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W, WFRFRATAT, B A RN ALK K AL 38 T vk 0 A JE BE

LAk 2 R A B AR AR AR R 22 2 iz o, IR RO ROR & . sBE R . HRAERTAE | ok
B R TG Y S, R KPR AR A BRATUR A ) I A R R A: MORE L Ml R (microbial
fuel cell, MFC) J2& — Flols A= 91 5 AR A A2 5 R A SS A 0942 W s A2 BOR DY, T R KA 3 A5 22
SR figt 24 Y K B TR RE VR fE MLU I MIFC 7 Ah B K i R o () B 58 A L B Ak o i . H
TR, Rl Y b i RE S R oy eE, SER IR O E, RA R B RE R R AOR
HARF= BB, SFRREE A a3, eAh, MFC %FiEsk COD {E & WL F), BA Pris e i fi
B, A s aE, REREARAEAL . RAF MFC IS A77E AL FRGCRAG . KK AN ik bR A ik 4, {H 38
TR A A ) 7K AR PREE R (AR W) ) Vi 4%, membrane bioreactor, MBR)!"™"® 35 $5 B 51 2% 11 4 AL L
B, AT DAAR G b e kX B[R] R, b 3 04 B AR R L AR Ak A AN ST DA R I AR R R
B HLREA RO B T R K K BT AR 8 7 e A P RO sl s R ST RE i RO B X R
fiffe Tl P 7K A T

FEARBEFE o, R REARPIBH . 2 0 77 B RN K b B SRR AR Ak T 48 T BT B4 R A FE A
I8 2o A A K A I P e R 3R T AN L T P 7 2k MO, 7E b iU 45 H B MFC 5 MBR #65 J
IO e, B A 5 OB ) 4R A L B RSV S MFC B89 BA A% AT MBR A 3 i 2 F, o Ak B 4 Ak R K
YRR A= B RE T HEAT T % 4%

1 #RlFE*
1.1 EZEFERFRF

R £F 447 (carbon fiber cloth, CFC, 240 grm™?), W F B 2% I s M RB £F 4l & )5 RIW IR &M
(polyvinylidene fluoride, PVDF, FR904), W4 F L i 3F 28 A 5 N-H L 0 0% Be Bl (dimethylformamide,
DMF, Zrral), W K e ik TR A RS w5 3R S kg £ Bl (polyvinyl pyrrolidone, PVP,
ey, TV B Ak T A RS T 5 B 4K £F 4k (10~30 pm), T F I R AR RN 4 = i R A
(KMnO,, Zr#ra), T K&l i) = ek Al -= 4k 45 -5k b i i 16 55 (TiO,/Co-WO,-
SiC), LU=l £, 36 YRR WKL (granular activated carbon, GAC, 0.8~1 mm), % &> (0.5~1 mm), A
PP (0.5~1 mm), W T ISCHTIe i AR F KB AR (N, 99.9%), 1T K6 <At
M
1.2 AR ER A &l &

K FH AR B A vk ) A LR 3% IRV A AL 35 5% Ti0,/Co-WO,-SiC AL 7] . 2.67% B 44 >k £ 4k |
6.67% PVDEF., 2.67% PVP Fll 83%DMF . ik 44 K 2T 4k Rt Ak 7] 53 591 T $ v B 1 Pl S 30 AR i Ak T
W T A 4 F e AR G, A g PR 6 h, #5324 350 rmin”', ARG HE A B, &5H %
JEEB X S TR AR ET4E AT b, JREE Dy 370 pm, PR B TR T L 6 h LU E . S AHEE L
ARAT e A IR B AH LE Sl 2T 4 A, 3R W P N — JE TR K R
1.3 7EEMRER S ZF U HE (MnO,/GAC)

HE IR e UKL 2 U 7E 0.05 mol- L™ 1Y i 4 FR S I W Th 3 b, BGHS J5 FH 25 8 /K b ok T4 01 T4
RIGETERY T 350 C T 3h, WMFFLEA RS, SEBCHIFER TR, 52] MnO,/GAC™,
14 REBENHESET

