08 HE 4 H
2008 FF 4 B

B 4%, A

Modern Chemical Industry - 23 -

Apr. 2008

iRl & E: NG AR &R D kAT

KRR, vt e 38, 1%

Rtk

B ARRTG, IR, M =

(BRI LRFHEGSLFHAF TR, TH &F 210009)
HEEE VRIS 407 JH T B A0 BB B0 0 e s 0 T SRR A, O RSB 0802 A L A K 0 B2 4

FE A 2 E AR A B0 e B W e R SR IR S SR WE R I E o

SRR A YR b s R K AL B BB TR
FE S HES : TMI11.145 XERFRIRAG ;A

X E 4 S :0253 - 4320(2008)04 — 0023 - 05

Progress in microbial fuel cell for wastewater treatment and power generation

SONG Tian-shun, YE Ye-jie, XU Yuan, XU Fu-yuan, CHEN Ying-wen, SHEN Shu-bao
(College of Life-Science and Pharmacy, Nanjing University of Technology, Nanjing 210009, China)

Abstract: In this paper,the principle and characteristics of microbial fuel cell are introduced in detail , with the emphasis

on the research progress in microbial , anode, cathode , reaction process and substrates . Furthermore , its development prospect is

also presented .

Key words: microbial fuel cell; wastewater treatment; energy resource

LRI B RE TR 4 R IRIEAL & A TFFr & &
JR B b BE SR A I ARG 75 e 0 1) 7 B LA % Uk 2 0o K
BRRBUE BB FF8 K BAL SR e & 1. @i
X5 7K B A0 2 % B IR AL R, 7 T BR 75 32 A9 ] B
SGRBIEMAR BB, ERE T HR, —FHE
A 7K A0 3 52 R —— 1 A 9 8B R It (MFC) 32 Hi o
MFEC S FI| i FE Al 22 BOAK B A W AR RE B e v /L
RERY— PR B, BT LUK R K P B A BTG Je ¥ 5 22
B BE , I TR A A BB K o X AN REAR 5 K AL 2R T
RisfT 2R A, T ESSH TRV R IRIL . Hik, A
FARL B MAE N — A R R R K B AR E Z 2 E
WO BB ZE R FA R B W =4, LAt 5T
BT REREE,

1 BEMRE R EERSR

RABHERUE MR EAC/E R T TR E P A
A6, 7 A B T8 o A T 40 B S B A R T R A 0
BP0 S e B B R BAAR , JR 738 i BT e e
B B E i o A R B R PR, BRI EBA R E S
T R T OB AR K o A 2 TR JROR B R E IR
R B S A X SR i B 40 g LA S 4 S0 SR BR 5T S fi

BB EMEWERT

Do A 0 AR i e R KRR Rt PP AR BR B — 2K, B
M) FH 2B ) HE A 500 s A 2 BB 5% 38 D ri BB, BT LABR T 7E
Hit FREARA KRR MBI, B A H MR
B AR & B E T OJRBR IR 2 B K
o AT LAR A — AR B e B AN BE A B 2 /A
HL T R AR AR, B TR A A 1E B E
MATEKE. QFA —BEARTE IR Z IR
N, —BORTE AR F R IR P PR IR P AR, X
A AR Z 2. OF R, KK
VI E A e, BA B R A AR, ALY
ZH Co, K B0, L WI5 %,

M ) BN R A Y AR AR
Bopy J7 KA Y 5 A J7 T, PAUT BX 5 407 T A9 Bt
Gt R — I
2 FRUMEY

VR A Y AT AR A ML A 22 P G e A%
B PR b, BT X 2 5 A W) R N B AR

& 1 AH WL JLF T MFC B9 7= Y o
AR VF 22 SCRRIRAE 7 7 oL B AR 10 B O 8 0 A )

Y 75 B #8 : 2008 - 01 - 07

ESWHE:“+—F"EEK“863" i H (2006AA027211) F1 L3574 FE R 0 H (2007020)
EEB A RRI(1981 - ), 3B 44, T2 F IR i 4k 22 07 T A B9 5 O 52 (1957 — ), 3888 1A 5 U, B 9 O 1 A G TR W 2 KA L 3R

Be TR, BB R A 025 - 83587349, zsbshen @ njut . edu.. en.



