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Abstract : In order to improve the operation performance of microbial fuel cells, improved the degradation rate of nitrate and
the power output of microbial fuel cell, a typical single chamber air-cathode microbial fuel cell (AC-MFC) is inoculated and
operated with urban sewage treatment plant clarifier sludge as inoculum source and sodium nitrate as electron acceptor. It is
successfully started by synthetic wastewater containing a phosphate buffered nutrient solution (PBS, 50 mmol/L) and sodium
acetate (1 g/L). After successful starting, the four factors of carbon source, C/N, nitrate concentration and temperature are
considered to optimize the operation performance of MFC, The test result shows that the operation performance of MFC is best
under the conditions of anhydrous sodium acetate as carbon source, C/N of 5 : 1, 200 mg/L nitrate concentration and at 30 C, and the

degradation rate of nitrate reaches more than 90% and the voltage of MFC is 0. 462 V. After 6 cycles of operation, the voltage and
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power density of MFC reaches 0. 62 V and 4. 53 W /m?. AC impedance analysis indicates that the MFC resistance is 130 Q. Scanning
electron microscopy of electrode surface illustrates that the number of microbial species are significantly increased. The results indicate

that MFC can be an effective technology for nitrate contained wastewater treatment and energy production.

Keywords: water pollution prevention engineering; microbial fuel cell; parameter optimization; denitrification;

electricity product
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1.1 REZEMSE3

BERS K MFC, BAF R 30 mL, BN R £HFA 1.5 mLi5RCE B AR EHFRIGKLHE] =
UMD FE g I B 28 R B Fp R . AHOCTE AR - BB TR B A (SS) B FR B ¥R FE R 39. 00 g/ L, ¥ & M B & (VSS) B
B R 19. 20 g/L,p(SS)/p(VSS) Hy 49. 24% ., MFC # B . BHAR 8 FIAR 75 AR, LR AR K 7 cm?® (]
% %15 HCP330P, FHAK £ 5 HCP330N, i #R i S A PR A1 ER AL , BAR i P 4 460 047 AL 0
ShEBHREAE R 1 000 Q, i@ R K 1 mm Bk 22 5 7 B3 AR CAH 2 4 5001 B, SE 30k AP it sRis 1T, 24t e
FEE/NF 50 mV B EHRAERE K . Ja sh 8RB SR K 4 R K ZBR 4 (1 g/ L) (B FR #5 2% v (PBS,
50 mmol/L) B ILE (12.5 mL/L) A K (G mL/L), F 35 CFEfT,
1.2 EBFHEEERE

MFC W i B, FE 38 13 50 4% R 42 B 5t (DAM-3039F, b P /R R BH 3 & JB A PR A 7 240 #h47 M, 45
1 minig 5% 1 REHE , REBR IS M A T ARIETRHE. 4 MFC JF 3% i I3k B0 50 € B, I B k2= TAE
i (CHI6600, [ fRAEANERA PR A $&HE) = r AR i 2 T H 32 Wi BELBE (EIS) : TAE sk MFC FHR , St
A5 08 Bl B A e B A 5 S BEL B i B A YE L R 0. 01~1 000 Hz, 2 i B EE#R 1B K 10 mV ;7 MFC 124741
JE 0 i o PR AR LA 5 SR FH 78 v B ] 5 T 7 H oy 4 28 B oty 2R AR Ak it & L BB X 8] 25 100~50 000 Q.
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7% SE I R B AR BRI & COD, pH 1+ (DELTA320) Wl & pH {H , 28 4h 4396 6 BE 3+ (UV2006) W 52 A
R X WA IR Eh Wk B A9 AR Ak, R FIEE B IR #E 105 C R V58 A SS W& ,550 C T & VSS &Y, FIH
7 WG (S4800-1, H 7 H 3728 A 3R A0 38 B A A% b 34 9 T8 B AP 4EE

2 HR5H®
MFC 38 315 AL # 100 mg/L B REERER /K, 10 h FHER b RBR AT K B 9020 LA I, i AB i 4 1
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B, g m i E AT A 3 357 mV, HZE IR ¥ 4T MFC B3 281k, #— 328 MFC B4Rk =
[ &N g
2.1 MFC EZ1THESEMRL
2.1.1 BRI
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Fig. 1 Electricity output of MFC B2 R MEC F%ﬁ%ﬁhﬁi,kﬁﬁ%"@

successfully started Fig. 2 Influence of carbon source on MFC

degradation of nitrate

2.1.2 BRAKC/N) 140 - —= /N=111
WLEEH 35 °C, ook ZRR A U Y R 4 R B 9 ot DA
B 100 mg/L &4 F, LR B H C/N 451K 2100k v GN=T:1
131,35 1,6 1,7 ¢ 1RAHHARRRYI AR C/N %t S s
MFcJ:ﬁﬁﬁaa@ﬂf w45 R ME 3 iR, % C/N= 2 60
* 1 MFC PR R B D 2 I R B . 4 b BB 35 E 4 e
@J 929 .2 C/N=7+ 1.5 h AT %05 93% MMM, O .
C/N=3 1 iif,4 h i 2 70 1 M » FL B 5 e o] o 2 1 s s 1
O K RS AR BV BE L B F L C/N=1: 18,3 h i

AR B 250 MRS AR £, EL I & A ) Y 3 n 7 AR R Y v B 3 C/N st MFC Wi 25 8 3 49 % 6
BEXRARK: AT W, Y C/N=5: 15 MFC (K &% Fig. 3 Influence of C/N on MFC degradation nitrate
fRIR LG LI, ERAR R .
2.1.3 THIRILIKE