RN e AN E 1 R o ROV B A L E R A L (PVO) MBI T &, RSTN 34 emx 19 emx
23 cm, NEZBFE AR T 7 s A W B0 R EURAE A AR BEA, TR E AR 12 em, MR
H90%. HE S Z A A, K IR BAE o I, ThRe b AR B sS R, R AR RAS O 4 K el
Fram, (Al AT AR RBURY BT, R 101 B A D AR A M B, SRR LN 95%, JEFE R 1.5 em.
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FF 3% 1 A ORI RS 28 B A . AT 5 3L AR B T expapded GAcathode
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(C); b R A 58 2 Al 55 M 0 BORE (C2)5 Al P AP 50 2 B 28 L AR il 100 35 28 20 R (C3) 28
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Table 1 Composition and concentration of two types of coking wastewater

FESA A S A B B (mg L)

K pH

CoD NH}-N NO;-N NO;-N PO;~-P
CcwW1 9 3290.3 61.3 324 2.6 02
cw2 8 3370.1 29.8 249.1 0.5 02

1.5 MnO,/GAC HIZRIE

K B UBE (scanning electron microscope, SEM)(NOVA NANOSEM 450, 3¢ [F) £ AEJf: L
. MnO,/GAC Fl GAC 1) 13 W8 ¥ #it o - 75 SEM & 1 B 8] , i H] 6B & €0 80 X 97 2 K I 2% (energy
dispersive X-ray detector, EDX) Jill & MnO,/GAC il GAC )T % 21 Bl 1 4347 .
1.6 BB FNK BT

i S AE IR 22 2R (cyclic voltammetry curve, CV) I 5 4 AL HEL A% 5 FlT MnO,/GAC HiEfbPERE . i
=R RS FE AL, 7£°0.005 mol- L™ AL v W rh ATk . FLA7 R —0.5~0.6 V, $4
MR A 50 mVes ol B R 5 R G IEE MFC-MBR #& R G009 o b o 38 1 A B e BH 76 00 4
WAL I MR 2k . RGEARFFIFERAS 2 h LU, 78 BHB MU R B =2 1] 45 A AR BHAS , T BT
P G I8l o 4 5 min IE ¢ 1 RGEMRRE R, TS HLBHLAT AN 10 QRIS 2 99 999.9 Q. 1R AR EL
BHEA R ARIFFEBCGEAOKEE, B 2dBe 1, 183 4y, R EFR 2N & H COD {H HINH;-N
W, BOFEIE . RN EIERE T, 1F 254 nm A0 & 7K FE 14 %6 B AE e 5 . BRI e
B siaft K e, NS 4 RIFIRIURE
2 RS
2.1 MnO,/GAC BIF.SRFTAE D

KA B FEMEE T MnO,/GAC il #id 2 b i BOWE 2 4k, WK 2 fis . "TLUEH, GAC
1 MnO,/GAC E L5/ A & W& 25 . 21 GAC R MRS B A3, 1 MnO,/GAC R H A — 2
A1 ECR R Y, X ULEH MnO, 151 i 1 33 T GAC R TH . EDX 45 R 05 2, Mn oL RTE
MnO,/GAC " ) T 43 L KT 8%(1E GAC 1l 0%), X Wik T MnO, B i 2h /12 3] GAC |
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%2 GAC 1 MnO,/GAC ) EDX E 2 7
Table 2 Quantitative analysis of GAC and

MnO,/GAC by EDX %
_ GAC MnO,/GAC
MR BETEA B BT E R
Spm C 90.15 92.44 51.07 61.24
(b) MnO,/GACHISEMIS/(% (0] 9.81 7.55 40.63 36.58
Ti 0.04 0.01 0.04 0.01
2 GAC 1 MnO,/GAC {4 SEM [E &
Mn 0 0 8.25 2.16

Fig.2 SEM images of GAC and MnO,/GAC

22 ECERBENEE S

LR AR R SR B VA T R AR A CV RN 3 s o S JCHE I 2B 2T HE A AR L, AW 5T
i A Al P AR I 8 ST D AR A T M B, LK 7 3 T U R 62 249 090,091V, EL XTI FRL AT M 17 (L
B R, 7eib v Bob R, AR RSP R e, AR 0167 V AR A
TSI A3 B0 o DL B S SR, AT 5 v o o 19 P BB BN MInO/GAC 37 B AT 45 v 114 LA AL
itk

