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Electricity generation from surface floating air cathode microbial fuel cell according to

the wastewater flow-rate and the ratio of cathode surface area to anode surface area
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Abstract
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Surface floating air cathode microbial fuel cell (MFC) having horizontal flow was developed for the application of MFC technology.

RVC (Reticulated vitreous carbon) coated with anyline was used as anode electrode and carbon cloth coated with Pt (5.0 g Pt/m?,

GDE LT250EW, E-TEK) was used as cathode electrode. As results of continuous operation with changing the flow rate from 4.3

mL/min to 9.5 mL/min, maximum power density of 4.5 W/m® was acquired at 5.4 mL/min, which was at 0.35 m/hr of flow velocity

under anode electrode. When the ratio of cathode surface area to anode surface area(A./A;) was changed to 1.0, 0.5, and 0.25,

the maximum power density of 2.7 W/m® was shown at the ratio of 1.0. As the ratio decreased from 1.0 to 0.25, the power

density also decreased, which is caused by increasing the internal resistance resulted from reducing the surface area to contact

with oxygen. Actually, internal resistances of the ratio of 1.0, 0.5, and 0.25 were 63.7582, 142.18%, and 206.128, respectively.
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Table 1. Composition of artificial wastewater

Component Content
Glucose (g/L) 0.56
NH4CI (g/L) 0.20
KCl (glL) 0.33
NaHCO3 (g/L) 10.0
Mineral (mL) 1.00
Vitamin (mL) 125
K2HPO4 (g/L) 1.26
KH2PO4 (g/L) 0.42
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(a) MFC system (B: MFC reactor, C: Effluent
port, D: Wastewate flow channel, E: Anode,
F: Cathode, G: Separator, H: Influent port, I:
Baffle, J: External resistance, K: Electrical

wire )

(c) Separator between anode and cathode

(b)Stacked MFC system

(d) Graphite ribbon for current collector

Fig. 1. Surface floating air cathode microbial fuel cell having horizontal flow.
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Fig. 2. Power production according to flow rate
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Fig. 3. Coulombic Efficiencis according to flow rate
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Table 2. The total internal resistances calculated from the slope of polarization curve.

Ratio of Cathode to Anode Slope Area of Cathode (m?) Rint (Q)
1.0 -3.57 0.056 63.75
0.5 -3.98 0.028 142.18
0.25 -2.89 0.014 206.12
4. 82 B

0.8

3.0

0.7 R

uAEATAR ] A 284 s a3
(A) Ac/Aa=1 .

3
F MEC A28 o] §3}of

[e]
Ffrst AT mEA ) 9Pl B ABE 595t
v

125
06

120
051

04l —&— Potential 115
—A— Power Density

03F

Potential (V)

02 Slope=

Power Density (W/m3)

i1t
il
Y i
(@)
>
[
jutit}
2
>,
)
)
1=
bt
v
s Jo
ol
o &
o
k3
ru

4
)

105
0.1F

—
£ o
S
8, e
1o, i,

o

do

2

x

o

A

ed

o

w

o

=)

0,

0.0 - - 0.0
0.0 0.1 0.2 03 04

Current Density (A/m2)

B dle
o Il
o,
=

0.8

N o N

25

=L olo

S7FekHA 4
120 AH|= 1.0, 0.5, 0.252 W3 uf yE-Ag 7
63.759, 142.182, 206.120°.% Z7klgom 7 =7
oAl A= HAEU T 2.70W/m’, 2.03W/m’,
1.32W/m’ 0.2 yepsith

07 (B) Ac/Aa=0.5

2% o
=)
gl
o
N
[N
ol
T
S,
o
!
T
u)
v
e
oy
N Al
r2

0.6 [

05

L
L

04

Potential (V)

—&— Potential 110
—A— Power Density

03|

02

Power Density (W/m3)

