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Comparative study on electrical characteristics of microbial fuel cells using
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Abstract: H-type two-cell microbial fuel cell is constructed by using anaerobic sludge as inoculation microorganism
and the effect of different electrode materials ( carbon paper and carbon cloth) on the electrical performance of microbial
fuel cell (MFC) is investigated. Research shows that MFC with carbon cloth-based electrode starts faster and achieve
stability in 18 h.However,in the stationary phase, MFC with carbon paper electrode can export a voltage higher by about
20 mV than that with carbon cloth electrode. MFC with a carbon cloth electrode has a maximum power density of 4. 7 mW
-m~? and an internal resistance of 1 782 () at the initial stage of startup.The data for MFC with a carbon paper electrode
are 8.5 mW-m™> and 1 125 (), respectively. After the acclimatization , the voltage during stationary phase of MFC with a
carbon paper electrode is 313 mV , higher than the 282 mV of MFC with a carbon cloth electrode.Therefore ,in the light of

power generation efficiency, carbon paper is superior to carbon cloth as electrode material for MFC.

Key words: microbial fuel cell; carbon paper; carbon cloth; power density

B Al RIRAF A BRI H AT 2Bk IHFE
Rt T REUR . (HRAE Toll 5 LIREC T 4 A9 M
BRI, A A BE IR LK 1 i 75 2 HE ™ B | B PG o |
JRUM A ER AR A AR (R, D, T A BT T A AT AR
REMRE AR AR T 1], HLREAE D — e a8 HLAg i
AL — I REUR, 75 RE R B IR L I B b R 4 E A
AR BRI . T, A U KU ks K
Tk RERH CRIHAE R E R
AR L (MFC ) BT M) v 42 B BB A
e, AT Lk pR B 574 5 DA AR A AL 3t m] LA
FEARLRE . (H FAT MFC RS H D RAT AR, R
TCSEBRNE T F AR AR Y TE B R MFC g
MR EENR Z —, NI FRIF e F A id By i
AT LAR 5 MEC % D32 T or B 2

AT B S MFC AR A4 A g — B, B Tt g
Tl A=W aE N PR S PR RE A YR R,
HHT MFC W55 i ) 2 kKL, # T MFC H i
B A B BRI Bk AT B UREL A7 28 JORL ANk B
SR R URAE R IR AR AR, LIRS KA
W) AERUE MFC B g P i L Al 3K 514. 5 mV
B VORI FH 285 in A B R AT R E R R R, 453
1) K HLH A 800 mV

R T TR B AR 5 i AT FLARORE MFC R 2%
FEHLUSRR N 25 53, 2834 AR 40 R AT 1 HL AR A4 B
W ZE MFC ] i, LT 2 Ff MFC J3 3l i Be i
HL . AR FH 238 R0 ) 38 58 B A AR AR A 0, LA g 3E
2 7R R R MFC 7= HUALBE B FELAR AL B, AT
i MFC HLBM B B4R LT 2 1 S 2% R .

Yrfm B H3.2018-05-07;; 1&E HHA.2018-11-14

YEZBE A AT FL(1993-) , o Wi-HBF5E AR, DF5E 7 1) R 15K AL B 642859294@ qq.com; 257K (1961-) | B, 181, 2042 , WIF5E 7 16) g BRI T 42, i

B & A, dr_lyf@ 163.com,,



201918

1 KBEHMBERE

1.1 #HEwREBEbpiaE
Az rh R FHAE SR H B EE MFC RV #
wmE 1 s,

Glucos

Microb

U

W&z
A1 %‘ki%*ﬁi*ﬂr%ﬁhﬁlf/ﬂ? #

SN A 2 AR TR AT MLBE 5 20 1, I g i
AT SR B R 900 mlL, SR FH 1 58 e Ji ( A2 R
8 cm) VEAEH BHP = 9 53 B kL, 23 3R FA 4G (R
5128 70 mmx70 mm, &R 0. 73 g) A (R R
70 mmx70 mm, it N 0. 82 g) HEATHFFE, BHAR AN
P FH A Jo H 2 [ e IR 1, H A A P 4 i 1 A
WA AR, PHAR = R % A 4540, R s g =
A A PR R R
1.2 MRt E

- 3¢ 4 i ( PEM) I A 3 75 22 R i 7E
1 mol/L ZE47 Y HCI ¥, PEM #2324 h )5, H]
LB KW 2 h AR 1 h J5, LB oK
Ve G A LA HE T BRACUTE 45°C il T4
£2 30 min,
1.3 SR EMFIBRE

MFC FHR %= 5 T B A FL M R VDL A% 15 7K b 28
JTZO0M, 20 24 h 2RI BAIG BEDIE S, 3R
IR AR5 e . BUTRE JS 975 2 300 mL imA
FIBAM =, BB M A E AW, Ak, R T s ™

LRI AR KR R RCR, B8 JR I (T R

(&% 183 )

[5] K=, WA &), AR, S5 BEF LR 04/ Fenton T. 204 BE
Rtk B 23 ENSBK BB L[ 1] b atfe TRF2 4. AR
% ,2016,43(3) :14-19.

