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Abstract  One-chambered sediment cells with a variety of anodic electrodes were tested for generation of
electricity. Material used for anodes was iron, brass, zinc/iron, copper and graphite felt which was used for a
common cathode. The estuarine sediment served as supplier of oxidants or electron-producing microbial habitat
which evoked electrons via fast metal corrosion reactions or a complicated microbial electron transfer
mechanism, respectively. Maximum power density and current density were found to be 6.90 W/m® (iron/zinc)
and 7.76 A/m’ (iron), respectively. Interestingly, copper wrapped with carbon cloth produced better electric
performance than copper only, by 60%, possibly because the cloth not only prevented rapid corrosion on the
copper surface by some degrees, but also helped growing some electron-emitting microbes on its surface. At
anodes oxidation reduction potential(ORP) was kept to be stationary over time except at the very initial period.
The pH reduction in the copper and copper/carbon electrodes could be a sign of organic acid production due
to a chemical change in the sediment. The simple estimation of interfacial, electrical resistances of electrodes
and electrolyte in the sediment cell that a key to the electricity generation should be in how to control
corrosion rate or microbial electron transfer activity.
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2 8tk #Ha Foll AEEe vAEARA A (microbial
fuel cell, MFC)2] 7A9:= H|-& tH] AaLo]|%e
1980 el o] 28 ARujAfA| ] H7t2 AR 2 A=y
55 A7 FIAA T FEET] AIZSEIEH3]. EgE
o= QF F71EA, Faivt ofuzt BHES ol§
g mAgE A 7 AR (Sediment-MFC)o]| thgt A5t7} X138
= 9lo] uES o83t A7| 84k 2573t 714
$-85eo] SrhEl L Q= AFolchA-8). Lelt A
At D YBARAAZRY 2L 4 Gt HeUEI) 4
mWim2e] Hapstel A AgS ML HeUES
71HoR w9 4= Q= At A AdSelt9l

| AEARAA = 718k vh3-of oA mdE
ot 1 ARE Eojz Abgstel uBEe] Al 2§
(metabolism)e]| ©J8] 714 AshalA 71de] 2He shet
AUXE 7oA 2 HSAAT= FR| ot} HE H|
AEdRdA = ARl A7, saol2us
“Hproton exchange membrane) .2 FEE|T uwjAIEO|
714E AbEke o] dAsks At nERRE A
AFog Hddwofof ghrh. v} tfE S njlE A
U2 BIHEAQl XF R e o] Slo], mAET} M=%t
o] gt Axtol s s FHANE 2= A71st
&} o) 7] A (electrochemical mediator)E Q2 st} SHH,
90d TR KIST A7EH2 WiZAE ARE-SHA] oL &4

= FoiAE v AEA 7 A X (Mediator-less MFC)E
TRFSFATH6]. o] oA Az AT 7)stea/dn]
A& (Electrochemically EAB)
Shewanella putrefaciens24] Fe(II)o|t} Mn(IV)d} 2+
TEAE HBHASLA ol BBHE oL AThAt 2ol
A AAE AEEEo g AT = AeE dEA ok
o|¢} o] Ar|EuEL] EAJo] HreA L
Lovley S{10-11]9] 2J&] E t}2 EAB?l Geobacter
metallireducens 7} A E o] ZAZ Q] Fuj7fAE =]
EARAA Tl AlSE I o€} TlEo] FulsiAE
| A& 7 A X (Mediator-less MFC)2] T2 e 2 3|9
EZEE o] &3 nYEARARAFHEAR]) gt o
T7F AL QITH12].
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A A7)58tdn AE(EAB) 2 4tehik-gof o3 AJ4dE
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SHur-go] dojut o] FAETA H71E BiakehA =

Active Bacteria,

ot HAEAAE A g e e R ] ghon
[4] ERE 71E2A 27 A=

A=A RIAMFC) 2] 73
24 oAlElo|ELt ETo]of Atepkg-o] XY E v, of
e Aol Koz uief o] o]2Aor 2k 1E2
e 2450] Aol FAE AL

Anode :
CoHyyO; + 6 H,O—6CO,+24H + 24e~, (1)
E'=0.014V
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60,+ 24H "+ 24e” —12 H,0, E°=123V (2)
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7] BAE = choke N ohet AAFAR 28
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HS™+4H,0— SO5 +9H ' +8e~ (©)
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Anode : FoFplt 490~ (6)
H0—2H"* + 5 0,+ 2" (M)
Cathode :

