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O NEWS Co(INERhHI&RES, LAMAEY)REL it (Microbial fuel cell, MFC)FEARA HLA ™A ¥ HL e DK
EHAA Y B ff i (Microbial electrolysis cell, MEC), SZIl MFC-MEC #i& £4: 5 WREhE4T. [N, 78 MEC HIRI#H%
R Co(1), WHFAE MEC WA AR pH A DA S FARAR BE S5 45 E 5 Co( T2 . 25 3R DARAK
29 MEC BARR AR A RLES , FT1S EIHB/NMA PR 1359.6 Q, PEARRIEE Cp MBAMRARER ne, 7070 33.1%H0 21.6%, £t
RN 2.99 gCo/gCOD, M Co(11)ERFN 62.5%; MEC BIHIK pH A 3 I, na  43.9%, HitbUrEN 0.73
2Co/gCOD, Co(I)EKH N 88%; MEC WA 16em W, w75 FIH & I FHRIERRER 20.5%M4; LIk 0.85
gCo/gCOD, A% Co(11)ZFRF A LUILE] 97.4%. & XRD 4341, B vEIEE:.
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Tl 2 P R el 5 7] IS A P A 7K YT PR A
. DUTTA 25U i 20%[) Cyanex 272 7% pH4.8 %%
R HREUES . NGUYEN ZeU G R 4538 H i 2K
99.8%Co. NAYAKA Z5IDUH Z e PR i i iz
F, PARERAS R B R . AR AR OISR f AR
B TR R I TACES B IUTIE % 92% A . NAYL
UM NaOH ¥ IR W JTIE  Co(OH), -
PEREZ 5"V DL R #h A L B2 R0 e 770 M ABEAUL
JR AR IR R R DT AR AN B . SUN 261210 Y e figtis
fE M EIRAS T B RIS B (MBS VTR . T
FEAL AT B AR S 7 vk AR A 5 it TE AR
el e BT SC R 75 B KR A SR, oA R, [
3 2 38 e, VTG G i) 14

LR, BT RIFVIAEEL I R e a % ME G ab B

JiVE K RERERIIA BT AP T R e . Hod, Aik
DAFLIRSE A b REREAR . 38 A K5 e /N AL HH 2
SIS A AR DRI, AR AL R G Rl
THAEY B R A R G, EEAREMEYI
BLE L (Microbial fuel cell, MFC)FI{ A= 4 v figé i
(Microbial electrolysis cell, MEC), Hi-THIf 5 A 1%,
H RN BA PR IR SR AL PR AN 4 8 (Bl UA &5 %2 BRI,
HORTEBT IR . RKACHE . &) Bl A 540 32 1R K
K3E. MOHAMED "I98 T BH & 128 e i 2
XA P Rk E i e B AR B AT M I S . B i i
USRS T BLsE MFC A7 FRLE fig S L0 R K AR A L
Y. BB ERBCR. LIU 2L MFC R4 4b5
B oA NINEK, RamKHEERH N 816.8
mV, IR A 62.94 mW/m®, Pk COD FlE % Z:
255 519 88.53%1 71.35%. ABOURACHED 45129
fi# =SB MFC 158 7 3.6W/m” (& HLIh 3, Cd*
A1 Zn 19 22 R 255 WA 90%F1 97%. LI 45215 3 4 AL,
A%J8 Fe(lIDA Cr(VDIENHE MFC AR T 5214
I, B KINR EEIAF] 658+6 mW/m?, Fe(IID)F1 Cr(VI)
AL R KT 89%. GANGADHARAN 25122
MFC AR ALF R K ) Cr(V) &, MFC i KIh
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1%, & MFC-MEC WAL AR & R 58 U 1537

REEL 767.01lmW/m?, Cr(VD)idJF I 1) Cr(1ID).
T PR T AR 1 388 1K K N BR AR S P T
COD E[R#FA 78%, FILERAMKEIYL Cu. Cd F1 Ni H#
Jii, Cr(VIi&J5 % Cr,O5. FRADLER 2524 Ff MFC kb
HE NS YN, 16 72h WERR T 93%4%H15E
BT LUO Z:P s R F MEC MRS 1L 7K A [m]
I CuO F1 NiO, 774 Hyo HUANG 225 H 15 5K
A RGN A RIS

H AT, FIF MFC-MEC A4 045 4 R 45 [l
it s e A, AR T AV AL R, @
I MFC-MEC AV E R45, FIH MFC
FEA I L RE IR B MEC, 528 MFC-MEC A= 9 H Ak 24 4
B RGN HRENSIT, TEAHFEINL B REHEN T,
T SEAS ) FARAA R} pHL B A PR A AR 2 45 K] 28 %o i [ i
ipAS

