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ABSTRACT

In this study, continuous microbial fuel cells (MFCs) were operated using non—precious
metal catalysts such as iron(I) phthalocyanine (FePc) and cobalt tetramethoxyphenylporphyrin
(CoTMPP)) as alternative cathode catalysts for platinum. To evaluate MFCs performance,
operational conditions of organic loading rate (OLR) (0.5~3 g COD/L/d) and hydraulic
retention rate (HRT) (0.25~1 day) were changed., Power density of MFCs were determined by
cathode electrode performance, The maximum power density was 3.3 W/m? with platinum at
OLR 3 g COD/L/d. Given each HRTs at 1 g COD/L/d, FePc showed to be a better alternative for
platinum than CoTMPP because the power density of MFC with FePc was similar to that of MFC
with platinum, CoTMPP catalyst, however, showed the lowest power density due to increase of
internal resistance during continuous operation,

Keywords : microbial fuel cell, iron(Il) phthalocyanine, cobalt tetramethoxyphenylporphyrin,
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[Fig 1] Schematic diagram of MFC
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[Fig 2] Power density curves at 0.5 g COD/
L/d (A), 1 g COD/L/d (B), 2 g COD/L/d (C),
and 3 g COD/L/d (D).
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[Fig 3] -V curves at 0.5 g COD/L/d (A), 1
g COD/L/d (B), 2 g COD/L/d (C), and 3 g
COD/L/d (D).
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[Fig 4] The maximum power density (A), and
coulobic efficiency (B), and COD removal
rate (C) at various organic loading rate.
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[Fig 5] Power density curves at HRT 0.25
day (A), HRT 0.5 day (B), and HRT 1 day (C).
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AL Ao 24 HRT 273 ZRARH]
A Hudede, 35 58, COD AAK
< [Fig 71 Ueflilet. CoTMPP-MFCE A
Qstal=, HRT7| 275 Fadeler) 5
7¥ob= A0 ® YEIT o] Fang & (2010)
of ol fYEH ALHNA WRE A
I GARICH? We HRTOIA 9] =8 49 S
= A7|2A] vl ABE (electrochemically active
microorganisms)?] AlAHCTE HhaA
(fermentative bacteria)®] A4S =21A|7]7] o

do

A=

w
s

4

Power density (W/m']
-
«
Coulombic efficiency [*%]

e N & o =

00 05 10 15 00 05 0 I:!
HRT [day] HRT [day]
B)

E
H

. P
v FePc
CoTMPP

COD removal Fate [%]
g 8 2 g8 8

g

os 10 15
HRT [day]
©)

[Fig 7] The maximum power density (A), and
coulobic efficiency (B), and COD removal
rate (C) at various HRTSs,

J. of KORRA, Vol, 23, No.1, 2015



50 £y FEE

woR AHH Y g A8 7 27le)M A
A G A 98- vk COD Al AE8-S HRT 1Y
ol A =7 UERtT 2 ol A= n eI R
A5 W77 fleliA A71E Baksh= ﬁ%‘i—ﬂ& of
Uit st - H4=F AHejshs 7152 Aol Hlas)
7] witoll 2% HRT=HS 192 wekslolnt,

2 AtolA dofdl Ak 7| 2R sto] nAESd
HA79] A&l oJgt e rret #HA &4
2 EES S ke A Has Ao : A
A=

], olo] whet AUl F 2folE Kol
= Ao & YERT

(2) Y& HRTOIAE] 12 9 &t Wiy
0| Ay & _4 MRS a1 o]o]] uwkE ul

Aees) 32 @iowu}
4) f71= Hsf 1g COD/L/d9] =4 4
HRT %70|A] FePcE AMHE3t nAy

i 3 %
R 458 e, QAo A 2
T E01E jAE 4 ol Ak 2R U
e},

T

1 Hg, oL, S, 948, 74, o))
o, A, ol AR 27]4 4k v
Atz gAeE 0 AR A 4, §714

2] ER-3) A23d, AL, 2015

AH18}e]A], 20(1), pp. 41~49. (2012).