2H,0—2 —20H +H,  ®

Aafuk-gol s WAE Aol Fe’', Fe'', Fe(OH)
2 Fe(OH)” 53} 22 JE|2 ZA5h, 49 ylo] s
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2 EAS AUT glo] AR o] Eeiuh siel Has
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dhe) wat FAstg o, S ol Mol 2
Zgelo] Qeich AFT HABARE APA
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resistor

| S )

artificial
sea water

Cathode

[38! 1] Sediment cell®] =&,

Pyrex AJ& €] IL F3]9] H]o]AE AM-SFAAIL, 4FeH
X = EJZE(ORP, 145~160 mV)E 600mLE F713
o, "] EFE 100mLE 7]5e] A7 s £ &
EZ floll eSS Ak Y A] 500mLE 2355t
Ack 3, 2HHE e s 7] ATIA @2
2.8wt%2] NaCl 4~8 400mL-2 peristaltic pump(Model
Perimax 12, SPETEC, Germany)E ©|-&3}o] U&7} A7)
A FA AEIAL AR 7HE BA R RfiEe] et
717HA] AR F, SLATE F &Y Sl fAIA
ek

ARl AFSPdS2 Redpoint(Korea)of Al -1%H A
(3x1x0.1 SHE(2x8.5%0.1 .ol
(4x4x0.1 cm’), TLE|(4x4x0.1 cm’)e] T4 AL ARLa}
Gl ESE th3-Ad 9] graphite rigid felt(5%2x0.5 cm, C-S
Tech,  Korea)o}  mA=wfo]  Aup#<l
cloth(SCCG-5N, Nano Best, Korea)E S1¢]3l B3hd=
(4x4x0.1 em’)y& Az ARgsHT UM graphite
rigid felt® BE o2 ARGSIgon, 2 HIS AwAo

-

em’), cm’),

carbon

[ 1] =9 W7] ded

E;f;ggjf Electrical Conductivity (S/m)
Iron 1.03 x 10’
Brass 1.50 x 10’
Zinc 1.67 x 10’
Copper 5.80 x 10

Graphite felt 0.87 ~ 2.78

Graphite 7.00 x 10*

Aluminum 3.66 x 10
Silver 6.14 x 10
Carbon 3.7 x 10"

Platinum 9.26 x 10°
Gold 44 x 10’
Nickel 1.39 x 10’
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Z A ZHZHA|(Circuitworks, USA)E Al&ato] L] =4
o ddstn TYAYS YAsle] d2lnE Adste
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w92 EXA351c) FH-8 pH/ORP meter(Orion Star,
Thermo, USA)E o] 51o] o 152l pH % ORPE 273
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lectrod maximum maximum current
clectrode power (W/m®)  density (A/m?)
Fe 6.03 7.76
Cu/Zn 0.19 0.72
Fe/Zn 6.90 5.63
Cu 1.13 1.14
Cu/C 2.13 1.93
Graphite felt 0.10 0.20
a4 A=9 M2 2700l =2 IS fASHTL
oF 100A17F o] A% g Hlon, gha HA=0
A2 Abol| whet P E QT o]9} o] g A=l
Al AR S] HECR M= AAoA FAAERES0] Y
olu AAE WEste] AT AFdErt g@a A5
H|gl| iAo 2 =7 YehbAut AJ7te] Zatg el whe}
A5 ERlo] F45) A8 o] gaElo] H7] WAL ©
2| A|&A171A] Z5k3iTh Graphite felt H=-2 &R 1]
AEdto] FAEZ|7HA] AT A7 WA o] A4 3]
F7Fko] oF 1204171 o] Fofl= ARt =719 W7 |E W
A7l As WD = Utk B3 o] E¢ F
AL s & 23 54510 th2A nd=gtol
FAH e AS I 4 AT & g dE &
£9] Aol o3t [AAYAbL g EHE Y9
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A= mAES] Aevr IS 571 A8 ool &
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#Ho| uE who] FAEo] FApFoz 7| AYLtol
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- —+—Fe —-Cu/Zn —&— Fe/Zn —8— Cu —< Cu/C —@—Graphite felt
5 AT {f, good )
x Ao
o s w0 10 20 20 0 o o o om0 om0 ow = 201 T RLS —ete s * '--._.—/
. . - ',";é‘ .é\'(e,ci\o
00 65!,5\‘
I(mA)
e m o Coe e w (T2 3] 2+ A=AgelA] Aakah Azl T,
[Oa2l 2] Aty AFUE: A, Fe ; B, Cu/Zn ; C, Fe/Zn
; D, Cu ; E, Graphite felt ; F, Cu/C. a9 32 ZF Aol o2 AYg A7 JAE e
W R0, AL Z7hEel uket Z7keks AR
S Fed=1} Fe/Znd=& v|ws| & of Fed=2 & u|wslglr)h Fe/Zn AFa} Fe M=o A9, AMstat A
825 mV, Fe/ZnF=+2 980 mVZE Z7]o] H|WZ &2 A 29| AlaAo] 714 ok Ao o 2L ALZE uj
92kE Hlont of 100417t o] F MR AHtoz 7+ oo} 98 o 4= Gl b, Cu AL, Cwzn A,