BN 35 C, KB AWIT,C/N=5+ 1 ZMHT LW E 6 A FHREREWEE, 251k 100,
150,200,250,300,400 mg/L R AYER thHe BE Xt MFC 247 ERERO R M . 45 R ARl 4 BT s - M40 S s R 36
B B (10040, 3)mg/L $#&75 2 (300+£0. 80)mg/L Af,4 h FEEREE R BRAH WK F] 9500 LA, {5 R A B
VF 8 S T e 8 ) o T S 4, 24 S R B BB ¥k B2 R 5 200 mg/L B, MFC AT RA7E 3 h AN £ BR 986 1Y
P BREE 5 7T L — <€ Wk BE Y0 IRl O AR IR 38 » il o L ok JBE ) 398 Jom 2 BR A R o IR T RE 2 il Tk MIFC {A R 5 1%
SRR R — R, VR RO TR 2h 5 3 BUR S AL SR 8% P T AN BR R RO AR R , T 1y ok B2 P AN AR 36 B A B0 Y
TR, XA Y T PR AR A WOUR SR BUBTUR K A H R #h B Wk Ol 200 mg/L, {H ZHANG %09 %
B, DA e 55 SR Ak B 7 85 H TS U8 Dl B AR R, 7E PHAR S AE A MEFC & R o, IS 90 % 1 18R 6 YR B2 7T A 5% i 7= FL 1T
N SR Eh BB YR BE R 200~4 300 mg/L B {4 R PR F 3 R4, AR50 5 H A 22 BE R AT RBJE 1t T BT 3%
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Fok Z BRI R, C/N K 5 + 1, RABR 3RV E 4 100 mg/L 2/ F . SR B 5 AR RIEEE (10,20,
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Fig. 4 Effects of nitrate concentration on B5 BEX MFC BEHRLEGHSH
MFC degradation nitrate Fig 5 Effects of temperature on MFC

degradation nitrate
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MFC 3247 25 K3 E] , Xf J& 39 2K o 5 7K A9 RS BR 48 . COD Al pH (S5 38 bn AT K 0, 45 SR & 6 T 7R
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Fig. 6 Water situation of operation period Fig. 7 Analysis of EIS
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2.2.2 MFC r gk 15 m

B & 8 "] UL, ikl MFC F BT H A B 22816, 1 000 min(%y 16. 7 h) ZHi 2 A~ 7F= 8 JH # K
MFC 3 Ja 35 B R EMALRT A ae % 15 0L, K m B E T A 3 0. 38 V £ 47, (B i K L FR KR 42 B ] 3%
5,1 000~1 750 min(%y 16. 7~29. 2 h) HFFE AL LU MFC (K R 7= s JH #, iR KL R Al 36 3] 0. 462 V,
BARINREEIRD 4.53 W/m®, HE 9 ATH L, EREFMHTEE 6 MEAMKIETT, MFC (KR & K KAk
F0.627 V, HEFZerf RIS . R IZA R TER YR A 48 5 09 7] B B GBI 18 A tE RE /8 2B AR T,
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Fig. 8 Electricity output before and after B9 Afmafrist MFC 8 R
MFC optimization Fig. 9 MFC voltage of optimized operation

2.2.3 MFC FHAR A Y 3 B

MEALIE B1T 6 AR AR T B MFC B FEAR A ) FE 4T A Wy 9 i el B UL 4%, 45 SR ] 10, (&
11 s m B AT R Bk i G A W A 2R B W S sh it 32 &, B R B IR BEAT & AR BT B 5 B 2 e i 5%
THD 80 2E W) 1 R B3 28 IR W IR 2 3 MFC iz AT PR RB IR & TXF MFC (K R iz 47 SH AL, 1R R i
AYREEA R ERA, EEASE ME, A EMAEYE R 50 RF, 05K FE AT E
(Geobacter sul furreducens) B 23357 B R B (Shewanella oneidensis) i 4R R LM B (Pseudomonas aerug-
inosa) FEU X B TR B R ZHON IR AT VA VLY SR 0 B 7K B B AE MFC IR R P AE K, 4047
Kot e S R R B TR A W VT B R 22 W0 J8 T 77 FEL T TB1 IR R A 0 R 0 A DA W T PR G B BT R TR T R 0, [
it MFC 1217 RS B4R T,

.

H10 BHFRBRSTHREAA# G A1l ZfFRBRETHARA#CE

Fig. 10 SEM of anode on operation optimally Fig. 11 SEM of cathode on operation optimally

2 SE 5 38 5 X R R 3 59 MEFC G247 53 2 s kiR L C/N ISR h W B IR BE 4 ARV e L 7 ik R AH IR 3
A 25 R 3R I FL BB A H IR DL RO TS, 18 HH IR SE R 45 2R SR B 30 C, oK LR B A ALBR IR, C/N=5 ¢ 1,
FEEREL BB O 200 mg/L B, MFC & R RS RR 1 5 B R & » AT A B 9006 LA b MFC i847 A A
FeE BRI, BN 0. 627 V., [A] B S K L R R G2 A RS I Zad TH R R R REE Y 4. 53 W/m?,
RARE T HBHAS /N, B 1T R B PR 35 % s & MFC &Rtk , 347 R 8 H 7Kk COD FaE R 5 19 25 Bk
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FRGEAR  pHEAE /)N s I A My 40 1 v 5 i O i ARG 38 T ol 2 0 9 o 28 R BB R B3 &2, MIFC (R R I A% AR Al A 7T
750 TS TR e AR Do A W B T R SR P B B RO T 1, S B MFC R R PR RER 75 .
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