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Abstract:  Supercapacitors have great potential applications for electronic devices, and energy recyling and storage areas owing to
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electrolytes are two key factors that influence their performance. The electrode materials used in supercapacitors include carbon mate-
rials such as activated carbons, carbon nanotubes, graphene, carbon nanofibers and carbon nano-onions, metal oxides, conductive
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Fig. 3

(a) Charge discharge curves of AC750, AC850 and AC950 at a current density of 0.1 A/g and

(b) plots of specific capacitance of AC750, AC850 and AC950 as a function of current density®’ .
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Fig. 4 Electrochemical performance of CNOs in 2 mol/L KNO; electrolyte: (a) CV curves at a potential scan rate of 50 mV/s;

(b) GCD curves at a current density of 3 A/g; (¢) the capacitance as a function of the KOH concentration' '’ .
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Table 1 Property comparison of typical electrolytes.
a
Electrolyte ESPW (V) n(cP) Cost Assembly gas  Toxicity Advantages Disadvantages
(mS/cm)
Aqueous high conductivity, large
<l1.2 high low low air low low ESPW
electrolyte capacitance
large electrolyte ions,
Organic medium/  medium/ medium/ high ESPW, low conductivity, high
2.52.8 low . . inert gas . .
electrolyte high high high almost non corrosive demand for external en-
vironment
almost no vapor pres-
sure, high thermal sta-  high viscosity, high de-
Ionic liquid 2-6 very low high very high inert gas low bility and chemical sta- mand for external envi-

bility, wide ESPW, ronment

etc.

Note: ESPW, electrochemical stable potential window; o, ionic conductivity at 20 C; 7, viscosity at 20 C.
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e fT A BILH AR VR ST L L 284, AR a7 T Y P

PE2E DL AEAE AT IR H4 R P R M AH DG 1) 22 42 (]
A HAMER R L 2 A A AL P e 5 A LS
SN IR, B 1K O, SR BN

A B FEL SR R F A LA R PR SR RS
FIAEL, ZHE (AN) FRRER N T (PC) S A AL HL i
Wt i TR, 55 HA A HLIA A L O RE VS A
Kt yEh (HAAAEREPETS Y AT, I FH A2 I BR 1 (78
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15 DUGEUN R DU 2, K6 4% £ ( TEA-BE,) DU SRANR = 2
FEFPELEEL ( TEMA-BF, ) 5 | DU 460 A0 52 XUAH, 1 Jo 02,
7= 4 £ (SBP-BF, ) & UL BROIR 2= 8 £h . Ue
DSBS e PR 4 0. 65 mol/L ) TEMA-BF,/
PC HLf# R I HL 5% N 10. 68 mS/cm , & T A1 E R
TEA-BF,/PC HLf## 1% 10.55 mS/cm, H T F X
FRPEMR TEMA-BF, 7e % W P 0 7% i B2 = T TEA-
BF,. TEMA-BF, & 12 5 B A i, JE 5 iy XL
L ZXTFRPELS , MeBG N5 B, N* M FLHA T 211 1E
FL i R A R 18 B Ak 36, S i B2 T i, {45 TEMA-
BF,/PC [ lL %5 # % 5 T TEA-BF,/PC, Lai %'
N4 00 £ B R 5 5 W T8 1 XU e R B R AR P X A+
PRI, 1.6 mol/L PC HLRF AR R | i TR 0]
ik14.46 mS/cm, VL1 A/g WIHEIRAEO ~2.5 V 7T
HCHL e HL 21,4 F/g, i3 TR 444 F 1mol/L
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Table 2 Physical and electrochemical properties of common organic solvents>"*!.
Sol Molecul (cp) (C) bp (T) (mS/cm) Bred (V Box (V
olvents olecular structure & C m| o (mS/cm
nep P P vs. SCE) vs. SCE)
Propylene carbonate
65 2.5 -49 242 10.6 -3.0 3.6
(PC)
Acetonitrile
=N 36 0.3 -49 82 49.6 -2.8 3.3
(AN)
y- Butyrolactone \
42 1.7 -44 204 14.3 -3.0 5.2
(GBL)
N, N-Dimethylformamide H—C—N/
” ~ 37 0.8 -61 153 22.8 -3.0 1.6
(DMF) i
N-Methylpyrrolidone
AN 32 1.7 -24 202 8.9 -3.0 1.6
(NMP)
o
N, N-Dimethylacetamide —C—N/
~ 38 0.9 -20 166 15.7
(DMA)
[e]
y- Valerolactone
o 34 2.0 -31 208 10.3 -3.0 5.2

(GVL)

o

Note: &

., relative permittivity ; n, viscosity; mp, melting point; bp, boiling point; o, ionic conductivity; Ered, limiting reduction potential; Eox,

limiting oxidation potential ( glassy carbon electrode was used as a working electrode to measure the Ered and Eox) ; using organic solvents containing

0.65 mol/L TEA-BF,, 25 C.
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Fig. 7 Curves of viscosity and conductivity changing with temperaturem] .

