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g A= AME-Sh= EDLC(Electric Double Layer Capacitory8-2] 2833 A& Asf|2e] 257, &9
H 27 aeln waA B9 BYstshs 426 el 20 9l & ek ol ¥ AFOAE dip coating
methodoll 9J3] AZE EDLCE BAREE A0 7] Relde] 27E Belsled 2 L9 A58k A
<= AEct. =3 SARREES} HATEES vl tE nE 8] vslE 2RI, HF fridside
ZZ0A] leakage current 54, AP B4 28|31 AI-AdSAE 71E9] IM-EL,NBF,/PC}F ¥ w&lgct. St
2AF0Z HIEHHo] 2000 mYell MSP-202 AM83la f71As|EZ = IM-LiPF/PC-DEC(1 : )& AHS3H EDLCO
A 130Fg A $48 ¥R $3e YehAn APAINE /P e #3118 Jeiich IM-LiPE/PC-
DEC(1: 1)Z AH&-3F EDLCE 15%-5<%F 0.0004 A9] W& leakage current®} 100 A)1ZF %} & 0.8 Vo] 958+ A7}
WA 54 23 R-drope] A& ¥ o] A-AYIHE RAFAT

Abstract : Specific capacitance and charge-discharge rate of EDLC using activated carbon electrode were affected
by the compositions of electrolytes, the conditions of charge-discharge and physical properties of activated carbon
materials. The activated carbon electrode was prepared by dip coating method. Charge-discharge test and elec-
trochemical experiments were carried out for various kinds of organic electrolytes. Effects of charge and discharge
current density on the specific capacitance were studied. Characteristics of leakage current, self-discharge and
time-voltage curves in optimum conditions of organic electrolytes were compared with conventional 1M-Et;NBF./
PC electrolyte. The EDLC using MSP-20(specific surface area: 2000 m%/g) electrode and 1M-LiPFs/PC-DEC(1:1)
was exhibited th highest specific capacitance of 130 F/g and low polarization resistances. The EDLC using MSP-20
electrode at 1M-LiPFg/PC-DEC(1:1) was small leak current of 0.0004 A for 15 min, long voltage retention of 0.8 V
after. 100 h and linear time-voltage curves with small IR-drop.
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ot} g olR7RE EAJERS EDLCE AZLo g ARS3R=
A5 gee] ERigsty AT 5384 vixg A7)skE)
A B4 oAt B3] 7HEe] AlE ¥on &3
Q1 A7} o]Fo Ao FHt S

EDLCYl| AMgEle Halde -84 Aaid, nig-843 Asia(
7] Aaid) 2 1) Az EREHZC Asjdel AL
EDLCS] #gol ul¢ Fa3it) ukshd, AR wehs
EDLC @9 celld] 75 A9z} AR=7] dielth. &, 334
Al 7RI W9l oJs] Wi fqe] 2ailvt dojuA B
Z700- 5 AYAT AR olof 317] wiiEoltt. YwkEes
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£ 84 Asde AYole Fxd w Aol ot FHE
73 99 cellel] g AYE 0.7~1.2 Vot vlg=8aA1Q] &
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2 Aerls3 AR oF 55V AEQ Aog deiR] oy
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A F& H|EA S zh= EDLC 99 celle 95 = ok

S84 AA L ANAEET AX G celle] WRATS
ZY & oy AMEAge] v #AZ EDLCY AUAE=
7} o} 39, R A 84 MedRng Aot E31,
100HHAE 2e AVAECE 7= 7484 382 mass
transfer §lo] AP} ol sl=d] wisl, 7] AL H42HA
mass transferl]l &J3) 37} olF=7] wiFoltt. wetx 7]
AAE AR A= WAl AXAM T Ao ¢
|4 AR F2] £33 DHo] o}, H8rbss AR}
7} =0} ARk ATl vlEske EDLCY MALEE =
A F i, AHTFs 2EHS) 25°C~85°CE W Mol
ARS7VEsIE, s, 2383 Bo| 7Fssithe Aol Ut

wEb 2 A7olMe EDLCE ASBREEE FAE(MSP-
20, Kansai Coke & Chemicals Co. Lidy@ £71A3)d= PC
¢} PC: DECY] ZAdmlo] thdkd 1M-LiClO,& 1M-LiPF2] A
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7180lE AHRSE EDLCS f7)4sld 2 IM-EuNBE/PCE At
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2.1. Dip coating method®ll 2|8t EDLC& M3IN|=

