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Abstract: Capacitance of a hybrid capacitor that has characteristics of both electrolyte capacitor and supercapacitor
is determined by anode surface covered with oxide layer. In this study, optimal condition processes for anode to
fabricate a high voltage hybrid capacitor was investigated. We mixed aluminum powder having mean particle size
of 40um with NaCl powders at weight ratio of 4:1 and prepared a disk type electrode after annealing at various
temperature. After dissolving NaCl in %D distilled water, heat treatment, eletropolishing, chemical treatment, and

the first and the second etching of Al disk were conducted. In each process, capacitances and resistances of the
disk measured by ac-impedance analyzer were compared to find its optimum treatment condition. Also, the surface
morphology of treated disks were observed and compared by SEM. After the second etching, the Al disk was anodized
at 365V to make an anode of hybrid supercapacitor that can be operated at 300 V. Capacitance and resistance of
the anodized Al disk electrode was compared with those of commercialized conventional aluminum electrolytic capacitor
at different frequencies.

Key words : Hybrid supercapacitor, Aluminum powder disk electrode, Chemical treatment, Electrochemical etching,
Anodizing

1.M E Wl o] Hgto g Qlate] AFe] A3}, 1883, 15}
3}, g3}, Bt a3 E glor AR FEe] 1%
17543 FHzxo] F77] 7NsiAE FeQl Leyden jart 119k FNHAE] 7ol Alxs]ar ).
ol5Z JIAIE Ve s AEAE VaeR dWde] & 53] BE78IAR) AA) AR B WS e R
oJgith. 53k 2w7|e] EolemA ofdE 1 WhelA tixE of 2x A&} s AHAIE Y T 54E T
supercapacitdr®7} & Z3S 2] AlEA

"E-mail: csjin@kier.re.kr supercapacitée ©Ju| W2g] #MPLoZ 83T, =

)

of
-

& by A o
oo ot 1|1

145



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

kol supercapacitér slo|HE|E A7AFEAEY] HE A9E
oZ AA Zhteld Be dAyide] =)

Supercapaciter 9| A & @ AFHge s Qlete] 1A
o] AMES YEliAE AS HE Aol 3y o= <%
voltage balancd A7} S = AA=| 31 Q). ojeke €
A3l AHAEE B AeHASS M F JAXT AR o R
W B8RS 7Y Aal ARsirE e RiSHews SA1717]
MhME FREE 2 ASANEE AR A=9] HIR
HAS FTMIACE S, @Al GFulE s ANsiAE]
T @9 BAEY S-S =o)7] 8l Rl whks o 0%}
o ARgSkaL Stk 8] Zal AAEE A A5 79

o] vig- ARA == G AeT ol SEE] 9
sl ME TE BAS 7R 5 55 AR X Ko
Ao Huzyn 2 892 2he sfolHE|= ANFAE  (hybrid
capacitory] 7ide] ¥ o] F717F HAet

slolug= FAEE supercapacitét A A S-S SE
slar Asf A AEHES S5 F de A= de
A ot} 10, 317d9tsle] HES fJ3l s FuAlEle] &
& MRS g0 EE Auder & £35S AE
supercapacitél ===8& AHSShs AjAlEielt. slo]He]
A dE 250) AE ddse] Joerng A A
o] &3 &7,

1/C=1C+1/C

7F St

2.1. 420l C|lA3a M2 N=
&2ulF F2H99.99%, High Purity Chemical, 150n sieve
passE 20ume] sieves AME3te] E2] § AMElow, NaCl
T2 4:19] TR ST dAME0 2 AFC] 1 mm
o) &EnlE 4(99.99%, Aldrich Chem& F3E<] ng] 91X
A71aL E4E S B ¥ et AE 25cent] &5
F 2EE o)Foxl tiaE Axsinh

AxH g tam A5E o= #9171 sfllx €A
gatalorn dAg & 50C FH5ollA Nack] dalal3ict.
NaCk] g3ixla] & dxje) 5o wE A=e] g s
ac impedancexg¥ o g RlEct. dxd] ¥ IFulFE U
225 A=-S EtOH :HCIQ, (=4.2:1) E3-8-Hollx 7VE 25
&<t electropolishingZHd-S 3J31%dtth. Native oxide] =A<}
electropolishingZ7goll Al AAG 2kels 2 A= o] 25
E AAZ g3l 55°Ce] 0.4 M HPOolA 318k 7] (chemical
treatmentg st om Ayl AlZtel| ME Z=re] Sw A
< 43t

3ppkAE] 3 fFagHAs F7H717] Slete d71sskAel
WHo R oFs 7 TARE yrolx it it Bx9 =
7Fe SlEA 3Me] Skt 1 Me] dgt EgRe-dlollx 77} 10,
50, 100, 300, 500, 1000 mA/GH AFHLEZE 1208 B2 1
2} o AS da Al 2 M kg oA HFUE} 259} 9

