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Evaluation of power density in microbial fuel cells using expanded
graphite/carbon nanotube (CNT) composite cathode and CNT anode
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Abstract : Electrochemical redox capacity of a microbial fuel cell (MFC) electrode is an important factor in the power density.
This study was conducted to investigate the redox capacity of surface modified anode and cathode electrodes by measuring
their conductivities, An anode electrode was modified with nitric acid and a cathode electrode was modified with heat treatment,
The anode electrode modified with 20 % of the nitric acid concentration showed the highest conductivity of 6.2 «S/cm/g and the
maximum power density of 306.0 mW/m? when used in a MFC_ The cathode electrode modified at 472 ‘¢ for 18 min showed the
highest conductivity of 5.2 «S5/cm/g and the maximum power density of 276.2 m\W/m? when used in a MFC, On the other hand,
an MFC using both the electrodes showed the highest maximum power density of 408 2 mW/m?, Meanwhile, a control MFC
without modified electrodes generated very small voltage (0,014 mV), so the power density could not be measured,
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Fig. 1. Configuration of Reactor
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Table 1, Characteristics of seed sludge

Parameter Unit Value
pH 6.9
TCOD," g/L 39.5
SCop_? g/L 2.1
vs? g/L 6.8
VSs? /L 4.9

1) TCOD(Total Chemical Oxygen Demand)
2) SCOD(Soluble Chemical Oxygen Demand)
3) VS(Volatile Solids)

4) VSS(Volatile Suspended Solids)

Table 2, Characteristics of synthetic wastewater

Parameter Unit Value
CH,COONa g/L 2.5
NH,Cl g/L 0.2
KCl g/L 0.3
NaHCO, g/L 16.8
K,HPO, g/L 1.3
KH,PO, g/L 0.4
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Fig. 2. Conductivity of anode electrodes on nitric acid concen-
tration
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Table 3, Experimental design on central composite design and
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X X, X, temp. | X! temp. (us/cm. g)
temp. temp. (c) (min)
1 0 0 470 20 5.8
2 1 1 450 30 3.3
3 0 2 470 0 3.8
4 2 0 430 20 2.6
5 1 1 490 10 4.8
6 0 2 470 40 2.8
7 1 1 490 30 3.5
8 2 0 510 20 3.3
9 -1 -1 450 10 4.6
10 0 0 470 20 5.3
11 0 0 470 20 4.6
Conductlwty
E
=
2

T T T
10 E 000 0.50 100

A: Temperature

Fig. 3. 2D contour plot - Effect of temperature and time on con-

ductivity
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Table 4, Analysis of variance for a quadratic response surface
model
Source :’;&Zi DF j\(/llsjfc F-Value | Prob) F
Model 9.27 5 1.85 7.55 0.0223
X, 0.23 1 0.23 0.93 0.3796
X, 1.73 1 1.73 7.05 0.0452
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X_;’ 4.20 1 4.20 17.10 0.0090
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Fig. 4. XPS whole spectra of the nitric acid treated(20 %) anode
electrode

Table 5, Elemental content(%) of the carbon nanotubes with
different nitric acid treatment conditions based on the

XPS analysis
Elements No pretreatment 20 % 40 % 50 %
Cls 97.846 95.498 | 96.76 | 95.399
Ols 2.153 4,502 3.240 4.350
Ols/Cls 0.022 0.047 0.033 | 0.046
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g. 5. XPS whole spectra of the heat treated (470 ‘¢, 20 min)
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Table 6. Elemental content(%) of the carbon nanotubes with different heat treatment conditions based on the XPS analysis

Elements No pretreatment | 430 C,20min | 510 C,20min | 470 C,20min | 450 C,10min | 450 C, 30 min
Cls 97.846 97.926 97.385 95.416 96.609 96.814
Ols 2.153 2.075 2.615 4,584 3.391 3.186
Ols/Cls 0,022 0,021 0,027 0.048 0.035 0.033
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