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Abstract: The preparation of polyaniline-based activated carbon by H,0( gas)-CO, co-activation has been successfully ap-
plied to the preparation of commercial activated carbon. Compared with the chemical activation method, the product prepared
by this physical activation method has no residue of activator, and the cleaning and environmental friendly. In this work, we
used the polyaniline as the raw material, and explored the effect of the amount of H,O(gas) and the partial pressure of CO,
on the activated product. The pore size distribution and space structure of activated carbon were studied by means of N, ad-
sorption and desorption, scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The electro-
chemical performance of activated carbon as electrode materials of ionic liquid capacitor was studied by electrochemical work-
station. When the mass ratio of H,O(gas) to the carbonized product is 4 : 1, the partial pressure of the CO, is 0.6, the
specific surface area and the pore volume of activated carbon reaches 2357 m*-g™' and 1. 45 cm®- g™' | respectively. In addi-
tion, the sample has a mesopores and macropores-rich structure, and the ratio of the mesopore specific surface area to the to-

tal specific surface area is about 40%. In ionic liquid

WEEEE: 2019-09-05 1EEHE: 2019-12-19 electrolyte, the activated carbon used as electrode material
HESTE. H%HRREEIL AR (51702131, 51774151) ; of super capacitor has a high capacitance of 203 F « g™' at

VISR R340 H ( SBK 2017041705) 3 TTHF A the current density of 0. 1 A +g™", and has a capacitance re-
S 6 B 500 4 DA BERL BT 0L 4 H (5501670 tention of 91% after 10 000 cycles (5 A - g™), which
001, 5501670002, 4111220019) shows excellent rate performance and good cycle stability.
FE—1EE. X M, B, 1993 L, WIHIFRAE
BIRAEE : JAWEAE, 5, 1985 42k, @IBTRSY, W14 S0, and the capacitance retention is 100% at the current densi-
Email ; haitao19850@ ujs. edu. cn ty of 10 A - g"

When the organic electrolyte was used, the capacitance of

sample is 134 F - ¢”' at the current density of 1 A - g™",

. The excellent electrochemical performance
DOI: 10.7502/j. issn. 1674-3962. 201909007 of activated carbon in the ionic liquid electrolyte and organ-



55 43

XA KT A A ) o SRR B VIR AE B TR A G A A P A 309

ic electrolyte is due to the unique mesopores and macropores-rich structure, which greatly reduces the ion transport resist-

ance, thus improving the rate performance and cycle stability in ionic liquid electrolyte.

Key words: H,0(gas)-CO, co-activation; polyaniline-based activated carbon; supercapacitors; ionic liquid electrolyte;

organic electrolyte
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Wi, &L CO, 6k 0.6 B, THALF= 4 b 3 imi AUA 2
RAME, ARG IEASEERI TR 1, mE 1
H, B H,0(gas) 5 PANLBRAL 9 it LU B n, &
AP LR AR T 0, S LB R 4 B B B KA,
SRIGEWIREAG . QN 1 A0 1d B3, N, W2 B/ 00 B il 2
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SRIGIN, XEWE AR EA FE RS, EIE
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Table 1 Pores structure data for all the samples calculated from N, adsorption/desorption curves
Samples BE;[‘ SS:?/ BJZH m?lsopot'es S?A/ Micrnp'nres SSA Ave.rage pore NLDFT pzore i/:)lume
(m”-g™") (m~ g " )and ratio/ % ratio/ % size/nm /(em” +g )
210 1716. 8 334.6(19.5) 80.5 2.128 0.913
310 1237.8 319.0(25.8) 74.2 2.293 0. 656
410 1946.7 634.7(32.6) 67.4 2.636 1. 205
414 2071.9 848.2(40.9) 59.1 2.981 1.461
416 2357.7 1070.3(45.4) 54.6 3.125 1.768
418 1900. 8 785.3(41.3) 58.7 2.998 1.425
510 1925.1 737.9(38.3) 61.7 2.873 1.321
610 1742. 4 869.0(49.9) 50.1 3.355 1.461
CNSs 2734.4 809.0(29.6) 70.4 2.530 1.610
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Fig. 1 SEM and TEM images of sample 416 (a) and CNSs (b), N, adsorption/desorption curves (¢, d) and pore size distribution curves

