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ABSTRACT

Characteristics of Electricity Generation and

Wastewater Treatment by Microbial Fuel Cell

Sung-Wook Lee
Advisor : Prof. Sun-11 Kim, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Microbial fuel cell (MFC), the process of the energy generation through
a Wwastewater treatment, is the new bio-reactor for generating the
electricity. A various species of microorganisms serves as bio-catalysts
and energy source. The structure of the reactor are numerous but it is
better likely to enlarge the size. the size. Currently, MFC has been
considered as an attractive future option for the treatment of wastes and
the generation of bio—energy from these wastes.

In this research, experiments and theories have been introduced in order
to find an optimized operating condition and to increase the electricity
productivity of MFC. The characteristics of electricity generation and the
wastewater treatment of MEFC are analyzed in the treatment process with
real wastewater.

First, the characteristics of electricity generation and wastewater
treatment were examined according to the kinds of the substrate injected
into the microbial fuel cell, the operating temperature and pH of a reactor.
The increase of substrate concentration directly correlated with the
increase in the amount of energy generated. The optimized operating
condition of MFC was 35 C and the pH was 7.

Second, the density of oxygen and acetate that are carried through an



exchange membrane (Nafion 117, Dupont Co, Delaware) was measured for
calculating the mass balance of MFC through estimating the mass
transfer coefficients and diffusivity. The electric of MFC was researched
through calculating the Coulombic balance based on the those data, while
MFC was operated.

Finally, the electric energy generated in the process of wastewater
treatment was measured by applying the real domestic sewage and dairy
wastewater to the MFC. After operating MFC, a chemical oxygen demand
(COD) of domestic sewage and dairy wastewater decreased over 75% and
a biochemical oxygen demand (BOD) was nearly 80%. Total suspended
sludge decreased by 45%. And the amount of ammonia nitrogen fall from
40% to 50%. The electric characteristics generated in the process of
wastewater treatment, the maximum voltage was 054 V (dairy
wastewater) and 0.42 V (domestic sewage). The Coulombic efficiency was

62.4% (dairy wastewater) and 52.3% (domestic sewage).
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Figure 1. The schematic diagram of fuel cell.
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Figure 2. The schematic diagram of MFC.
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Figure 3. Three different mechanisms of extracellular electron transfer.



Y TR HAEAREAYE QAT diFom nAdEe] HAE Abshd
A F F7F7F v A
AR AA= 1960 2HH A7) AFEAD vESFo] mediatorg ¥
E2H5H9 AAZ} anodez® o] HEE 3 -9 mediator-coupled Y
AEAgAXTG FErh mediator®+ thionine, neutral red, azure A,
Fe(IIDEDTA, Neutral red, Methylene blue 5©] ©]&%W °] mediator’} &9,
AbetE Al AAF7F anode® HEE TR 0] # 8 mediator YF- HAJo] Al ¢
& kg Fol Al AR Swo] meFolof Y Ty Ho] oW
v AEEL mediator®] o flolx HAEo] FU]EE walshdA AKX dat
& AA anode® A F dgol FAHAUTE ©]F mediator-less ¥ A=A
23448 g duron wARe A7 FAA(MIHE, FRALA
SIE Halste] dolxl AAE AR FEAGEE, A A )R dde)
AqUAE detth AA FoAlE Jdovt dubAl dap #8471 gl &

% the 14

.

+

o
)

o

X

213l mediator-less V] A& A %4 A= mediator
A7 §lal AAA S8 THA7E o HE B’
91t} mediator-less P A EAZ A= 9] anodee] H-2Eo] 9= 7

al
AEES F7 AL SYsts vAEZA Shewanella, Geobacteraceae % %

N

mediator-less " AAEAZHAA oA wAEZHEEH 2 A7} carbon
electrode (anode)® ¥+ 7|22 Figure 33 #o| 37}A| =2 Hai¥ il Qo)
A HAE, s B2 rAEEY o Alxwed e AVHem wgAd
o] S+ cytochrome c¢& SalAl AA7}F Abshd =02 ddo] Hrha HA1EG]
Y F AR, 9@ o] od MAYREL VYR AAHT wAAE w0
AAE AT on Agdvin naHa Ao wpH e, viggo] o
A, g E¥ dA FAAE FHoh dA FEAVE fle 2ddA,
HAEZo] MR} 58 4 UE nano-wireE THEo] A 2FEod A (carbon, Fe'

