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Mechanism of KOH activation

It is noteworthy that KOH was used as the activating agent to construct micropores and control the micropores size 

distributions. During the KOH activation progress, the main products were char, CO, CO2, H2O, H2, K, K2O and K2CO3 at the 

temperatures under 700oC, and several continuous and/or simultaneous reactions were contained and presented in 

following Equations (S1)-(S5).[S1,S2] In chemical activation at around 400 oC, K2O would be generated due to the dehydration 

of KOH (Equation (1)).[S3] Then H2 and CO2 would be produced by the Equations (S2) and (S3). Afterwards, the K2O and CO2 

can be converted into K2CO3 (Equation (S4)).[S1, S4]

(S1)OH+OK→KOH2 22

(S2)CO+H→OH+C 22

(S3)222 H+CO→OH+CO

(S4)3222 COK→OK+CO

In addition, the reactions between KOH and carbon materials include solid–solid or solid–liquid processes at about 570 

oC that occur by the following stoichiometric redox reaction (Equation (S5)):[S1]

(S5)322 COK2+H3+K2→C2+KOH6

(S6)2232 CO+OK→COK

(S7)CO+K2→OK+C 2

Moreover, if the activation temperature achieves over than 700 oC, the as-formed K2CO3 (Equation (S4) and (S5)) would 

transform into CO2 and K2O (Equation (S6)), and the K2O can be further reacted with carbon to form metallic K (Equation 

(S7)).[S5-S6] It is worth pointing out that metallic K (Equation (S5) and (S7)) can diffuse into the carbon framework efficiently 

and expands the lattice leading to a rise for the increase of pore volume. Furthermore, in physical activation, the escape of 

H2, CO2, CO and H2O gas from the biomass carbon can also transform some micropores into mesopores by opening up the 

closed pores.[S2] After removing the intercalated metallic K and K-containing compounds by the hydrochloric acid washing, 

the expanded carbon lattices cannot be restored, therefore reasonably generating pores.[S5, S7]
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Mechanism of C3N3Na3S3 activation

From the TGA curve of C3N3Na3S3 salt (Fig. S2a), it can be found that the slightly weight loss at 100 oC and the obvious 

weight loss from 600 to 800 oC. The slightly weight loss at 100 oC may be caused by water evaporation. The obvious weight 

loss may be owing to the decomposition of C3N3Na3S3when activation temperature was over 600 oC. This result were 

associated with continuous reactions and decomposition of functional groups.[S8-S10]The main products may include char, CO, 

CO2, H2O, H2, NH3, and N, O-containing compounds. Therefore the escape of H2, CO2, CO, H2O and NH3gas from the biomass 

carbon materials would contribute to the formingof mesopores and macropores.[S11-S13] After removing the metal residue 

(such as Na+) by the hydrochloric acid washing, the expanded carbon lattices cannot be restored, therefore reasonably 

generating pores showing the activated effect.[S14,S15]
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Fig. S1 SEM images of different activated samples: (a) EKT-600-1, (b) ETK-700-0, (c) ETK-700-0.5, (d) ETK-700-1.5, (e) ETK-

700-2, and (f) ETK-800-1; (g) pore size distributions of ETK-600-1, ETK-700-0, ETK-700-0.5, ETK-700-1.5, ETK-700-2, ETK-800-

1; (h) N2 adsorption/desorption isotherms of ETK-600-1, ETK-700-0, ETK-700-0.5, ETK-700-1.5, ETK-700-2, ETK-800-1.
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Fig. S2 (a) TGA curve of the C3N3Na3S3salt in N2 atmosphere, (b) XRD patterns for all samples, (c) FIIR spectra of all samples, 

(d) contact angle of ETK-700-1, (e) XPS spectra of all samples, (f) schematic model of N-containing and O-containing 

functional surface groups on carbon.
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Fig. S3 (a) N1s, (b) O1s and (c) S2p high-resolution XPS spectra of ET-700-1 with deconvoluted peaks, (d) N1s, and (e) O1s high-

resolution XPS spectra of ETK-600-1 with deconvoluted peaks, (f) N1s, (g) O1s and (h) S2p high-resolution XPS spectra of ETK-

700-0 with deconvoluted peaks.
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Fig. S4 (a) N1s, (b) O1s and (c) S2p high-resolution XPS spectra of ETK-700-0.5 with deconvoluted peaks, (d) N1s, (e) O1s and (f) 

S2p high-resolution XPS spectra of ETK-700-1.5 with deconvoluted peaks.
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Fig. S5 (a) N1s, (b) O1s and (c) S2p high-resolution XPS spectra of ETK-700-2 with deconvoluted peaks, (d) N1s, and (e) O1s and 

