53955531 TR | R { AR S S 4 Vol.39 No.3

20234F3 H CHINESE JOURNAL OF INORGANIC CHEMISTRY 492-500
EREE S LM BEH E R LB REEERE

AR EEMK AL £ BT AP
(FL I R FH AT, LB A MR FHRELERE,
LB AR R m R AL FEERRE, 24 321004)

AR DURA SiO, A0 T AR, 52 MM BRIE , ZnCL il Ak, i 4 17 B AR IR bR m AR LR R B 2. SRA
LN FAETF-BOSH R AL B ORISR | L 2R 1 AR AFLIE S5 3T T RAF  IR9E T 78 A5 Si0, KA T LA L) K ZnCL TG AL
X AT LR BRI L R RS2 . 25 SRR, 26 SR 0l I PR 790 Bt B A 8 (CSi- 1L 75) Y FLAR R R 18 4.53 em®- ¢!, (HHE e e 1 AR
Fe/NT29 m2- g7 s 811 ZnCLAE R 1% A6 30 0 48 B4 BH(CSi-1.75-Zn) (LR T AR 1032 m? o' fH HFUA T T3] 1.99 em®- ¢, B
A e 22 By e NS . 7ELL 6.0 mol - L7 KOH A UMY = AR 2R b L i 8 o 0.5 A g7 IiF, CSi-1.75-Zn I ol
M 344 Fog ' T CSi-1.75 (9 FLHLZRAN K 255 Fg' 3k SR BB AARHAY 2 T BT 9 L 25 M RE S i I, T FLAR B M4/ o
HL A BTk AT 45 SRR W] A T CSi-1.75, CSi-1.75-Zn (1 XA J2 HL 28 IS HE 25 0 A 21 1 48 i, R W00 K i) B3R 1T BRI £2 (1)
NH I SRR 10 R T4 B b e A R 0 P 28 P i

KIA : HYUR A MLk FLIAR LR
FESES: TMS3 XERARIRAD: A XEHS: 1001-4861(2023)03-0492-09
DOI: 10.11862/CJIC.2023.019

Preparation and electrochemical performance for supercapacitors
of chitosan-based porous carbon materials
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Abstract: Nitrogen-containing mesoporous carbon with different specific surface areas and pore volumes were pre-
pared by using colloidal silica spheres as the hard template, chitosan as a carbon precursor, and ZnCl, as activation
agent. The morphology, surface area, and pore structure of the prepared carbons were characterized by different
techniques. The influence of the ratio of silica to chitosan and the use of ZnCl, on the pore volume and surface area
of porous carbon materials were explored. It was found that the nitrogen-doped mesoporous carbon (CSi-1.75) with-
out using activation agent showed lowest surface area but the pore volume can reach up to 4.53 cm®+¢™'. The carbon
(CSi-1.75-Zn) prepared by using ZnCl, as activation agent, had the larger surface area (1 032 m*+g™") and the pore
volume decreased to 1.99 cm’+g™" and had more pyridine-nitrogen and pyrrole-nitrogen. In the three electrodes with
6.0 mol- L' KOH as the electrolyte, when the current density was 0.5 A-g', the specific capacitance of CSi-1.75-Zn
can reach 344 F-g', while the specific capacitance of CSi-1.75 was only 255 F+¢™'. This indicates that the surface
area of the carbon material had the greatest impact on the supercapacitive performance. The capacitance contribu-
tion analysis results showed that both the double-layer capacitance and pseudo capacitance of CSi-1.75-Zn were
improved compared with CSi-1.75, indicating that larger specific surface area and more pyridine - nitrogen and

pyrrole-nitrogen are conducive to improving the capacitance of carbon materials.
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Fig.1 Schematic diagram of preparation of chitosan-based porous carbons
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Table 1 Pore structure parameters of carbon materials
Sample Sy / (m*-g™") Vi / (e’ g™") Viier ! (e’ g7") Voo ! (em®+g7") Pore size® / nm
CO 191 0.30 0.19 0.11 0.66, 4.00
CSi-1.75 729 4.53 0.06 4.47 9.14,21.46
CSi-1.00-Zn 932 1.49 0.37 1.12 0.82, 10.43
CSi-1.75-Zn 1032 1.99 0.40 1.59 0.74, 14.03
CSi-2.25-7Zn 849 1.93 0.29 1.64 1.98, 14.13

#Specific surface areas (Syp) were calculated by using multiple Brunauer-Emmett-Teller method; » Total pore volumes (V,

the relative pressure of 0.99; ¢ Pore volume of micropores (V,,.,,) were calculated using ¢-plot method; ¢ Pore volumes of mesopores (V,

o) Were calculated at

) were calculat-

meso.

ed by subtracting the volume of micropores from the total volume; © Average pore sizes were calculated by using NLDFT method.
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Fig.3 TEM images of SiO, (a), CSi-1.75 (b), and CSi-1.75-Zn (c)
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