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Abstract

Sediment works as a resource for electric cells. This paper was designed in order to verify how sediment cells work with
anodic material such as metal and carbon fiber. As known quite well, sediment under sea, rivers or streams provides a
furbished environment for generating electrons via some electron transfer mechanism within specific microbial population or
corrosive oxidation on the metal surfaces in the presence of oxygen or water molecules. We experimented with one type of
sediment cell using different anodic material so as to attain prolonged, maximum electric power. Iron, Zinc, aluminum,
copper, zinc/copper, and graphite felt were tested for anodes. Also, combined type of anodes-metal embedded in the graphite
fiber matrix-was experimented for better performances. The results show that the combined type of anodes exhibited
sustainable electricity production for ca. 600 h with max. 0.57 W/m® Al/Graphite. Meanwhile, graphite-only electrodes
produced max. 0.11 W/m® along with quite stationary electric output, and for a zinc electrode, in which the electricity
generated was not stable with time, therefore resulting in relatively sharp drop in that after 100 h or so, the maximum power
density was 0.64 W/m®. It was observed that the corrosive reaction rates in the metal electrodes might be varied, so that
strength and stability in the electric performances(voltage and current density) could be affected by them. In addition to that,
COD(chemical oxygen demand) of the sediment of the cell system was reduced by 17.5~36.7% in 600 h, which implied that
the organic matter in the sediment would be partially converted into non-COD substances, that is, would suggest a way for
decontamination of the aged, anaerobic sediment as well. The pH reduction for all electrodes could be a sign of organic acid
production due to complicated chemical changes in the sediment.

Key Words : Sediment cell, Anodic material, Metal, Graphite felt, Electricity, COD reduction

*Corresponding author : Daechul Cho, Department of Energy
& Environmental Engineering, Soonchunhyang University, Phone: +82-41-530-1341
Asan 336-745, Korea Email: daechul@sch.ac.kr




S o g A] A4 Q] a1z, A 2udske} 2 2 ¢
o] Motz du|efol oA 0|8 a&2] HAlH &t
ok F8f A= AT 4 s M= 7=
7idke] @FEAL Qlek o] g A|AIA Q1 FAl o whet
Al oy 7le=A 7S 2ol Qle ARFAE
of= 7P 5 W= iAol U 4] 714 Fo] SRR
Al oHA] =20l 7FsAdol = AF] A71sket &
Z]o]tChoo %, 2006).

ah, 4ok, VSRS 50 191210l AR AFg ks
7)z0) ArAxeks Te] Aao] ket 4714 %
Y& o] 83H= uEARAX|(microbial fuel cell,
MFC) Hhol & ofifA|o] o FopmA] e 4}
W B 2o, AR T 5 ouiX) el e
8714 W42 AR AFgIHs AT ool HrHDu
5 2007). = 97)& 3l €Jg BOD £+ CODY
ZF29} B7(Liu 5, 2004; = 5, 2006) 7L o =] 2]
AE7} A7|A oA R ATEE= AoFA] 43 A
7k lolw nP R A R0 72 MRS 0.1 Win’
Yielel Balsgort, Aee SN 5 9=
o] Fats] AFERA 1 AL F453] s 9)
tHOh 5, 2004).

2ol Lovley 5(1991)> si#1] 3R 913t 71
A Bl A EE 982 383} B4 E A A|(sediment cell)
o Al AAY o g A Sl Ao HA S AAISHA
ok B =R 7] A A e 2R E oy
A& Aibshs sAloll 28783kl o3 2 B4
A AlL3} 7lsAJo] A=E 1 gtk

n8E B EXEo| s A E HAke] A

o_>|: ﬂﬂl
o ox

52 A7) Sl AR AT Be

Aehste. Schroder 52003)& Absd o] W Zu)
£ AHg3tol HEPHL BRSOt v A SH
o4 437t ofe. B4 AT ARS Aleshd 2
A0z SARGo] ERkEc 194)7] wo] Auh o
2ol 5 AR SR 5858 A5 A4Y
3} ofe] 714 4o 715 FFstol AFUSE

aff Fl=A 2|7k AlmE A7)518HA wiel| o)t 424
2] o] 3= 9l5%o](Logan} Regan, 2006) 3f%F
EHEE o] 83t B E MR F&HT] AR

