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Fig.S1. Photograph of the carbon deposition rig for carbon synthesis in a large-scale. N2/ethylene mixture was bubbled through 

water before reaching a zeolite bed (left inset). A 3 cm-thick bed of zeolite filled in the plug-flow reactor equipped with a fritted 

disk was used in the synthesis (right inset).
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Fig. S2. SEM images of YZC and BZC, and their separate template.

Fig. S3. TEM images of YZC and BZC.

Fig. 2a schematically shows the carbon deposition process using calcium-containing zeolites as templates. Firstly, the ion 

exchange for Na+ containing template with Ca2+ was conducted. Then the Ca-containing template was heated at 600 ℃ for 1 h 

under ethylene flow, followed by heat treatment at 850 ℃ for 2 h under N2 atmosphere. The Ca2+ can promote the ethylene 

carbonization, which lowers the carbonization temperature, thus preventing the non-selective carbon deposition at the external 

surfaces.1, 2 Finally, the sample was washed with HF/HCl solution, which washes away the zeolite template and simultaneously 
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adds certain content of oxygen-containing surface functional groups, contributing to pseudocapacitance. The SEM images (Fig. 

2b-c, Fig. S2) show that the carbon products were all good replica of their separate template. The TEM images in Fig. 2d and Fig. S3 

show ordered porous structure of the carbons. Especially the TEM image in Fig. 2d and the HRTEM image in Fig. 2e show ordered 

mesoporous/microporous structure of NBZC, revealing the selective deposition of carbon inside the template, which was further 

confirmed by the XRD results in Fig. S4. 1, 3, 4

Fig. S4. XRD patterns of YZC, BZC, and NBZC and their separate template. The carbons show a well-resolved peak at 2θ ≈ 7˚, which 
corresponds to the (100) or (101) diffraction of the templates, indicating the ordered micropores in the carbons.1, 3, 4

Fig. S5. (a) Nyquist plot, (b) Bode plots of NBZC in a three-electrode system with 1 M H2SO4 as aqueous electrolyte.
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Fig. S6. N2 adsorption/desorption isotherms (a) and pore size distributions calculated using the DFT model (b) and BJH model 

(c) of YZC and BZC.

Fig. S7. Raman spectra of YZC, BZC, and NBZC.

Fig. S8. XPS survey spectra of YZC and BZC (a), C 1s envelope of YZC (b) and BZC (c).
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Fig. S9. STEM-EDS mapping of C (a), O (b) and HAADF-STEM image (c) of NBZC.

The chemical composition of NBZC was characterised using the scanning transmission electron microscopy - energy dispersive 

spectrometer (STEM - EDS) and XPS techniques. The STEM - EDS images, Figs. S9a-b, and the STEM image conducted in a high- 

angle annular dark field mode (HAADF - STEM), Fig. S9c, show that oxygen uniformly presents in the sample. The XPS survey 

spectrum of NBZC is shown in Fig. 4a. The two distinct peaks at 284.4 eV and 532 eV correspond to binding energies of C 1s and 

O 1s electrons, respectively. The quantitative analysis of the spectrum showed that it contains 90.8 at% C and 9.2 at% O. The 

presence of oxygen was due to partial oxidation of the carbon framework during the zeolite template removal process using 

HF/HCl solution. This process involves heat generation and the heat increases with the amount of washed samples. Therefore, 

the oxygen content of the carbon prepared in a large scale is slightly higher than that of the one prepared in a small scale. Fig. 4b 

shows the deconvolution of C 1s peak. Four peaks corresponding to sp2 C-C (284.4 eV), sp3 C-C (285.2 eV), C-O (286.1 eV) and C=O 

(288.4 eV) can be seen.1, 5 The O 1s peaks at 531.3 and 532.8 eV correspond to C=O and C-O respectively.6

Fig. S10. Equivalent circuit used for the simulation of EIS data.
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Fig. S11. Real part resistance vs frequency (a) and Bode phase angle plots (b) of the symmetric capacitor with 1 M H2SO4 as the 

electrolyte of NBZC.

Figure S12. N2 adsorption-desorption isotherms and textural properties (inset) of the sample NBZC before and after 1 M H2SO4 
treatment for 1 d at 25 °C.
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Figure S13. XPS survey spectra of original sample NBZC as well as that of soaked after 1 month and 2 months. 

Fig. S14. Electrocapacitive performance of electrode NBZC in a symmetric cell with 2 M LiCl (a, b, c) or 1 M LiPF6 EC/DEC (d, e, f) as 
electrolyte. 
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The real part specific capacitance (C’):
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The imagine part specific capacitance (C’’)
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Table S1. Specific capacitance values of NBZC at different current densities in a three-electrode system with 1 M H2SO4 as 

aqueous electrolyte.

