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In order to increase the surface area of electrodes for electrosorption, porous carbon electrodes were fabricated by a wet
phase inversion method. A carbon slurry consisting of a mixture of activated carbon powder (ACP), polyvinylidene fluoride
(PVdF), and N-methyl-2-pyrrolidone (NMP) as a solvent was cast directly on a graphite sheet. The cast film was then im-
mersed in pure water for phase inversion. The physical and electrochemical properties of the electrodes were investigated
using scanning electron microscopy (SEM), porosimetry, and cyclic voltammetry. The SEM images verified that the pores
of various sizes were formed uniformly on the electrode surface. The average pore sizes determined for the electrodes fab-
ricated with various NMP contents ranged from 64.2 to 82.4 nm and the size increased as the NMP content increased. All
of the voltammograms showed a typical behavior of charging and discharging characteristic at the electric double layer. The
electrical capacitance ranged from 3.88 to 5.87 F/em® depending on the NMP contents, and the electrical capacitance in-
creased as the solvent content decreased. The experimental results showed that the solvent content is an important variable
controlling pore size and ultimately the capacitance of the electrode.
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Table 1. Compositions of Carbon Electrode Slurry

ACP (g) PVdF (g) NMP (g) NMP (wt%)
7.0 1.0 11.0 57.9
7.0 1.0 13.0 61.9
7.0 1.0 15.0 65.2
7.0 1.0 17.0 68.0
7.0 1.0 19.0 70.4
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Figure 1. SEM images of porous carbon electrode prepared with vari-
ous NMP contents.
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Figure 2. Pore size distribution of porous carbon electrodes with vari-
ous NMP contents.
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Figure 3. Changes in average pore size and porosity of carbon electro-
des with various NMP contents.

3lar Qlrk. o]23t Avl= SEM #4] Avle} AX|sh= o7
SI(NMP)7} de] oA SE57] Wil Aow 3

Figure 3-> NMP2] ghegle] i 4529 H7]5 e 27
(porosity)= LR Zloltk. NMPY] 8117} 57.9 wi%el 2
B#7)3-9) A7) 64.2 nmOI YA NMP7} 70.4 wi%$) 735 82.4

2 Z718) NMPe] gHeo] S7H8E | we] 27 X*x} =7k
oh L3 7EEE 436 49.5%9] WYl 7Fa7)9 Hl=dt A

% Jeai TS 01%8}01 A7NE2E BadaS Axske 7189 W
WM SRR wEApelY BEEs TR F Lol 5
OI%-BH A7 e T2 AREShaL Sltk olgh 2 o A5

& AxT A5 w@A vlv7) e EA SR TE Adei 9o
ueh Aol w2E SagAEtt A71EF AR 459 &
AgFE Folod dAVE vk 1oy AsEegE o] AA A5

S Ax3 Anp A FWo) 64.2~82.4 nm =7)9) PAIE Y 73S
FANA & 91210114 o|% Fa dade] wEE AT %

PN QS EAT F QGiTh et fr]8we] S 2EFe R
A 7189 A71E Aofate] A= B EHAS - 4 9ls FoT

J. Korean Ind. Eng. Chem., Vol. 19, No. 2, 2008



188 Al - HAE

forward scanning

backward scanning

current density (mAfem?)

-6 T T T T T T T
0.6 -0.5 0.4 0.3 0.2 0.1 0.0 0.1 0.2

potential vs. Ag/AgCl (V)

Figure 4. Cyclic voltammogram of porous carbon electrode fabricated
with 68.0 wt% NMP at a potential scan rate of 1.0 mV/s.
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Figure S. Electrical capacitances of carbon electrodes fabricated with
various NMP contents.
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Figure 6. Electrical capacitance of carbon electrodes with various
NMP contents at 0.2 V (vs. Ag/Ag(Cl).
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Figure 7. Changes in current density with time (electrosorption proc-
ess) at the constant potential of -0.6 V (vs. Ag/AgCl).
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Figure 8. Changes in current density with time (desorption process) at
the constant potential of -0.2 V (vs. Ag/AgCl).
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