- YA - o1y

& o] Ffie%t ‘% &l - 1= ket
o] &84 A== AAFAY 2 d=o] F2H floc
T} A SHRS- A] 2EAY 5}% h, Hy &} 8 1At A=
sto] E|HE AR R o] EHEe Aokt
&= 7FssHA gtk

o] =olde 71EY mAEAR-A A Hol
Z-8-5= graphite feltd =3} 3145 ASRES-S A 0.7
=& ARt BASE o&sto] HAEA
IS stk AR LE o 2R e 484
T2l Aol Aikd 4 QleA] HESIACH ofe
2] EH 20 o A A E 2 sk

2. 02X uig

nEARdAE g or ARshd = anode
chamber) Wtof| Q)= A7 1S Mol daE S
1B Rafsto] 2Aeh 0] 28 AYTHO 2A
AE e oFl A ()3 (2)0)14] Hof= uiel o)
AlatEoll sl f71=0] alid o o3 HAf
7} A EH, o] parol 22 PR wHS F6ko
A= cathode chamber) 2 o|53tch T3t Al
Sol sl AHE A= A5 53l F Azle=
ol-sste] SF=FE o] Fte ol At &
5ol A7]ovAE WAPAFILE S AR 0]
75 A=A ()3 S S(4 (2) 14 9]
FS-& T2 Zth(Robin 5, 1993).

oo

I

E'=0.014V
(D

G H,, 0, + 6H,0—6C0,+24H" + 24¢™,

60,+ 24H" + 24e” —>12H,0, E°= 123V )

o2 vlEe %
2 graphite felt@} 2+
o}, ©ha =2 Table 1042} o] Aw=g-o] Hlw A
o) A2 xHA o] W u|YET 251E EA] o
ol W A= ge] 20|17 ek

Aol A=

A5 =
e o] A =o] 2ho]an

=
[e]
AA

I Vi



MFC9] &

&
yE

Table 1. Electrical conductivity of various electrode materials

Electrode Material Electrical Conductivity (S/m)

Iron 1.03 x 107
Brass 1.50 x 107
Zinc 1.67 x 107
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 %10
Platinum 9.26 x 10°
Gold 4.4 %10
Nickel 139 x 107
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Fig. 1. Schematic diagram of sediment cells used in this
experiments and Metal/Carbon electrodes. Sediment
250 mL was filled up in anode chamber.
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Table 2. Ternary analysis of sediment

Water Organic le.ed
compound solids
Content (%) 33.3+2.1 14.6+1.3 52.1£3.5
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Table 3. Voltage and current changes with COD (10 Q of an
external resistor)

CODy

(mg/L)

Voltage
(mV)

Current density

Sediment (mA /mg)
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Table 4. Production of maximum power density and current
density from various metal electrodes (10 &)

Maximum power Maximum
Electrode . 2 current density
density (mW/m®) (mA/mY)
Al 488 655
Zn 424 635
Fe 436 605
Cu 387 610
Zn/Cu 298 440
Graphite felt 44 90
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Fig. 3. Effect of various metal electrodes on the performance
of the sediment cells (10 &): Voltage (A); Current
density (B); Power density (C).
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Table 5. Standard reduction potential for metal

Reaction Standard potential, E° (V)
AP +2e=Al -1.662
Zn*'+2e=Zn -0.762
Fe* +2e=Fe -0.447
Cu*"+2e=Cu +0.342
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Table 6. Maximum power densities for each electrode

Maximum power density (mW/m®)

Electrode
Metal 0.2 g Metal 0.4 g Metal 0.6 g
Al-C 194 493 571
Zn-C 202 293 358
Cu-C 102 186 81
Graphite felt 105
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Fig. 6. Total resistance changes in sediment cells with metal-
graphite felt electrodes.
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Table 7. COD reduction during cell operation

Electrode CODg(mg/L) CODr(mg/L) Reduction (%)
Al-C 2473 1636 33.8
Zn-C 2394 1515 36.7
Cu-C 2422 1998 17.5

Graphite felt 2396 1735 27.5
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Fig. 9. SEM image of an electrode cross section: (A),
graphite felt electrode; (B), metal(Zn,0.6 g)-
graphite felt electrode.
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