2
5)E 23 nano-wireE F8lo] AAr} dgdcia o] wEE o



w| A & =
Bo, WA Aol AAE Fi SR Pl e AW Faole
B4, AARYH 2l ALHE 4 eln FAATRAA Ahsw
% 5ol 9tk web WAEARAAE oA HeE 2 3371

&
e AREEE 71E, AR SR, A5 FF 3 22 JAE
St A=A mdA o RS WA 2

MAEARAAZ A A= o
1BEARAA7ZE 7714 A58 Adshdr] A718 AN 5+ e &
Zd = e olfol7l® etk frlEdd dF Ao oE TR v
A 183te] oJe] T/ FUIES HAVIE v A7 18
] At} glucose, lactate, pyruvate, formate, benzoate, acetate®} hydrogen 5
o] M} FAAE AFHJT. L L HF B HUIES ol &% B UHA A
78 Ak ol#3  AFE Shewanelln  putrefaciens,  (Geobacter
sulfurreducens, Rhodoferax ferrireducens 59 @ v QYEL o]&3 oAF

dolm EF WAZES o§F A7} Stk AFOoR sol: Ani Fx

—

-0,
rir
=

1 S
@,
b
3,
2
il
[e]

graphite rods, carbon cloth, carbon paper ¥ woven graphite felt 5| ©]-&
ol AT AT

HAAN7HA B EABEAX S R o] &el7]oE ¥ Wiyl vro}
24A Wil wAIE AFESAY A= =

°l
ojfFoix|aL glrh. el At F HlEgd FEae COD7F =& A5
€

ATE
574 AESE A 52 olg% A4 A Hast'?



Table 1.

Summary of Characteristics of Various MFC

Microorganism Substrate Anode (n?%gz) Reference
e nela lactate B 0.19 11
suggﬁz%%ins acetate graphite 13 6
odlers e PR m g
Mixed culture glucose carbon paper 494 12
WI;/?;e(iu?tel?re acetate graphite 10 13
Mixed culture acetate carbon paper 40 7
Mixed culture acetate carbon paper 168 14
Wlfti;egufgfm sulfide/acetate  graphite 32 15
Mixed culture acetate graphite - 16
Mixed culture glucose graphite 3600 17
Mixed culture wastewater(food) carbon paper 371 18
Mixed culture wastewater(swine) carbon paper 225 19
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L Air blower

=1 |
L stirrer

PEM (proton exchange membrane)

Anode cathode

Figure 4. Experimental set-up of microbial fuel cell used in this study.

_17_



Table 2. Composition of the Basal and Mineral Salt Media

Reagent or solution composition(g/L)

) NaCl(40), NH4C1(50), KCI1(95), KH-PO4(5),
Basal medium
MgCl. - 6H20(5), CaCls, - 2H.0(5)
FeCl - 4H-0(1), MnCl; - 4H-0(1), H3B0s(0.12),

mineral salt medium
CoCl: - 6H:0(0.2),

Table 3. Composition of Feeding Solution

Reagent or solution Composition(g/L)
pH buffer KH2PO4(4.79), KeHPO4(3.37)
Alkalinity NaHCOs(3.13)
basal medium 1 mL
mineral salt medium 5 mL

_18_



Feed solution

Mixture

Sparged with nitrogen gas to
Femove DO, Volume: 300 mL
4

Anode chamber Cathode chamber

I @ Nafion™ 117, Dupont Co., Delaware I

@ Inoculated using anaerobic sludge (0.5g/cm3)

@ Cathode : graphite felt
@ Anode : graphite felt *The cathode contained a Pt catalyst (0.35mg/cm?2)

@ Continuously aerated to maintain saturated
DO conditions

Figure 5. The operation condition of MFC used in this study.
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100, 200, 300, 400 mg/LE W3} A 7|WHA Fhstar Abshd=
&)

100 Q A&l ddste] TAE= Hdeks FH6

Table 63 -t}

Table 4. Operation Condition for the Effect of Temperature on MFC's

Performance
Condition
Temperature (TC) 15 25 35 45
pH 7
Substrate Acetate
Concentration (mg/L) 150
Working volume (cm®) 300
Anode surface area (cm®) 32

Table 5. Operation Condition for the Effect of pH on MFC’s Performance

Condition
pH 4 6 7 3 10
Temperature (TC) 25 (Ambient temperature)
Substrate Acetate
Concentartion (mg/L) 150
Working volume (cm®) 300
Anode surface area (cm’) 3.2

