried in vacuum oven at
100 °C. For comparison, NIHCF@3DC-1 and NiHCF@3DC-3 were synthesized
under same condition with the mass of 3DC was 0.08 g and 0.16 g, respectively.
1.3 Materials characterization

The morphologies and structures of the samples were characterized through field

emission scanning electron microscopy (FE-SEM, FEI Sirion200) and transmission
electron microscopy (TEM, JEM-2010F). The crystal structure and phase composition
of the composites were investigated using powder X-ray diffraction (XRD, Bruker
D8). Nitrogen adsorption—desorption isotherms were collected at 77 K by using an
Autosorb 6B instrument to determine the texture properties of the samples.
Thermogravimetric analysis (TGA) was performed with TG209 (NETZSCH Co.).
XPS measurements were performed with an ESCALAB 250 (Thermo Scientific,
USA) by using Al Ka (hv = 1486.6 eV) X-ray radiation. Inductively coupled plasma
atomic emission spectroscopy (ICP-MS) was used to analyze the chemical
composition of the NtHCF@3DC-2 samples and concentration of Ni and Fe in the
tank after the cyclic test of NNHCF@3DC-2//AC.
1.4 Electrochemical Measurements

Cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and

S2



electrochemical impedance spectroscopy (EIS) were conducted by using a CHI 660E
electrochemical workstation in 1 M NaCl solution. A three-electrode system
consisting of a platinum foil as the counter electrode, an Ag/AgCl electrode (saturated
KCl) as the reference electrode, and the sample was used as the working electrode. To
prepare the working electrodes, a homogeneous slurry of sample,
polytetrafluoroethene (PTFE), and carbon black with the mass ratio of 8:1:1 in
ethanol was pressed by a rolling mill into a film and dried at 80 °C overnight. The
obtained electrodes were pushed onto a titanium mesh which used as current

collectors. The specific capacitance (C, F g!) was calculated from the CV curves as

Equation 1:
[1dt
C=rxoxarnm (1)

Where C is the specific capacitance (F g!), I is the response current density(A), v is
the potential scanning rate (V s'!), AV is the voltage change (V), and m is the active
material mass (g).
1.5 HCDI experiments

To prepare the HCDI electrodes, 82.5 wt% active materials (AC, NiHCF,
NiHCF@3DC), 10 wt% carbon black, 6 wt% polyvinyl butyral (PVB), and 1.5 wt%
polyvinylpyrrolidone (PVP) were mixed together to obtain a homogeneous slurry.
Subsequently, the resulting slurry of solids was cast on a graphite paper (5x7 cm?)
and then dried at 80 °C overnight. The mass of AC, NiHCF, NiHCF@3DC are 100,
80 and 80 mg, respectively. The thickness of AC, NiHCF, NIHCF@3DC are 120, 100
and 100 pum, respectively. The HCDI cell consisting of an activated carbon (AC)
electrode, a NIHCF@3DC electrodeand a piece of anion exchange membrane (200
um, Hangzhou lontech Environmental Technology Co., Ltd. Zhejiang, China) was
denoted as NiIHCF@3DC//AC, whereas that consisting of an AC electrode, a NiHCF
electrode and a piece of anion exchange membrane was denoted as NiHCF//AC. An
~1.5 mm thick silicon gasket and two pieces of ~120 um thick nonwoven fabric were
used as the spacer and separator of the HCDI cells, respectively. Different
concentrations of NaCl and voltages were employed to investigate the desalination
performance of the HCDI system in various operation conditions. lon removal step
was conducted by applying a voltage (0.4 V to 1.2 V) for a certain time, while the
captured ions were released by applying negative voltage (-0.4 V to -1.2 V) for a
certain time. A tank (2.5L) of NaCl aqueous solution with different concentrations
(100 to 20000 mg L, or 1.7 mM to 341.9 mM) was pumped into the CDI setup by a
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peristaltic pump at a flow rate of 9 mL min!, and then flowed into another tank. An
electrochemical workstation (CHI 660E) was used to supply the needed voltage. The
changes of effluent conductivity and pH were recorded by an ion conductivity meter
and pH monitor systems. The NaCl solution concentration was calculated by a
calibration curve according to the conductivity profiles. The ion removal capacity
(IRC, T, mg g), charge consumed (X, C g!), charge efficiency (A) and energy
consumption (E.,) were defined as Equation 2, Equation 3, Equation 4 and
Equation 5, respectively:
@ x[(Co—Coar

r=2tm )
id
=L @)
IxF
A=y5s “4)
MxUfidt
Econ= Txm )

Where @ is the flow rate (mL min'), Cy and C; are the influent and the effluent NaCl
concentration (mg L), respectively; m is the total mass of the two electrodes (g); i is
the current during the adsorption process (A); U is the voltage during the adsorption
process (V); F is the Faraday constant (96485 C mol!'); and M is the molar mass of
NaCl (58.5 g mol!).
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Table S1. Mass fractions of metallic elements in the as-synthesized NiHCF
determined by ICP-MS

