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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 Ni(OH),/activated carbon based
positive electrode and activated carbon based negative electrode were used in preparing test cells of 55 cm?. Cyclic
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.
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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] AujHo)A] Bit AL & 4 Utk o]RL Yol 71
uie} o), = FEHZH FATA(AC)Y Ni(OH),E A
o EE AC YAEC] FAEHEH THd) 9T F A
08 Alsdr 53], WE FAKEEY B %Fd ' AC
AXELS OH 9 AHE7](reservoir) G 5l Ni(OH), ¥
+ NiOOH $4A} AlHolA dAsl= HY 2818k whga} OH
o} o} FEEE AoEH HE= 4k 93 e 39l 939
2 A7) 2 o s34 RS HsiAgIA Se Zoloh
E Aol &Y Aol ZAFAYE 1.6 VR WY = e
OfFEM, FFllA Ni(OH), 9} AC Ao} o 3 43}
4 D3 Feol O W] dFTr) aga w3 AYA g
7} alEst S 0L Aor AlgEn} 2ol Aksle) §
A H39 Hd AFES s AYoM =9 . ukd
AFe] FEc) Ao mz 92w} ko) A Hgte] FHL
A 5= At wIoF 259} FH80) RESIA Ha A
o S5llE FAgde] s Aito] w¥sHA e
Gl gk o] A3l 129 @9 Ao uF gud
25 FAH o oggt 9 AdMe Nyquist plot2
Fig. 40 BAIBIAT. 10 mHz R E 4= kHz7HA]9] Fojg= H9)
A, F=el ARk whgo] ABidElE 0.8 v o] gt
o S3E I AdMe A7olEE EAlo] AMiFA AL

> do X

1.0
(a)
0.8 A ’
»
06 *
e
= 04F
M e 0.8V
[ L4 A 10V
02k * v 12V
¢* 14V
» 1.6V
00 " L i [l " [
0.0 0.2 04 06 0.8 1.0
Real (Q)
0.05
e 0.8V ) IS
A 1.0V
0.04f y q9ov * .
¢ 14V .
= 003 > 1.6V o
~ ’I >
E .
T 0.02¢ R
“ >
£,
0.01} R
()
- Zj‘ (b)
0‘ a 1 2

0.0 —
0.03 0.04 0.05 006 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

o 4= AT 0.5 Hz oPde] FaoAe B Yajdx
»HEHL glgjome M3FAE S (charge transfer resistance)
& BAF S BArE AL ¢ S Ak

bz} &=e] A wale) thdt BAS gotEy] #3l 0.5
HE 18709 TRk AEhlE 2 w9 AS 2HsiieH
0.8V-1.6V H9lollr A EAE ZARIITE 10 mA/em’™
100 mA/cm?] AFE WA W) dojxl Aol tigt BiEA
gaFo] MBS Fig. 59 BEABIKTE o] IRlere] vIEE=F
& AAAY FHS Asln =AY} AFAS XT3 &
Ae] AFTER F5To) U3 & Ao EALTFOZ AT
Roltt, Yukd oz o=z} S2o] nlEALFo] A Fe A
7)01EE 279 A9, @] Ao HISHEFLE vIE A (half-
cel)d] vIZHLEFe] 1740 HFS FTE 3PH &Y Aol of
3 thekzQl v} 7bssict.

Fig. 591419} 2], 10 mA/cm*A] 30 mA/em® B2 W&
AR ZAolls Gl thet 239 FFBT 14994 16
Auf v)-$- 2 HIEZHLEE HolW 50 mA/em® oPFe] & HF
2 HERE Aol Al oF 12004 HEUS & U
th e tiE =9 FAFuZ} Leoln W AFLE
10 mA/em® 9, =3t S=9] HF HFEH i HSA
LER7OIFS 22719 W1 Aoz RS o] B A)
2 580F/g oY ©]F ZAE § AUALEE 38 WhkgE
FAEICE ok, Y=ol tiFt 2= AL 1201 W
A AFDT 50 mA/em* A E ZHZt 460 Flg, 31 Whikg 9&
4 4 AP

wabA, 30 mA/em? o)5te] HlmA e ZHEH ARUEEA
Z2kd &7t WEX| golx He AR-gEde 453 5=
AE 1671 A ke Ao] ulAEh, 1 ol
2 A ARAEEN P £} wa2A sl ALgsfol
e Agde ATHE 127K SFE o] v ¢
2= itk 29bd &%) Z42 BEHeEs) duAdEs &
AWE zhe o Ao o w2 AE| wiEeld.

