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Abstract

The best Ppy weight ratio was 7 wt% and the optimal electrode composition ratio was 78
117 1 5 wt9% of (MSP-20 : BP-20 =1 : 1), (Super P : Ppy = 10 : 7) and P(VdF-co-HFP).
Implantation of Ppy as the conducting agents have led to superior electrochemical
characteristics because of the low of internal resistance and faradaic capacitance. The
result of unit cell with Ppy 7 wt% were as follows : 28.02 F/g of specific capacitance, 1.34
Q of DC-ESR and 036 @ of AC-ESR. Unit cell showed a good stability up to 200
charge-discharge cycles, retaining 82% of their original capacity at 200 cycles. From the
analysis of impedance, the electrodes with Ppy 7 wt% showed low ESR, low charge
transfer resistance and quick reaction rate. It was inferred that quick charge-discharge was
possible. As compared with the specific capacitance (rectangular shape) of CV, it was
also concluded that the specific capacitance originated from thecompound phenomena of the
faradaic capacitance by oxidation and reduction of Ppy and the non-faradaic capacitance by
adsorption-desorption of activated carbon.
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Z29E A7l 98 supercapacitor® A YFE2 AT AAWA - FAYG - QT

FA% YUt ¢ AUAEHY AHE EFFeRA, A3 #&d HAAHo] U= HYH)
o] #A9 wAYZ ESA AUALEE FAFI, ofS wEn 793 o5y B
g4 §F-gFoz A7l A7)o)FZ(electric double layer)ol] 23 wlsjldio] Aol &%
g AAYUFA 7dste AuA] f - £HF SHANE ST M2 FE29 AFAAHE
Adslnz gt FAEA2AM GAY B Uxgio) pseudocapacitanced UEME HE
A REAE H7t EE coatingo2A AALHF T AUgE A 54E A A7 €%
3] 28 =] siH45]

£ dAF+= 2-naphthalenesulfonic acid(NSA)E& E=REZ AlLsle A7IAEA0] 53 &
4 EYSE £2(40~50 S/cm)g H/ted AFE Axsi, §714 dHges FAANA 4
AL AzddE Aoy, B3 ZYYEY FEAQA A3 - Fukgo] ArSEA B4 nX =
AT WA A A R2AY 98] Y ¢dE 2 dAXNFLoE FLE M AFA
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A71A gl o3 AME S A Heu, S5 AFA Hoxa Fol2EL A3
JHE FE 2. AR, S22 A € A3 &9 F& o)F2 A3H AFI G
t B9 Yol&Eol * e F& olFEH, o] F 7HA AHI}EFES A7) F F(electric
double layer, EDL)o]2} 3™ H7]o]F %9 FA(~01 nm)7} vi$ gfr] wiio] Teldeo W3
7} 1 VolgtdAgE o]%2L B8 % & A71310° V/m)e) 2AYt. AZoznyg
AZREC] BAYE AAHAME 2 AFH -G GG EAze sdF S0 A3H AN A
AE AT BFd £ 5 Ae AAAA ol AJe)FFo] FAHHY, o] B$ HIFo] %9
2 a8 AFo AFF FGollE AAFAY o] 5] & o2 AZ/AHA AW A}
ole] FAL& guElsle A3 Eo] AAAIF(electrostatic effect)o] o3ty FA=H HAY
(potential difference)& ztAl Hedl, ol2d A3} BEE o839 AuxE AF L AL
F e A2"E A70)FZE A H (electric double layer capacitor, EDLC)2} 3t Aj#}4]
EWA ) vste v &AL o] FAE o] supercapacitorgba Ea$-A Aot
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double layer capacitance)ole}ti &1 o]HA & o} &3 AWMAIE 7} supercapacitorelth.” o]
AZ A e Fig. 13 Zo] R Arlovxe FFo] e A R As EX7}
E7YS buk AEi7E Hol AF7 AYAE 0o Huh  HE R 2ZRE A AYAI FFE
B OFe Het £t dY sHA Aol Hol AF Alolo]l AR 20 Mt AU A
"Hot Q714 Aoy e FF0] FEHAE B AVo)FE L 2EHA gon 49
A7 A7t F2 BEE. ol AVFFAHQA F-wAd e S Po] EIE F
AcH1l.