0.004 0.02 X
- - - B YA - = - TEPEACBTRL(GAC)
o 2 —— MnO_/GAC
0.002 | HEALHL B 0.01} )
ob L T
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-0.006 L L 1 1 1 ) —0.04 1 1 . ! ! )
0.6 04 02 0 02 7 04 06 0.6 04 02 0 02 04 06
HLE/V HLE/V
(a) fEAEHIR AR (b) MnO,/GAC
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Fig.3 Cyclic voltammograms of catalytic cathode membrane and MnO,/GAC

23 FEMESH

RGN MERE LR 4. R GERYH R 0 4(a) Fas o RS [R) FIAR I, B A o #dm 22
SRR B AESEA M, X U ITAR ZR iy = L RUE Y A KOR O R4 BB RS, AR &1 %)
PR Vb P T8 S M ) 22 AN T o SR P T P A R, B Al 5 P DR (C2) B AR I, FR M A SR AE 0.50 V
Zeta sy HE TG R A Al f 21 2 A G 2 4l 36 1 2 MORE (C1) Dy BA BRI P 248 1 0.22 v, 3 Ul B il 45 1)
A F A AT L T A 0 ) Al 2T 2 A B AT S e A AR R I o B A A R A B S R b
L — B, T B AR A A S R G AR A T T A R TR 3k 3 B B R A R AR A T A T g — 2D
Ml P, Tt L )

GrR M C1. C2 12 MFC-MBR R Gt i AN, 14 5 IF el F 43 51 0.375 V F10.616 V, C2
F C1 i 64.27%(K] 4(b)). 25 C1AEBTHING, AR BRI B 123.50 mW-m ™, XF I AL I %
17.99mA'm?; 4 C2 fEFAMAT, RREKTIREE R 1041.35mW-m>, XA HLHL % E N 90.48 mA'm 2,
FECLI T 7452 . MR EA R AF 00 S s M RUEAL T P, R U3 51 Sz B g, iR
BT I ALRE , TR % T MFC-MBR R GEHY ™ LR . 72 2 FiE O T, R R B9 N B2 5
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T M o JURL R AR B, AT A ARAS B8 (310 1) 5 %% B R R /INB PN BEL, AT/ R B B AR, R R R
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COD 18 V4 & T 800 mg- L\, £ HRME T 80%., F I C2 M # i, COD % [ &% 5 0 & 42
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‘ . _ :
TO900f gooeroroe-0 -5~ S % 30k {60
g {o & £ ol
S 00} —*C2 WE -l AP {20 %
8 —a—C3 -o-C2 j&‘l@%%’:_ 40 o
w Z
3001 ‘\‘—“A/‘\A\‘_‘_‘\‘ 1% °l 1”
0 1 1 1 1 1 0 0 1 1 1 1 1 O
0 4 8 12 16 20 0 4 8 12 16 20

—_—

s Thf)/d
(a) 7K CODfEALRRE

El5 RGAAIEE 1 FEMNEKILK COD. NH;-N KK EF LR E

Fig. 5 Concentrations and removal rate of COD and NH; -N in effluent when treating the first type of coking wastewater
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COD 2= B R e i ik 92%, TR AT 85%, Hi7K COD Ml il 1k 265 mg- L™ X 15 W 4 Ak Ha A%
5, 2 2 355 M e SR (C2) ABCF AR X £ A 7K Hh T e 1Y) 2 B ke 20 A AR PE o

24 SR FH A b Pl AW B 2 97 28— AU AR A A 3 M R ORE (C3) BT AR B, 7K COD i B S B AIG, d
IR AT 35 140 mg- L™, H M 7K v B Bifi S 7 5 32 17 B 8] F 39 22 T R 35 . COD 2 B 400 % i e 1T ik %]
95.75%, COD ZBiffirhy 1.55 kg-(m’-d)", b C1. C2 MBAMEt 20 ML B T 25% A1 7% X i, 7E
T P o o b B 28k AR AR A AR e A TR T, B R  JL S BR ig