oF=el i3t &3¢ Agnr} 129 B¢ Ade] WHHFA
tist BB E4S Fig. 69 FAEHY 10 mA/em®S] ARHF
2 1.6V7HA 233 10, 20, 50, 100 mA/em*e] FHF
2 0.8 VZ7HA skt 100 mA/em? ] &L AFZE WHASH
e o ok 102 B WHe] EEth 1.6 VolX 08VE

o

. 180 .

2 o : pessaanaanna ,

% 60| = tomwemt [[31Whigi [ 38Whig |

8 o 2mAm | TR Lo

g 140 A 30mAlcm® | - :_ Nk .

(&) v 50mA/cm? ; 2 2

é’ 120 ¢ 70mA/cm’ ;‘,' v A :

[V 2 A

\q; 100 » 100mA/cm i . .

Q | > > v

§ 8of 3 f . 4

2 3 >

S 60F >

[3+]

O 4ot

e

5 20}

[oX

w 0 N 1 N " N N . ,
0.0 0.5 1.0 15 2.0

Mass Ratio (Negative/Positive)

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

Wske <ol A
1.3V oJaldlMe A
o}

Fig. 79 =3} 3¢ Aalzh 1290 &9 Aol tigh
80003}e] &4 B9 =48 B9 Ao &35 vINY 54
Uehgict. ol ¥ AF= 50 mA/em? 0199, 2+ 20003
o] Zukd Bguith ESRO| 2]k HIA & (specific resistance:
Qem?) & 2R ZAzbe) 200039 FHA el &9
Aol ZAgere FHbo] A&Hol el Tadke BEe B
gout, 200032 FHbd & ESR ST Holle 80l
T FEEE Ao] ukEES B 4 glrh oA @/l gt
e et o] B4 4 Ut F, 50 mA/em?olEhE ]
2A & 2k AFEUEE 200039 FWHE A4FH02 W
Bl Bl AIAHENMG o]25e] Erlo] Frtsle] 7]
olFZ e FAIEH 3t &% o] A3EHUSS A2
3 4 Atk 23U ESR 3 st oF 08V FH 4
gjoll A o] YA FAHJCEE 11 F o] 2E0] <
A1 F=Z3} =0 FHE [slFo] S8 FFYH =
gl H31e Ao A7 4 Aok WEbA, ESR 54 $
A 29bAL 58 ESR 24 A9 £8F Nt o] & 8%
BEE ¢ A He Aeg Asdn. FWd gt IgeF
2 uAFL 2719 1.2 Qem’olA 135 Qem’E R 718}
At :

Fig. 8& &9 4 48L& vl $ ARE 1.6 V-1000 F=

16 |-

1.4

1.2

Voltage (V)

1.0

08 ¢ - 60 i - . 2
100 mA/cm? 20 mAlcm? 10 mA/cm
0.6 1 L R A ) .
0 20 40 60 80 100 120 140
Time (sec)

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

30 20

25 116
™
< 20} ——— - ——— <
8~ - {12 %
g 15} \\’\\ e}
Q
g dos é
S0}

5| {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.



St A7|EeEA], A 6 A, A 2 3, 2003 157

AAF] Aot} F5ae oF 140 golm Z71E 45X23X 90
mmole}. o] AlFFe] 7] FHbA AlES Wy v A}
A <k 10,000819] FHo] JPs= B 24 AAEFY &
o] WBlE Fig. 99 HAEGTE F 40003 olFHE oF
8,0003] el & wf 74x] 238 G| 2FH FTI8I)
7 TR Zadte @S Hasier o e s 9
3 I771 =338 A Utk
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