- 24 - A, 48, 2

FEoLBELH

Ue5E  EIEX IR N 51 A e 8 R4 8 B R TE
Gi—HIAIR BT B — B BT TE, HF B AR R
BORAR B R AREAGREEEN

BA BRI P AR
®1 AT MFCHFERGEY
7 H B 2530
Desulfovibrio desulfuricans [1]

Escherichia coli

]
]
]

Geobacter metallireducens 3
4
5
6]
7
8

Micrococcus luteus

Rhodoferax ferrireducens
]
]

[
[
[
Pseudomonas aeruginosa [
[
Shewanella oneidensis [

[

Staphylococcus aureus

3 AR

3.1 &KREABFEE
SN T AR W ARk R R Bl R — R A B RO E
TR ER B K B w7 BR T
A= HEL I A RN
H1 Tafel J7 72 7] 11 :
ln(i) _ BF Ycathode

iy RT

Neathode 32 B M 3 HL A7, R 2 3 A8 A9 SR % 2K
(8.31 Jomol '-K™'), s BRMHRHEE,F REBEF
$7(96 485 C/mol), i RHLILE E, iy X HHWME
BEo B AT an ey BEAR F T sy, EE R4 2
T5 % — TR AR AR 3 o U8 2 R TR Y T AL AR
(WERHE N i) 5 75— F R o 5 Kb R Y b T AR
VD B Y B, DT R AR Ao FL AR
3.1.1 A EAA

— A A AR L Tt 22 SR A B AR R B AR L (B
JE LY L T SR A /I T SR 4R O T LS in 4R A9 38 R
B, I A A E R DR E 0.1 mg/cszE%EE
F PR AS LR B 5, R B SRR TR
FApEAL .

Morris 251" PbO, KA E Pr 1 N BA 4R 4 1L
Fo ZHAREY,PbO, A=A TR 2 Pt By 4
X UL T A PbO, SRAUE Pt ANUHE Bl T 428 =
AR Rk L S B D 3R T LR AR T R AR . Yu 202
IR T 4% b 4 J Mk A0 9K 35 1 by BA AR O TR 4819 4 AL
o GERFH, FIRMMESE A TMPP, CoTMPP. FeCoTMPP
FIBKFE 25 1Y Pc. FePc. CoPc. FeCuPe 11 #, 7E (KJB) ik
B}, FePc—KJB ISR BT, VI 3K F] 634 mW/m?,

BT PEREARIRTIE (593 mW/m*) .
3.1.2 AHEHRRA

I A4 W i B AR G B T AR AL SE B T2 Ak
DAFRAR /5 ) FL T A5 3 AR, (E 2 A1 A 7 b 386 i T AR
A RS THRAEM AT, MBS LGES HAEY
BRI AR 25 ok 52 iR, B AT LA A= 49 3k W Bl B AR O
Xt F I A B AR SAE N R AR T2, BT
RUNEk R S AR R R, AR S TR AN T A
%[131 o Peterclauwaert %[14] MR TEYHREIN TR
MR JFEAE T, KRB AE W A AR AT LA A0 4 B FAE & R
PEAG A R B 3R 8 T A W Rk F Yt A R AR
3.1.3 ¥EAxMe k@i

Freguia 25111 Fi 75 88 BURL7E o B AR AL 370, DA 4R
FFAR A R A, 45 R AT REE 21 W,
KRFEHMF A BENAREH R, Zuw " EE
REG B UE BB b Yk — 2 5 HUBR Z SR AE R BAAR , BF
FEW, HEEERAM A R A 13.5 en® 30
2 54 cm?, IR M 0.51 mW HF 0.83 mW, X
W BA A R F 3tk B AR 4 B 5 S AN 7 48 P 7E A1k
b, B P IR R AR A L R TE AR B,
3.2 BRESHIHEMBTFZME

