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Abstract — High surface area and high pore volume activated carbon was prepared by KOH activation of rice hull. The elec-
trodes were fabricated by compounding the commercial and rice hull activated carbons with PVdF and PVdF-PVP mixed bind-
ers without addition of conductivity improver. The electrodes fabricated with rice hull activated carbon and PVdF-PVP mixed
binders showed the best performance because the PVP played as a pore-forming agent. The electrode exhibited excellent elec-
trochemical characteristics having 7.9 W - h/kg of energy density, 33.5 F/g of specific capacitafasf, BSR and good effi-
ciency of self discharge compared with that fabricated with commercial activated carbons.
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Table 1. Comparison of EDLC and battery

Capacitor EDLC Battery
Discharge time 16-10%sec 0.3-30sec 0.3-3hrs
Charge time 10-10®sec 0.3-30sec  1.5hrs
Energy density[Wh/kg] <0.1 2-7 10-100
Power density[W/kg] >100,000 <10,000 <1,000
Charge/discharge efficiency >0.95 0.85-0.98 0.7-0.85
Cycle life[Cycles] >500,000 >500,000 <1,000
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Table 2. Surface area of activated carbon without binder, PVdF binder
and PVdF-PVP mixed binder

Binder MJ-25 BP-20 YP-17
External surface areaffg] ~ None 288 67 91
PVdF 179 30 6
PVdF-PVP 326 89 159
Internal surface areafify]  None 2161 1862 1474
PVdF 1190 856 638
PVdF-PVP 1757 1508 966
Tatal surface areafffy] None 2449 1929 1566
PVdF 1370 885 644

PVdF-PVP 2083 1597 1125
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Table 3. ESR, specific capacitance and energy density of EDLC containing activated carbon electrodes with various PVdF bindeteas

PVdF binder
Activated carbon Electric characteristics
3 wt% 4 wt% 5 wt% 6 wt%
YP-17 ESR[Q} 6.9 6.8 6.9 9.9
Specific capacitance[F/g] 5.3 5.6 10.6 5.1
Energy density[Whr/kg] 1.3 1.3 25 1.2
BP-20 ESRQ} 55 4.9 4.7 5.0
Specific capacitance[F/g] 55 8.7 121 10.7
Energy density[Whr/kg] 1.3 21 2.8 25
MJ-25 ESRQ} 4.0 3.8 3.6 5.9
Specific capacitance[F/g] 16.4 18. 24.1 17.€
Energy density[Whr/kg] 3.8 4.3 5.7 4.1

Table 4. ESR, specific capacitance and energy density of EDLC containing activated carbon electrodes with various PVdF-PVP mbieder contents

Activated carbon Electric characteristics

PVdF-PVP Binder

4 wWt% 5 wt% 6 wt%
YP-17 ESRQ} 2.9 2.6 5.7
Specific capacitance[F/g] 133 17.6 145
Energy density[Whr/kg] 31 4.1 34
BP-20 ESRQ} 3.1 2.9 35
Specific capacitance[F/g] 13.9 19.7 14.9
Energy density[Whr/kg] 21 2.8 25
MJ-25 ESRQ} 0.9 0.7 25
Specific capacitance[F/g] 27.3 335 27.8
Energy density[Whr/kg] 6.4 7.9 6.5
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Fig. 8. Specific capacitance vs. potential profiles obtained with MJ-25
carbon electrode made from 95 wt% activated carbon and 5 wt%

mixed PVdF-PVP binder as a function of scan rate.
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Fig. 9. Specific capacitance vs. potential profiles obtained with YP-17, E
20, and MJ-25 carbon electrodes made from 95 wt% activated ce
bon and 5wt% PVdF-PVP mixed binder(scan rate 5 mV/sec).
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