(f) S2p high-resolution XPS spectra of ETK-800-1 with deconvoluted peaks.
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Fig. S6 CV curves of the obtained samples under the different sweep rates: (a) ETK-600-1, (b) ETK-700-0, (c) ETK-700-0.5, (d) 

ETK-700-1.5, (e) ETK-700-2, (f) ETK-800-1, (g) ETK-700-1.
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Fig. S7 GCD curves of the obtained samples at various current densities from 1 to 30 A g−1 in 1 mol L−1 H2SO4 electrolyte in 

the three-electrode system: (a) ETK-600-1, (b) ETK-700-0, (c) ETK-700-0.5, (d) ETK-700-1, (e) ETK-700-1.5, (f) ETK-700-2, (g) 

ETK-800-1;(h) the GCD curves of the obtained samples at 1 A g−1 in 1 mol L−1 H2SO4 electrolyte in the three-electrode system.



12

Fig. S8 GCD curves of the obtained samples at various current densities from 1 to 30 A g−1 in 1 mol L−1 H2SO4 electrolyte in 

the two-electrode system: (a) ETK-600-1, (b) ETK-700-0, (c) ETK-700-0.5, (d) ETK-700-1.5, (e) ETK-700-2, (f) ETK-800-1, and 

(g) ETK-700-1.
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Table S1Detailed quantitative element analysis data.

Atomic ratio (%)

O1s N1sSample
C1s O1s

C=O C-OH C-O-C COOH
N1s

N-6 N-5 N-Q N-Ox

S2p

ETK-600-1 85.60 10.37 17.76 31.23 25.67 25.34 3.14 15.78 47.37 26.97 9.88 —

ETK-700-0 91.59 6.06 31.58 29.34 27.73 11.35 2.22 18.12 45.24 25.74 10.90 0.12

ETK-700-0.5 94.18 4.13 27.97 29.12 22.47 20.44 1.30 23.09 34.49 23.71 18.71 0.39

ETK-700-1 92.91 5.75 16.45 18.44 21.85 43.26 1.03 4.74 26.37 35.67 33.22 0.32

ETK-700-1.5 96.30 3.54 31.53 30.18 17.37 20.92 0.13 28.52 19.84 19.76 31.88 0.03

ETK-700-2 93.83 4.84 29.72 32.26 21.28 16.74 1.19 20.54 43.96 25.69 9.81 0.14

ETK-800-1 93.72 4.83 12.82 29.01 31.78 26.39 1.43 19.76 20.55 39.17 20.52 0.02

ET-700-1 93.60 4.05 22.19 47.31 22.65 7.85 2.30 30.89 33.31 24.89 10.91 0.05
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Table S2 Comparison of electrochemical performances of the carbon materials synthesized from biomass in supercapacitors.

Materials
Surface area

[m2 g−1]
Electrolyte

Capacitance

[F g−1]

E

[Wh kg−1]

P

[kW kg−1]
Reference

Egg yolk 3519 H2SO4 549a; b 12.7 6.0 This study

Watermelon — KOH 333 a; b — — [S16]

Chitosan 1582 KOH 252 a; c — — [S17]

Cellulose 859 H2SO4 328 a; c — — [S18]

Cotton 2436 KOH 283 a; b — — [S19]

Bagasse

Human hair

2064

1306

H2SO4

KOH

142 a; c

340 a; b

19.7

45.3

0.5

2.2

[S20]

[S21]

Pomelo Peel 2725 KOH 342 a; e 9.4 0.1 [S22]

Shiitake 

Mushroom
2988 KOH 306 a; b 8.2 13.0 [S23]

Waste Air-laid 

Paper
1470 KOH 296 a; c 34.3 0.3 [S24]

Waste oily 

sludge
2561 KOH/PVA gel 348 a; c 7.22 0.1 [S25]

Celtuce Leaves 3290 KOH 361 a; b — — [S26]

Rice husk 1768 KOH 233 a; f 8.36 — [S27]

Coconut Shell 2440 H2SO4 221.4 a; g 7.6 4.5 [S28]

RF Resins 2178 KOH 222 d; c 10.1 8.0 [S29]

Pomelo Peel 2191 KOH 342 a; b 17.1 3.8 [S30]

Fungus 1103 KOH 360 a; b 22.0 — [S31]

NCAs 1626 KOH 354 a; e — — [S32]

(a) Capacitance with three-electrode system, (b)the current density of 1 A g−1, (c)the current density of 0.5 A g−1, (d)capacitance 

with two-electrode system, (e)the current density of 0.2 A g−1, (f)the current density of 2 A g−1, (g)the current density of 5 A g−1.
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