BT FASAE N BT 3ZARS0, X HoAl i b2
FRAE N T 2R M HET T, You ZV HEE
BRYE B BB F 24K, AR I F 8 115.60
mW/m’ , K FHANEE KR (25.62 mW/m’) 1 F
AR (10.2 mW/n?) , X EE B T B R
A S| T FF B H FE (OCP) B 3 K. Tartakovsky
IS B EAL M R 32 A, 38 Kk T H s Th
R, T LAREAL Y E B F 2 A, T LR AR AR Y
T, B0 7 20007 .4 310 mW/m?l) | 1 3R ERE
B THASENBETZEN, X H FHEL
YR TR R, R T R RE . H R sk
Y0 I3 B I AR A R 380 T A R R Tt B B
W 4] JEC 7 Ak 17

4 PHR

— P A= W R Ak L it T ol P R EL B R
B, QR A R AR, LT AR AR R R
Xof 5 BB A £ A A o A L At B A AR R
4.1 XHFEE X

Zeikus 2 ¥R 38 T FI A 5 PHAR [ 2 A My 3k 18 m
B % B, 2R J5 A AQDS. NQ. Mn®* | Ni** | Fe;0,+
Ni®* R Bt BB AR N BEAR , 45 SR R B, 3 26 i BE AR
FPAERMERIERFRAEN 1.5 ~ 2.2



2008 FF 4 B

RERIEF BT REACER ™ N R DR B R - 25 -

Zhang™ 3R 18 T 75 73 88 F 0 A 38 DU 9R 2 4 (PTFE) 1F
b MFC B FHAR , B 52 R B, PTFE (& &% T MFC
BB, B 4 SN 30% B9 PTFE W] DL 3R 5 A9
BARIER K 760 mW/m’, PTFE £ 5|8 A B H KK
ZHEW RSB E PIFE B E KRN NEES
MEEBRR K. FEE PIFE S B HEG, Bk
SROK PSR , 515 40 B A ) R AE AL IE N RO B, R T
Bedl e T 15538 B J1 . BL4h, i £ B PTFE ¥ B K
P 9 S e P, R I 3E B A9 PTFE A REfH 75 PTFE 7=
B KHL T o Cheng K FI &S FRAL B3 BOBR A5 1 M
MFC B , 45 R R B, T A0 3 5k 09 B A5 7= £E 19 T
FEH 1640 mW/m’, R FARIAE S W%, H
MFC FE BBt R 458 T 50% . X EE R THRA
SR[AEED G, LRI, ANTiA FlF =48
TR F DA B A 0 ) B o
4.2 MAHEfELR

Qiao 24} 18 T Mk 4h K % /58 % i (CNT/PANI)
YEA MFC FHAR , Bk 99 K & 7T DASR = B 7 B 1% 2 4
BARFF A A A K o T PANT AT LA A g4k 7=
AR, T E A A TR AE K HEE RS S
PRI T HAE MFC RN A . BB E A ER,
A LLB B EAMOFE o Kargi 10 A -2 S 4
RO BB N MFC MR, &R R, 5
BH 5 % TG AR R 38 K, 7= A A4 B IR ) SR B 22 8 K
Rosenbaum > B} 58 T F Bk Ak 559 7F S 18 2 49 4R 6k i
B BRAR , FR13 T 45 A BCR , Fo i A2 1 Ak 23
FE PEAE 1 A Wy ROk B b Y FRAR RSB A 1Y o

5 REAR

5.1 W=

XU MFC [z 7 #5021 — 4~ B B % F— > FH
Z,PEERFREESEE ERTRT. 8 THR
T34 A 0 i R A 0 PH AR R B F, & A T B AR
pH B EFH (B TRFY #Z B BAR RS ). pH #
VAR B e B AR, PR T H AL, AR
FH R WU R B CEM, 7T LAY K% pH A9 46 B 7 A
MECHFERHBLR BB T MFC AR
5.2 HE