[6] Bai X X, Yang Q,Ding J,et al.Research progress of catalytic ozona-
tion process to treat refractory petrochemical wastewater [ J J .
Chemical Industry and Engineering Progress, 2016,35( 1) : 263~
268.

[7] Zeng Z Q,Zou H K,Li X, et al.Degradation of phenol by ozone in
the presence of Fenton reagent in a rotating packed bed[ J ].Chemi-
cal Engineering Journal ,2013,229(229) .404-411.

[8] Liang G, Jiao W, Liu Y, et al.Treatment of simulated wastewater

AINZF - RO BT EB AR A MDA BB EB R R B NS LA 3R - 185 -

FIK) A4 3.13 g/L NaHCO,, 0.13 g/L KCI,
6.338 g/L NaH,PO, .6.855 6 g/L Na,P0,.0.2 g/L
MgSO, - 7H,0.0. 015 g/L CaCl,.0.02 g/L MnSO, -
7H,0.0.31 g/L NH,Cl, pH & 6.42"" LI %54
SBEIT, 76 S Bl B B i AN [R] s 1) 13 43 0 il B I #
e AR VA TR A T AGE I AL A0 P, 0 7 e A
R LR N T, L4 L R AR AR 1 0L
1.4 SRz x
MFC PN BH B 5 K Hn o) 23228 BE o « D 325

JE AR AL M 2 A BT I 12 h S5, T AT AR R

FEMK NI A S BEINAS AR R 4
%J*&fk%%,ﬂ%ﬂﬂéﬁﬂ@ﬂ%%ﬂ W MFC 1Y
WBH R, ML B3 o e KRR P =&Y/
(R, xA) , 2P A g BHAR TR, FEL 3L %% B o v F
M AR A EL i ( mA/m?) o B R85 B Sl B B Al
A EDIR(mW/m?®) , EAPEEEH 3,5- 1
FEK IR Lo A8 00 2 o P R R e B T T R
(UT61B BY, A FI e 747 FRA R A ™) if 4790
S, SR EIE]BF A 10 min,

2 HREHH

2.1 2 FhistE WAL R it S B B B B R IR 1R 5L
ARV RAR A (BR AR B AT ) T2 0 Ak e Tt
Je shr B B AR AR SN 2 R

0.25

0.20}
> 0.15}
|

£0.10

0.05

0.00 50 100 150 200
B A /h
1—BR S ; 2—Bik AT

K2 %éﬁlﬂ%’ﬂ?%fdﬂ 3 B B R L B

containing nitrobenzene by RPB-0;/H,0, technology[ J].Chinese
Journal of Environmental Engineering,2014,8(12) :5099-5104.
[9] Jiao W Z,Qin Y J,Luo S,et al.Simultaneous formation of nanoscale

zero-valent iron and degradation of nitrobenzene in wastewater in an
impinging stream-rotating packed bed reactor [ J ]. Chem Eng J,
2017,321(1) :564-571.

[10] Z=45.RPB "' O;/Fenton F b AL TSPy AR K I BFFE[ D]
Jeat deatfe TR, 2013.

[11] ESb, A% AR S BT - 05~ Fenton 4 k1% IR FE AL 37
WIEK[T] AL TR, 2016,36(5) :527-531.

[12] #EERAE TR TC, R A, 5. Ti0, ek A B R LR [1].K
AbFIEE A 2014,40(3) :11-17.1



- 186 - FAX AL L

H I 2 AT LUE SR AR A R MFC 35 7] 5%
e gy, A2 Jr 1K 380 (0 W P e RS E FL R 3 AN
AHIA], R FH Bk A B B A MFC 2233 18 h fi 34 3
180 mV ZcA7 WA, 1 R FH Ak 4R FEL A 1) MFC 848
24 h JFIKF] 200 mV ZE A7 BOUEE(E R RS A A A
MFC H R B 406 FL A () MIFC. #52  adk A 388 K 3, O
H IR BIRSE H e I T B () 9585, 24028 48 h, 1R i ik
AU MFC BAR 7 AR m L R (R s R, i
DR A A R R R B A ) SR P ety HL AL B Al 22
FRRAT, ti T HAT 5w O FLIUR , (A E ek
et AR AT PR S B A B £ A 2 1 i A
WA FLAl MIC 3 sh SR FLHL R AR