Element Mass fraction/ %
Ni 37.4
Fe 22.4
K 1.43

Table S2. Mass fractions of nitrogen and carbon elements in the as-synthesize NiHCF

determined by EA
Element Mass fraction/ %
N 19.88
C 19.26
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Figure S1. SEM image of Si0,
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Figure S3. SEM (a) and TEM (b) images of NtHCF@3DC-1; SEM (c) and TEM (d)

images of NIHCF@3DC-3
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Figure S4. TGA of NiHCF
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Figure S5. N, adsorption/desorption isotherms and pore size distribution (inset)
obtained by Barrett-Joyner-Halenda (BJH) of NiHCF (a), NIHCF@3DC-1 (b),
NiHCF@3DC-3 (c) and 3DC (d)
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Table S3. The Dy,* and BET surface area of samples

Sample Dn,"/ em? s! BET surface area/ m? g’
NiHCF 3.78x1012 625.1
NiHCF@3DC-1 1.81x10!! 508.4
NiHCF@3DC-2 1.22x10-10 461.2
NiHCF@3DC-3 1.18x107 263.1
3DC 98.1
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Figure S6. CV curves of NiHCF (a), NtHCF@3DC-1 (b) and NiHCF@3DC-3 (c) at
different scan rate; The power-law relation between the peak current and

the scan rate of NiHCF (d), NNHCF@3DC-1 (e) and NiHCF@3DC-3 (f)
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Figure S7. The schematic cell configuration of the HCDI
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Figure S8. Kim-Yoon plots of (a) NiHCF (a), NtHCF@3DC-1 (b), NIHCF@3DC-2
(c) and NIHCF@3DC-3 (d) in NaCl solution with an initial concentration of 500 mg
L! by varying the cell voltage
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Figure S9. Ion removal rates of (a) NiHCF (a), NIHCF@3DC-1 (b), NitHCF@3DC-2
(c) and NIHCF@3DC-3 (d) in NaCl solution with an initial concentration of 500 mg
L! by varying the cell voltage
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Figure S10 Representative desalination performance (a) and ion removal rates (b) of
NiHCF@3DC-2//AC in a 20000 mg L-! NaCl solution at a cell voltage of 1.2 V
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Figure S11. pH changes of the effluent of NIHCF@3DC-2//AC during
charge-discharge process in a 500 mg L' NaCl solution and cell voltage of 0.8
V/-0.8V
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Figure S12. Regeneration stability of NIHCF@3DC-2//AC of 120

adsorption-desorption cycles
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Figure S14. Ex-situ XRD pattern of NitHCF@3DC-2 electrodes before and after the

intercalation of cations
Note that the NIHCF@3DC-2//AC was stopped after a couple of cycles when the

conductivity curve was stable and then the electrodes were thoroughly washed with

deionized water to remove physically ions before analysis.
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Figure S15. K2p (a) and Nals (b) XPS of NIHCF@3DC-2 electrodes before and after

the intercalation of cations
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Figure S16. EDS of the NtHCF@3DC-2 electrode before (a) and after (b) the

intercalation of cations
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Table S4. Comparison of desalination performance among different deionization systems

Materials Cell voltag Current Exchange NaCl IRC? IRCP Ion
configuratio e (V) density membrane (mg (mg (mgg! remova
n s LT gh single 1 rate
electrod (mgg!
e) min-')
0-OMCs! CDI 1.2 None None 580 14.58 None 3.1
3D flower-like MoS,/rGO? CDI 1 None None 200 16.82 None None
3DOM-TiN3 CDI 1.2 None None 500 23.6 None 3.2
Ko.03Cu[Fe(CN)g]o.65°0.43H,0% HCDI 1.2 None None 4000 23.2 None 144
Na,FeP,0-° HCDI 1.2 None Anion 1000 None 30.2 4.86
C@NTO® HCDI 1.4 None Anion and 500 None 49.91 None
cation
a-MnO,’ HCDI 1.2 None Anion 880 22.1 None 6.66
NayTigO? HCDI 1.4 None Anion 250 None 23.5 None
NaOH-Ti;C,T,® HCDI 1.2 None None 500 16.02 None None
RGO//Mn;0,410 HCDI 1.2 None Anion and 1000 None 34.5 1.14
cation
Na-birnessite!! HCDI 1.2 None Anion and 880 315 None None
cation
PB/PANI"? HCDI None 100 mA g!  Anion and 500 None 1333 None
cation
PB/rGAB HCDI None 100mA g! Anionand 2500 130 None None
cation
CuFe@NiFe PBA!4 CDI None 0.5 mA Anion 2900  None 71.8 None
cm!
NiHCF/rGO-10% HCDI 1.2 None None 500 22.8 None None
NTP/C1 HCDI 1.6 None None 1000  None 66.9 None
NiHCF@3DC-2(this work) HCDI 1.2 None Anion 500 325 73.1 5.1
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NiHCF@3DC-2 (this work) HCDI 1.2 None Anion 20000  47.8 107.5 11.0
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Note:
a. Salt removal capacity based on the total mass of two electrodes

b. Salt removal capacity based on the mass of the single electrode
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