BT WENEZRE, REHFTHRK, TE L
S 5JF % T B MFC R B3R, 5 XUE MFC % B #%
TESEH L B2 A A 2 O AR 0 R A% 7E [/l — 2 BE
%=,k PEM EEEE —&E;QRA T SKHBK
YER PR o i S BL 2% 32 17 /9 2 2 % FE 7T 3k 262
mW/m?, & FHFZHETHNE, HHEERE PEM

&L, T A, R TR 494 mW/m®, BT
A& PEM, (/8 8 F 7T LA B d 8 o BA A% , AT
% pH —%., HEAKWTUFIY HUZ, EEMIK
WRERRL,5IET ECREN T,
5.3 ARRX

& MFCI0L2 Fy 2 /> BB T8 9 i 8 38 28 L R, B
WMEATHRERN LI, RARA —EFAEHW
ARIE B AR, FHAR SR FH LA R K A% o9 fR 35 38 sk LA B
LAY, I XHRBESKTPLRE 15 M
ZEIEWERE, A IESEARE, LK H L CcoD
JE WA 1000 mg/L RIS K AR YT, 24 h K
11 BB EFE R RS BRI RE E N 170 mW/m?,
COD ZEBRFATIL 90% . FHILz MFC B A 4514 & 5
RRA = BT RA MR IR, EE G 55K EH
T
5.4 mEBRHBRNX

Hea 2127 VB 55 T e 4 I A R 42 186 B R A9 IR
ML AR H R A B TR K TR AR , BAR e i
FAtRIE I T MFC WA S &, HE S T HkE
AR T R = A T . Bk IE R A T
b FR A BA AR B L 0T B B BE AR B LR %R A B AR Y
TR R TEH— R
5.5 PEm-PAHRELERX

2 S T BH AR — B A A= W 08 Rk e Yt B9 A o 7R AL
A 1,

I‘Hﬁ\ﬁﬂg R | BMR A0S /ﬁ?ﬁﬂ]ﬁ
/

{5513 co,|| :
biksit7] :
=
i
A |
pH7.1 :
500 mg/I, [CHCOOH\H :
FHAR : T

HEh Pk
pH 7.0~7.5

<5 mg/L
CH,COOH

CH,COOH

pH 5.8~6.5
10~200 mg/T. CH,COOH

Bl FS X P - AR A Aok o i
EY TR

Freguia 55 A 5% T BH % - BA & #% 22 X 18 % B
MFC, LR A : © 1 F PR A Be ) % HuB% i COD,
1 Ao L P AR PR Ao 4 I B 4 4 B AR, R R E BR
e b B R A ok EALixX 2 coD, /8 H K coD
ERER LK. @B T CEM B MFC £i& B
e pH B30, 3 A4 1) &8 X F i K AR B2 2, i BH A -
BA % 3% 22 396 35 7T DAAR 57 i g ax A ) jE . B AT DA
¥ pH, WA LIRS AR B AR . ©H =4
fThR KA E LR 3 5. S NE £ K coD



© 26 - 4K, 4L

FEoLBELH

A B, K5 2 5B A A 3 8L A R 38 K, DTG PR
il TRESRRARAL BHIE TR A, LU AH
B W 5 B AR A, AR 1 BA AR B9 COD #B FR .

5.6 BArlemithiE

Oh B 58 & B MFC B e KR E N 0.5 V,
Wit SRR AR MFC 78 B2 R, AT DA T 3%
HLUERE K 1.3 V, AT RE Dy AR M H
H g — A B R X T 55— E T R RE R A TR A R
EB, S RAEBERBAR, X FERERBA R
HRAEEERER 2, S-SR RER,E
T8 A R S R B E Y R B AR E R AR, T AR
il oL s ) R %

Shin i A U B2 3He 4 285 i A oy R B B Y, 5
PS4k i B 45 — A B S R Bh B, DU AR B FT RAAE
g — 4~ e 3t A BE AR , AT AFE R 55— e e A BR AR
A ERBE,