Current density (A/g) 0.2 0.5 1 2 5 10 15 20

Cs (F/g) 307 268 250 235 215 199 189 177



Table S2. Comparison of the preparation and properties of porous carbon materials and their use in SCs
Carbon 

precursor

Carbon-based 

electrodes

Pore 

structure

Preparation 

method

SSA

(m2/g)

Specific capacitance Cycle stability Ref.

Carbon 

nanofibers

Nitrogen-doped 

porous carbon

nanofibers

Micro/meso/macroporous Carbonization 562 202 F/g at 1 A/g, three-electrode, 6M KOH 97 % retention after 3000 

cycles at 1 A/g

7

Lignin Porous lignin-derived 

carbon

3D hierarchically porous KOH activation 907 185 F/g at 0.05 A/g, two-electrode, 1M H2 SO4 97.3 % retention after 

5000 cycles at 1 A/g

8

Polypyrrole 

microsheets

Nitrogen-doped 

porous carbon

3D hierarchically 

micro/meso/macroporous

KOH activation 2870 318 F/g at 0.5 A/g, three-electrode, 6M KOH 95.8 % retention after 

10000 cycles at 5 A/g

9

Eggshell

membranes

Porous carbon film 3D macroporous Air activation 221 284 F/g at 0.2 A/g, three-electrode, 1M H2 SO4 97 % retention after

10000 cycles at 4 A/g

10

Pig bone Porous carbon Hierarchically 

micro/meso/macroporous

KOH activation 2157 185 F/g at 0.05 A/g, two-electrode, 7M KOH - 11

Pitch pillared-porous carbon

nanosheet

3D mesoporous MgO-template 883 289 F/g at 2 mV/s, three-electrode, 6M KOH 94 % retention after

10000 cycles at 200 mV/s

12

GO RGO hydrogel film Hierarchically

meso/macroporous

Blade-cast and freeze

drying

1316 71 mF/cm2 at 1 mA/cm2, two-electrode, 1M H2SO4 98 % retention after 5000

cycles at 10 mA/cm2

13

Flaked 

graphite

RGO film 3D porous CaCO3-template - ~125 F/g at 0.5 A/g, two-electrode, 1M H2 SO4 90 % retention after 5000 

cycles at 5 A/g

14

Glucose Porous carbon hollow 

spheres

Micropore shell with 

meso/mcropore cores

Colloidal silica hard 

template

658 269 F/g at 0.5 A/g, three-electrode, 6M KOH 92 % retention after 1000 

cycles at 5 A/g

15

Gelatin Nitrogen-doped

porous carbon

Microporous/mesoporous Dual-template 1518 110 F/g at 2 A/g, two-electrode cell, 1M EMIMBF 4/AN 98.2% retention after

10000 cycles at 20 A/g

16

Phenolic 

resol

Porous carbon spheres 3D Mesoporous Dual-template 1320 208 F/g at 0.5 A/g, three-electrode, 2M H2 SO4 ~100 % retention after 

1000 cycles at 1.59 A/g

17

PAN Nitrogen-doped

carbon nanofibers

Hierarchically

micro/mesoporous

Dual-template 699 170 F/g at 1 A/g, two-electrode, 6M KOH 94 % retention after 8000

cycles at 1 A/g

18

Coal tar 

pitch

Hierarchical porous 

carbon

Hierarchically 

micro/mesoporous

Fe2O3-template and KOH 

activation

1330 194 F/g at 0.1 A/g, two-electrode, 6M KOH 93.2 % retention after 

1000 cycles at 0.1 A/g

19

Gelatin Porous carbon 

nanosheets

2D porous carbon 

nanosheet

Montmorillonite-template 

and KOH activation

2270 228 F/g at 1 A/g, two-electrode, 6M KOH - 20

MOF-5 Porous carbon Microporous/mesoporous MOF-template and KOH

activation

2222 271 F/g at 2 mV/s, three-electrode, 6M KOH - 21

Ethylene Porous carbon 3D hierarchically 

micro/mesoporous

calcium-catalysed zeolite- 

template

2280 307 F/g at 0.2 A/g, three-electrode, 1M H2 SO4

413 mF/cm2 at 0.25 mA/cm2, two-electrode, PVA/ H2SO4

(active material area of 1 cm2, mass loading of 2 mg/cm2)

153 % retention two- 

month-shelfing time after 

17000 cycles at 1 A/g

This 

work

7
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Table S3. Areal specific capacitance values of NBZC at different current densities in an all-solid-state capacitor with PVA / 
H2SO4 gel as the electrolyte.

Current density (mA/cm2) 0.25 0.5 1 2 5 10 15 20

Ca (mF/cm2) 413 400 380 358 314 246 197 160
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