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(1. REERSE  KHE 300384)
Q. WHLRHE R WL AZKIE 050018)

H E A8 IR R ENS %8 mARE L oMHIR 7] R F A5 A ) A, #u(Microbial
fuel cell, MFC)FEAL, #&& MFC #ia47da4t. [k A A L&, KA BREIAHET
T X 4% A (RICC). 71 R F+5 B M /% A (R*GNS/CC). 71 K&+ 2% BB M A KA
(R+tMWCNT/CC). 71 R F+& ZH+ % BB N K% /A (R+GNSTMWCNT/CC) w9 F F8 4% 4+t
H. [4R) EEMGARLGEIRT, SARF/HEAGSIELE SAmV)AE, TRFE+E
BB T) R F+ 5 B R R A e ) R+ B b+ 5 BERR 4 R /AR A FRAR MEC & 5 #r
i B F A 87, 145, 275 mV, 5 ARG T 61.11%. 168.52%. 409.26%; & AE 3% 49 R
BREASHREGT 59.1%. 89.7%. 147.3%. 4 FF AL A 5 Z AL IT(EIS) A= 3% 3E /R (Tafel)
MIXKE I, 57 RE/BEARBARL, T RE+6 B/ . T RE+% BEBR A KE |5 PO E
R PR, AR ik RIR G, BT RF+6 EW+35 B K E B A PR 64 &AL 7 FL F
AN, WARB iR E B, FIBT 4 AP RN E A MRS A M (EPS) AT R B, 154kt e Fa AR
WEMAEDI T, S4EK Y, RFGNSHMWCNT/CC FAM TR K, A A FHApisid
w5, (48] 2 2. % BRAKRE LR 70 RF 54 MFC FEARST AR > 7 AL A FLAA
o An kA%, MR E MFC #9148,
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Effect of the modified anode by graphene-multi walled carbon

nanotubes composites material with resazurin on the performance of

microbial fuel cells

ZHANG Yan' TIAN Xiu-Lei® LIAN Jing?
ZHAO Juan®> GUO Jian-Bo'"

(1. Tianjin Chengjian University, Tianjin 300384, China)
(2. Hebei University of Science & Technology, Shijiazhuang, Hebei 050018, China)

WANG Yan-Tao' SONG Yuan-Yuan'

Abstract: [Objective] The anode modified with graphene-multi walled carbon nanotube composite
materials was used to enhance the performance of microbial fuel cell (MFC). [Methods] The
composite-material of resazurin (R/CC), resazurint+graphene (R+GNS/CC), resazurin+multi walled
carbon nanotube (R+tMWCNT/CC) and resazurint+graphene+multi walled carbon nanotube
(R+GNS+MWCNT/CC) were dropped on the surface of carbon cloth electrode. [Results] The
maximum MFC output voltages of R+GNS/CC (87 mV), R+tMWCNT/CC (145 mV),
R+GNS+MWCNT/CC (275 mV) were increased by 61.11%, 168.25% and 409.26% and the
degradation rate of perchlorate were also increased by 59.1%, 89.7%, 147.3%, respectively. The
results of electrochemical impedance (EIS) and Tafel for the four anode materials implied that the
anode resistance of R+GNS/CC, RtMWCNT/CC, R+GNS+MWCNT/CC were decreased relative to
that of R/CC, and electrode reaction rate were increased, but R+tGNS+MWCNT/CC had smaller
anode electrode activation resistance and faster reaction rate. At the same time, the extracellular
polymeric substances analysis of microorganism on the four anode surface indicated that the amount
of microorganism and polysaccharide increased and decreased respectively, R*tGNS+MWCNT/CC
anode is better for electron transfer. [Conclusion] The modified anode by graphene-multi walled
carbon nanotubes composites material with resazurin decreased the resistance of MFC and enhanced
the electron transfer rate.

Keywords: Microbial fuel cell, Anode modification, Resazurin, Graphene, Multi walled carbon nano tubes
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A WL H Y (Microbial fuel cell, MFC)—7f
B KA BT MEC 7EAb BRI K Y [F] fE
FRARHLRE, R PP AU K AR PR 2K,
M52 3| Ok 2 98 1 GHE . {H MFC it 2h =%
FRARS (A BRI As B 500 TR
HORIGLER KRH T MFC 59 Tl Atk 4
AR L L (432 1 T BB T MFC 38 B T

PRELCL AR T HUR K B, ROK . AW
Pk, EHGEZRA AR, i
MRV R A IR v SRR I A
Tk AR TR R R A AR,
T X ST AP A PSAS 1 . R AR,
ARSI EAT R R S OCTE AR R, i
Py poek it Ak PR SRR R P K S H AR AT