#Ae 2
105
01F

# A7 eluA71eE7 L (KETEP) & 91H] A

20 y 02 o o1 o5 el 2J3) SAH AL FRE: 20093020090030).
Current Density (A/m2) oo 7A=Yt

0.7

06t (C) Ac/Aa=0.25 125
[Ny

05
A, DA (2009)  “AEL St 7]E2A L vAEA
EAA | deEAEErEA], 31 (8), pp. 575—584.
Aelterman, P., Rabaey, K., Pham, T.H., Boon, N., Verstraete,

04

03r —a&— Potential

—=a— Power Density |

Potential (V)

02} W. (2006) “Continuous electricity generation at high

E voltages and currents using stacked microbial fuel
01

Power Density (W/m3)

cells.” Environ. Sci. Tech., Vol. 48, pp 3388—3394.
00 0.1 02 03 An, J., Kim, D., Chun, Y., Lee, S., Ng, ILY., Chang, 1.S. (2009)
“Floating—type microbial fuel cell (FT-MFC) for

Fig. 4. Polarization curve showing the effects of the ratio of treati o —contaminated water”  Envi Sei
cathode surface area to anode surface area. reating orgamc—contammnated water. vIron. el

595——



Journal of Korean Society of Water and Wastewater
Vol.25, No.4, pp.591-596, August, 2011

EHES 27|23 ol SARARN S 2
Al

Hulof wE ML £

L

>
Bl
2 g

——] 59

Technol., Vol. 43, pp. 1642—1647.

APHA, AWWA, WEF, Standard methods for the examination
of water and wastewater, 18th ed., Greenberg, A. E.,
Clesceri, L. S. and Eaton, A. D.(Eds.), pp. 5—6~5—7,
1992.

Haji, S. (2011) "Analytical modeling of PEM fuel cell i—V
curve." Renewable Energy, Vol. 36, pp. 451—458.

He, Z., Minteer, S.D., Angenent, L.T. (2005)
Generation from Artificial Wastewater Using an Upflow
Microbial Fuel Cell.” Environ. Sci. Tech. Vol. 39, pp.

“Electricity

5262—5267.
Keller, J., Rabaey, K. (2008) “Experiences from MFC pilot
plant operation: How to get the technology

market—ready?” The 1st international symposium on
Microbial fuel cell. May 27—29, Penn. State Univ. USA.
Li, Z., Yao, L., Kong, L. Liu, H. (2008)
generation using a baffled MFC convenient for

Technol., Vol. 99, pp.

“Electricity

stacking.”  Bioresource
1650—1655.

Logan (2007) "Microbial fuel cells," Wiley—Interscience,
p. 49.

Logan, B. E., Hamelers, B., Rozendal, R., Schroder, U.,

Keller, J., Freguia, S., Aelterman, P., Verstraete, W.,
Rabaey, K. (2006) "Microbial fuel cells : methodology
and technology,"
Technology, Vol. 40, pp. 5181~5192.

K., Boon, N., Siciliano, S.D., Verhaege, M.,
(2004)  “Biofuel cells select for
consortia that
Appl.

Environmental  Science  and
Rabaey,

Verstraete, W.
self—mediate electron

Vol.70, pp.

microbial
transfer.”
5373—5382.

Rabaey, K., Clauwaert, P., Aelterman, P., Verstraete, W.
(2005)
electricity generation." Environmental Science and
Technology, Vol. 39, pp. 8077~8082.

Rabaey, K., Verstraete, W. (2005) "Microbial fuel cells:

Trends

Environ. Microbiol.,

"Tubular microbial fuel cells for efficient

technology for energy generation."
Biotechnology, Vol. 23, pp. 291—298.

Ringeisen, B.R., Henderson, E., Wu, P.K,, Pietron, J., Ray, R.,
Little, B., Biffinger, J.C., Jones—Meehan, J.M. (2006)

"High power density from a miniature MFC using

novel

Shewanella oneidensis DSP10." Environ. Science and
Technology, Vol. 40, pp. 2629—2634.