1.1 SEWR

MFC-MEC Yot/ & R4l MFC Ml
MEC HERZH L, MFC HA LIS 1] A= K7
RIS, PR 2= AN B = 1A AR 9 500 mL, KH
IoF) 85 A8 00 o 8 BE R == R S AR . BH R A A 0 1 5K
FHBRARANA 524, FARADRE 7 R AR 4N AT
EKH. MFC-MEC Ak 6 R Eon
Kl 1 R

DAS
G,
R
c
! |
°| MFC [g y MFC
\J 13
4 i /
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El1 MFC-MEC ##& #4n e K
Fig. 1 Schematic diagram of MFC-MEC coupling system

1.2 LERHRNEHE

SERS AL E V5K AR RIS, 2k R
VERFHAREER Y o BH R S8 TR U7y 9 1 g/L
ZIR%4.0.38 g/L HEHE.0.21 g/L K,HPO, 3H,0.0.21 g/L

KH,PO,.0.12 g/L C¢HsO7(NH4)3. 0.07 /L NaCl. 0.4 g/L
MgCl,-3H,0. 0.12 g/L CaCl,. 0.4 g/L NH,Cl.

MFC BHAR HARATEER A 5 cmX 5 em B/ 524K,
FARRAE ] 5 cmX 5 om PIRRAR; BHAR = A 9ILT5 V8 5%
PIARFALL N 1:35 BN = PO BRBR ARV, 5 TR
500~600 mg/L. MEC PHBRH 5 em X5 em HIHR4R,
Wi KI5 S5 RMAR LN 1:3, BIMBERA Co(11)E
TIRE N 450~500 mg/L RIS AL B 1A TR o

SRR, 2 MFC Ja 358 s B R R e
J&, ¥ MFC il MEC il T A&, BAR4Guz
AT AR P ORUE PR R IR SR, SEIRAE IR W Nk

~

-

1.3 MKEIFNEE

K FH R R AR 25 (MPS—010602, Jb5t, JHAIZEdE
TR IR AR A7) B8R E MFC fiitl i s 24
W ERER, RARRASBCEENE MFC K1k
Mk KA EFIRBOEIE{ (200 Series AA, Agilent
Technologies Inc, Malaysia. )il & ¥ H 4k 25 TR 5
FIH X’Pert Powder X $F £k A7 5 1L (PW3040/60 ,
PANalytical B.V., Netherlands)7#T A% =47); Bt
1 45 (S—3400N, Hitachi Limited, Japan)¥il%2[H% %
THT A= VIR PR B 6 155 A1 MEC AR =035

MRSEOTE LT :
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Jy == (D
I’R
P, =Tex 2

X TNHR, mA; 4 NBHM R, m’; R
HNANEE, Q.
2) Co(IDEBEF neo:

_ G =Cou ¢ 100% (3)
ﬁ EF‘ : G y‘j IZH *&YTQEP CO( II )%ﬂﬁﬁz&g ’ mg/L, Cout
KNG Co(1DHE, mg/L.

3) PEARRAEE Cp MR yea

Tlco

[ rar A
CE_FXbIXACODXVan )
1000X M,
by XV, X A[Co(I)] X F
ca = (5)

1000X M, X [ Idt
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s TN, As t HRMNBIZITRIE], s5 F O
PG by ALVECONARER AL | mol AHLYE:
T3 by A Co(1D)iE BT s Z M HT4:; ACOD
HBE AR BT 4E 5 A COD 4K, mg/L;
A[Co(I1)]N MEC M#% % Co(I1)#E AR L, mol/L;
Van K1 Vea 5359 MEC BHAR AR AR Ly Mo,
H Mo 53 50 N LSRR HE A HLAEE R L&A Co 1)
FHXF 5> F i &, g/mol.
4) HICE Yo,

_ bXVy XAC

- 6
"y ACOD ©)

X bR Co(11)5 Co M2t EHZ s Vi Rl Ve,
5358 MEC FHMR = AR = A 8058, Ly AC AP
W [ AU 5 22 25 1) Co(11) K FEAZ AL AE , mol/L;

ACOD N FHAR R NI UG 5 225 1) COD 28 {h{H, mg/L.

2 HFER59H

2.1 MFC-MEC &4 B4 REH 4 s & EEIUL
2.1.1 MFC 7P~ 1% R

MFC-MEC Wb # 4 & R 41, MFC 7= )
MEC BAARIE J5 S 7 H A AR R, A2 1 i it e
4R HAT T2 MEC 5 331 H I AR
et 2 Fras.

