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Preparation of nano composite metal-oxide electrode and its application for
supercapacitor
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Abstract

Electrochemical capacitors are becoming attractive energy storage systems particularly for

applications involving high power requirements such as hybrid systems consisting of batteries and
electrochemical capacitors for electric vehicle propulsion. Both of amorphous cobalt oxide and
manganese dioxide were prepared by sol-gel process reported in our previous work. Nanostructured
supramolecular oligomer of 15-diaminoanthraquinone(DAAQ) coated metal oxides were successfully
prepared by electrochemical oxidation from an acidic non-aqueous medium. We established process
parameters of the technique for the formation of nano-structured materials. Furthermore, improved the
capacitive properties of the nano structured metal oxide electrodes using controlled solution chemistry.
Co0O; and MnO:-based composite electrode showed relatively good electrochemical behaviors in acidic
electrolyte system with respect to specific capacity and scan rate dependency

Key Words : Supercapacitor, DAAQ, Nanostructure, Composite electrode, MnO»

LM E

HT A nxESFA D FEHFN Aol
dekgto] metd o) mE Fuoig A AsA
4 1283 =ER AFH § BE 2EY JdY
A& 273 IHT KU LA g &

Aol R QUck o T ALSA 2T wetA -

1238 3 A E (supercapacitor)e] #3 AT

» ZEO% e FYsa
(BFA F99 A4E 4 48
Fax: 043-273-8221
E-mail : khil007@hanmail.net)

**x g A zFY

-

7b @A, 54 EA, AEY 2 AE A
&3] B3 JPsoiAm YA, diA e
EDLCE gl Adzstsd AAsln Ao g4
AHEL o EAY HEAY ZEAE 18T 2
LFANAEHE $& Aol 45 ¥ @& 7F54d
Y Foz Adstd A4 AYsAE o fo, o8
MAE7] A% A8 AERY solng=st R A
4 5ol 4739 A3 Ut

2 ate 184 A2 2 I54%E 429 B
23E Rgsnd FE£A3EF MnOt CoOE
UrrpgEes Az F x4 TEAU DAAQ
g ZYdd dgd= 4 oA dxg BN
o, B¢ Ao)E 4% & Ad3nA s

—_—

=

- 801 -



2.4 4

2.1 MnO./DAAQ, Co0O./DAAQ A

A AHEE Alge ohgn 2,
DAAQ(Aldrich. Co. 99%), TEAP(Tetra Ethyl
Ammonium perchlorate, TCI, Co.), CFsCOOH
(Triflouro acetic acid, TCI, Co.), E®WE+&
FeSOq(Tron sulfate haptahydrate, Aldrich, Co.) 4k
gAzZE (NHs):S:0s(Ammonium  persulfate,
Aldrich, Co)& AM&gch =3 BoEs
PC(Propylene Carbonate, TCI, Co.)& A}&3}5itt.
YryEe] o]iswzhe B d74ddAa AdE
A € FA wEe LEF AFAG e W
goz Az Arhil]

Azg olazldzte PCol AR F DAAQ
monomerE FX Sonication® Atk TEAP,
CF:.COOHE #rtstn  Zd(FeSO.)9t  AF3HA|
((NH9):S:08) 8 AFE%ITE ols) e A3y e
23 1.9 R

, 0.1 ¢ CoOy MnO . ,

solve in 42 m/ PC

10 mM DAAQ

+ monomer

+ 0.1 M TEAP
+ |0.5M CF,COOH
+ Catalyst FeSO ,

Oxiddant
+ NH s

Sonication {3 h)

Filtration

[ Composite powder |

33 1. MnOs, CoO:¢F DAAQS] &4 9y
Fig. 1. Synthesis of MnO:-DAAQ, Co0,-DAAQ

22 XA (Test) M =x

f9t Zo] AZE MnO;-DAAQ ¥TLS AFE
EA2 ARE3El3, 1:1109] B]&E carbon pastes}
@7 01M H.S0.9) &He} #Y3A H4k8 ANA
. #AE R4S FAAQ carbon paper el
ulg® A 1x1(cm?)9 3272 drop coatingg 3t
AF LA 25T, 2442 A=x38 o AFE Az
st Ay Ed 54e @8yl 98, A
e 4M H:SO0:.8F 1 M KOHE ARgsigx
Ag/AgClE& Reference HAFoz Wi %H&