MEC % i FL R B e s 7 2 AR Tk 2 9 e
Ty, IRBIIACEASE BT DN 5 46 I B0 1 2
FL R R BT BORSHIRT R MFC @ 94kt
FYMET , B S YA ] A G4 MFC () HE R 350 37
P HARuE , nlE 3 i,

0.45

0.40f
2 0.35F
=l
# 0.30

0.25

02007750 100 150 200
B 1E] /b

1—B4K  2— A
B3 AR JE 2 AN B d R b A

HIE 3 0T LLE H, 7E 22 d J5 R FH A0 B iR 1
MFC FIR FBR A B 9 MEFC A9SF- 24 % H A s 43 9]
9313 mV F1282 mV,

2.2 FEAEWBREIE SN BB EERER
FHE AT

MFC Jir = Az (9 fL RS2 fR IR ik B 2880 A% 4k
KA EYE , WF58 R, PR B 2 1K 25 R il sk
A I R A R B R T R B
G SV B 2ot v S5 A Ak T o i RR S 52
WA AT AR OB R W R
() EZERERY R 2 — , R AL 5 o A HH Y
LR,

2 Pl Ak ek b A [ ) 30 19 ) 2 A 0 R
[EANE 1 frs, i 1 nT LG SR FH AR 4K B A Y
MFC 7E55 1 JE T #6700 B 75 22 K29 93.5 h, 7256
2 WA A 20 40 h BRI AESEEE SR AR AT
P MFC 55 1 FAMITE % 165. 5 h A fEsE S FER%
B 7SR 2 R A A T 100 h BP AT FESE RS, 2

E395F1 8

HUMLTESE | 8 01 A W AR B 5 28 2 AT L4
% TR 3 FNER 4 18T, 2 vt TR AR A 4G AR 1Y ) [R]
KBRS, OEFE A A RCE eSS |
WIS R EE IR B HEA TR | 5 Ja T AR il
AT HL . SR IRACHE L) MFC 7655 1.5 2 Ji I
T A 25 1 s ] LU SR P B A HL R 1 MFC %

F1 2FhEBMBEEEEFERERTLE

3 HFETHFERS [A)/h
MRl 2 B3 4 A
T4t 93.5 40 44 39
WA 165.5 100 46 43

2.3 2TIEYMBMBEHMEINENNERZER
MBRT1E R

FL S P A A A b A R T 7 i Ak
IR (A B WA o . S AR L R Y
TR 5% 3 T A R et H b ARG = B 24 H R s #
FRE AELA , 38 3 MR A B FELREL (10~ 9 999 Q) 4333l
P B YRR H it i T 3 B S L a1 O R it
DA S R Sl FRL S 5 R 3 R B A Ak £ i
K4 185 s,

R B/ (mW * m2)
CRNWALANXOD

510 15 20 25 30 35 40
HL 3 BE /(mA - cm2)

1—@%?&;2—%%
M4 2@ ETEHE

0.5
0.4 1
> 0.3 y=-1.1253x + 0.5618
= ° R*=0.9509
'E.J 0.2+ 2
A
0.1F y=-1.7822x + 0.5499
R=0.94 0 AN

01 02 03 04 05 06
L 4% BE /(mA + cm2)

1—BR 4K ; 2— WA
H5 2 3R &
HI 1l 4 FTLAE H 7E0R S B, F BOIRAS T Ha it
B L, L D R % B A 0, W2 H 3 A 38 K,
RIEFETFUR LT 2B ACFIRR A B 7% L L 25 40
HRE] 35,12 mA/m® B, D) 23R %5 B 35 B {E, 435



209 F 1 8

H38.5.4.7 mW/m?, {HFf 25 HL I % B A k23 K,
UPRBETIG TR, EE AT 0, 3% &t T ith Py 3
FFAERARVE IS B AY

HRYE D 3% B i 4k, CAAE B K YIR B T N
HMSEAHAE , A AR A L N B A RN, Sl TR R
WA — 0RO L b Ak i R AT 1L

F & 5 AT LAE H BRACFIRR A 43 B VE AR B, fL
BT R 1125 Q 11 782 Q, MifEf K INH
R, AMEBHZM 8 1000 Q F11 700 Q, AL,
FHRR A it SRk 0 0 R e K ) 589% i vk 34 R R v
b N BE, [RIRS, BB 4 18 S AT LA Bk
2T FL R ) 7 LB o R AT FL R ) 7 FRL SR |

TE I3 B B, SR AT FEL A MFC 38 31|06 (B S 8 L
FE AR aIER i 48 MFC ., Ho LR R & e, (1
J5 B B DR LT = 2 2 4%, BHEERT & /D, X
2 DR AT AR AR PN REL A B/ N o 38 2 il D) 38 R K
IR B A L3R (2.2 O/em) RFRRACH L
F2(0.8 O/em) ,BUTHACR G H IR THIE

