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A Study on the Driving Characteristics of Microbial Fuel Cell Using Mixed
Strains in Domestic Wastewater
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djyoo@jbnu.ac.kr Abstract >> The use of fossil fuels is a major contributor to the increase atmos-

' pheric greenhouse gas emissions. As such problems arise, interest in new and
ﬁi\iies';zd ig Eg::lbnfg;ggm renewable energy devices, particularly fuel cells, is greatly increasing. In this
Accepted 2 December, 2021 study, various characteristics of mixed strains were observed in wastewater col-

lected by the Jeonju Environment Office to investigate the effects of micro-
organisms on voltage generation and voltage generation of substrates, elec-
trode materials, electrons, electron transport media, and ash microbial fuel
cells. As a result of separately measuring the voltage generated during in-
oculation, the inoculation voltage of Escherichia coli K12 (E. coli K12) was 0.45V,
and the maximum inoculation voltage of the mixed strain was 1.2 V. Thereafter,
voltage values were collected using a digital multimeter and the amount of volt-
age generated over time was measured. In the case of E. coli K12, the maximum
voltage reached 0.45 V, and the cell voltage was maintained above 0.23 V for
140 hours. In contrast, for the mixed strain, the maximum voltage reached 1.2V
and the voltage was slowly decreased to 0.97 V. In addition, the degree of micro-
bial adsorption to the electrod surface after the inoculation test was confirmed
using a scanning electron microscope. Therefore, these results showed the pos-
sibility of purifying pollutants at the same time as power generation through the
production of hydrogen ions using microorganisms and wastewater.
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Fig. 1. The principle of microbial fuel cell

Transactions of the Korean Hydrogen and New Energy Society <<



508 MET4 U SHRRE 083 D42 HEXKIY 25 S4|
L]

71 mAEelt 24 mAES 71
S5 WS ol&sto] AAHLAE Fal
TEAZ A gl Abao]] AAE A=A ad-
enosine triphophate (ATP)E AJALSlo] AJEo] LQ
gk oA E itk nE dRdAlE ofu Ty
= RS ARkl dEsto] R sl=E Faf o
SAHCRN A7E WASIER o] 34 nAE
ANA s AlFsHA ot HF AAEA R A=
= gt sh= Zlo] 85t Aka B 7St Abs)
A7F AR EE SIS0 g o] AR SR R
HolAl ¢l sh= Aol FastH, of2|et 73t Atst

A TS Aol GRES HIA| T Akeke] AR
o] Astago] Zashs BAE 2esH =k £
WA ejghe eldToR AuE dae} Ashda
o AAE Sdolgo] Tt BHSE 4 QES 4
SPASIM A ol 22 BT Hust
3 OE o|REL ofFakA] RalA u Ae

exchange membrane, BEM)o] gitH®!”.

2 Aol Bt ndE ARAA Y M
A Y meol R vAE 714, A= Aw, AR
A7iA], s SR 22 ofd 8905 FollA
ARt o s A7kl BAS 7Htkal Al
Escherichia coli K12 (E. coli K12) 297 M3} n)
e ARAR Y} HAFA] A4 A4t )
Fof| 2Ash= &3 w5 FFT vdE drdA
£ Blaste] njdE Fof wE S AuEh
2 A AFolMY s SR A EAS

A

f
s
H
o
fof
o
2
o
=)
ox
(T
20d
ox
tlo
4o
s
N
B

2. 4 &
2.1 A

3t ot

[

E|o|E UEZH(sodium acetate), IL7IUZARE
(potassium permanganate), B} =-Z1l|(platinum catalyst)
+ Sigma-AldrichA{St Louis, Missouri, USA)ol| 4]
A5+ a1, Lra]-2(Nafion 115), k4 cloth (Pt-coated
carbon cloth)2} S E(graphite felt)= () Nara cell
tech (Seoul, Korea)ollA] Fljalo] AMga1ict. Elebs
2}o]oi(titanium wire, 0.5 mm)+= Alfa Aesar (Haveril,
MA, USA)ollA Felstalon] 1 giof 583] utz
AedHA] 92 IAtSlrax(hydrogen peroxide), HIE
1, 8l 52 A7ISFeH) (Seoul, Korea)¥} w43}
H(F) (Siheung, Korea)ol|A] F2 FLUs}o] ARE-5}
ok

2.2 E. coli K12 W&

ANEE E coli KI2 @35 37C 2] 2 ufjekr| o
A] H4-E Lura-Bertani (LB) BjX(EZE 10 gL', &
=5 gL, NaCl 10 gL)ol|A] 18417t B2t 3714 =
ZAolA AAIFTE A7) Y] FA7] Al2E LA
2 23§, A2 AZ2E 100 mM Q14T ¢
Sl(pH 7.0)0 &3tsto] ARE-SIoICY.

O:

o

r.‘

Nl

AlE M

=
o=

2.3 x| A

im

AgoA ARSE nE ARdA= fE2 AR
H HRE o]Ad L% (H-shape dual chamered MFC,
adams & chitteden scientific glass)o|th. ARE-H A2
IS 7R o) Abd=xet ehldax
& F3%0] Sl=tl, o] #3719 FHl= = 1o ¥
71E 2o fe w27t 7R o] SEER o
o)f FWm WAL WAom W HNE
4.5 cm x =0] 8 cmo|t} ¥F2r] & HulX= 150 mL
& s AR Asbd=zolA] WAk A
AE Beador 27 $Es] sl ol
Z22 EEhRg 240]0)(0.5 mm)E ARSI 9 FA
o 1,000 Qo2 AAsle] A3EIAr.

