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Abstract — New type of supercapacitor using high surface area activated carbons mixed with high conductivity poly-
pyrrole (Ppy) has been prepared in order to achieve low impedance and high energy density. Mixed carbons of BP-20
and MSP-20 were used as the active electrode material, and polypyrrole doped with 2-naphthalenesulfonic acid (2-NSA)
and carbon black (Super P) as conducting agents were added to activated carbons in order to enhance good electric con-
ductivity. Electrodes prepared with the activated electrode materials and the conducting agents were added to a solution
of organic binder [P(VdF-co-HFP) / NMP]. The ratio of optimum electrode composition was 78 : 17 : 5 wt. % of (MSP-
20 : BP-20=1 : 1), (Super P : Ppy=10 : 7) and P(VdF-co-HFP) respectively. The performance of unit cell with addition
of 7 wt% Ppy have shown specific capacitance of 28.02 F/g, DC-ESR of 1.34 0 AC-ESR of 0.36 €, specific energy of
19.87 Wh/kg and specific power of 9.77 kW/kg. With addition of Ppy, quick charge-discharge of unit cell was possible
because of low ESR, low charge transfer resistance and quick reaction rate. And good stability up to 500 charge-
discharge cycles were retained about 80% of their original capacity. It was concluded that the specific capacitance originated
highly from compound phenomena of the pseudocapacitance by oxidation-reduction of polypyrrole and the nonfaradaic
capacitance by adsorption-desorption of activated carbons.
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Fig. 1. Manufacturing procedure of electrode sheet.
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Fig. 2. FT-IR spectrum of chemically synthesized polypyrrole doped
with 2-naphthalenesulfonic acid.
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Fig. 3. Effect of contents of P(VdF-co-HFP) binder on specific capac-
itance and DC-ESR characteristics of bare carbon electrode(BCE).
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Table 1. Effect of P(VdF-co-HFP) contents on energy density and power

density of BCE
P(VdF-co-HFP) Energy density Power density
[wt%s] [W-hr/kg] [W/kg]
5 13.91 5.69
6 13.23 5.07
7 12.73 5.07
8 12.40 5.07
10 12.09 4.15
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Fig. 4. Effect of addition of polypyrrole on discharge curves of poly-
mer/carbon electrode(PCE).
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Fig. 6. Specific capacitance and DC-ESR characteristics of PCEs with
7 wt% Ppy and BCEs with 5 wt% P(VdF-co-HFP) during
galvanostatic cycling.
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Table 2. Effect of polypyrrole contents on energy density and power

density of PCE
Polypyrrole Energy density Power density
[wt%] [W-hr/kg| [W/kg]
5 15.40 5.41
6 18.19 8.13
7 19.87 9.77
8 14.57 5.81
10 12.42 3.84
8
—— PCE 10m\Vis
PCE 20mVis
6 1 — — PcE 30mvis
— PCE 40mVis
4 | — PCEsomvis
— - BCE 10mVis

Specific capacitance [chmz]

Potential [V]
Fig. 8. Effect of scan rate on specific capacitance of PCEs BCE.
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