&l 5(b) 2 NH;-N 7K e B2 R 25 B 38 (oK R 55 1 A A4k 7K . NH-N=61mg L") i A8 fL 15 ol ,

45 5 COD L FR&CRAML . 2 4d H 3 Fh A (7]
IR, HIZKNH;-N ~FEIE 8 25.63 . 12.34 Fll
591mg L™, HRKEBRREIHIHN 63.96%. 83.61%
H192.81%. X ULBHHIA LR MnO,/GAC
XPNH-N (1) 2 bR 4 2E 200 FH . A AR AR
10T W Ak 4 T A Ak Ok il 1R £ Bl il 1R
b, AL HL B R MnO,/GAC AN XA 3% 48 fin
IF A S T £ sz o7 T AL, L34 R BA MR B 2B
B T B, L M o A 2R TR A B PN S R
b, B FRUEYMEMIEN. AR %
B, I3 32 50 T 1 o U A A5 R NH-N (Y 25
B, 7EEGEHEO T, # MFC IR E M
AN RS B A AE G SR S X, T[] B R A
e AR -

PLES 2 B A5 Ak I JK Ol i K B (COD=3 370
mg L"), R I b H R A 2 A A — AR AR R 1Y
TG 1 ¢ SR (C3) MRS M o 42 il B AR A<k %
7K COD 1H A 2% B 2R 19 728 4k 1% L &) 6(a) I
o HE 6T LIEH, XS LA LR K,
55 2 P A2 Ak K K W 3H COD {E W& & , {76 A ]
ML BEZE AT, 5052 P AL K 28 b S 1)
K CODET AL, RBRFTm, XU RS
Je W2 2R AR AL IR K B AR FRAR KT E R 5 . 24
B 8 35 Lomin™ [, 7k COD {i F %
$167.41 mgL ", COD FEBRHMHA 1.65kg (m*d) ';
24 4 R B R 3] 7.0 Lomin (2 M RAER) B,
7K CODE AL T 40 mg- L', 35 3 % 7K HE ik
b, JeBR R T 98%, COD % Bk i fif ik
# 1,67 kg:(m*-d)"'. 7K UV, 43l N i K 1
23.80 cm ™ W#/NE] 0.147 ecm™ A1 0.074 em™, VA I
SER UL, A Y B ES ,  H I PR
fiff SRR B, R PR A R (ORR) 20 19 PR
Wil £, HAa BTG e 2Bk

WE 6(b) fir, AL FRES 2 FhAE L K it

150 1o
#7k COD=3 370 mg - L+!
120 A=:=A-:RA--@-===R=--={=R-R-R 100
o - A WERER=3S5 L minT g
= 90| - o- MR HAR=7.0 L - min-! R 19
g S
£ 180 %%
a8 60} &
S 170
30}
—A— RS H#%=3.5L - min e 460
0 F B =70 L - min K
' . ' ' 50
0 4 8 12 16 20
BfTI ) /d
(a) H7KCODMH A LR
70 -
#Ek NH;-N=29.8 mg - L'
56 |
O
o A2F
£
% 28t
jus)
z
14} —— .
—A— S HFR=3.5 L - min
—a— B/##%=7.0 L - min™'
0 n . X X ) ,
0 4 8 12 16 20 24
iz f7HtE/d
(b) H/KNH;-N g
30 110
k7K NO;-N=249.1 mg - L™
40 | L A-BD-A-D-A- A 4100
n::é"u~‘n,—ﬂ-~ﬂ--ﬂ\ A - -A
= ol BRHES3SLomint s 077 o0
8O0 0L mint 2O s
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S 20t 7O L mint &
= e
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Fig. 6 Concentration and removal rate of COD, NH; -N and

NO;5-N in effluent when treating the second type of
coking wastewater
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B, K HNH-N U S T K, SR AR K R S B AR SRR, i
FEHENH-N,  HAH R B FE & A PLT5 5290 (DL CODI) B ff i 2, 43 5= A BINH;-N il REth i £ . X
A NH-N A8 58 M m A, Wik, SECH K P NE-N K & T Ik e« il BES
BRI AR, WK NHG-N VR B SR AR X — B B, HIXOIF S B 16 W A S N 23 52 I NH-N
WA, AR S BRSEEEG A #E ORR S FIAH AL AR AT, [l s fim sk 4R IR VR T, AT 48 M NHE-N K BR3

