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Experimental
Sodium-storage performance of electrolytic carbons

The sodium-storage performance of the electrolytic carbon was evaluated in half-type
coin cells (CR2032). First, a slurry was made by mixing electrolytic carbon, Super P, and
sodium carboxymethylcellulose (CMC) (8: 1: 1, weight ratio) were mixed with deionized water.
Then, the slurry was coated on copper foil, which was vacuum-dried at 80 °C for 12 h and cut
into discs that were used as the working electrode. A glass fiber film (Whatman GF/D) and a
sodium foil served as the separator and the counter electrode, respectively, and 1 M NaClO,
dissolved in the mixture solution of propylene carbonate with 5% fluoroethylene carbonate
(FEC) was the electrolyte. Galvanostatic charge-discharge measurements were carried out by a
Land CT2001A battery system at a potential window of 0.005 - 3.0 V (vs. Na*/Na). CV
measurements were performed at a scan rate of 0.1 mV s, and electrochemical impedance
spectroscopy (EIS) was conducted at open circuit potential with a voltage amplitude of 5 mV
and in a frequency range of 100 kHz to 10 mHz on an electrochemical workstation (Metrohm

Autolab PGSTA302N, Eco Chemie B. V., Co. Ltd., Netherlands).

Characterization of porous carbon

The electrolytic carbon (710 °C at 3.0 V) are mesoporous carbon exhibiting a typical IV-
type isotherm with a type H3 hysteresis loop (Fig. S6)'. In addition, the high adsorbed volume
at low-down relative pressures is a typical result for microporous?. This evolution of
mesoporous and microporous contributes extra specific surface area with a BET surface area

of 435.6 m? g'! and the specific surface area decreases with increasing the temperature (Table
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S2). The pore sizes of carbon sample obtained under 710 °C range from both 3 to 4 dominantly.
When the temperature is above 710 °C, the carbon materials show a combined typical II/IV-
typle isotherms (Fig. S6a), and the pores with a diameter ranges from 31 to 92 nm (Fig. S6b).
All carbon samples obtained at 710 °C exhibit a type IV characteristic with an obvious capillary
condensation, indicating that the electrolytic carbons have mesoporous nature (Fig. S6c), and

the pore size distribution curves reach at 3.8 nm (the inset of Fig. S6d).

Tab. S1. Summary of electrochemical reduction of CO, in high-temperature molten salts 3-2°,

Electrolyte components Temperature Atmosphere Anode Reference
) Gold-20%
Li,CO; ) Ingram et al.
) 750°C Ar/CO, Palladinm
L12C03-N32CO3-K2CO3 . (1 966)3
crucible
) Kawamura et al.
LiCI-KCI1-K,COs3 450°C - Glass carbon
(2000)*
LiCl-Li,CO; 700°C )
) ) Jianbang Ge et al.
LiCI-NaCl-Na,CO; 650°C~800°C CO, Graphite/Pt
) (2015~2017)>7
LiCl-CaCl,-CaO 600°C
LiCI-KCI1-CaCO; 450°C~650°C ) Bowen Deng
. . CO, Graphite
Li,CO;-LiCI-KCl 450°C (2017~2018)3
. Happiness V. Jjije
CaCl,-CaCO;-LiCl-KCl Ar/CO,
) 500°C~800°C SnO, et al.
L12C03-K2CO3 Nz-COz
(2014)- 10
i Huayi Yin et al.
L12C03-N32CO3-K2CO3 500°C C02 Sl’lOz
(2013)M
) Stuart Licht et al.
Li,CO3 750°C~900°C CO, Pt
(2010)'?
. Liangxing Li et
LIF-LIQCO3 .
) ) 700°C CO, Pt/Graphite  al. (2014~2016)'3
LiF-NaF-Li,CO;3 »
) ) K. Le Van et al.
L12C03-N32CO3-K2CO3 450°C~700°C C02 Graphlte
(2009)15
i Diyong Tang
L12C03-N32CO3-K2CO3 450°C~650°C C02 Sl’l02
(2013)10



Li,CO;-Na,CO;-K,CO;3 450°C CO, Au B.Kaplan (2002)!7
Li,CO;-K,CO D.Che
N 575°C~650°C  CO,-Ar Au v
Li,CO;-Na,CO; (2014)8
. . Chen et al.
LiCIl-KCl-CaCl,-CaC, 550°C Graphite
(2016)"°
] ] Hughes et al.
Li,C0O3-K,C0O;-Na,CO3  500°C~700°C CO, Graphite
(2018)%

Tab. S2. Summary of nitrogen adsorption-desorption tests for the electrolytic carbons.

Temperature Cell voltage SRET Discharge capacity (last cycle)

(°C) W) (m2 gl SIBs (mAh g!)
710 2.4 176.650 -
710 2.8 338.902 -
710 3.0 435.610 210
710 34 257.074 -
750 3.0 47.984 171.5
800 3.0 65.179 131.7
850 3.0 33.764 113.5
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Fig. S1. (a) XRD patterns and (b) Raman spectra of the electrolytic carbons obtained at 750

°C and under cell voltages from 2.1 to 3.4 V.
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Fig. S2. Optical photographs of (a) electrolytic carbon, (b) electrolytic carbon wrapped in a

nickel-foam foil, (c-d) an Al,O; crucible filled with molten CaCl, for soaking the electrolytic

product, (e) electrolytic product after soaking in CaCl,, and (f) XRD pattern of the electrolytic

product.
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Fig. S3. The SEM images of (a) the commercial CaCO; and CaCO; derived CO, absorbing-

convension in molten CaCl, with (b) 3 wt% and (c) 5 wt% CaO.
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Fig. S4. Sodium-storage performances of the EC-710-3.0 electrode. (a) CV curves at 0.1 mV
s, (b) charge-discharge profiles at 1st, 2nd, 10th, 100th and 500th cycle, (c) rate

performances, and (d) cycling performances at 100 mA g!.
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Fig. S5. (a) CVs of EC-3.0V-710 electrode at various scan rates. (b) Capacitive and diffusion
contributions to the charge storage at SmV s!. (¢) Capacitive contribution ratios at different

scan rates.
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Fig. S6. (a, ¢) Nitrogen adsorption-desorption isotherms and (b, d) pore size distribution

profiles of the electrolytic carbons obtained under indicated conditions.
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Fig. S7. Cycling performances of the electrolytic carbon obtained under different

temperatures. (b) Nyquist plots of the EC-710-3.0 carbon at different cycles.
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