EDLCE A& Alxsp] 43 24 (MSP-20y4 =3A2
acetylene black (supplied by Osaka Gasys AF&3ler, A
3IA| 2= PVdF(polyvinylidene fluoride in nitromethanetri-
spropanol(NMP, Aldrich))S A3l A HIEE 410 oA
ES R o) £ €gE 1% wiblolA 5000 ipm
oz FU3H wEket T Hggt HxelA AR JHAD Al
meshol] dip coating methodE ©]-83lq AFE A=x3t. 2
BHE AFL 80°CellM 24A17F B AXAIY F AF2AA
rolling pressE AME3l] 33 & AZo] FU1E 2X2 ecm’E
3l FEAe & 7183k, A 80°Ce] FFHAZRT|NA 24
ARFELE AEAIF

2.2. EDLCY =g

EDLCS Y& 57} 0.3% ©I51] dry roomollA] ¥381%
o} 4F A5 FUT FEAS kAL, H71A] AES 9
gt AMEE Hejuke 8= wetting® PP(poly-propylene)
sheet(CelgardyS AM-3}TE WA BEE  IM-LiPFy(lithium
hexafluorophosphate, Aldrich Chemical Company. inc), 1M-
LiClO4(lithium perchlorate, Aldrich Chemical Company. inc)
3 IM-ELNBEE AHESIN1, #7]8v 2% PC(propylene
carbonate, Mitsubishi Chemical Company. Ltd)$} PC:
DEC(diethyl carbonate, Mitsubishi Chemical Company. Ltd)
o] vlg WA AHgSkiTh
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2285} 2o] ZHHE EDLCE °1Fd plates o83} 43t
3 & 2k ARS 317] Y30 cyclerWBCS 3000 battery
cycler, Won A TechyllX AAFHOE Z - 4R3I 753
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2R3} Wharlold] 2vel Ao ® 15859 AL 7k F
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24. Mo|spEfy SHEY

Cyclic voltammetry %432 295 system® 2 cycler(WBCS
3000 battery cycler, Won A Tech)E AF&3}H 1, voltage
windows 2VE 33 FAKSEE 10 mVisecZ EA310.
Impedance analyzer(Zahner IM6YS ARSI &4 FH4= H
$I= 10mH2IM 2 MHzE 3F, FAYFL 20 mVE 314 2-
2= system©E impedance 5445 EA31t). f+71xslE
FHHzHAA EDLCE F71381d2 A7|Hewe} H7)set
YA WX LiPFeREt} $58tal Baid BN oS 3
3 713812l IM-ELNBF,/PCE ©]-8% EDLCS} leakage
current 597 A7PERAEASES vIwsIH; ! Leakage current
4L 2 VA 2mAem’™E 3 F 2V PG FH A A
Fake] Wals 10417 B9t ST AP §4e 2V
7K 2 mA/em®ZE 5 & open circuit voltage FEIE T3l
100212 B2t AYe] HslE SA3
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3.1.1.$7] A8 A6l w& EDLCY W&A §33}e] 94

