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(124 5 I B G AT L (R 1 2% A an =R (1) FI Q) BT 7w
O, H4H +4e—2H,0 (¢°=1.23 V) (1)

Fe(CN);™ + ¢ — Fe(CN)¢ (9°=0.36 V) (2)
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W R BRI MFEC B3 Cr(VIHKE A 100 mg/L 1K
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Fig.1 Voltage variation during setup of MFC
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BAR Cr(V)IRJE & a0, B Cr(VDRIIEJE R AT R
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2(b) s N R ER P K W)U Cr(VD) R 2R A
60 mg/LMFC &8T5 4 303K (264 F ANz 17 i
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SO REAR TP A A KU Rk, BT T
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. MK 3(a)rT s, FEE pH M 5 PR 2, MFC (1)
T % F T T4 R A B A R e it 1 n, 5 M (6) HE
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SR, S SRRV Rt B ER RK H Cr(VDIK 25 B 3L 7 AL PR RE BT 9T 1941
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H T R 3% B8 3R (6) BT gk 823 n,  1mi LT B
P, [FRE, ME 30)ATH, BEE Cr(VDWITE R Bk
(RI3E N, MFC (¥ i FL e A0 33 AR Fh s 40 2 2 1 184
5N (6)ZAEWT 4518 — 3. Cr(VI)¥IEA BRI M 20
mg/L #H1% 100 mg/L, MFC [FJFF % H E M 0.99 V 14
A 11V, WRAREEMM 0.72 V N4 0.81V, 1
M3 12.1%81 12.5%. LiRBFRE RE, BER
RIS Cr(VDWILE T EIR EEXT MFC [T i%
HE B B AR B, H Cr(VI)YIUA T R X
MFC ¥ B4R H R BT T /NE IR, 5 WANG 2507
(I 72 4518 — 8. YOU SPERE 78 KMnO, /28 MFC
BH AR HL 52 AR R I T R IR

Linear fitting of OCV
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Fig. 3 Influences of reaction conditions on the open circuit
voltage (OCV) and cathode voltage of MFC: (a) pH; (b) Initial

Cr(VI) concentration
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I E 5 508 8712 mW/m® . 901.5mW/m® .
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It £ I IG NS AR E S, EARAKR, ER
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W 4b)Frw, BEAERRFERINE N, MFC B/ HL L)
HREWIMAES, M pH A S, 4. 3 F 2K, MFC
FEEIIE N 762.3 mW/m®. 826.8 mW/m®. 878.5
mW/m*. 913.3 mW/m®, {H4REF4(K pH, MFC 7=
DIZEIAIGIN. FERIFERIZAE T, MFC EG R R
BURAARIAZ AU, A pH 9 5 I 45.5% 8% pH
92 B 78.8%. IXAEPRRTE— B FERE T S R FE XS
RIBGYEF. WL, £ pH JEHKN, BHA
MFEC BRI pH %F MEC 177 B T3 Al EE A R R 5
WAV, A L oF BH A Al A 4 P A R R 7 v 1 B R T
> 20 MR TS ARG, EBIARE K pH M 5 F%
R3] 2 ke, BHARI pH ZRLIEEE N 6%~11%,
XA R BEAR G2 s R AEAE DA BB AR Cr(VI) 8 5
N [ B YA R 1 BH B AR = A e i o A8 e i 7 2
I FA K. {22 pH FE(CE 1 I, HU#Ei 152
e R 12 BEA JE o B A B B R I A= it e, 3
B MFC B B D)2 i & R &%, SR pH
1 I5f MFC X} Cr(VDIIEJE AR S MFC it L 1)
W Fe4h FAH— 2.

M ERBFFEEE RAT AT, KA MFC 42 Cr(VDH
fRER R K I e pH N 2 MFC fe 81710 N 303K .
RIS RGBT BIEEN Cr(VDVILHIKEAN 60
mg/L, {5 F T SZFR N At 5 /K B AT T 4 ol A B i
THFERE Z I RE R UK, AR X PR KR AT
o Nk, AWFRAEfE pH M tE MFC 18478 E
X SEBR Cr(VD) R E N 124 mg/L [ K X E 17
BTG - SRR R VA N R AR R AT TR .

