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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 40 pm with NaCl powders at weight ratio of 4:1 and prepared a disk type electrode after annealing at various
temperature. After dissolving NaCl in 50°C 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.
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Fig. 1. Particle size distribution of Al powders which filtered from
20 um 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 720°C), (¢) cross section of Al
disk (before annealing), (d) cross section of Al disk (after annealing to 720°C).
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Fig. 4. SEM images of Al disk: (a) cross section of Al disk after
annealing at 670°C for 3 hrs, (b) cross section of Al disk after
annealing at 770°C for 3 hrs, (¢) cross section of Al disk after
annealing at 820°C 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, () 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.

HARre = St

3.3. 0l & (etching)

SFrE ) JTAE Y] B¢ dubgoz A7)3keEQ) o
A APRE ARESI Al foile] BIRWHAS ZTA171AL Qo 9%
S48 Zse] 150V olEi]l A dlhe nFAgE olf
B Gl Aste]l TAYY A ARALL o] ggHen,
£ AdoMe 249t sloluzle AuAE 2ol AXE B
2o slgonz ARAAS AME3l] o)A et =3
Al disk 52 AT oHS 3l F GAl9) HS 3
st A5 &892 T7MATITA ST A N GAZ pit
1E Z7HE A% A4S SNk A= sulfaee o]
hydrochloric acid solution®llA] chloride ©]27 HAHo=z &
Zelele 4EE 7T k. ol#d AAE JIAE sulfates=
) FNAlE ] AR FANA pite] R 712 s B
o] ARBEIL B, B AHoMe 12} oA LMoz pite]
e 8t 1 M9 HCl £33 M9] 3hakgolo] S9ES
AREEIF T 23} ol dAlZE pitd] A4S $18ld 2 M Hal
BHoll 65°CE FABIEA 2zt ARLTN IHL 3R
=3

Fig. 7& A2 T& Z}79] AFETNA 1202 5 12} 9
300 mA/ecm? 180% EoF 23} AL § & o]
A 3 A4S FAIBE 2ot 12} oA A9 50 mA/em?
AFE=A 71 & 838 Yehiiy 2 ool AFdwd)
e 8% 45 BHEd. A EF s0mA/em? 4 o
0358 Qo2 71 wgton o] 2 AFATgME =4 Wil
B AL LG ghS KRBT kA, 231 oY) HRx
2& A3 998k 50 mA/emie R 12057 13} oL &

o

1200 0.6
-e— Capacitance,
- ESR
1000 4 0.5
&
§
T 800}
3 3
8 600 s
ot 7
‘© w
8 400} 02
@
O
200} 4 0.1
0 A L L L a4 0
0 200 400 600 800 1000

Current density (mA/cm?)

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 etching, (c) cross section of
Al disk after the first etching, (d) cross section of Al disk after the second etching.
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