Counter AFo2 Ap23te] A3 Half Cell2
TS A7) FEHA A3 gY AFES 21
At

3. 23 o uE

3.1 potential &%

YrerEe BSAlol=E DAAQE FYsH
237 YA e Euligty EAAHE d7E ¥
&7} 9le], HEW IpotentialE ZAIHcH
potential & Z} 249 EH AYE Uehe Ao
ZH, 220mVe|u) ol¥, &3] dojutn, 1 ¥
AGelXe £4te] dojye AYS & + e
SAW Yol LASAIej=st ALEE £uldd PC
Ax Z2 AA AHAEHAA AHEE AHAD &
Ao whgoA FUEA FAE AHAAM =Y
& 3ok LFo QM= G} FH o] 7
T, A A7 AR HOE s A
7] W&elt},

E o
0 20 0 20 40 .80 -80 -100 -120 -140 -160 -180

Zeta potential (mV)

oy 2. F% 4389 {potential &3
Fig. 2. Zeta potential of metal oxides

&3 23, MnO«% CoOx 59 B&AREL F
St ol §71 AdME v Adgd
glo] & E4€ & S-S AU

2

32 CoO/DAAQS] 7| aHotal B4
a9 3& 9P d3FE4E& 1M KOH H33
o)A CV(Cyclic voltammograms)& Z&§ #Ho]

L

AslgSlE -100~1100mVe) FIhA FALE
£ 1mV/s2 &3 =718 F49. DAAQS} Co0;
& g4 A= Ede] JHAQY Carbon Paperst
Z=HAQ Carbon Paste®] backgroundo] 7}7&

- 802 -



w2 &3¢ Hith ofAL 4M9 H:S0.9 3

AelX DAAQ7T &4 & 3 ¥ W, DAAQ

7t CoOzll & :Ho] HutE T §4¥ + 3
Aot

carbon paper
»»»»»»»» carbon paste
o~ 2{}{—— Co0,
g’ — ... Co0,/IDAAQ
= /
g /
5 P i e
O ° = i
E\/\//
-1
-200 -100 0 100 200 300 400 500
Potential (mV vs. Ag/Ag”)
(a)
va {1 carbon paper
wad | carbon paste :
w] |—— coo, Pl
~ "1 | —.. Co0,DAAQ P f
o - f
2 - /
< 1 ——— —L
E oo 7=
b m— '
g af——— /
8 T T T -
.4
-10
12
-t4

Potential (mV vs. Ag/Ag”)

(b)
33 3. Co0,-DAAQ A9 AsfA w&.CV
W2} (a0 IM KOH, b 4M H2SO4)

Fig 3. CV curve changes by different electrolyte
(a: IM KOH, b: 4M H:SO4)

2% 45 IM KOH$ 4M H.S0.8] A3 elA

CVE 3% Aot (% (W& ¥EPE 9 IM-

KOH dsldeld 2ok 4M HS0.) BaiaelA
A7 B934 B4 § $5%E & + U olE
FnYL)S Ahst FAL Rolch

3.3 MnOz/DAAQS] =7| =t3tx 54

MnO:-DAAQE o & AF7H 7 e A
A CVE FA3AE MnOt "igFo] FH
3t o AP3e] 54do] gl TIEL2Y &
£o] Ftgsith. 298 44 BXo] MnO:DAAQ

A7) SEez $48 S4E Yehin YUtk

carbon paper
e carbon paste
—— Mno,
— .- MRO,/DAAQ
14 4 :
o /!
10 / I
] N )
R — //:...._ S
S s -
- £ SA———y L <
e o e == :
E 2o =
3 7 - ——
o Y -
10 '
-12 /
14 /