Ak =H(anode electrode)2 50 mM2] <

214k
% GONpH 7-7.5)0] u]AbRe] AR} WE7| AR A

&

H 3R M6z 20214 12



g opElo|E HEFS 2 gL FER W 8
120 mLE 5 5 AR8H31AL 2= (cathode elec-
trode)> AFSHA| =4 50 mM W7 =AM 894
120 mLE A9 2 AA-EA 2 ARSI AR}
AT SAFEE 25 cmx 2.5 cm FAR Aksto]
Bl eolofof 2134 dAAsto] ARGt 2hld
=2 WiZZulE =325k Bk cloth (Pt-coated carbon
clothy S ARg-sIlom, Shedd= ®3F Aepd=i}
U WAQl 2.5 cm x2.5 ecm= AHate] EJehs
sfojolo] T AZste] ATk Hejare Tt
Shpa(34.5%) = AARE YL ofole mehd)
(Nafion 115)& HF3-z%9] Z71t}e] A7|(AE 3 cm)o|
ur Aeksio] Aspazel BAZEe] Aol
Sz s nyslel PFas Helsia, o
Salo] Az 4o]4) RES SlATF!, 1 Aol A
ARG BAES Al AR A0] 13} ABfet
22} astzol A Qe Hlg Lol EAShE &9
F2 AMgact

uAE ARAAT AsH ek 24 9
slo] t)x|d HE|H|E(3701A, Keithley Instrument,
Cleveland, OH, USA)E ARE3le] WAE= AU
FRIste] 2Astlen, olF 3t QleHlao At
52 9 A} A 59 BAslgtt Fig. 20 )
s ARdA Y] BEi) AAR 554l o]
uE ARAAE vepic

AAEY FAPHAEE| 7Z(field emission scanning
electron microscopy, FE-SEM)S o] 83} #H E4]
= 7HS AAE Almel] AR Alm HO| F4,
= Ak A7)0 wijd AEE gRlgith & A5t
A F57} Bolgle o] HR AeE ls]
35}y JEOLAKTokyo, Japan)®] JSM-6400 7]7]&

> 2o
ol o

Fig. 2. Dual chambered microbial fuel cells

Vol. 32, No. 6, December 2021

olg3hrt.
2.4 OME HEHX 7S

e ARAATE A eR Ay TS
Aaire vdEel Askdsom e HEol 2
Aol & Ao Ashd=e] nidE Fe2 A
T BRAR oA 13 HAA wE ) S
A fFETE 1Y 4 HER 42 599 120 mLE
AsPdaze] 7S A F, 30C F2AoA oF
A% 1,000 Qof Adste] HEA . L&t vy
= HESS G flste] tAE EEEE o

=l HE]
8“ Ul’%‘% (HE@X]_Q] }ﬁ%]—% 158 7‘—}_7_31

[e)
LEle SRR AshdA Aled=e] vE
ThE 105 53 A AT, Z1gke] A4do] Hrjof

ChhE A SIS Fol LV B354 2SS

3.1 E. coli K12 @& B

& AgollMs AFAl AFegArg 4]
F7h s ArdAe] HEEHAS o Ay o
vl wakr] I3t oz A ARAY ujA) A7
FER] ke o WE E coli KI2(H-AA}
WS ARESHTE Hlagte] Ao Ty Ak
Fig. 39 et

- ST vAAE ARHA o A A 1
s HFol AFREL UhA 25417 52t 0.2 Vol
A 73] Abssto] 045 VoA ) Aol =ds}

o

oft fo o =d

e (o

B T oo

Transactions of the Korean Hydrogen and New Energy Society <<



AL, o]F HAHOR spste] 250417k0] Ak
H‘H A 023 V7] 7448 100417F S wlad
= AT ol HE 2719 @714 =30
SlAgol W ARl ol Z7kek

S3 Ao Holu®, o]F ulAEo] A%
ot "Rl JL7to]| HolEo] v|m ¢FF
AT 250417 Folliz ol e] £7)2
2ol wet mAEe) tiApt 9l gastol
]

o] Wolxi Row a4k

2 ox
riﬂ
3

[‘lI‘

)
ox

:
lﬂ

o

o 2 oto = ot
% 9 o
il

L

r)'
it
I
r {4
ni
1
2
(R
=
9 )
=
()
S
te)
|
rot
e
@ o

—F coli-MFC

“Woltage (V)

T T
a 5@ 100 150 200 250 300 350

Time {hr)

Fig. 3. Voltage generation on E.coli K12 inoculation

184 e 1} -} F

“altage (W)

Q 5 10 15 20 25 3 35 40

Time (hr}

Fig. 4. Voltage generation on mixed culture inoculation

\A
v
o
_HJ
[
=
>

I0fL{R[f=

1o
rr
Mo
j10a]

Fig 4= 14’76: %1'75”0“ e =2 AT =
B3, Fig. 5= 4 T@AZE Ad 3 A= 94

2 WA & FO) Aok WAL ehich
Fig 4] Urehd 2ol m=yl, SE452 0%
o AR AR HE 2710 04 VR A}
of SAIZE ofufel] TS WHE HE 118 V7HA] A%
shg.om o) 384K Bk o] gl Ao} Ay
12 Vel A WA Bk ol AFA B4
Q0] Aol §EAkTro] Wan §712 o]
WS o HER EASL 9lo] @714 2ol 4]
A BAARST FR 7 1% FERIGE Ul*@g
o T e B
#ol gmd fom maoi PEREE

0%

120
:

115 4

1.10 4

woltage (W)

100 4

Time {hr)

Fig. 5. Voltage generation after anolyte change

Fig. 6. FE-SEM images of (a) inoculated electrode surface and
(b) biofilm on graphite felt after experiment
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