el

=2 2
AT 2, o] 71K B9 AT HHELLY] AT B4 Graphite felt AL ko] u]s) AR Ao
uhgo] AL WA Absll FAjo] AWEH Lo ARE A wryE|w 9ok é, A7) 2 4 9l ];e]e:io]
A7), o) F FAE A8 ure] Ao gt 1

-

99 AR WARA AT T S YA 3
A sk ol A% WAE FAM A4S 4 B fEoks ASHEEANS Ei xg%qwq o

T2 Bk Cud== Fed=i) o] 7] &2 A2k @ Znjjzkgo] 93| 2A3] 7E9A @S 4 5 AN
£ PSRN Fed} ZnHr} o] 23} o] Wol Jial  t}. webd EREziRE 2Ee AlelA] B AlsjE)zt
o FARRSo] thE S50l Hs) LAl AyE 48 dovjes B e wAYE S HHsE do)
W2 AREAES sk ARTY He e HEs SAR doolthal AbRECh Q] AMIE ghAH o
A 4= A%k CuZn A=(B)Y] A9= FARSCl 2 AT Yl B F¢ VI FAle] £H
AAS] @A AP A H AF BT we W}k o2 o|Fse] Bt ulgHd Ayt wEg BHol F
31, Graphite felt Z=o]] 9J31 E|FE A x]o] Agde it

= b2 MFC(0.5~0.8 W/m2)9} v mal] B, 0.10 W/m?

=

S~ WHA| 2| TkGE 3). w —
o= THE MEC7} ARBFASE 28 % 5782 47}

(lactate glucose, glutamate, acetate)3}o] Q1 QZ 02 n]AY

0<— Microbial cells

25 Hjokst Aojmg AA uwsl= AL ez o Metal 0 o < Microbial cells
raphite
= e S L
(fast/high current) licrobi
05 ot
[# 3] M= Ad=AAY =9 58 3% e
Power
Type Substrate / Anode / Cathode density
(W/m2)
Membrane Glucose / Graphite felt / 36
MFC Air-ferricyanide )
Glucose-glutamate / Graphite 0.56 corrosion
Membrane felt / Air-platinum Microbial
Less
MFC Lactate / Graphite felt /
Air-ferric graphite 0.79 [O8 4] 2+ "= A7 S54HA), 34A850),
EREINES
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% 82 ZF HHEMA| 9 AedS5e SddaH i e
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L[]
myV 2, o]F 2% Zhadle] % ZAZLS 114 mV o] S B R T
- frxam_a e
it} Fe/ZnH=e & ORP7} 714 Wolomu| 244 7543 ARl b s : ;
Z R
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ol M= oA pHAsHE BEEdch 4 pHYt 4

He A ARl BARRSo] dojut sbyapt  E e HHRAACIA ol TRl A5l w2
AHEolx THAEl BHES] B4 Aaa g4 o A/TEASES 2E Sloln A& vt o] 2%
AHA) e W HAEE AT uho] Rusictn g D D RS SAE AXS of 1Ak 2Ad A
ol - o), EAE HHEARe] SAAzte] nma  AWHAAFUEE FeSoR 776 Am'olw Hrdk
o} pHo| WshE Sxa) BakslA] ek Ao 2= 9l AAYYEE Fe/ZnAZolA 6.90 Wm2gth 54
GEolch. Kim 5.0019] 2581 o4} MECE 241 3 Ao = BT FAUSRISS Balo] 1004218 |How
AP pHE Ee] HgIgto] ghts] Buppn O AFEEIT FASH UASIUSH, Graphite felct]
A AE] Abo] = R oz WiEky gr MEL] =2 oF S0 mAE AS7IE AA AT A

L 5 CODS} 7 @ AX| IO Waely oy 4 g (450 mV)TE HR03 mA)E 250 ARE oY FA|5RAT
o Aoz Hon AAE Pu HAEo| AlFoxey 2 Fud=e] A ARUEe S5 olest Fgt
CODZFA47} ZFA = Qleh L7 o] yekgth 3) 43859 4lsheez 4

ZA =} v]F<% A= Graphite felt®] 739
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