MBI 2 B, 78 162 h Z 1 R P A F] 528
mV, fEHFTE, P AR E R R T AR E
B, ARG, PEHRR IR, B RO AT,
ERVABINEAE, 2 )5 Bk ETHERIFRELE 530 mV
JeAi, 1E 170 h B B 3h5E k.
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Fig.2 Output voltage of MFC during start-up

MFC %A th & AN DA% L 2k &l 3 fow, J8
IR AL HZE LA T, MFC NFEA 1887.4 Q. M
K 3 &, MFC R RIIREE N 13448 mW/m’,
KHFR A 28.4 mA/m?, = HLPERR AT

250
o % Polarization 41400

—o— Power density —
200 - 11200 ‘T'E
% 150 1o %
E" 1800 fi‘
= 1600 &
< 100 =
1400 &
50+ 1200 E
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Current density/(mA-m)
B3 MFC At il 2. 0 Th 42 5 i 2%

Fig.3 MFC polarization curve and power density curve

2.1.2  Co( Il [ 5%k Bk
PLOTFREN N PHAR RIS, Ak e a7 R, FHAR
3 -A-279 mV, MEC RN

Co*"+2e—>Co (7)

Mtk 34 °-373 mV, P N-94 mV. MEE
W LR, AFEIERYI AN LR, MEC #3 [1) H
JERTF 94 mV A ReRAERF RPN, L H MFC 774
i FEL R IA 2] 530 mV, AT f4IE MEC BARZIE J5 5 N30 4T

W& RGusATE S, I E BIRGE  Co( 11K,
7E MEC 2854 16 cm %A% 5 e, 155 97.4%. £E MEC
FF B 2 T WL 5% 21 AR AR, RSl 4 o
Pt =4 XRD 23 #rn & 5 Fros, £E 20 5 51.53°45 3
—MTHIE, S hRETR T (01-089—7093 ) FH 4 BT 1445
JEVE—SL.

"

4 MEC BIRHPIRIK SEM &
Fig. 4 SEM image of deposits on surface of MEC cathode
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Fig. 5 XRD pattern of deposits on MEC cathode

2.2 BARRA R X RIS AT R0

MFC H BH R = A5 1 B 3 b F 2 2B AR, 78
PR b5 408 s 7 R AEIRJFE RN, HARA R A [F] 2
SO 4 B I S R 20500 sz 2y T DAASRAR L BRSO
TRARE N MEC BIAR FEAR, T 5 BF A B )Xo 6 [l
Wiz, g5 1 s, MR 1 EH, PIR4lh
BRI, Co(11)2:FRrZ i, 7 Al AN S A AR AR 1
2.4 f5H1 3.9 fixs MBS T, DAR4RH MEC
AR IS, &5 LRI 2.99 gCo/gCOD, Cg Ml 51, 53 JIE
3| 33.1% 21.6%, ¥45E T NG BA BB I i -
X2 T BRAGR TARE , AR T AN B A0 AN ERob AR 4
ARAHIWRTR, A2 RS BR, AFT
Co( IR

1 HURRLT R [ R

Table 1 Effect of electrode materials on cobalt recovery

2 B pH fEXS B R
Table 2 Effect of cathode pH on cobalt recovery

pH Rin/ Q ”Co/ % YCo CE/ % nca/ %
1 81854 41.7 0.30 4.4 22.0
3 1496.6  88.0 0.73 53 439
5 1656.5 78.7 0.48 5.2 29.5

Cathode

. 0, 0, 0,
material Rm/Q ﬂCo/A) YCO CE/A’ ﬂca/A’
Stainless

1150.6 26.5 0.46 6.3 17.4
steel
Titanium - 05 16,0 0.12 45 64
plate
Carbon paper 1359.6  62.5 2.99 33.1  21.6

2.3 AR pH X £H YA SN

AT MEC I pH, 235108 1. 3 fi1's, SEiesh
R 2 prsl.

