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Tab. 1 Physical parameters of ionic liquids

Tonic liquid Molecular formula Molar mass/g no/cp K/(S-m")  p/(g-cm?)
[OMIM]BF, C1,H;BEN, 282.13 440 1.11
[HMIM]BF, C,oH;sBF,N, 254.08 220 0.12 1.16
[BMIM]BEF, CgHsBF.N, 226.03 180 1.21
[EMIM]BF, CH,; BF.N, 197.97 42 1.36 1.28
[EMIM]TFSI C:H,,FN;O,S, 391.32 33 0.912 1.52
[EMIM]EtSO, C:H¢N,O,S 236.29 97.58 1.24
[EMIM]OAc CH,N.0, 170.21 91 0.28 1.03
[EMIM]DCA CyH, N, 177.21 21 22 1.06
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Fig. 1 A. Nitrogen (77 K)adsorption-desorption isotherms; B. Pore size distribution curves of the activated carbons
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Tab. 2 Physical parameters of the activated carbons

Element content/% Sger/ Vil Vi Vil ) Idoine adsorption
Sample Yield/%
H ¢) Ash  (m*g')  (em’g") (em’-gh) (cm’-g") value/(mg-g")
R-AC 86.01 1.62 11.59  0.78 828 0.371 0.327 0.044 759
W-AC 84.67 1.28 10.03  4.03 1913 1.13 0.808 0.322 17.87 1385
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Fig. 3 Particle size distributions of the activated carbons
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Tab. 3 Fitting parameters of the activated carbons based on Fig. 4 and literatures

Concentration/%
Peak Species Peak position/eV
R-AC W-AC
Cl C-C/C=C 284.7 + 0.20% 32.08 33.98
C2 C-0-C 285.4 + 0.20% 3491 34.96
C3 C-OH 286.2 £ 0.1 17.46 11.58
Cc4 C=0 287.3 £ 0.3 8.14 2.34
C5 0-C=0 289.1 + 0.2 17.13
Co6 CF, 291.1 5.04
C7 CF; 2933 2.37
(o) Cc=0 531.2 + 0.420 21.06 16.52
02 C-O-C/C-OH 532.2 + 0.4* 29.17 24.4
03 COOH 533.5 + 0.4* 49.77 59.08
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Fig. 5 CV curves of R-AC and W-AC electrodes recorded in [EMIM]BF, electrolyte
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Fig. 6 CV curves of W-AC electrodes at various scan rates recorded in different ionic liquid electrolytes
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Tab. 4 Specific capacitance and potential window of ionic liquids electrolyte supercapacitor

o Specific capacitance/(F- g") Stable potential
Tonic liquid .
02A-g! 0.5A-¢g! 1A-g! 2A-g! S5A-g! window/V
[OMIM]BF, 79 45 18 4 0.1 3
[HMIM]BF, 101 70 31 8 1 3
[BMIM]BEF, 134 107 88 66 6 3.5
[EMIM]BF, 153 132 118 101 63 3
[EMIM]TFSI 138 121 107 85 41 3
[EMIM]EtSO, 145 117 77 32 3 3
[EMIM]OAc 89 61 28 8 0.1 1.5
[EMIM]DCA 98 84 74 53 15 1

KRG L 2R 2 A T R A I 1 i S
X8 S VA R S A AL A ) A PR e AE R [
HL O 25 B T 1 L A o, B Tk 4.
24 AEBFREBRBRIZRETERE
W-AC HIL M 25 WA L ik 5T o 9 Nyquist 58
T BT B % R T 9. M bl UL W-AC H
T 1 A DX ) BELAE P13 S — A2 B 5238 Ze Bl 1 1Y
T Sy HL 25 4% I BE (R, A0 456 Ho Ak 0 H BHL | H Al A
RE PN BEL L K HRL B B Rk 5 96 A A A T R 1] 1 422 ik o
FHUS. [y 22 5 ] I[EMIM]BF, HL 25 %8 19 P B %/ |
H3.55 Q. 5 HoA T Jor B BE BB T ALY T
W AR L, [EMIM]BF, A< & H A7 /MY B L %
ROERIIX Bl 902 0% 8 B I, Nyquist i &
O B TR, S R S Y S T U
e A RN EI b oY DI E R L N U NER Y N 4