0.1 A g WHILHE FMELARTHN 137, 172, 204,
147 1203 F g™, MHEGHEH MR 10 A g B, 416
FERI LA N 129 F oo™, REMFFEN 64% ., XF 416
F1 CNSs FEEHEFT T EIS MK (&l 2d) , 453 BRI
v PE TR DX S ADL A 1 6 2 R — 4% 1 B 4600 90° Y L2k, 7l
FER X PR B AT B A A AT, SR, M EET
416 Ffdif, CNSs FEHAE = 0 X LA BRI HLPE, 3% J2
T CNSs FEfL AP FL & A XA D, B Fas B ok,
HE—2EUE I T & A LA AL A A BT AR S 32 B
BH A1, 416 FESHTEFTIEEN 5 A - ¢ ITEHAAR 2 PRI
ZEHNE 2e Fin, S5ARRINZRE S HA RIFOIEIR R E
PE, 23t 10 000 A G 2 R KR A 95%, TEHEAN
IR TR RO RCR R AE 100% 547, X E—HAE 5
R PR FL AR ALEE R AT R T w8l B 2 PR ARV A B A7, DL
A S T AR RS R S, IR R T T e O R AR
FAESLBR I AR

Y% T HLHL AW (TEABF, /AN ) 4E B 2 iy 25 2% 1
HLR AT, 416 £E AR LA RIFR ik #tERE, 76 1,
2, SHI10 A -g™" MUHLTREE LT 416 FEA Y LA 150 51 R
134, 133, 132 /1132 F-g ', & 3a il eicel it 26 A
SRR ) SR = AR TR, SRR A R
AT R, B/ R R B BN R B, 7B
FARHHEZE(10~500 mV -s™') T, 416 R CV L2
R | 2 AR SR P A AL P AR R TR R L AT R



312

Hh AR

%40 &

2 FERRTERS T HUARE P B e PR RE

4
‘ 7 & 40 T0mv-s [o] 0
,/ | y - 20 mV-s! 200
/ 1 £ S 30 50 mV s .
st | IV\ 2 —mms100mVest T 180
| \ S 20 ———-200mV st i :
z | s 2| = ———— 500mV-s" | &0
2 [ o % wwmama & 10 -7 1 3
8 2f 8 e —d e 140
o | G T T T T T S
> £ o0 :/‘} = S 120
[ ’I———-__————’/{ S
1 3 aoff—————————~ / S 1o}
o - I s
. - 80 |
0.2A-g" -20
o i i " i i 60
0 1000 2000 3000 4000 5000 6000 0 1 2 3 4
Time/s Voltage/V Cycle Number
50 160 160
—e— 416 [d S a ———— S ——— | [e]
4 140 ~
. —+— CNSs o 9
s L 120 {120 X
8 | mrmin i i biiis ek s e sisa mes ams s aw s g
E 30 = 100 100 %
Q 4 S 80 _ B ) s E
F\l 20 g ® Discharge specific Capacitance o
! 8 60 4 Coulombic efficiency 60 3§
2 [
(S p
10 £ 40 40 g
0 2 20 20 §
0 01 2 3 4 586 7 2 o 0
0 10 20 30 40 50 0 2000 4000 6000 8000 10000
Z'/0Ohm Cycle Number

(a) 416 FESTEAR R BE T A fh 4k, (D) 416 FESMTERRIETER TR CV f1ZL, (o)
PESTERF LR F AL, (d)416 Fl CNSs FES RSETRBHHTIE, (e)416 FERATE S A - g HIRARE T AFEFAE AR

Fig. 2 The electrochemical performance of samples in ionic liquid electrolyte: (a) charge-discharge curves of 416 sample at different current densi-
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Fig. 3 The electrochemical performance of samples in organic electrolyte; (a) charge-discharge curves of 416 sample at different current densities ,

electrolyte and organic electrolyte (d)

(b) CV curves of 416 sample at different scan rates, (c¢) impedance of 416 and CNSs samples; argon curves of 416 sample in ionic liquid
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M ORER R 95%
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