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Electricity Generation and Microbial Community variation in Microbial Fuel Cell
with various Electrode Combinations.
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ABSTRACT : The electrode material is one of the key factors affecting the power production of microbial fuel cell. In this study,
effects of carbon electrode material, thickness and configuration on the power density, biofilm formation and microbial community
diversity of microbial fuel cell were investigated. To optimize the anode-cathode electrode assembly, seven lab-scale reactors which
had various carbon electrode constructions were operated in continuous mode. Under the steady state condition, the electrode
combination of graphite felt (6 mm) with hole showed the highest cell voltage of 238 mV and the coulombic efficiency of 37%. As
a result of SEM analysis, the bacteria growing on surface of knitted type of carbon cloth and graphite felt electrode increased
significantly. The change of dominant species between seeding sludge and biofilm on the surface of anode electrode, microbial
analysis with PCR-DGGE showed that the dominant species of seeding sludge are quite different from those of biofilm on the
surface of each anode electrode. Especially Geobacter sp., a well known electrochemical bacteria, was found as the dominant

species of the electrode combination with graphite felt.

Key words : Microbial fuel cell, Carbon electrode, Electricity production, Microbial-analysis
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Fig. 1. Schematic diagram of MFC reactor.
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| g/)E AHESIT 7]e 9oF ARe 24e e 2
(KH2PO4 6.2 g/L, KeHPO4 10.0 g/L, NaHCO3 2.0 g/L,
NagSO4 2.0 g/L, NH4Cl 0.5 g/L, MgSO4 - TH20 0.2
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Qo] 089 ()9 mL/minl& 3t 7| 8e s, &9
+718 F3l= 3.0 kg COD/m3 - day= AT I
A AR - 8A 2= 85 AAE Ao $37]
£ &l Y™ Akggo] o|FojAA shoich. e A5
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o] #ol= ZHdAMF(graphite fiber), Y55 Fefo] gha
-(plain type carbon cloth, GC-14, Electrolytica co.
nc., U.S.A), YUEFHY &4 F(knitted type carbon
cloth, GC-12, Electrolytica co. Inc., U.S.A), 3 mm F7|
o] ZAHE (graphite felt, GF-S6-03, Electrolytica co.
Inc., U.S.A)E o]&3lo] 4714 =23HRx.1, Rx.2, Rx.3,
Rx.4)& 74 & Z47t9] "AZ 45 cm?2OE 5YUsHA 3o
d71ststa 54 94 a8 B 7bskith(Table 1
(Experiment 1)).
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Table 1. Combination of Anode and cathode electrode using various carbon electrode

Reactor Anode electrode Cathode electrode

Experiment | Rx1. Graphite fiber Graphite felt (3 mm thickness)

Rx2. Carbon cloth (Plain) Carbon cloth (Plain)

Rx3. Carbon cloth (knitted) Carbon cloth (knitted)

Rx4. Graphite felt (3 mm thickness) Graphite felt (3 mm thickness)
Experiment I Rx5. Graphite felt (6 mm thickness) with hole Graphite felt (6 mm thickness) with hole

Rx6. Graphite felt (3 mm thickness) Graphite felt (3 mm thickness)

RX7. Graphite felt (6 mm thickness) Graphite felt (6 mm thickness)
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polymerase(Tag 16 R500, SolGent Co., Korea) 0.125 ul
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a4 AH-S AA] 3 DGGE(Denaturing Gradient
Gel Electrophoresis) H1& £323]4-& 98] GC-Clamps
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Table 2. PCR conditions used in this study
primer sequencr(5' to 3) target
EUB 340F CCT ACG GGA GGC AGC AG (17mer) Eubacteria
EUB 518R ATT ACC GCG GCT GCT GG (17mer) (V3 region)

* GC-clampCCG CCG CGC GGC GGG CGG GGC GGG GGC ACG GGG
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3.1. BANSEE0 M2 4 M58} i
3.1.1. M7|wMZ RXE, iUz HIt
471¢] A& ARHAE SCOD 5= 700 mg/L b}
acetateE 7|AZ o]43}9 0.2 mL/min(F3F& 2.97 kg "E
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£ B7ksk3i %
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Fig. 4. SCOD removal efficiency and Columbic efficiency in

combination of carbon electrode materials.
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Fig. 5. Cell voltage and Maximum power density in
combination of various graphite felt construction.
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A=E HolEth Fig. 5914 Rx.59] B+ A7|dAY=ko] 238
mVo|il Rx.6°] 228 mV, Rx.7¢] 160 mVZ4 ¢o] 4714

A== Rx.57F 62.2 W/m3, Rx.6 38.1 W/m3 Rx.7
27.6 W/m3o.2 Rx 59 Hdf AgU=rt 7MY} =52 & 4
Uit

Table 3 2¥ 7} 239 WHE A I3 Aot
(Open circuit voltage)& & 4= 9=t Rx.57} WH-AZ o]
15.2 @, Rx.6 30.9 @, Rx.7 39.3 Q 224 Rx.52] ¥4

=]
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o] 7h4 oo oF 2 gjolth o] @3] g Aeto] 0,52
~0.57 V Afolef itk & HEE w) 2 A8 Aol

S 20 Wl wel WA 4 az% et s
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Table 3. Internal resistance and open circuit voltage in
combination of various graphite felt construction

Rx5 Rx6 Rx7
Internal resistance [Q] 15.2 30.9 39.3
Open circuit voltage [mV] 510 530 570
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Fig. 7. SEM image of (a) new graphite fiber (X15.0K), (b) new carbon cloth (plain) (X1.0K), (c) new carbon cloth (knitted) (X
10.0K), (d) new graphite felt (X6.0K), (e) bacteria growing on the anode graphite fiber surface, (X3.0K) (f) bacteria
growing on the anode carbon cloth (plain) surface, (X3.0K) (g) bacteria growing on the anode carbon cloth (knitted)
surface, (X5.0K) (h) bacteria growing on the anode graphite felt surface (X 3.0K).
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Table 4. Sequences of extracted DGGE band profiles
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DGGE band Accession No. Sequence name Phylum(class) similarity
A AE017180 Geobacter sulfurreducens Deltaproteobacteria 98%
B GQ214399 Achromobacter Betaproteobacteria 99%
C GU113083 Acinetobacter Gammaproteobacteria 100%
D AY827868 Dysgonomonas Bacteroidetes 92%
E FJ168484 Alkaliflexus Bacteroidetes 93%
F EU370954 Sphingobacteriaceae bacterium Bacteroidetes 95%
G EF158388 Azoarcus Betaproteobacteria 100%
| AJ224415 Cytophaga Bacteroidetes 94%
J EU260175 Acinetobacter Gammaproteobacteria 100%
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