Peteraelterman %BOJTE 6 I~ 37 /Y MFC i@ i3 &
B BRI R T8, KB KR
258 W/m’, 7EFHFRK 7 =X 3017 & B B, B & B IR A9
KK, B IR A A PREAARI  , B 22 FR(ef) PR T
Frbh b EF AL, A BRI R R B B S B
MFCHI TR KT 3 5, WM 6.5Q B =
3.9Q, #—HIESL T MFC ¥ 78 # AT LA 7= A A Y
HLRE

6 KM

T A B R e Tt — M DA DR K Sk #EAT BT 5T
X SEAE R K FP R R AL B R YR A AR R LR R
s HUOR LA AL P BB B I 59 A= 15 15 7K FORE ol R
AKBUFE R Y o Rodrigo ZF X BF 5T T At A= W08 b
R Yt R AL B AR Y TS K, DR AE R B, B ORH i Zh &R A1)
I EY COD A KA, T AL K R A Ko

A R XERE iR A LR K B9 BT 58 B2 D Venkata
Mohan SR 5% T &2 2% B9 A6 TR K A o 0 A W #A R
WRY B AT . HAL TR K/ COD i & ¥ & ik
BT 12 100 mg/L, T B 89 R N A6 24 H 8] A ek
R RS Y. ERFRATE 62.9% 5 B R
T IE 862.82 mA/m’s K ERE L KRN LK ¥
(Pennsylvania State University) i Cheng e
L& RR T AR BRE TS e ¥ (AMD) R 7=, 2
R T ERIRCR . MR A L TR K R 3
FIWEFE, AT 6 MFC 3 4538 SEFr R K B9 AL B, 3F HL
YR BEA LA B K T LA SRt LU AR 7 ¥5 K R B BRI
IXAETT DU A R BB T AR AL, Rk A L

A6 T B K o B o [ BT RAFE A A 4R, R e
TR

ETH,ZEMEREBHE EFEH FALER
2N E] X 2R ZH R (PTA) K VE ¥, 5 COD Ji
B E—RTE 3 000 ~ 5 000 mg/L, A — Fif ¥ & f Y
AHLEK IR B 5= 550 5 £ Y RO H Tt
2 2 T 10 R AT 2L R 0 TR M AR PTA B AR BT
TR Wy AR R Tt 7 E % B AR R DL K B R,
e COD M AR K 80% , R K IR % &
3% 255 mW/m?,

7 HIEMRE

MFC B S MRS BA T H R0 R R
OHEHEBIRELEM, BITEABES. &
REREMR A , 38 8 & LR e S 0 R K AL 38 15 48 T
KT X, FHETEELUTILAFEHETHE—F
W5, B H R AL B .

()R AR SN R BT 20K, LR F & Tk
LA, I AT DUE 2 DA T J7 vk AR L v AL, 42 v B AR
FUR R O A E SR LR & AT AR
M E 4 QBF 5T AT LAERAR Pr A BR A AL @ 2T
WS E BB kR E AR L RE
PR @I AL 26 5 B bR LU IR | B TR R

(2) 0387 B S A= Wy B 5% B 7 s I A W 5 R
AV AEY 57 FEWFR GBS N EEE T
AR TRBGE, RS HEBR

()3 I BE AR bR T A, LAR m A Y R E
B IFFER R B A AR, LR A R AR A
%,

(4) B — B AR DL ER R G54 o G5 TRT B 4R AE
D5 3 7T LAY (& R BE g, A K B T R, 5 515
JKALFE T2 BB

(5) hm e % 4b 3 5 Wk B A HLAL T 7K B9 MFC #F
S8 — " MFC /955 FIE, 5 — 7 T = AT LA
HEE T E RN R, XK ER KT AR
B

W& 2 BRAE VR B S T5 YL 19 H 35 7" F , MFC %
AR BA WEREE N RS, #18 MFC R4
AR E . BRTWFRRERLTES B
B B RAREREE AW Ak A AR DA 2 Rk F
A= TR, 04 HE 3 A 7K o [B] i BB R B9 MFC
R,

S % 30k

[1] Teropoulos T A, Greenman J, Melhuish C, et al. Comparative study of



2008 FF 4 B

RERIEF BT REACER ™ N R DR B R - 27 -

three types of microbial fuel cell[ J]. Enzyme Microb Tech, 2005, 37
(2):238 - 245.