2.5 MFC X EPREBMBES Cr(VD)EKBINIE

Kl S BTs NAE pH=2+ i EH 303K B MFC X 5
B FLAAR AR IR /K R Cr(VI I 22 B S AR A 26 5 T R
EEMZE . MWE 5()nT %1, BEE MFC ia47 i [A] (1) 42
K, RAKH Cr(VDABIFRAK, iz 47 I A5 80 h I,
JR KR Cr(VD A JR FIEF] 92.1%, 155 h 5 434 Cr(VI)
WA i . B So)rT LAE R, 75 SERRE Kb H#
FEH, MFC [T HLE Rk 1.03 V, B IR FE I
WK, BT RAERAELE, it AW R 78
FLIR A BN 0.158 mA/cm® i, MFC R 3R 8 K
HLIIREE N 914.7 mW/m’.

= 1 FTFRAA R TN MFC A0 5 8% K
KIS B P2 B S LA Cr(VDIE JEAE L . IR 1 W] LUK L,
5O SCRRIRIEAH L, ARWFFCH Cr(VI) IR JE 5 DL K
MFC (17~ VR RE AT AL TAL R /KT, RAFIH F026
B LR 1) MFC W] SEIGE 2 A R K A
RUCAL 3 I [ I ERAF AR R 7 L A

2018 49 A
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Fig. 5§ Cr(VI) removal in real wastewater and electricity
production of MFC (Experimental conditions: pH=2, reaction
temperature=303K, initial Cr(VI) concentration=124 mg/L): (a)
Cr(VI) removal; (b) Electricity production
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B I 2 L, EARIUATIRBIPSI, fhsg e,
PRI JEP, 8 - e BT s oy gy 0818 T2t
TR K Cr(VDI LB HA L FRR AR . Cr(VD) 2
bR, H RN AP AR A F A . R BB AL B
IR A IR G L T MFC T2 AMHE Cr(VI)
WIRA G, 1 HEA LRI ER A 7 LAE R A
PG LR KN E 4 & K IF = AR R S A, 2 —Hh
grta . MR, BEMY. mRUNARE T2,

2.6 MFC 238 Cr(VD) =457 #h
NTFHE Co (VR R G A EIRAS, X MFC
A B 2% T O B s AT T Hr (LI 6)0 A 6 AT LA



H28 B oM SR, S SRRV Rt B ER RK H Cr(VDIK 25 B 3L 7 AL PR RE BT 9T 1943

F1 ARETFFNER A MEC A FEE 4R R K T 5245 5
Table 1 Treatment results on Cr(VI) containing wastewater by MFC reported by different research groups

Cr(VI) concentration/ pH of Cr(VI) ) Maximum power  Current density/
. ) Time-needed/h ) 5 5 Reference
(mg:'L) wastewater reduction rate/% density/(mW-m ) (mA'm °)

124 2.0 100 155 914.7 1580 This work

100 4.0 13.8 - 135.5 520 [27]

200 2.0 100 174 150 370 [13]

10 3.0 100 6 - - [16]

204 2.5 99.5 25 1600 400 [12]

£2 AR T ER Cr(VI)ZE R alE F 2R 1 L
Table 2 Comparison of Cr(VI) removal rate or reduction rate

by different treatment technologies

Cr(VI) removal rate
Treatment technology ) Reference
or reduction rate

MFC 100% This work
Adsorption 93% [28]
Adsorption ~100% [29]
Adsorption ~100% [30]
Adsorption 72.98% [31]

Chemical precipitation 99.74% [32]
Chemical precipitation 99.7% [33]
Electrochemical reduction 95% [34]
Electrochemical reduction 89% [35]
Ton-exchange 99% [36]
Ton-exchange 95% [37]
Membrane separation 95.94% [38]
Membrane separation 98% [39] 6 SNTTE MFC HIALE) SEM 1

Fig. 6 SEM images of cathode of MFC before (a) and after (b)

BRI, AT, BIRRTFE P (L 6(a)). A2 reaction
MFC ig47 — B f5, AR AR RS, H
TRZVBMOLE 6(b)). 4 EDS 4hHrif 4, Xeeyi I EMIK a-Cr,05 s A" WK 7(b) T LAVES], 1E
IR RN Cr05, FW MFC FAMER) Cr(VDE R, BISRERHER XPS i EZ S REM 570~590 eV
GAE R B FE AP IE JE N Cr(IIDFFURF MFC Bt VEEINIEA PO —H 2, AR B R T
. Cr JUBRAFAE AN 5 , BINRERTHIZE 577.6 eV H1 587.4