SIHTEE 2 BRI, 4 pH A5 BRI 3 B, CeiX
PR T 0.1%, {H o, A LR IG5, B3
43.9%71 0.73 gCo/gCOD, Co(IN)7E JIAK IR H ) 2<%
WIEE T 10%. pH {HIIBFAL, BAMRZEAS R R YK
RORBA RIS, EEUKN pH EReE R ST
FIFZ, FEERE Co(ID)Ib )R . H2 pH EITKE, =

BT 2 W B A ) B b R A T RN
H"+Co+e—>CoH ®)
H'+CoH+e—>Co+H, )

I — 8 BT EREAS, 2R
Co( I JF 3% . MBI pH EHFEACE) 1 F, B
W B 22.0%, Hiff EESCERFI IR Co(1T) )
FBRZAN pH=3 B [ — 2 K pH tH 2> 520 251
AT FH B P 368 35 1 A BRI ARG A s 1, BT 6 T N BH AR
A& 1D

6 PR E R T E IS

Fig. 6 Morphologies of microbial attachment on anode
surface: (a) pH=1; (b) pH=3; (c) pH=5
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M 6 B, pH=1 WA HERZE, REG0
RO ETE R by pH A 3 RS B, HAk FRE
W SR BRI R, U R 1 SR AR TR
AR, FAEMIRE TR S BUE R A HI S R
RN, [EE, M ERAR R R RS,
H AW Ak A A0 W TR A R T HL - PRI BE /N T LR N SR
FHLER TR PN, IEFRA 7R PR AR RAR B, BHAR A A ) IE
(177 RS Bl o it S AR AR AL, TR AL B 2 5 3 B
B, W& 2 BUEEH, pH AN 1 1 MEC HWBH&EIA
81854 Q, J&pH A3 F 555 F 4965, ULHHIE
W RCRIRAR, XA RO 8 22, X EE Co(11) 2%
BRFFIE LR, FTLAE Y, pH v 3 IR, i Al
IR pH B AR 46 1 el A

2.4 EBRAREE X EE RIS R0

MEC FHB AN AR 8] 25 53 3 W€ N 4 em 8 em Al
16 cm, Fff FUAS ) FE AR AR B 66 RIS sz, gt SR dn
£ 3 PA.

"3 RS B R R

Table 3 Effect of electrode spacing on cobalt recovery

Electrode

spacinglem KR c/% Yeo Cel%  nel%
4 14353 944 0.86 85 323
8 1656.5 78.7 0.48 52 295
16 1327.9 974 0.85 205 132

HLR AR P22 500 RGN BH,  FRURREE /N T B £
{ELRF, T BEASE BE ARG A v 1 B A, 5 B AR 2 A
RETED IEYE R RGME SR W3R 3 FH,
AN 16 em BF, MBHER/DN, BB, Cpiks#] 20.5%,
Co(IN)LEBrFIEE] 97.4%.

3 Zig

1) /£ MFC-MEC A & 244, MEC
Al JEAL R A MFC B G L = e H e, SEBL
MFC-MEC #i& #4 HIRENS1T, TEAIEFEIMT HLRE
(IS UL R, Co(11)7E MEC BHARZIE JEHT H

2) AR R AR EE DL SRR pH B3 2 %F
B [FISCRT MFC-MEC #4 & & Gt 5= A 50 . MEC
BB R FA BRI, X 16 RIS RO 54 s MEC BRI
pH=3, HIHZHZEE N 16 cm I, RGNBHES, HFT
BRI
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Recovery of cobalt by
MFC-MEC bioelectrochemical coupling system

WU Dan-jing, PAN Lu-lu, LIU Wei-ping

(School of Chemical and Environmental Engineering, Jiangsu University of Technology, Changzhou 213001, China)

Abstract: In order to recover the metal cobalt in the Co( Il ) solution, a microbial electrolysis cell (MEC) was driven by a
microbial fuel cell (MFC), in which the degradation of organic matter produced electricity, the MFC-MEC coupling
system can be self-driven, and at the same time, the Co(Il) was reduced in the MEC cathode chamber. The effects of
different MEC cathode electrode materials, pH and electrode pole distance on the treatment of cobalt ions were
investigated. The results show that carbon paper can be used as the MEC cathode electrode material to obtain a small
internal resistance of 1359.6 Q, Cg and 7., are 33.1% and 21.6%, respectively, the specific yield of cobalt is 2.99 gCo/g
COD, and the removal rate of Co(Il) is 62.5%. When the pH of the MEC catholyte is 3, 7, reaches 43.9%, the specific
yield of cobalt is 0.73 gCo/g COD, and the removal efficiency of Co(II') reaches 88%. When the MEC electrode spacing
is 16 cm, the highest anode coulombic efficiency is 20.5% and the cobalt specific yield is 0.85 gCo/g COD, the Co(1I)
removal rate in the cathode reaches 97.4%, and the XRD analysis shows that the cathode product is cobalt.

Key words: microbial fuel cell; microbial electrolysis cell; bioelectrochemistry; coupling system; cobalt recovery
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