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IR E AT HAE MEA(Membrane and Electrode Assembly)?} 7152 wE 043 n]AEA 50X (MFC)YS
TEoI5I oY 75 S MFCE 5 3ls dl /iAo T53ls e 2 N32d9(0CV)E VeI
AR, Ak, Bk, 28] 2k T A EeE ol8RE W AlY 352 OCV 540mVE HSIH . 1e]al A
oA Hil 963mW/m*2] Helo] BAIESITE. MFC 753 llA] MEAS] Na**, Ca*', K' o] 4l E555o] o3t @
Qo] MFCE 5+ A9 & AE ERIsIglT.

Abstract — Microbial fuel cells (MFC) were operated with livestock wastes and PEMFC (Proton Exchange Mem-
brane Fuel Cells) MEA (Membrane and Electrode Assembly). OCV of MFC with mixtures of microbial was higher than
that of MFC with single microbial. MFC using pig wastes showed highest OCV (540 mV) among cow waste, chicken
waste and duck waste. And the power density of MFC using pig waste was 963 mW/m?. Contamination of MEA with

Na?*, Ca®*, K™ ion and impurities was the one cause for low performance of MFC during operation.
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e AR AP ARAA(PEMFC)SE 27 5
st d], thE A = anodedll FAE HShks Ul v|AE
71&S THot] 278 sk oluA] Mgx]olth, MFC v
AEo] f7les EallshiA] AAkel T2 ES 843 PEMFCS]
& & o Zlojnt. mldEe] fVES AAIA o sk
ARz v AEA R EASHE d-e] AR EAE A fstHA
ATP 9] oA & BAksHA B3, WA GAIE whaf vk 2}
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2-1. OMEAZ K|

] AE AR AX]= 24 (two chamber) T2 TJ3FSItE MFC
773 845 PEMFCel| ARSE S Q455 U= A8l &
A=} 82} B2 Gore Fuel Cell Tech. AF2] 5720 MEA(H = ¥
# 25 em?)yE AFE# 21 anodeZoll GDL(Gas Diffusion Layer)tl
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ol 35°CE 255 Ao]sIAT). Electronic Loader(ESL-300Z)%
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nEA T AL ZE B uko] o] LE S anode®] AR
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anode W O ZHE # 0}"35}. 3 2] 0.1 mlE nutrient agar©]]
HE3LT 30 °CoA] 22 ok T AE ZRUSS 4 1
AnodeZ E 2] 752] Als DNAZF 225010 55 ¢
3| universal 16S rRNA primer” F AR5 $ItF PCR HEg-of| = th32] &
AE0] HA7FET 10 ng &5 &2]%E 7l DNA, primers 27F(E.
coli numbering 8~27, S AGAGITTGATCCTGGCTCAG-3") 1492R(E.
coli numbering 1492~1510, 5-GGYTACCTTGITACGACTT-3', dNTPs;
1k buffer, Taq polymerase. PCR HH-g~2 30 cycles Z18J %] 0
HRS- 2712 t3- 3} 22t} Pre-denaturation 94 °C, 5 min, Denaturation
2 94°C, 30 sec, Annealing 55 °C, 30 sec, Elongation> 72 °C,
40 sec, Post-elongation 72 °C, 10 min < RESAIATE SZEE
16S ribosomal rRNA -AHE-2 EA4| 5] 37 sequence™| ST}, 16S rRNA
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2-3. OME SEM &M

7} v AEES NBol 5351 30 °CollA 24 5t Remjokst
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Srollo]] 11795} ovemightfﬂ % 0.1 M PBSZ A= gS 33

HHE3IAT) 0] 52 50,70, 80, 95, 100% SlFH&E 1074 X 2|5t
vl ZF S 24 RSNt o] ¥ ol ofleh&Isoamyl
acetate(IAA)=75:25 &35+, o €H-81AA=50:50 &5, o5k
JAA=25:75 £ Ao 22 1584 A g eta vhx| g = 1AA
100%% A2stlch. JFA 0w 7S ehds] At 213l
Critical Point Dryer® 7AZ3}t}. v]A&E2] SEM #412 FE-SEM

(Hitachi S-4800, KBSI Suncheon center)2 ©] 43} © ™ beam
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2-4. MEA 7}

MEAS] A5 % 542 1V #5534, FAFRE, F17|steH
A (Electrochemical surface area, ECSA), ¥ A& 4l Hapxg
] &H(Charge transfer resistance) =73 JPu}. FAFAE+=
Potentiostat(Solatron, SI 1287) ©]-2-3F LSV(Linear sweep voltammetry)
P 0 2 $=4-% 31 AF-(Hydrogen crossover current)s =733l H]
W3 LSV anode®} cathode?ll ZH2; 422~(40 ml/min)2} 24~
(200 ml/min)s 53k, A &% 70 °C, AthEE 100%14 scan
rate 1 mV/sec® 0~0.5V H =
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ECSA+= Potentiostat= ©]-8-3F Cyclo voltammetry(CV)Z =75}
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1287)% o]&3l 73St Y 572 anode®} cathodeol] 7+