PUBCOR. AN T P e T O AUE RE AT AR A T |
F14) 5 PR 25 B N7 A, T BB ™ A L ar B AR BT, 2565 ot
AT XPS s il 1, W-AC & 45 10%248 45 )
FOLE, XBHAICEL C=0.C-0 L FHHEHFIE
SAEE iGN Y, (ER AR A S R b 2
FVES WA ER/BA 25 5~ F, DT 7 R H 252022
8 7E A X B — Bt 45°1) Warburg BHETIX | iX
S LA T B TR TR M AL BR T T R BEL (R,
B0y, Xk T AH R 0 L RRORA L LR /N B i B 1 R
FEAT G R BE /N R, BN, ZEAIRMI X, W-AC HL %
TE[EMIMIBF, H fiff S5t rb 2 30 i {0 o LAY 2k, 3%
Wi 25 e LA R A L 2SR
25 AEBFRIEBHBRESINERZE R
e LU L2 B R G ) R A o ol L A
A Y BE R TR L MR A (1)



% 6 KK LA+ 18 AR PR A B e 24 X 07 1 e R A 0 F i L 2 T BB 114 5 T 691 -
35 35
A . B d
30 301t
25+ 25+ /
20} . 20} /
G G .
NI-E 15+ / le 15+ ./
; v
10+ _/ 10+ o
5 B ‘F/ 5 B e ./.
0 j | | | | | 0 / L L L L L
0 5 10 15 20 25 30 35 5 10 15 20 25 30 35 40
z./Q ZRC/Q
35 ; 35
C D
30+ 30t
25+ 25k
S 20f / G 20f
£ £
N N v
Y o5l //‘ Y 15k ,/'/
10} A 10} o
/‘/‘ ('/
5 r AAA/A - er'/
M‘A L L L L 0 F L L L L L
15 20 25 30 35 40 45 50 40 45 50 55 60 65 70 75
Z/Q Z, /@
P9 W-AC HL A8 A [R]85 WA H A o2 o 17 22 3 B4 18]
Fig. 9 The EIS diagrams of W-AC electrode in different ionic liquid electrolytes
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Fig. 10 Ragone plots of W-AC electrode supercapacitors with various ionic liquid electrolytes
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Engineering the Electrochemical Capacitive Properties of
Activated Carbons by Correct Selection of Ionic-Liquid Electrolytes

ZHANG Qiu-hong, SHEN Bao-shou, ZUO Song-lin", WEI Xin-yu
(Jiangsu Key Laboratory of Biomass-based Green Fuels and Chemicals, College of Chemical Engineering,
Nanjing Forestry University, Nanjing 210037, China)

Abstract: In order to improve the electrochemical capacitive properties and to apply coconut shell activated carbon (AC) serving
as electrode materials in ionic liquid (IL)-based supercapacitor (SC), the coconut shell AC material was re-activated using a steam
as an activating agent in this work, forming a secondary AC (W-AC). The results showed that the specific capacitance of the W-AC
electrode was much larger than that of the raw activated carbon electrode (R-AC) in 1-ethyl-3-methylimidazolium tetrafluoroborate
((EMIM]BEF,). The electrochemical techniques including cyclic voltammetry (CV), galvanostatic charge/discharge (GCD) measure-
ment, and electrochemical impedance spectroscopy (EIS) were used to systematically study the capacitive properties of W-AC elect-
rode in a series of ILs composed of different cations and anions. The electrochemical performances of the W-AC electrode using
different ILs as electrolytes varied because of the different ion diameters, liquid viscosities and ionic conductivities for various ILs.
Among them, the IL electrolytes composed of EMIM', BMIM" and BF,, TFSI" were found to be most suitable for W-AC electrode.
The specific capacitance of W-AC electrode reached 153 F-g'in [EMIM]BF, IL electrolyte, and the as-assembled SCs could
achieve a high energy density of 57 Wh-kg"' with a potential window of 3.5 V in [BMIM]BF,. These results may provide valuable

information for selecting appropriate ionic liquids and designing high-performance supercapacitors to meet different needs.

Key words: coconut shell activated carbon; supercapacitors; ionic liquids
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