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Abstract. A hybrid electrochemical capacitor having both characteristics of electric double layer capacitance and
pseudo-capacitance was studied throughout cell tests. Asymmetric electrodes with,/ali{Dated carbon based

positive electrode and activated carbon based negative electrode were used in preparing test<ceksrbf Gyclic
voltammetry measurements and impedance measurements were conducted to understand electrochemical behavior of
each electrode. To find an optimal mass ratio of negative to positive electrode, charge-discharge cycle tests were
also performed.
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Fig. 1. Charge-discharge curve of unit-cell, positive-, and negative-
electrodes.

LJ

1.6V HejolA S0shd, Ag/AgCl 7I1Exd=el diske] &
L 0.7Vl -1.25V, U= +0.1VellA +0.35VE FH
2}zy wgkehe Zie & & Slth

2 Z=olxe] A7I88H AsS Bk Al dolEz] $
3 &9 A B 9=, 259 CV e Fig. 21 EAEICh
P 279 CV FAIN FAEE (scan ratdy Z17e] 9]
FHEs viEes ARG wetA G5 259 FAK
T e o] Ao FAGES} At

Fig. 2(@xs}t 2o], &9 Aol cv =4 20 mv/s©|ske]
e FAGRME A710155AR) AsH AR € 4 A
ot ey, AL ks S vt lske gls B
St} o)e o] YAS B} AAE] dolrr] $)Eke

o d

4.0

10mifisec i
20rmvisec
A0 iBaC
20 A0m\isec
) — SO iSRG
T
g 00
|
=
L
i 10miisac
T EOm\Visec (a)
4.0 - - 2
0.a 1.0 1.2 1.4 16
Fotantial )
W == n
2.0
E 1.0
§ 0o
=
Q.0
Jmidisac
20 f ' b
¥ 15miWisac ({ }
-:L [:I i i i i
0.0 015 0.20 0.25 0,30 0.35
Fotaniled (W) ws. Aglagl
ol e
14 &
21 mifises
2Amiines
2.0 | —3Emivees
=3
g 0.0
3
[
210
1 miisec
3Emivises (c)
4.0 A L A i
e 0B 082 403 144 125

Potential (W) ve. AglAgCl

Fig. 2. Cyclic voltammograms of unit-cell(a), positive electrode(b),
and negative electrode(c).
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Fig. 3. Cathodic-peak current variations of positive and negative
electrodes.

go] AuiAe]A] 3k A& & 4 vk o]z Sellx slest
Hie} o], F=o] BEAEA SAYL(AC)} Ni(OH)LE A
B3l emE AC YAEl ARG B 9 £ A
o8 AlgEd. 53], ME FARRS] A 459 = AC
A= OH 9] AAE7](reservoir) 98 81 Ni(OH), &=
© NIOOH 9} Adellx] 2=s H Akskekd kg OH
9 o)55TE AlofatA Hum A8} W3 e 3 #)=e)
wek =27 3 O S=3A ANE WA Ee Sloth

2 ATelA Bl Ao AFHLS 1.6 VA WY F Sle
ofFEM, U=l Ni(OH),9F AC YAke] &3to g QI A3}
g v= Feje 2 wje] AR=r] 2 932 A9 gl
7} vl AR A8 Ao ARt 9] sl 3
A =] Hoff AFES e AN S5 F -8
Aol ghurh Agroms 353 g=o] AFHstel @S
A A Wk 5] S8ego] RS HE F3A
o §=50ll= HAGo] e Adgdo] WAYSHAl =t

A5l oigk e Azl 1.29] &) Aol wR Jud
25 Z43190m tkst S A9elAde]l Nyquist plot
Fig. #1 FA13It. 10 mHZME = kHz7ZhA]e] Fak 9]
X, F=o] AdsiEel Rkgo] glrkeltlele 0.8V opde] Y
o7 ZHHE 99 dors H)elFT Aol AujAd

bR
o m

1.0
(a)
08} .
»
06 *
- 04}
M e 08V
A 10V
o2t % v 12v
j * 14V
[ » 1.6V
0.0 " 1 4 [ . 3
0.0

02 04 06 08 10

Real (Q)
0.05
e 08V T,
A 10V
004 v qov * .
o 14V ..
= 003 > 16V O
~— “ >
1= .
= o002} R
- >
X,
001} R
> @
' ﬂ (b)
0 L ] 4 1

0.0 .
0.03 0.04 0.05 0.06 0.07 0.08
Real (Q)
Fig. 4. Ac impedance of unit-cell at the frequency band of 10 mHz

to several kHz of resonance frequencies (a) and at the frequency
band of 0.5 Hz to the resonance frequencies (b).



156 J. Korean Electrochem. Soc., Vol. 6, No. 2, 2003

& 4 AT 0.5 Hz o] FulgolMe HHIge] Qujds
HE
=]

AR £ 98 YEs K82 9 o,

= 8%4 A7) Wslel gigh 54 dolry] $8) 0.5
FE 1.87049] tdst Aenlg 2k EH As xYsiglon
0.8V-1.6V ':Moﬂf\i 3 B ZARKITE 10 mA/ent-
100 mA/ente] AFE HEAE w dojA Ao tigh BIEA
fero] WizlE Flg 50 FEAEIACE. o] oA HIEHgeF
2 JAA Y FEE ALetar =A% ARAE T3 99
e A=A B3 oo 99 A Fatgos EAR
ot} Yukd oz Oklﬂr 9] BlEHggo] Ao 2 H

7lele F31719] 75, 99| Ao HISEEe 1 A (half-
cell)e] B)=A-g-23e] 1/4011 BPEs FaE s w9 Al o
S tiZkFQl B} 7kssio).