Fig. 1& §7] Qside] 7o) w2 EDLCY HIEA 84L&
vepd etk Fig. 1914 & 4 ike] EAZE MSP-20,
APAPeE IM-LIPFE AHSlaL #7182 PC-DEC(1:1)
£ 283 EDLCY HIEAH &3] WA Z LICIOZE A}
§3la pCehg #718v2 AMS3H EDLCO HI3) 130F/ge2
S3lA0k. ol 25°CollM LiPFe9] H71-ES7} LiCloRth
a3, 71848 QA 3 PRs ol2o] Cloy okl o ¢t
8,10 o]& Ra)s HolME LiPF°] LiClO,Q1Rc} 94
317] wiEolgla AgEnh =3 PCE 2 A=EEE /e
F718mjo) AT Hert 7] i ololsErt HolXe ¢
Qo gEcky AlgE mebd pedll vls) BlwE Yot
w%& DECE 718+ EDLC7} o|20l55E S7MIA 953 vl
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Fig. 1. Effect of organic electrolyte composition on the specific
capacitance. (voltage window : 0~2 V, current density : 2 mA cm?)
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Fig. 2. Effect of the ratio of PC to DEC on the specific capacitance
at 100 cycle.
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2Fo] W3ls Jehd oot ajelA & & Uxe] PCt
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F 015 VE 9 @S YEMIIH.
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o] Bl&d 832 vlwg Aot} Fig. 40M & = ARl F
AAFATI} 1 mA/em®@A 140 Figo &2 973 vl f3ks
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Fig. 3. Charge-discharge curves of EDLC using MSP-20 electrode
at IM-LiPF¢/PC-DEC(1:1) and 1IM-Et,NBF4/PC organic electrolytes.
The inserted figures were the magnified initial discharge curves.
(voltage window : 0~2 V, current density : 2 mA cm?)
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Fig. 4. The relationship between specific capacitance and charge
current density of EDLC using MSP-20 electrode at 1IM-LiPF¢/PC-
DEC(1:1).
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Fig. 5. The relationship between specific capacitance and discharge
current density of EDLC using MSP-20 electrode at 1M-LiPF¢/PC-
DEC(1:1).
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Fig. 6. The Nyquist plots of EDLC using MSP-20 electrode at
100 cycle. The inserted figures were the magnified semicircle parts.
(AC signal level : 20 mV, frequency range : 10 mHz~2 MHz)
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Fig. 7. The comparisons of cyclic voltammogram of EDLC using
MSP-20 electrode at 1IM-LiPF¢/PC-DEC(1:1) and 1M-Et,NBFy/
PC. (voltage window : 0~2 V, scan rate : 10 mV s!)
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Fig. 8. Comparisons of leakage current of EDLC using MSP-20 electrode at (a) IM-LiPF¢/PC-DEC(1:1) and (b) 1M-Et;NBF,/PC. The
inserted figures were the magnified initial current parts. (float potential : 2 V)
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Fig. 9. Self-discharge characteristics of EDLC using MSP-20
electrode at 1IM-LiPF¢/PC-DEC(1:1) and 1IM-Et,NBF./PC. (charging
:2V,2mA cm?)
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3 ZA3}olt}d. Leakage current S 15min XA
IM-LiPF¢/PC-DEC(1 : )E ©]&3F EDLCY| leak current?!
0.0004 AZ IM-EuNBF,/PCE ©|83} EDLCHTR= Ths: =4
9 HWA B2 leak cuments: WERTL o= 1M-Ey,NBF/
PColA] ©]2-9] E&](separationy’} 8013} HA7HAEE=HAME=
IM-LiPF¢/PC-DEC(1: DR} 94=5}7] wjEo|ata FETH10].
Fig. 9= IM-LiPF¢/PC-DEC(1:1)% IM-Et,NBF,/PCZ ©o]&3%}
EDLCOIA 2P S48 Hlwgk Asjolt}. IM-LiPFy/PC-
DEC(1: )& AsfA=Z o]-&F A% AAF 5% F open
circuit voltage’dEloll X 100A17F A= $- 0.8 V7HA] fAlskar Sl
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Az 73 3 1.2 V7RI AP PERASEAS Holal Uitk ol
O & J& g7 SHENE FX8hs 8ol 531t
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Hils oA "o Agt SAEE fAI8 s8o] $sitt
31 e
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1) §7189E PC-DEC(1: D& ARSI, Asjdgo s M-
LiPF:S AM3H EDLCOIAS] §30] 130 Figd =2 Zsdge
2 1 MLiCIOZE A3kl pCerE 7182 ARESE EDLC
o 3| 43 B7FS ERASIT

2) YA WPHAFUEA FHHAFEEIL 1, 2, 3, 5, 10
mA/cm*.Z ZF713ko] wle} EDLC] BIEA {3ko] 140, 136,
133, 131, 129 F/g0 & 7313, dAS FdRDxdA
ARAZYEI} 1, 2, 3, 5, 10, 20 mA/cm> 2 713k ojet

EDLCY] Hl&A &3 w3l 131, 126, 122, 118, 109, 84 Fig
o2 ZHAsitt. ,

3) Impedance ¥4 2% 2 &R, 1IM-LiPFs/PC-
DEC(1:1)°0] 12022 7}& e 432 Yehfigsl 1IM-
LiCIO, S AaAFdo g AT 49 20097 pCe PC-
DEC(1: DE #7802 ARSRE WaldolA] FUsA TE=A
}. R-R.% IM-LiPFy/PC-DEC(1: 1)°14 9.8Q0 2 714 wgt
o}, =3 A2 vl v AT 89S veplle
semicircle P A3FA|¥F IM-LiClO4/PC, 1M-LiClO,/PC-DEC
(1:1), IM-LiPF¢PC, IM-LiPEyPC-DEC(1:1)¢] &£02 Yo}
Aa glon ol HlEH &7k AHE FUsIH-

4) Cyclic voltammetry ¥4 A= #H& /713131420 1M-
LiPF¢/PC-DEC(1 : 1)@ AFHEE EDLCE A7181shg ez g3t
potential window”} 2 Vo™, IM-LiPF¢/PC-DEC(1:1)%} 1M-
EuNBF/PCE Hajd2 o83 7% 25 £ EDLC AL
el 7194 ellxls 1M-Et,NBF/PCE ©]-83F EDLC
oA thi =3t

5) Leakage current 23 Z3 IM-LiPFy/PC-DEC(1: DE
0]8%+ EDLCY 7 15 min 743} & 0.0004 AY] 3 leak
current 22 IS YEREOY IM-EL,NBF/PCE ©|-8%
EDLCIIME SYAIRE A5} & 0.0001 A2] leak current 3t
HAFQ ‘

6) A7PA A9 A3 IM-LiPF/PC-DEC(1: DS ©]&%
EDLCS] 7% 100717 735} 3 0.8 Vo) cell A4S VERAT,
IM-Et;NBF/PCZ ©]83F EDLCOME 1.2 Ve cell ALE 1}
ERA A
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