[2] Zhang Tian, Zeng Yulong, Chen Shengli, et al . Improved performances
of E. coli- catalyzed microbial fuel cells with composite graphite/PTFE
anodes( J] . Electrochemistry Communications,2007,9(3) :349 — 353.

[3] Min B, Cheng S, Logan B E.Electricity generation using membrane and
salt bridge microbial fuel cells[ J]. Water Res,2005,39(9): 1675 -
1686.

[4] Choi Y,Jung E, Park H, et al. Effect of initial carbon sources on the
performance of a microbial fuel cell containing environmental microor-
ganism micrococcus luteus[ J]. Bull Korean Chem Soc,2007,28(9):
1591 - 1594.

[5] Rabaey K,Boon N, Siciliano S D, et al . Biofuel cells select for micro-
bial consortia that self-mediate electron transfer[ J ] . Appl Environ Mi-
crob,2004,70(9) :5373 - 5382.

[6] Liu Z D, Lian J,Du Z W, et al . Construction of sugar-based microbial
fuel cells by dissimilatory metal reduction bacteria[ J] . Chin J Biotech,
2006,22(1) :131 - 137.

[7] Ringeisen B R,Ray R, Little B. A miniature microbial fuel cell operat-
ing with an aerobic anode chamber[ J] . Journal of Power Sources 2007,
165(2) : 591 - 597.

[8] Morozan A ,Stamatin L, Nastase F, et al . The biocompatibility microor-
ganisms-carbon nanostructures for applications in microbial fuel cells
[J].Phys Stat Sol,2007,204(6) : 1797 — 1803.

[9] Kargi F, Eker S. Electricity generation with simultaneous wastewater
treatment by a microbial fuel cell (MFC) with Cu and Cu-Au electrodes
[J].Journal of Chemical Technology and Biotechnology,2007,82(7):
658 — 662.

[10] Cheng S, Liu H,Logan B E. Power densities using different cathode cat-
alysts (pt and cotmpp) and polymer binders ( nafion and ptfe) in single
chamber microbial fuel cells[ J]. Environ Sci Tenchnol,2006,40(1):
364 - 369.

[11] Morris J M, Jin Song, Wang Jiaquan, et al . Lead dioxide as an alterna-
tive catalyst to platinum in microbial fuel cells[J]. Electrochemistry
Communications,2007,9(7) : 1730 — 1734.

[12] Yu E H, Chengb S, Scott K, et al . Microbial fuel cell performance with
non-Pt cathode catalysts[ J] . Journal of Power Sources,2007,171(2):
275 -281.

[13] He Zhen, Angenent L T. Application of bacterial biocathodes in micro-
bial fuel cells[ J] . Electroanalysis, 2006, 18(19) : 2009 — 2015.

[14] Clauwaert P, Vanderha D, Boon N, et al. Open air biocathode enables
effective electricity generation with microbial fuel cells[ J] . Environ Sci
Technol ,2007,41(21) : 7564 — 7569.

[15] Freguia S, Rabaey K, Yuan Zhiguo, et al . Non-catalyzed cathodic oxygen
reduction at graphite granules in microbial fuel cells[ J] . Electrochimica
Acta,2007,53(2) :598 - 603.

[16] Zuo Yi, Cheng Shaoan, Call D, et al. Tubular membrane cathodes for
scalable power generation in microbial fuel Cells[J].Environ Sci Tech-
nol ,2007,41(9) :3347 - 3353.