Fig. 5¢141¢} Zo], 10 mA/cntollA] 30 mA/ent 9] e
AFEEe] Aeole 45 tigk S50 dEhizh 149914 1.6
do) w9 2 HISHEHFS Kol 50 mA/ent Ol*u 2 AF
2 ag 73%0115 A7} oF 1.2004 HAIS & 5 AR
th gl e 59 Zvt 1601 J%j AFds
10 mA/en? Qul, S} o) i A %
| ol5T 54719 % Ao 7%6“" we] gk g
£ 580F/g o|H °l& ZAE 3 JUAUEE 38 Whikgs
A ok, Y=l oigk o9 Azt 120013 W
A AFE= 50 mAlentul= 717} 460 Fig, 31 Whikgd<
oL 2= o]oir/],

E}E}H 30 mA/ent oJ3te] HlaA W SHbH AFEEEN

2 S5t WE2A] gols He AP%%ﬁﬂ‘: I =5

o] Aelm)g 1674 =LA = Ao] vlAEhy, 1 o)ite]

2 ZubA ARUTTA 29 £uy) mad sk AREEok

S Afols AgmE 1217 Y Zo] nEEEge &
[e]

ot S8 iJJ} FHE HE3Z %‘%Ur oﬂﬂxn]g:__é =

1:4_—_.4 /Hl‘/] H]—;ﬁﬂ oﬂ
Fig. 6011 M]o}%lﬂr 10 mA/cnte] AAS
% 10, 20, 50, 100mA/cFr94 AHF
AT 100 mA/cnte] =& AEE Hbdst
ko] 7Fssldnt. 1.6 velx 0.8VE

—. 180

ad

B 160 m  10mA/cm’ 31Wh/kg E» 38Wh/kg

o e 20mAfom®* g g

E 140 4 30mA/om’ a ¥ O z'

o 2 ] [ d [ ]

(&) v 50mA/cm’ ° b4 A

5120 o 7ompen’ Ay o 0

& » 100mA/em® ® ! A

~ 100 | SRS S

[&] » > v

§ 80F i f > .

G 3 >

S 60} > ,

©

O 40t

L

S 20}

Q.

(3] 0 1 N [l N 1 N 1
0.0 0.5 1.0 1.5 2.0

Mass Ratio (Negative/Positive)

Fig. 5. Specific capacitance variations of unit-cells with different

mass ratios.

EHE gieonz kg xd(charge transfer resistance)

sk kel ot Asle e AgFoxle gkoy
1.3V olglilrE APAE FAgke dast W Q
t}.

Fig. Ple 4= 559 A58Vt 1
80003]¢] =4E 99 Ao 83t vAR) SAS
YehRint. olm) b HF= 50 mA/entellem, Z+ 20008
o] S 3w ‘4 ESRI 2]gh B4 (specific resistance:
Qenv) & %Xéé‘}aiﬂr. Z17ke] 20008]9] FHH Fkl] T

o] Aldrgel w) ZhAske 736}5 H
fout, 200089 %ﬂc}ﬁ % ESR A3 Holle SH830]
T 3 REE Ao Jl—"%%% B Uk ol @l I‘Hff}
afAe T o] A4S »l‘jr Z, 50 mA/cntelgl= B
WA & kA AE m& 20008 9] AL HsFo " HL

121 ko] Ao tigh

c
r&
%
W

_— —

Bl Bl AFAPAN o259 State] 7}0}&1 171
ol5E EE fAER) oY £ W] AstEles 4%

& Aot JEM ESR 745 I8l ¢F 0.8Vve] ?ﬂi %
HMW Zgte] Y FAHEACHE T FRF o]E0] F
REI I S0l FHE dskgo] FE38] HIE] =
A HUE AoE A4 = vk wlebk, ESREA 99
] S o ESREA A9 &5 Hoh ¢ 2 89S
s 4 A He se=E A}gﬂu} R B B [ L
2 9)AFL 2719 1.2QcnPollA 1.35QcntE ¢Et =715
Fct.

Fig. 82 o9 A 43S »x & A2E 1.6 V-1000 R+

=

g \'\
A .
= -\-\-"‘-'\-\_\‘-\-\‘-\-
.
S0 mAGm .
1M itk F0 AT I iy
1.6 " i " i i A
i) 0 &1 EO a0 g wa] 120 140
Tima [s60)

Fig. 6. Discharge curves of unit-cell at different discharge current
densities.

30 2.0
25 {18
% 20 <
g {112 §
$ T 4—‘ \\ .

&}
14
g 108 4
§ 10t
51 {04
0 L . L 0.0
0 2000 4000 6000 8000

Cycle Number

Fig. 7. Cycle stability of the unit-cell with mass ratio 1.2.



=2 718)8ke]A], A 6 @, A 2%, 2003 157

AAFE] Aot FFaRe oF 140 g0l 7] 45%23X90
mmoJt}, o] AR 7] A AFS F8) FRld At
2] <F 10,0008])¢] SHzo] A== et SHH AAIES] &
2ol ®iskE Fig. 9ol FEASKATE °F 4,0008] o]¥HE <F
8,0008] ZHzlo] @ wf 741 Q3]e] Bo] 3% FUlslth
7} oA Aasshe @S dxsiom 1 191 sy ¢
Sk A7) == Ao v}
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Fig. 9. Cycle stability of a proto-type hybrid capacitor.
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