Positive Electrode

E, + A0 ET]JA™ 4+ T (1)
Negative Electrode
E, + CY 4+ &5 EJ//Ch i (2)
Overall Reaction
E, + Es + CYAS EYJA™ + E7]/Gt i (3)
i L
e
Electrode | Electrode Il

0, + 0, Potentnal(charge)\g\
i Potential(no charge)
D, ®o

no charge : V=0G—-—%%=0
charge : V==0+% — (% — ¢) = 24

Fig. 1. Operation principle of supercapacitor.
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31. ZHEY Alx

9 2(99%, Aldrich)e a2 APS(ammonium persulfate)s AFAZ 2-NSA  (2-
naphthalenesulfonic acid, Aldrich)& EHE(dpoant)® 3t 3383 F3¢& stdd. = E 6709
g (0.2 mol), 2-NSA 10412 g(0.1 moD)E 450 mLe] FHgo ¥ AAMNZ ZAsA A3
o 0 CoAlA B&AItE ¥WEZE 5705 g(0.05 mol) APSE 50 mLe FFHa o ¥ & 59 %
0CZ A" APS #894% A& F8 Ao A3 Arstste] 2443 B¢ ANANZ 234
t}, Zgto] ¢ ¥ Bichner funnel WollA /42 AH3n] A7zt Aoz caked
drying tubedlo] o] 24AZF B AR F10° Torr)stol Al Azt 224tele ZnEe
AzE & ball mill2 12417 o)A Bt

=

32. 45 2 @94 Az
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Az ZY9E, 49€ 8499 BP-20(Kuraray Chem. ; 1929 m’/g, 0.86 mL/g, 133 A) %
MSP-20(Kansai Chem. ; 2190 m%/g, 1.02 mL/g, 150 A)& A3 A&z Agsgon, §3 ¢
o e FRAIAT AT AVAEANES w457 Aste A=A NFAJA Super PE H7}3
At AgAE PVIF-HFP(KynarFlex® 2801, ELF)& Al439 3, E4ulE n-methyl-2-pyrro
lidinone(NMP, Lancaster)& AM&3tgcth.

oo ARAE 5 wikE £33t Fuld 4%, A MFA 2 ZHIEBL FAHNE
of weal Eslm 7 AFH ZWIE o] &3te 400~500 mpme £E=2 ZHEYT  HEJ)
2,500~3,000 cP9} £28] A" EFES Auto Film Applicator(CNI 2REX §32)8 o]L43ld
Al etching foil(KDK, thickeness 20/m) 919 0.13~0.15 mm F7Z casting ¥ 120ColA 1A4]

7 B¢ Az Ax® AFL 011~013 mm FAZ roll press# F 3.0x30 cm® 27
2 At ALE-3 A h(Fig. 2).

A%Z% AZFL aluminium foil(ZAL10-5/1 HX, thickeness 100 im, USA)d H&exa AF &
Aol AfAE 01~02 ml FAF F A, MBS FF39 FZF) acryl plate2 2o}
BES YEE o] &3l9 A A a4 S AR

AYLL ol FFHAol 2 FF, 79 HFo] A3 HFA I 9 HAs] A
50 m 779 FAXALNKK S AHE3H 2, H2Z2 8 1 mm F7¢ He&& A3

=

346



20033 4RP YR8 E A&

M8P-20, BP-20, Super P H PVdF-HFP + NMP E

"“—l Mechanical stirrer I

l Mixing 400 ~ SO0 rpm, 4ht

Thickness : 0.13 ~ 0.15 mm I Casting n

)