A NS HIATEA 27} S S - olue] S5} Ag
S 243l HFe oA AFUEE ZuA sk
22} oAE AR Al disk AL F=A13) Al7)7] Al

o)

100°Ce] EoA 53t A E st em Aol 300Vvel 4k
=58 W=7] $I8iA 0.5M boric acid(HBO;, Junsei chemical)
9} 0.05M sodium tetraborate decahydrate ,BN&; - 10H,0,
Junsei chemica®) E3HEolA 70°CE FX3FHA4 30 mA/cnt
o] HFEEeA 365 Ve 287 B9t AANT I YAk
£ At

Ao 2 o]#A F=AkskAE] Al disk A5S dHOo
2 3ol §50=2s GEAHTS AMREoEN SlolhE=
NAEE Azt om A 23 Fgox] S4E AlsidTr]
FE A7) AsiA 350 V2 302 F9F ollo]H E&Ad) A
B =

U F FAPAET= particle analyzer(Mastersizer 2000,
Malvern Instruments A8l =319 o Zhzke] Ao
el Al disk 59| 837} #32 ac impedance analyzer
(IM6, Zhaner Elektrid} LCR meter (3522-50 LCR HITESTER,
HIOKI E. E. Corporation® AM&3le] Z33tact. 215 ¥4
REZAE SEM (XL30, Philips)Alzlo = gelsigitt.

)
g "l o Ao & AES Sskr] Sl F8skE s
HAEE Haljels ARSIl e d=Akst o] M= &)
A& SF9 1000 @l ammonium pentaborate 88&g&3SE
HHES ARSI Feldeg2e vide) Helus AMESIATh
S2ke. 120 H2 A ac impedancé o & &331g o e
1 kHz2IA S7g3i5dnt. a2e] Falepe]] we 87ke oo 2
< ac impedancediPHo 2 5l

C(F) = -1/(2*0FZ")

o714, f: Frequency (Hz), Z': Imaginary component of
impedance @Q)°]c}.

_T]_il-

3. &x =

=]

3.1. Al 223 NaCl
2| X3}

Fig. 1> ARRE Al Bure] 9w =17] B¥E Yl Aot}
Fig. 114 B ukel o] o] Yak=7le 10pmolA
100umAteloflAl skl ™ it YA 40ume)
< % o

Fig. 2= @xg] 23 S8 & AR F &3iAg] $9
¥} gl HeiE HolFEr) ARKolr B uie} o] A=
o] NaCp| FFolixle] 83l Aelsha Ao AAES &
& 4 qdolom &8 AeldnE A% w8 Uiyl 2 F1t
o] YoM o= st AF A&$t A JAHE &
HE 7 F e

Fig. 32 ZiZke] g #917] &% wWE& Al disk A=<]
B} M-S A TRloltt. Zte] dAEdle M7PER
a5 (0)E I 258 Wihe & 720CE S wo

aro| =8l Al disk H39| xi2|

HI

m\j

e

-



=2 718l8ke]A], A 6 @, A 2%, 2003 147

olume (%)
I:.ﬂ--l-r\-\.'ﬁ--m.h. mmwﬁ:-u:la
T —T

= - i 4
a1 (il | 1 10 103 1000 1000
Particle siEeium)

Fig. 1. Particle size distribution of Al powders which filtered from
20um sieve.
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Fig. 3. Capacitance and resistance of Al disk electrode at various
annealing temperature for 3 hrs.
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Fig. 2. SEM images of Al disk: (a) surface of Al disk (before annealing), (b) surface of Al disk (after annealing to %] (c) cross section of Al
disk (before annealing), (d) cross section of Al disk (after annealing to 7Z5).
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Fig. 4. SEM images of Al disk: (a) cross section of Al disk after
annealing at 670C for 3 hrs, (b) cross section of Al disk after
annealing at 776C for 3 hrs, (c) cross section of Al disk after
annealing at 820C for 3 hrs.
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Fig. 5. SEM images of Al disk: (a) surface of Al disk after
dissolution treatment of NaCl, (b) surface of Al disk after
electropolishing treatment, (c) surface of Al disk after chemical
treatment.
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Fig. 6. Capacitance and resistance of Al disk after chemical
treatment (a) without electropolishing (b) with electropolishing
treatment at various chemical treatment time.
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Fig. 7. Capacitance and resistance of Al disk at various current
densities in the first etching time.
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Fig. 8. SEM images of Al disk: (a) surface of Al disk after the first etching, (b) surface of Al disk after the second etchilig), cross section of
Al disk after the first etching, (d) cross section of Al disk after the second etching.
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supercapcitor with anodized Al disk electrode and commercialized
Al electrolytic capacitor.
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