L} 200 400 so0 800 1000

Potential (mV vs. Ag/Ag")

a3 4 MnO/DAAQ A9 CV ¥
Fig. 4 CV curve changes of MnOz-DAAQ
electrode

0 "M/.-,s:g\v...:s.rg.sma.s'..‘f Sat,

40

Discharge Capacity (Ah/g)

»
S

o 20 40 &0 L 100

Cycle Number

33 5 % - ¥4 Cycled @& DAAQ-MnO:d =
o &3 ws

Fig. 5. Capacity changes of DAAQ-MnO: by
charge-discharge cycles

Eg 29 59 ol 09ve FEALG HHA
100 cycle®] & - ¥ &Fo] W¢ +3a A
#ojr},

34 FAST o SEHHMIE HI 5
& 5o

AzE BLAHIESL M HS00M FAE R
wetA power density W3E 47 Y -10~
1100mVel A o gd FAEEd wg A3 g9
AEE BEsGY. A3k Fd9) AY shiftrt 4
oJu=] %3 MnO,-DAAQ AFo] ¢ 5% A
71 833 AL 7HAR 1SS #Usdy. o

- 803 -



¢ Zag FALEd WE §FEHE 1Y 6of
Yehy e,

400
e 10mV/s
0 ceetgomvis | e f
5w LT 1000mVis - /
g - /
< e /
*:: 100 PPt /
e | T i
et o =
= I s
3 Pie e
Q w004/ T
Ry
PT'Y oub
1300 4
0 200 400 L 300 1000
Potential (mV vs. Ag/Ag®)
(a)
400
~~~~~~~~~~~~~~~ }
e !
200 prad ’I
.
'55 // /
< remers
-~ iy M
13 / S
/ -
B | P
3 | -
o U - e 10MV/S
aw{ LT o 100mVis
——- 1000mV/s
400
0 o 0 400 0o 00 1008 1200

Potential (mV vs. Ag/Ag")

(b)
a8 6. FAEEY 1 CV ¥3
(a: CoOr-DAAQ, b MnOz-DAAQ)
Fig. 6. CV curve changes by various scan
rate (a: Co0;-DAAQ, b: MnO:-DAAQ)

a 120
x ¥ .
£ = .
00 | N
<! 3 »Z;MI\O,’DAAQ
.é' & g v ’
g _| obana Ty
€00, i 4
g 80 ~. a - .
. ¢ LR
2 “l Mno, i ‘+
S 7 e e e :
S. zaﬂ' Cow, ® L ] (X ]
(7]
o! 3

-4
8
3
g
s

Scan rate (mV/s)

a3 7. FAEE wE AFEAES] £ vA
Fig. 7. Capacity comparative of electrode

materials by various scan rate
AAH o2 AM HSO A FAMS T war £
22 vlwdy 29 734 o

4.4 B

B dTe FeAEN ASgdnszy ude
Bestn, 47ty $48 My ety 4Fe A
A712 2} hybride AddA d+H3dch s 2L
A7 AFERE £ PN AzY 2YAIES
o] 7129 AZ £ Sue] AL W $59
2% (120Ah/kg)E 7HAE, &) WA=
2% A0 9 BURAYG. B AFE Ux
BgAged Y@ 71zHYd dFolmz, FYYUE
wak opJal, UAYEE WS FAAIN A
A7wsoz zAgojolat & Rojoh,

dAre 2

E d7E duAReIgy 2001d: &A%
A ovA Fekfeord A7 AL(HEHIWE
2001-E-EL03-P-02) ¥ @538 Ade 4 3§
AFAL g FZFTHYS K Naoi ZF
TATe FEAT o FYHAFUT

&u 28

[11 o131 %, #A&F, 24 3E, 952" Supercapacitor
£ CoOx ambigle?] A&HFo] wg Hr|5es
B4, FFA7IAAAREEE 20014z A
&3 =84, Vol 2, No. 2, pp749-752

(21 S. Suematsu and K. Naoi, "Quinone
~introduced oligpmeric  supramolecule for
supercapacitor”, Journal of Power Sources,
Vol. 97-98, pp. 816-818, 2001.

- 804 -