7} 472~(93 ml/min)®} 371(296 ml/minyE &5 3k, A &1 70 °C,
JHEE 100%, DC current 1A, AC amplitude 100 mA, Frequency
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A& gt v =52 Aeromonas hydrophila subsp. anaerogenes(No.
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B A5te] -5 F7194 Aeromonas hydrophila subsp. anaerogenes
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Fig. 1. Comparison of OCVs from microbial fuel cells with various
microorganisms.
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Fig. 2. Comparison of OCVs from microbial fuel cells using various
livestock wastes.
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Fig. 4. Comparison of I-V curves of MEA at PEMFC operation condition (a) before MFC operation, (b) after MFC operation.

Table 1. Contents of impurities from MEA of MFC after operation with livestock wastes

MEA Ca Cu K Mg Na Ni P
Pig 16,295 5.7 8,880 7,564 650 1.4 432
Duck 31,227 11.6 3,508 7,998 393 3.1 513
Cow 16,849 1.0 17,280 3,368 2,577 1.4 95.0
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Fig. 5. Comparison of impedance curves of MEA at PEMFC operation condition (a) before MFC operation, (b) after MFC operation.

Aoz g WAo] AYSS Kol §la, MFC 7% § CV7t
FHo] EA ol thZd 0= 71&01A] short TF0] 5= HERY
ot wdlg @ 5 o5l st 2 2ol <3| short AN 7ts
AJo] =1}, Fig. 6014 7] MEAS] CViE A= AHE S vl
02 V] HAe] B MFC 7-F Fell= o] WA S A4t
Z3h Ed A (electrochemical surface area)o] w7384 A3|E
20 Hapdd Ago] F7HE-S e = Qirk

MFC T&3gellA B st J=E djetslr] $138 LSV(Linear
Sweep Voltammetry)©l &3l 453 75 S35+ 1ZE Fig.
70l VFEFATE. Fig. 701 BRIl AA Y MFC 75 § 7457 AF/7}
AR A, FAFY AR7F 7HAsh AL Fast A4 oF
o] kst Zlo] ope} A= dslol] o) M= A HA o] Fhash
&3} wFo|tH7]. = anodeolA G247} BFS- 313 cathode Pt &
o] el =g F AbslshHA AR sk P &
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1 Qlt}. short o] U 2™ anodeol A Y8 A} vl =
3l cathodeol] A AEH PR OCV 749t AFUET} 748}
=3 o] 2 ] AUt Fadhh8]. Al wo] o]

QHA] = 5 270] A sk= Flo] MFC e 9 U4 &

e S FoRe RIS
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oty
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)
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34 SR 22| - SH

AEATHAAE 5Y 755 5 anode®toll F/3E A=TtollA
71 Aol i ivkar A7 S 2] YK Table 2). B 23
FHE 652 n]AEC] FHAE o] F 2352 Brevibacillus sp.2]
FARE7E 2} 99.5%9} 99.71% A7 ] Brevibacillus agri NRRL
NRS-1219(T)Genbank Accession No. D78454)2} Brevibacillus parabrevis
IFO12334(T) (Genbank Accession No. D78463)% 3315t} 239
Bacillus sp.2] A= 2+ 99.31%8} 99.46%% A= Bacillus
badius ATCC14574(T) (Genbank Accession No. X77790)2} Bacillus
licheniformis ATCC14580(T)(Genbank Accession No. AE017333)=
HGSIAIL, 158 Kurthia®l A== 99.79%C1 2.2 Kurthia
gibsonii NCIMB 9758(T)(Genbank Accession No. X70320)%, 15 2]
Brevibacterium®) FAYEE= 99.93%% Brevibacterium luteorum CF87(T)

AgAX 2] 54 9 MEA 93} 179

Fig. 8. SEM image of Bacillus licheniformis sp. separated from elec-
trodes after MFC operation.

(Genbank Accession No. AJ488509)2 BT}, Brevibacillus
sp.8] 739 HE 0w EAsh= 9ol 79 A71E sk X
A9t thE ujAlEo] YA electron shuttles(ESs)0] =A8hk= 74
o= A71E AWaksh= Ao A4 It} 3] Pseudomonas sp.
+ phenazine-1-carboxamide(PCN)¥} biosurfactants(*Y& A H &g
A& rhamnolipids®} 2> ESsE M3k A0 2 484 Sl
Brevibacillus sp7} ©1 =2} &7 EA8= 739 A7) Agito] AA
Sl Z7FTk B leH9,10].