[17] You Shijie, Zhao Qingliang, Zhang Jinna, et al . A microbial fuel cell us-

ing permanganate as the cathodic electron acceptor[ J] . Journal of Power

Sources, 2006, 162(2) : 1409 - 1415.

[18] Tartakovsky B, Guiot S R. A comparison of air and hydrogen peroxide
oxygenated microbial fuel cell reactors[J]. Biotechnol Prog, 2006, 22
(1) :241 - 246.

[19] Schroder U, NieBen J, Scholz F. A generation of microbial fuel cells with
current outputs boosted by more than one order of magnitude[ J] . Angew
Chem Int Ed,2003,42(25) :2880 — 2883.

[20] Zeikus G J,Park D H,TLovley D R. Harvesting energy from the marine
sediment-water interface: II . Kinetic activity of anode materials[J].
Biosensors and Bioelectronics,2006,21(11) :2058 — 2063 .

[21] Cheng Shaoan,Logan B E.Ammonia treatment of carbon cloth anodes to
enhance power generation of microbial fuel cells[ J]. Electrochemistry
Communications, 2007,9(3) :492 — 496.

[22] Qiao Yan,Li Changming, Bao Shujuan, et al . Carbon nanotube/polyani-
line composite as anode material for microbial fuel cells[ J] . Journal of
Power Sources,2007,170(1) :79 — 84.

[23] Rosenbaum M, Zhao Feng, Quaas M, et al . Evaluation of catalytic prop-
erties of tungsten carbide for the anode of microbial fuel cells[J]. Ap-
plied Catalysis B:Environmental ,2007,74(3) :261 — 269.

[24] Ter Heijne A, Hamelers H V M, De Wilde V, et al . A bipolar membrane
combined with ferric iron reduction as an efficient cathode system in
microbial fuel cells[J]. Environ Sci Technol, 2006, 40 (17) : 5200 —
5205.

[25] Liu Hong, Logan B E. Microbial fuel cell in the presence and absence of
a proton exchange membrane[ J] . Environ Sci Technol ,2004,38(14) :
4040 - 4046.

[26] He Z, Minteer S D, Angenent L T. Electricity generation from artifical
wastewater using an upflow microbial fuel cell[ J]. Environmental Sci-
ence and Technology,2005,39(14) :5262 — 5267.

[27] Hea Z, Shaob H, Angenenta L T. Increased power production from a
sediment microbial fuel cell with a rotating cathode[ J] . Biosensors and
Bioelectronics, 2007,22(12) :3252 — 3255.

[28] Oh S E,Logan B E. Voltage reversal during microbial fuel cell stack op-
eration[ J] . Journal of Power Sources,2007,167(1):11 - 17.

[29] Shin S H, Choi Y, Na S H, et al. Development of bipolar plate stack
type microbial fuel cells[J]. Bull Korean Chem Soc, 2006, 27(2):
281 - 285.

[30] Aelterman P,Pabaey K,Pham H T, et al . Continuous electricity genera-
tion at high voltages and currents using stacked microbial fuel cells[J] .
Environ Sei Technol ,2006,40(10) :3388 — 3394 .

[31] Prasad D, Sivaram T K, Berchmans S. Microbial fuel cell constructed
with a micro-organism isolated from sugar industry effluent[ J] . Journal
of Power Sources,2006,160(2) :991 — 996.

[32] Rodrigo M A, Canizares P, Lobato J, et al . Production of electricity from
the treatment of urban waste water using a microbial fuel cell[ J]. Jour-
nal of Power Sources,2007,169(1) :198 — 204.

[33] Cheng Shaoan, Dempsey B A, Logan B.Electricity generation from syn-
thetic acid-mine drainage ( AMD) water using fuel cell technologies
[J].Environ Sci Technol ,2007,41(23) :8149 — 8153.

[34] A7 B, BRAR , OB 5, 55 . — Ak X 248 — W IR e A 1 1) 5 B L
WA M (7] . 4L T4, 2006, 57(8) : 1968 - 1973. W