MFC BRI X RATHS . X2k eV Al BL T XN T Cr 2psn 1 Cr 2p HIRENE, 3R
JEHTFREIS LA GRS Bt 7L g R 7 fos. B B Cr(VD L R 5 5 L Cr(ID B R AEER ), 54%
7(a) AT 41, MFC B R TG LE 20 9 24.46°.33.53°, WS 7L 458 —5. B 7(c)Ficy MFC [k
36.12°.39.55°, 41.35°, 43.95°. 49.99°, 54.67°. 58.10°. YU B 26 RE 04T . 76 1000~400 em ' 78
63.19°F1 64.83°4L 3 HIHBLT Cr,05 bt EI(JCPDS BN, 7£411.2cm™'. 440.8cm ™', 570.6 cm ' F1 640.4
No0.38-1479)H1 % 8 T-(012). (104). (110). (006). (113)s  cm ' A4 HIHIL T 7R o-Cr,05 1) E1. E2. E3 fil E4
(202). (113)+ (202). (024). (116). (122). (214)F1(300)  FFAEHRENEEAL!, HE—BIUES Cr(VI){E MFC Bk
AR AT, R MFC BISRRIUUE N EAS  AROEFENLL a-Cr0; EAAAAER) Cr(1D).



1944 A 05 R AR 2018 4F 9 A
mg/L.
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= T mW/m?, EF] MFC 4bFE 80 h JSul¥Erh 92.1%%

S Cr(VD)IEJ5, i 155 h J§ Cr(VI)al #4235k 5 .
o _ 3) SEM. XRD. XPS I FTIR #f 7t % #, MFC 4t
g N % PR RS IR KIS, Cr(VD) E 2L JF K Cr05 B R DTAR

Tl = AIES

gla g9 4) HHATEAME, MFC T 2H bl H e
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(b) —— Cathode surface after reaction

—— Cathode surface before reaction
Cr2p;, 577.6 eV

Cr2p;, 587.4 eV
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Binding energy/eV

©

400.8
411.2

640.4 2706
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B 7 MAREETEYN XRD #%. XPS #H FTIR i
Fig. 7 XRD (a), XPS (b) and FTIR (c) patterns of sediment

on surface of cathode

3 Zhip

DRAXNE MFC I EE T & Cr(VI)HL AL
Ko WFREI, pH. Cr(VDFIZATIREHSKT MFC
PRI Cr(VDFIE R F B — e im, H
o opH WA R . IR R K
pH N 2, BITIREN 303K, Cr(VDVILEREN 60

ArLRE, BATRE. JRITE IR S T %
. MFC LRI SO — RS AR R 4P Cr(VD)
RUPER IR K B T2
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Removal of Cr(VI) from electrolytic manganese wastewater and

Abstract: A dual-chamber microbial fuel cell (MFC) was constructed with F026 as electricigen and Cr(VI) containing
electrolytic manganese wastewater as catholyte. The influences of pH, initial Cr(VI) concentration of simulated
electrolytic manganese wastewater and operating temperature of MFC on the reduction rate of Cr(VI) and electricity
generation of MFC were investigated. The results show that when the pH is 2 and operating temperature is 303K, the
optimal treatment effect by MFC can be achieved. Under these conditions, 92.1% of Cr(VI) is reduced to Cr,0O5 in 80 h,
and the complete Cr(VI) reduction and more than 914.7 mW/m® powder density are obtained in 155 h for the real

electrolytic manganese wastewater with Cr(VI) concentration of 124 mg/L, indicating that MFC may be a promising

electricity production by dual-chamber microbial fuel cell

HE Ze-qiang"?, ZHANG Rui’, LONG Qiu-ping®, WAN Zu-yang?, XIE Biao?, XIONG Li-zhi'?

(1.College of Materials and Chemical Engineering, Hunan City University, Yiyang 413000, China;
2. College of Biology and Environmental Sciences, Jishou University, Jishou 416000, China)

technology for the treatment of Cr(VI) containing electrolytic manganese wastewater.
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