MFCsell 0]- &= -2 nAEES U2 17 374 =0]
™ 1% I 5 Clostridium butyricum EG3, Thermincola ferriacetica
Z-0001, Bacillus subtilis 350 Q14 w7 glo] A7)E AJrket
T A= A o7 AHA AU 11]. Bacillus subtiliss 2~2~2 7184
o] v A E whEo] AAE Ml o= dHA qivk B B
ollr] ®21%¥ Bacillus licheniformis= Fig. 8 ARl UEPAEH], 71
2 O 2 cellulose?} hemi-celluloseE w3l 3= multi-enzyme
complexE #H|SPH[12] glucose, sucrose, fructose, bactopeptone,
yeast extract, non digestible proteins(-HE-al/d WAy} 22 Tk
o AAdT ©AAS RS 7 Qs aAE FHlstal B aEg)
CH13]. Wb Bacillus licheniformis= W)AEA 51X oy~
dom & tefFst 7189 AHE 7hssAl & Rom Azt
Wang 5 [14]2 oligopeptidesE 712 Z ©]&3k= MFCe Bacillus
licheniformisE: Zvl| Q02 ARS8l 715 AWAFSIATY. Kurthia sp=
sulfonylurea A ZA|E T3llcki= @a8do] 31 ™ (15], Brevibacterium

Table 2. Microorganisms separated from MEA of MFC after operation with livestock wastes

Name/Title Accession No. Pairwise Similarity (%)
Cl1 BrevibacillusagriNRRLNRS-1219(T) D78454 99.50
C2 BrevibacillusparabrevisIFO12334(T) D78463 99.71
. C3 BacillusbadiusATCC14574(T) X77790 99.31
Chicken Waste I . .
C4 Bacilluslicheniformis ATCC14580(T) AE017333 99.46
C5 KurthiagibsoniiNCIMB9758(T) X70320 99.79
C6 BrevibacteriumluteolumCF87(T) AJ488509 99.93
P1 StenotrophomonasacidaminiphilaAMX19(T) AF273080 100.00
Pig Waste P2 LysinibacillussphaericusC3-41 CP000817 100.00
P3 BacillusaryabhattaiB8W22(T) EF114313 100.00
P4 Ochrobactrumpseudintermedium,ADV31(T) DQ365921 99.86
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spAi= amidase?} 72 T §4E 7FXa1 QITH16]. anode A=
uhe] vheksh g Ee] EAlE vkt 7S ouA o ® ARget
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A% Ochrobactrum psudintermedivm ADV31(T) (Genbank Accession
No. DQ365921)& HSIAT}. Stenotrophomonas acidaminiphile= "1
= 249 84 A= IO E Bacillus megaterium, Bacillus cibi,
Pseudomonas aeruginosa, Bacillus cereus®t 7 2318 #-2]
= wislra shekao] Al s3o] ltkar el A 9l
©™[17], Stenotrophomonas sp= Citrobacter sp., Pseudomonas sp. =}
7 M5 VAR she AR 9] SR AREE o] Af-E 3
Stal 715 RWALSIATH8). Lysinibacillus sphaericus= B 1.2
Zoll A7) Arks 915k AE Fie] kAol s AR vdE
T Rk 7] Arke 913 7d 2 Rt TS o o)
g Mo ® AAADGE Fxleh= 17|84 slekEoe] EAlsk=
Aoz deA Qlv. Aoy 117 e wigrel o] &
N4 S-S wol FHet Alre] X1 AR Agel A A7E
Ak 4= Q)= 7 d S AXIBESATH 19]. Zuo, Lee. ‘5~ Ochrobactrum
anthropi YZ-1 S| E38hk= n]EA 8 AAE 7-581310H20,21].
HHExolM Fele vEE S Stenotrophomonasacid aminiphila}
Lysinibacillus sphaericusS W/JEAT Aol 283 715 24
PANE T F T2 AR A7) obd] Bars A okt ol =9 =3
HjFAl= Thst 714 €] o] &, wiZiA ] A4 Bl o] &3} 22 AlY
A G735 YR A7k Barg AEakE F A 2o 4
= ASITh
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4.4 E

PEMFC & MEAES ARSEl] A AlRslaL 7Edas 7IAE
wjekel] MFCE 535 d35 thaat 2ol Fefsisint.

ofe] & EF MFCE 75315 o 94 o= -53iols
HEHTE OCV7E 5oka] £33t wjekel] o8t F5aart Qles &l
SIlTE BA] e, A ke, Bk, 28] T O] S s
OCVE ek A3}, A > & e > 98] Bl > 4 Fi &
o2 gx] Fuwrt AlY =2 0cvE YERTh HiX] $E o]8-3
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