TEA-BF,/PC HLfFBRAR R 19.6 F/g. PRI A
NI 4 2 3R 2 i £ ( SBP-BE, ) K| B A I 3R 43 7~ 4%
¥, 50 F RGT/IN B Ab st Re AR e , vl 76 A B 7l
AT T e 1) v B R TR AR ) Ak M B, Zhou
414 % B SBP-BF,/ AN HiFHL/NT TEMA-BF,/AN,
Ji K& SBP-BF,/AN 2 11T 8 R F i T 00 T

TEMA-BF,/AN; 5 it [A] i} SBP-BF,/AN #9 %L1 HL
FHAlL /N T TEMA-BF,/AN, 1] g & [X *4 SBP-BF,/
AN Ui shPER B A0 4 B e 1 Fndse /N FH
BRI A BT B ik A TR R AR LA R U
/NFLETHLRH . Nono 45 #F 5% & B AGLFL G 1 4 Ay
HL , 7E 0 ~2.7 VI TIE IR % 434, SBP-BF,/PC



52 1

OB S YA RS R I S - 113 -

LA = T TEA-BE,/PC, & T 44N HL
FL A VR P %) P o I R A 4 i PH S T H
BB B T AR TR A Yu ST T R R AR A
LiClO,/ Z i (AN) VERLf# 3, 1 0.5 A/g By FL IR 7E
-1.25 ~1.25 VA H, B % B2 4% g & m ik
54.46 Wh/kg, Orita 25 & il &M BHE 7, It 5
BF, 26 A i Ak, i 5% & 30 LU 25 o RPN B 1 g
¥ILT TEMA-BF,/PC A & (H 2 F A PLE A B
2R e P2 IR A TR a0
3.3 BFR&E

B (ILs, R IRIR s = IR Rl ER ) 584
B (FHES T FBTE ) ZH R B ST 100 °C
ILs 3 5 AN KRR 4 A HLBH 25 F HLak JoHLBH 25
TULAL, FE5K A B PH 2 7 41 A RERE PR AR S A, TLs
1 TR A 2 R R RE AR )32 oy FH B R 0 L 25 2
Sl AL T ILs B ket pete e e eE v
Redr Ttk AGEE  TAEREE N % (2 ~6 V) 5§
HEati, Lewandowski 25 FH TG 1 ¢ A A #E 9 v 2%
A AR I & B RSV R B TR, AR LA
k3.5 V,AHLHA# (AN PC) A 3 V7K Z HL K
A1V, UL AR A T AR K, Liu
ST A BB A R R G E A A Y LR R R 2
EMIMBF, & F & A 1E i i, I T 4F i & ] 3k
4.5V, BERTRKREMBM 1.2 V£ 1 A/gH
TR FRER N 85.6 Wh/kg, FAHES T H H
HEFHE TR TR E L | HREEEA W )
HLZS A TAE L IR SRR e B 5 B
FRGBR, HESHECY LN H BB R B AT
8 B IR o 2R A /D | AR T R s 85 56 | bk g% o 655
() (& LEh WEPHE 755, 8 7 %A BF,,
PF, &4 SR ILs @B B T HL SoR(E A
AR 1o A6 S o B A L S B iy AR e B PR
L %R 10 mS/em™! X F /K R, Ren-
nie % 0K S A Tk RS AN 1 Tk B Y — 2R B B R A
YEXT LY, J2 B0 A ik St 1 35 TR AR 280 B R i T AT
FH TR B 25 28 B s FEAR R R 2 1, &
ik S 119 5 TR AR 119 L P T AN B Bk S 1) A, 1P
ISR TR s Ak B

4 EHE R

AT T AT R AR AR T L R R T ) B 5 i
OIHT B L AR A AT ST U e JR e A T AR TP A
AR JLAST5 1

RSB RL TS T : (1) W i FE R TR (2) AaE AL
L5k ALBIR /N Koo A, e R8s T 19 91 (3) IR
B SR R s b R Ak SRR S
SEMRIAE S BT N R G AR, SR bR
MR (4) HoA 5 AR IR LA AT A ) S T L~ 25
Hay, st L A AR TR IR A i

HLUR RO T - (1) 48 v i Al AR 7 100 B T
T REFE B 5 (2) 48 e L AR VR PR 48 /D e TR T
VR TR 1 FIAR 3R 75 i (0 5200 5 (3 ) WF 52 Wl 25 fER 2
JEE i 1 P R L SR R A P S A PR I LB, R i 2
FREENE 5 (4) WEFE 2 7 B 00 H e B, AR 9 FH B
TARACAR RN FE R A R R
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