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Mechanism of KOH activation

It is worth noting that KOH as the activator plays a critical role in constructing porous structure and increasing
surface area for TDICN. In general, there are two main activation mechanisms, physical and chemical activations.
In chemical activation over 400 °C, the reaction between carbon materials and KOH occurs (equ. (s1)).% 3 When
the temperature is higher than 700 °C, the as-formed K,CO; (equ. (s1)) transforms into CO, and K,O (equ. (s2)),3
and the latter can be further reduced by carbon to form metallic K (equ. (s3)).* ° In addition, K can diffuse into
the graphite layers and then expands the lattice (equ. (s1) and equ. (s3)).% 7 After removing these intercalated
materials by hydrochloric acid washing, the expanded carbon lattices are no longer restored, therefore
reasonably generating pores. The physical activation can also facilitate the pore opening through gasification of
biomass carbon (equ. (s4)), ® ® e.g., the escape of CO, (equ. (s2)) and CO (equ. (s2) and equ. (s4)) gas from the
biomass carbon transforms some micropores into mesopores. However, the activation mechanisms are
dependent not only on the activation temperature, but also on the mass of KOH. At low mass of KOH, the number
of KOH is inadequate to cover and etch the carbon, that is to say, the activation will be very weak. ¥ If KOH is
excessive, it would promote gasification reaction and then destroy the carbon framework (equ. (s5) and equ.
(s6)). In the presence of KOH with optimal mass, the intermediate products H,0 (equ. (s5)) and K,O (equ. (s5))
react with carbon (equ. (s6) and equ. (s3)), resulting in development of porous structure inside the carbon

framework.11 12

6 KOH+2C —2K+3H,+2K,CO, (s1)
K,CO, —~ CO, +K,0 (s2)
C+K,0—~2K+CO (s3)
CO,+C—~2CO (s4)
2KOH — K,0+H,0 (s5)

H,0+C — CO+H, (s6)
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Figure S1. Chemical structure of constituents about sweet potato stem and leaf.
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Figure S2. FESEM images (A and B) and the XPS survey spectrum (C) of TDICN.



Table S1. Comparison of the properties of carbon materials synthesized from waste and their use in

supercapacitors.

Biomass SSA @ pb Ec cd Electrolyte Reference
precursor (m2g1?) (W kg™) (W h kg™ (Fg?)
Sago bark 58 (M) 400 5 180 (2t) 5mol L? 1
KOH
Coffee 1945.7 11 250 354 121 (2t) BMIM 13
grounds (M) BF4/AN
Cotton 1563 (Q) 314 (3t) 6 mol L1 14
KOH
Shiitake 2988 13 000 8.2 306 (3t) 6 mol L1 15
mushroom (M) KOH
Walnut 1072.7 117.4 (2t) 6 mol Lt 16
shell (M) KOH
Pomelo 2725 (Q) 9% 9.4 342 (3t) 6 mol L 17
peel KOH
Broussonet 1212 320 (3t) 6 mol L1 18
ia (M) KOH
papyrifera
Willow 645 (M) 340 (3t) 6 mol L1 19
catkins KOH
Corncob 1210 8276 6.8 314 (3t) 6 mol L1 20
residues (M) KOH
Paulownia 224.8 3781 44.5 297 (2t) 1 mol L? 21
flower (M) H,SO,
Big 2490 283 (2t) 6 mol Lt 22
bluestem (M) KOH
Rice husk 1442 8.36 243 (2t) 6 mol L1 23
(M) KOH
Soybean 580 (Q) 426 (3t) 6 mol L1 24
KOH
Sugar cane 1788 (Q) 10 000 10 300 (3t) 1mol L1 25
bagasse H,S0,
Argan seed 2132 (Q) 325 (3t) 1 mol L? 26
shells H,S0,
Celtuce 3239 421 (3t) 2 mol L1 27
leaves (M) KOH
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(M Ar) HzSO4

TDICN 3114.7( 6459 12.3 350 (3t) 6 mol L This work
M Ar) KOH

TDICN 3114.7 6534 12.9 371.9 (2t) 1 mol L This work
(M Ar) H,S0,

TDICN 3114.7( 6459 12.3 354.3 (2t) 6 mol L™! This work
M Ar) KOH

a) BET surface area, ® Power density, ¢ Energy density, 9 Gravimetric capacitance, 2t/3t refers to a two-

electrode/three-electrode system test. M refers to N, adsorption measurement was performed on micromeritics

instrument, Q refers to N, adsorption measurement was performed on quantachrome instrument. M Ar refers to

Ar adsorption measurement was performed on micromeritics instrument.
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