. Rozendal, R, A., Hamelers, V. M, H.,

Rabaey, K., Keller, J., and Buisman, C. J,
N., “Towards practical implementation of
bioelectrochemical wastewater treatment”,
Trends Biotechnol,, 26, pp. 450~459,
(2008).

. He, Z.. and Angenent, L.T., “Application

of bacterial biocathodes in microbial fuel
cells”, Electroanalysis, 18, pp. 2009~2015,
(2006).

. Schulenburg, H., Stankov, S.,

Schunemann, V., Radnik, J., Dorbandt,
1., Fiechter, S., Bogdanoff, P., and
Tributsch, H., “Catalysts for the oxygen
reduction from heat—treated iron(III)
tetramethoxyphenylporphyrin chloride:
structure and stability of active sites”,
J. Phys, Chem, B, 107, pp. 9034~9041.,
(2003),

. Cheng, S., Liu, H., and Logan, B. E.,

“Power densities using different cathode
catalysts (Pt and CoTMPP) and polymer
binders (nafion and PTFE) in single
chamber microbial fuel cells”, Environ.
Sci. Technol., 40, pp. 364~369. (2006).

. Zhang, F., Pant, D., and Logan, B, E.,

“Long—term performance of activated
carbon air cathodes with different
diffusion layer porosities in microbial
fuel cells”, Biosens. Bioelectron., 30, pp.
49~55, (2011),

. Zhang, F., Saito, T., Cheng, S., Hickner,

M. A., and Logan, B. E., “Microbial fuel
cell cathodes with poly(dimethylsiloxane)
diffusion layers constructed around
stainless steel mesh current collectors”,
Elctrochem, Commun,, 11, pp.2177~2179,
(2009).



8.

b))

Clauwaert, P., van der Ha, D., Boon, N,

Verbeken, K., Verchaege, M., Rabaey, K.,

and Verstraete, W., “Open air biocathode
enables effective electricity generation
with microbial fuel cells”, Environ, Sci.
Technol,, 41, pp. 7564~7569. (2007).

. Nam, J., Moon, C., Jeong, E., Lee, W,

Shin, H., and Kim, H., “Optimal metal
dose of alternative cathode catalyst
considering organic substances in single
chamber microbial fuel cells”, Envrion.
Eng. Res., 18(3), pp. 145~150. (2013)

10, Zhao, F,, Harnisch, F., Scholz, F.,

11.

Bogdanoff, P, and Herrmann, I,
“Application of pyrolysed iron(Il)
phthalocyanine and CoTMPP based
oxygen reduction catalysts as
cathode materials in microbial fuel

cells”, Elctrochem, Commun., 7, pp.
1405~1410, (2005).

Nam, J,, Kim, H,, Lim, K , and Shin, H.,

“Effects of organic loading rates on the
continuous electricity generation from

o YOI A L2 F A Y 5T

12.

13.

14,

Mo

fermented wastewater using a single—
chamber microbial fuel cell”, Bioresource
Technol,, 101, pp. 533~537, (2010),
Feng, Y., Lee, H., Wang, X, Liu, Y.,
and He, W., “Continuous electricity
generation by a graphite granule
baffled air—cathode microbial fuel
cells”, Bioresource Technol., 101(2). pp.
632~638, (2010).

Kim, B., Park, H., Kim, H,, Kim, G,
Chang, I., and Lee, J., “Enrichment

of microbial community generating
electricity using a fuel—cell type
electrochemical cell”, Appl. Microbiol,
Biotechnol., 63, pp.672~681. (2004).
Moon, H,, Chang, I., and Kim, B,
“Continuous electricity production from
artificial wastewater using a mediator—
less microbial fuel cell:, Bioresource
Technol., 97, pp. 621~627. (2006).

J. of KORRA, Vol, 23, No.1, 2015