Fig. 2. Manufacturing procedure of electrode sheet.
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Aol HEY 5 AN EW ARAE 6 wi% o FARAL e BRAT 5w §F
A A3l Mzl F- WA H4o) $55A Tadrh we $4VH Super PE 4E 2
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Fig. 3. Effect of addition weight percent of P(VdF-co-HFP) binder on
specific capacitance and DC-ESR characteristicsof BP-20,
MSP-20 electrodes with Super P.
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AA PVAF-HFPY FAGFE 5 wt%2 A% & A4 EHEL FAEF 5~10
wt% 2 A7t AL AzxdPed, A4S AR F LA F7I(BTCCS, Arbin)E °]
&3ld AAF 0mAZ 23 V7R 23, 302 AIY A F AFF 30 mAZ 0 V7R
AaAA HAALE S8R en AT JA FAZ vro HAREZFS AdeAr. F
23 &) FFeol 7 wtnd Wl DC-ESR 1.34 Q, A& %] 283 F, vl M &3] 280 F/g,
UAdE 199 Whkg B $89% 98 kW/kgo 2 713 ¢48 548 BAHFig. 4. 9
HEo &Fol 8 wtk 014 AFEL ZPAY Fo] AUHez Holx FIF9 £33 A
7t EZFHAAM IR drope] EolAE T 7Sy 5X40] Aade ¢ F UAAh

F-3d 5Yol 4 EHEY FAFF) 7 wixd # FAF 30 mA, 23 VAR 33
3t RAQF 23V, 30x% 4 F AAF 30 mAR 0 V7R WA EA 2008 A& SAHE
A% AT LAANL 5615722 YElw o™, 27 B M-S FL 1957 F/gelA 2003 of o
AL FS 1365 F/goldx 2008 5 - HAFL 82 %9 &FS #FAAJT.  DC-ESRS
215 QoA 242 Qo2 0.27 @ F7lEtd e - H EE&E 200 cycle ¥ E 9565 %o E2
&S Uegudn. od A= F -4
vebo} A AAFA L AS AREA

=2

s E2
b3 cycledl 9@ 4AE Geo] 37t AL 542
st Ae ¢ 5 ANTHFig. 5).
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Fig. 4. Discharge curves of unit cell on polypyrrole percentages of
PC electrode.
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Fig. 5. Effect of addition 7 weight percent of polypyrrole on specific
capacitance and DC-ESR characteristics of 200 cycles of
BP-20, MSP-20 electrode with P(VdF-co-HFP) binder and
Super P.
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SAB2E o839 H{IF AT d¥ds EAIH AYe oiF wiRAEF FH(cyclic
voltammogram, CV)dlA ZIWEE 7 wt% I71g AFo] AF/AsFA ABeA RC A4
71 Fotd HaAo) A (R)H AC-ESR(0.36 Q) EAo] $Fdittes AL & 4 Yoy &
2AFrg FYUAE 7 wt% M AFE AHESRE 9 ESRol 2ol supercapacitore] 7]
A EAd ¢ 4ge nide AL ¢ 7 AN (Fig. 6). 2832 FAEE(scan rate) 7t
Qe E LA-AAFAY WA FED EH BN AF AVIHATT FUH AA sl
o] £3Fo] Aol v ulo] FAEFIA B o YAFHE AL A F UATh
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Fig. 6. Effect of addition weight percent of polypyrrole on Nyquist
plot of electrodes with 5 wt% P(VdF-co-HFP) and 10
wt% Super P.

5. 4 &

ABALE AAA HFAQ PPl RN EeANBE FHHAT, BANES DA B
o AARge Wik AoIRHA 540 SRRt AYAS 5,6, 7,8 % 10 wik%z o2
A AR W Ar1H 4o 2 At ANAT A TAFF) 5 wid W A
So §94, AF¥N R 1A ZE7 FA debi BYQO) BANEE FARY 7
wt%2 A7 A3 AW E% 2802 F/g, DC-ESR 1.34 ¢, AC-ESR 051 ¢, slYAYUE 19.87
Whke 3 SHYE 977 kW/kg22 H7188H8 Sxo] 5340k,
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