BERWE SR A, FEEUA ML YW B ff s B, B2 AR BNHG-N B 2, NHG-N 7 BT % 1%
i 1k B P = AR NOS-N. #E7K FP 35 A T W BE INOG-N,  FEAN - NHE-N B AL A0 7y 2248 Z2BRNOS-N 75
WA T 230 mg L' Qi 6(c) fir, $EMBESH AR, H/KNO-N B A &, Al fE/& B T NH;-N
TE B3 M 2 B it 7= A2 B NOG-N s 38 Ik sURY , (HAEXS T#E7K, NOJ-N LBRFU46 2405 T 92%.
3 g

1) fift B A A R B A RS A R R A BRI A R AR 2K, FEMEALFE AR B PN, Tl & B 4R — AR Y
T U, R FH K i P AR 1 5 A 38 X 7K Ak By 42 i A A -

2) SR FH A A B RS PN B 3 I e OB A B AR A R A IR R AL AL K, HE RT3 % B R
1041.35mW-m>, XIS T 7.4 f5,

3) i FH A Ak LB JIES P B MinO,/GAC 1 S MFC [ B AL B 2 Fh 21k JZ /K (CW1 FiT CW2): XF CWI
H i) COD I NH;-N (1) 25 B K fi¢ 55 7] 3k 95.75% 1 92.81%, X CW2 1 iy COD 1) 2= B % fi% & ] 1k
99.79%; X} CW1 Fll CW2 H COD 2 B i far 23l b 1.55 kg-(m*-d)™" Fl 1.67 kg-(m*-d)™", 34K BH 1=
R TR COD i B .

2 £ X M
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Microbial fuel cell system with catalytic electrode membrane and granular
activated carbon in treating coking wastewater
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Abstract It is difficult and costly in treating various types of wastewater containing refractory pollutants, and
the discharge of a large amount of substandard industrial wastewater will cause pollution that seriously threaten
the ecological balance and human health. For efficient, energy-saving and sustainable wastewater treatment, new
catalytic electrode membrane with enclosed granular activated carbon (GAC) or manganese dioxide loaded
GAC (MnO,/GAC) were used to expand the cathode volume in'a 11-L up-flow microbial fuel cell (MFC)
integrated with membrane bioreactor (MBR) system. The electricity generation performance and pollutants
removal effect of this MFC-MBR system were investigated when it-treated coking wastewater. The results
showed that the order of electricity generation and pollutants removal was the MFC-MBR system with catalytic
electrode membrane and enclosed MnO,/GAC cathode > the system using catalytic electrode membrane with
enclosed GAC as cathode > the system using only carbon fiber cloth electrode and enclosed GAC as cathode.
The maximum power density of the system with catalytic electrode membrane with enclosed GAC as cathode
was 1 041.35 mW-m >, which was 7.4 times higher than the control group that only using carbon fiber cloth
electrode and enclosed GAC as cathode. The internal resistance decreased from 309 to 104 Q, that effectively
reduced the internal energy loss of the system. The system with catalytic electrode membrane and enclosed
MnO,/GAC cathode could efficiently remove 95:75% COD and 92.81% NH,-N from coking wastewater; COD
removal loading was 1.55 kg-(m*-d)”"' and 25% higher than the control group. When treating another coking
wastewater, increasing aeration in the cathode could increase the COD removal efficiency, and the COD
concentration in the effluent was less than 40 mg-L™', reaching the first-level discharge standard, the COD
removal loading was 1.67 kg-(m*-d)™. The MFC-MBR coupled system had better pollutant removal and higher
electricity generation performance in treating coking wastewater than others, provides an effective and feasible
solution to the refractory industrial wastewater treatment.

Keywords  microbial fuel cell; electro-catalyst; coking wastewater; membrane bioreactor; electricity

generation performance
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