55 AR LTS e S BEBHE) MFC A L, A< 5256
e SCH H 1) 0% R R R R IR, — BB R R Y
M) MEC 1) E e Rt T 2% B n 99 BH A ) 1)
B K S50 TR AT ) B O P 5 N R 1)
PR BULETE B AN F FIAS S 56 v 1 e 42 0 L 197 4 v o
B PEM 3% € | S B0 BH 3G, (0 45 5 K T R 9%
TR,
2.4 pHHT

2 ZHAE MFC R HE P pH 2117 50

K6 Fimw,
8
7 -
X/ E 2 E
5r 2 1
T 4t
(="
3 -
2 -
1 -
0 500 1000 1500
B A]/h
1—BR 4R ; 2— i A

K6 2 i pH &1 4

MIEL 6 HRT LIt Bl I ] AR AL, B4R B A
FEWN pH — HAFLETE 6.0~7. 0, H A W E AR ik
AP N pH — T iR S 55 FR L, Jm ok 12 18 PR 7 A5
6.0~7.0, 7E5 100 h I, by TR A S0 25 1) 2 BT
FERCNE BT A AL R R ) ) 22 8 R T
L, A IR DN A PR

AN - TR A0 Bt ARG A MRS BB St = BB A5 M B XS LB A S - 187 -

(1) R ZEPIME AT AL IR 8 0 i Btk AV R AR B
b, b T B AR, {H R R AT LR
MFC (180 mV ) W AR HL & 5 2R H filk 4% B3 B 19 MIFC
(200 mV) FH HLFAIG

(2) FEJR S, SR FH AR AR FL AR 1) MFC D%
W (4.7 mW/m?) FIFSE HL R (282 mV) ¥R H
AR A AR ) MFC [T 3R % B (8.5 mV/m*) Flfa
FEHLE (313 mV) /N, HR FHAR AT A A ) MEFC 1Y
RE(1 782 Q) &R i 48 M B9 MFC (1 125
Q) 1.7 1%,

PRI , 2R FHRS 4% Sy F BB R A F it 1 7 F 3R
Dok kAT HL A A BHY MFC

S 3k

[ 1] PRSI I Y Ha v, B 2 € 1 SR SR B0 3% 1 i 2016 APEC 4%}
Lt I PrRig s )] hEk 2016, (3) :49-51.

[2] Jiang J Q,Zhao Q L, Zhang J N, et al.Electricity generation from
bio-treatment of sewage sludge with microbial fuel cell[ J]. Biore-
source Technology,2009,100(23) :5808-5812.

[3] KEE, I RBIG 55 Sk PR o b o 5 b RHIE 5T 30 Je
[J].Hifk2%,2012,18(3) ;243-251.

(4] Bfl AR08 0 R 55 002 Rk Hi Sl ri A A sk 4 Je 8 F 50
PEFR[J] AL T#ER 2013,32(10) :2423-2428.

[5] B4R, 208K TRk IN , 25 S0 Aok b b 1) 1F 2 1o FH g e
[J] AL THERE,2014,33(5) :1067-1076.

(6] XUFRME, X7 , B A R Bk A PHAR AR A 0 SR F b 7= v
PERFFE[J]. B AR ,2015,39(8) : 1661-1663.

[7] FRE0, B BE , B ORZE. G A DRt v st o i 56 B A oA ) A 2 1
MR L IR AR AT e 0t SR [ 1] BH B 5412, 2015,33(3) : 105~
109.

[8] ksl , Z=sk e, XA, 45 1) FH WL 0 A 0 MRk Hh st Ak P A
OB K B 7= R PERTSE [ )] R B R 2%, 2012, 33 (7) : 2427~
2431.

(9] BKE DU IRk vy b R 56 SRR A A} 1 1 4 S HL 7 WU R o
IIRFFEL D] RIS W AL B TR 2%, 2013,

[10] XIFMg, B, T T, 58 5 JE 55 300 AL Gl AR ket vl st 7= vl
FRE [ T] B PREI AR ,2015,39(9) : 1891-1894.

[1L] RUAS L BRSE, B LL, A5 BB R A 2 A 9 B A A ) A
PyRRRE R PR RE [ ] PR BT TR 440, 2014, 8 ( 10) : 4540
4544,

[12] A€M - 38R, Bruce E.Logan. S Pkt dh [ M. db 5. fb
Tl R, 2009.

[13] ZE0E, SEBE 2 W e U, 55 0T 1 e il 4 U 2R A A A R 25
W] BeERIE R, 2014, (1) . 1-6.

[14] By, T2 TR, 55 35025 PR kk e b 52 o P 38 % 7 FH AL
PRI ). 3 oA A 241, 2008,29( 1) :144-148. 1