Table 6. Operation Condition for the Effect of Acetate Concentration on

MEFC’s Performance
Item Condition
Concentration(mg/L.) 100 200 300
pH 7
Substrate Acetate
Temperature (TC) 25
Working volume (cm®) 300
Anode surface area (cm®) 32
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anode: CHsCOO™ + 2H-0 — 2C0O, + 7TH  + 8¢~
cathode: 8H™ + 8¢ + 20, —4H:0 (22)

714 ¢l olAlH ol E A3l AFulS-F oA AAE wAAZIT 1 moled] of
AHOIEE 8 moled] AAE AAbstr}. olu) WA F o] X = AR P A
U822 o]l g AV|7} AL AxAAAY] wE olAEH| e ES A

= &% X (Coulombic balance)E E3l4 & 4 th

;(:j_

Cp=Cp+Cp+ Co+Cp (23)

Cri 712<]] obAHOlE Fhoo] WE AdHoAx= AAe 5, Cpe 7]
Aol s B = AApE, Cpe F71A vBEC] 28] obAlH ] E7}
AAE A d o g@riyg vdsel o8 SREFO|A= otAlHClE £AF,
Cov n&ate T3 sld=nbsaolA Asbdaitexs shatsfo|x= 4t
sl oal 5717 vAdEe] tatel o8] £45= ofAHOlE AT, Ope
WS T AstdSHkS ol S SHe 22 FAkE o X = ofAlE o]
E &% Ge vAdedsdA 24 T EAYde AVlges 72

9lal, Cp¥ Geobacter sulfurreducens®t 22 37|14 WAEY NEFES
M 7 T U Cpe wEHe FAAFE ALbste] StE = Abae
Fe TEvhd, awe] oMAHOE HEES T 7 ATk Abde] o g ofA
Hol|Eo] Hg kg2 L v

CH3COO + 118402 + 0.16NHy —
0.16CsH70N +0.832H20 + 0.84HCO3 -+ 0.344CO:z (23)

Co W@FL E opAHoIE A9 H(0L ol g3t 78 F vk A
gxsh FAAFAS 2 ohaElo| 2o Wake AZe] Folth of
o FEWHE 14 AFPRFHon wddy e gk (2%
)
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Figure 6. Electricity generation with different temperature of MFC.
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Figure 7. COD removal with different temperature of MFC.
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Figure 8. Electricity generation with different pHs of MFC.
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Figure 9. COD removal with different pHs of MFC.
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Table 7. Mass Transfer and Coefficients of Oxygen and Acetate for PEM

Membrane property Nafion 117 (PEM)
thickness (cm) 0.019
ko (cm/s) 240 x 107
D, (cm®/s) 460 x 107
ky (cm/s) 430 x 107°
D, (cm?/s) 820 x 107
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Figure 11. Time course of acetate concentration’s decrease in the anode

chamber.

Table 8. Coulombic Balance in MFC

current generation (Cg) 52.3
biomass anaerobich® (Cp) 2.1
biomass-aerobic” (Cy) 12.3
diffusion® (Cp) 10.7
unidentified 23.2

a. Estimated using the measured current generation.

b. Estimated assuming the maximum oxygen transfer and typical aerobic
bacterial yields.

c. Calculated using the maximum acetate flux to the cathode chamber
using the k value
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Figure 12. Time course of acetate concentration’s change (theoretical
and experimental) and electricity generation.
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o)
Domestic waste.

pH
COD, mg/L
BOD, mg/L
SS, mg/L
NHs-N, mg/L
T-N, mg/L
T-P, mg/L

Specification

Table 9. Characteristics of Dairy Wastewater Used This Study
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Wastewater Feed solution
Sparged with nitrogen gas to hbxiuee
remove. DO: Volume 300 mL
Anode chamber

@ Nafion™ 117, Dupont Co., Delaware I

£

Cathode chamber

@
Inoculated using anaeroblc sludge (0.59/L) o Cathode : graphite felt
@ Anode : graphite felt *The cathode contained a Pt catalyst (0.35mg/cm?)

@ Continuously aerated to maintain saturated
DO conditions

Figure 15. The operation condition of MFC used in wastewater treatment.
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Table 10. Coulombic Balance in Dairy Wastewater Treatment by MFC

current generation 52.3 62.4
diffusion 2.79 2.79
biomass anaerobic 9.52 11.32
biomass—aerobic 10.68 18.41
unidentified 24.71 5.08

W Domestic wast.
100

B Dairy wast.

80 +
z
=
2
2 60 4
=
.1
=
3 40
E
<
& 2

20 A

0

Figure 17. Summary of removal efficiency in synthetic wastewater by MFC.
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