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Abstract: The specific capacitance characteristics which were of the electric double layer capacitors(ELDC) made of phenol based activated carbon
fiber(ACF) electrodes and organic electrolytes has been investigated with respect to different specific surface area of electrodes and different kinds
of organic electrolytes. Throughout charge-discharge cell tests, it has been found that larger surface area and larger pore diameter of electrodes
contribute to increase the specific capacitance. Binary mixture of organic solvent with propylene cabonate(PC) and tetrahydrofuran(THF) for 1
M-LiClOs electrolyte has a higher specific capacitance than single solvent of PC or mixed solvent with PC and diethyl cabonate(DEC). Also, even
though 1 M-tetraethylamonium perchlorate(TEAPC) of organic electrolyte shows higher specific capacitance, it has longer charge time because of its
lower ion mobility.
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Table 1. Physical Properties of the Organic Solvents at 25 C

er 70 DN mp bp Ew Ex

Solvent (cP) (T) (C) (V vs SCE)

Propylene carbonate(PC) | 650 25 151 -49 242 03 +32
Diethyl carbonate(DEC) | 28 07 1561 -43 127 — —
Tetrahydrofuran(THF) 74 046 200 -109 66 -30 +32

& dielectric constant, 7o viscosity, DN: donor number, Ewq Eol
limiting reduction and oxidation potentials
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Figure 1. A schematic drawing of tested cell structure.
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Figure 2. Comparison of aqueous and organic electrolytes for
constant current charge/discharge curves (electrode: CHO00-20,
electrode area: 6.25 cm’, Charge/discharge current: 6.25 mA).
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Figure 3. Comparison of specific capacitance between aqueous
and organic electrolytes with different surface area of ACFs
used as polarized electrode of EDLC.
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Figure 4. Specific capacitance dependencies on the charge
voltage with 625 mA constant current for various combined
solvent systems (electrode: CH900-20, electrode area: 6.25 cmz,
electrolyte: 1 M-LiCIOs, Charge/discharge current: 6.25 mA, charge

time: 10 min).
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Figure 5. ESR dependencies on the charge voltage with 6.25
mA constant current for various combined solvent systems
(electrode: CHI00-20, electrode area: 6.25 cm’, electrolyte: 1 M-
LiClO4, Charge/discharge current: 6.25 mA).
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Figure 6. Specific capacitance dependencies on the charge time
with 2 V constant voltage for various combined solvent systems
(electrode: CH900-20, electrode area: 6.25 cm’, electrolyte: 1 M-
LiClOs, discharge current: 6.25 mA).
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Figure 7. ESR dependencies on the charge time with 2 V
constant voltage for various combined solvent systems (electrode:
CH00-20, electrode area: 625 cm’, electrolyte: 1 M-LiClOs,
discharge current: 6.25 mA).
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Figure 8. Specific capacitance dependencies on the discharge
current density for various combined solvent systems (electrode:
CH00-20, electrode area: 625 cm’, electrolyte: 1 M-LiClOs,
charge current: 6.25 mA to 2 V).

A APddEe AL & 4 k. Figure 79} Yed AH9E PCY
PC/DECY 7$E FHAzte] Z715te] whet WA ESRo| F
A3 gasid, PC/THFY A$E, 2AAT @AY ¢ F
A4 Btk o& ESRE Holn, $AA R0 AT A 748
A e,

THF £%9 Z4o We A4 x9 ¥ wrd ESRS Hol:
AL THF &g o8 Asd HEr}t ol A, 23AA o)
B oj2So] £7l9 HA "W AFL wol oFLEs} g
Ax A719% &IHelectrophoretic effect)’} A7 WRroz
Az} o) A},

Figure 89l& WAAlY] HAAF F7td w2 nvl&AL3 9
E2E Ao gz wmste el $AAE 255}
5 mA/cm*(31.25 mAAAE A A% BE H£8 ASS Uehy
v, PC 945819 Z9E 5 mA/em® oAl A %E, PC/DECY
A9 10 mA/em’(625 mA)E WolN REE Ao 37
3] Z+ady] AR PC/THFY ZA$: BAAE Uxs) 273
o wet HEd4Fo] AN ZAsd, 20 mA/mi(125 mA)e]
HAAME H HZ2ALF625 mAZ HAA 9 8Z2ALE)9
HU%E FAStL glol, HEAEFo] HAAFY A7)0 2 gL
W2 GEtE AL 4 5 gk o224 HAARI} 2713 ga)
H5H 8] ZAsE: AL BE EDLCY 25d Exoz A
Z71e WAAF F7td BE FR7) AYAE) 2l wAAS
7h ARTE AHE o]EY lFESEI WA B gerte @4,
& o]29 F44 57t 4597 (rate determinig step)7} 7] BE
of dojue ddoz FHA Yon[7], HAd u|ZALo| 509%
E Zase $HAFA/ EDLCY Ao wAAFs ©oH8)

olgt o] EFLvlolN E3 THFE &3 74 2 vjaag
ZF3 We 445 383 WS ESR 2 WAARY g =2
HSAEF FAAEDN HAAFY 27D S9 ¢4 294 =
e UYehdle A& 9 F Utk ojAL B4y o] Ao
HEAS} R HEE donicityS 28t £u)sH(solvation)® o]
o A HAS AN F donz o)L HIYE Y o9

J. Korean Ind. Eng. Chem.,, Vol. 10, No. 6, 1999



826 oA - 1EF
70
) ‘_ﬂ\L\‘
IM-TEAPC

i) @ ...

= 60- o

g% .

2

& ‘._‘

Q 55 ’

a

o

O .

2] ’.\

%5"' IM-LiCIO, ..

»
45 o
40 H v T ! H T 1 i

0 5 10 15 20

Discharge Current Density(mA/cmz)

Figure 9. Specific capacitance dependencies on the discharge
current for 1 M-LiCIOyPC and IM-TEAPC/PC electrolyte
systems (electrode: CH00-20, electrode area: 6.25 cm’, charge
current: 6.25 mA to 2 V).
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Figure 10. ESR dependencies on the discharge current for 1 M-
LiCIOy/PC and 1 M-TEAPC/PC electrolyte systems (electrode:
CH00-20, electrode area: 6.25 cmz, charge current: 6.25 mA to
2 V).

Table 2. Electrolytic Conductivities and Limiting Molar Con-
ductivities of Salts and Ionic Radius and Limiting Molar
Conductivities of Single Ions in PC at 25 C

'] Ao . . Y Ao
Electrolytel (- /em) | (Sem?/mol) | S8 100 () | (SemPemol)

Li" 0.076 843

LiClOy 56 2135 or 0237 1893
4 . 3

BN | 03%6 | 1350

BtNCIOs | 110 L e s
. 4 e ..

o electrolytic conductivity, Ag: limiting molar conductivity of salt,
7 ionic radius, Ao limiting molar conductivity of single ion.
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Figure 11. Specific capacitance dependencies on the charge time
with 2 V constant voltage for 1 M-LiCIOy/PC and 1 M-TEAPC/
PC electrolyte systems (electrode: CH900-20, electrode area:
625 cm’, discharge current: 625 mA).
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Figure 12. Self-discharge characteristics of 1 M-LiCIOs/PC and
1 M-TEAPC/PC electrolyte systems (electrode: CH900-20,
electrode area: 6.25 cmz, charge current: 6.25 mA to 2 V).
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