\\\\\\\\

HUAR AL KRS . AL . o 516
P BT AR S A Sun RS
W] Firmicutes Sl & YUEHI €4 MFC WL, &
—FJEERET 5 [RII) Firmicutes! U2 MFC W &Rk
WP X B R AL 2= I T TR, 340 i e SR
R IRI B 7 A ) H AL B A, SEBIAb 2= BE Y%
B AHLRE, i MFC AbBE S SR LKt T 2%,
&5 MFC HIMM RHUFERR A . A . AR4R.
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AEFEENT B R AR R AT R ) S
HiE A eEwA &, AR, Fehipkt, £
TET P ERLARE ARG 1t o 221 kA AN LA
A B2 ERR e e . Sk L AR ARSI ik
s LA B AR A — Rk RUEEN) [k HLA )
FLB A I 2 B SR R R TR, 1 LA
B e R B 22 A A o7 5 PO, T T LA e
MG b BE, E—Fh o BRAR A H AR R . SR T
SRR — R AR BRI B AR I H A
FVRGF IR S , B AR Kb R} 38 5 20 53
AN AR, REA RUSCEGUR R AL .
PEEPEREDY, © UK R A AR ST 35
Mishra 2521 F L TR MWCNT-MnO,/PPy £
AN KA BB LE FHAR , MFC (% i 2 48 w5 2l
1125.4 mW/m*, RMESEPIRETE T ZRERRINKE | 2
P S5 FTE AR BHAR AL 3 Ff MFC ()7 bk
B, HrP LIBRGKRAS R BN MFC PBHERAR, 2
RREEI R, 43R 263 Q F1 402 mW/m?, Touach
2250 2 (1) MnO,/CNT/PTFE 940 KA KL F i 3
J7 k- WU R BRI, MEC (i Dh g i
# 511.114 mW/m®, COD T4 )& = FR Rt A 42
o ARA BRI . ZRERRGREE N AR A b Ak 1
FHT MFC Ab 35 SRR R IR K R ILAGE .

[ 71 K (Resazurin)fF i —Fh AL TR A4
A LA S E MG 3 . ARSI Lian 25010
5L R MFC M 7] K3 7T LN 5 4
FRER A AE MRS . $25 MFC s E, S525H
AEE, 23BN T 101.6%H1 41.7%; i HANFEAN
JVRAEG M2 A AU A . S5, WA
MBI ZE R ATV I B A SR AR ] MFC ok
PR T IEESER, S MFC MR, BAR
ATV B S AR A A RT AR KRR B R 8 MFC
PERE, (FEMASIERE HKAKIR, IR
R/ P [ WER S22 4 OF S P N i v & g [0 )
B, Y AR A A AN i e A8 i ]
ARTT DA — (], AR Ay B - 22 BERR 4 K

A PRE Y PR 1 E AR TT R X MFC
HUHEA T, Ko i A 3 e SRR R B Aok
M2, B HRTARE & B HGE .

ARSI DA ATAE T, TR A 854 (GNS)F
Z BE Wk 24 K 45 MWCNT) 2 & # R B 42 71 R &
(Resazurin) T FHH A% AT (Carbon cloth)#TH , T T
— TR, DI 3 B [ A A RS T Fe R g
HIW.
1 RS
1.1 SKIG#H

JJ R (Resazurin) , £143M5(GNS) . ZREfRYHIK
B (MWCNT), A (Carbon cloth), ZSMHA W (5%)
WAL 1 Sigma /A 7] 5 SEI T FHI K R 28 F 7K
Hi Ak 2% T ARG (CHIG60E) W T I ifg e AR 2 A BR 2>
W) 5 SR B RAE A= (BT R 8 w) SRR i MFC 11
B LR
1.2 BiREE

P 22 BETR 4 K 4 (MWCNT) Fl 7 245 (GNS) 43
S TIRMR (Ho SO HNO3=3:1, AFHH)HIZ I 3 h,
B FKUER R P E, B2 60 °C T4 24 h 155
MR I IR AR AR R RN BB, & B
(2 em*2 em) B FEAENERVE R IR 3 h, VRS
BT R R (RO R VR A R =31, R E) iR
3h, HEBETKREG, BRSO, B FES
THEFE 60 °C T 12 h, #5H.

W 25 mg ZBERRANKAE I 25 mg A1 8207553 5T
A 5mL ABEESK, A 0.5 mL Bk, 1EE S
1h, BEETHA 0.3 mL (5%)ZSBA A 9 umol 7]K
T, PR 10 min, SRJ5 FRCR TSR G T
SISTIETREAG b, 3SR K E M (R/CC)
TV KA+ BRI/ AT (RHGNS/CC) . IR+ BERR
UK AT (RHWMCNT/CC) N T] K5+ AR IR+ £
BERRINAAE %A (R+GNS+FWMCNT/CC) 4 i,
FARSE T T iR b SRk 2.5 mg/em”,
1.3 MFC #i&

FUE TR PR L AT SRR 30 mL,  HA
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MELE 1, SR 1.2 thordag8ln 4 B o
YEH MFC B, 2808 Bl K A PR RRATAE R B4R
BAMR BB AT Pt ALY S 484N 0.5 mg/em?. [R5
PEMR ARE 258 4 em, BIFEMRGE TSR 22401, S
FHA 500 Q.
1.4 MFC #EM5EH

MFC #F1 10 mL B KA PHE 5K 00
WERE 1 d BIEPETSYE, PRI ABERR R 2% vhiss
(g/L: Na,HPO, 4.58, NaH,PO, 2.45,KC1 0.13, NH,Cl
0.31), WTHEKE pH A 7.00 B KA K TE
1.0 g/L KRN, 0212 g/L EARAN(150 mg/L
CLO4). 12.5 mL/L A=K (g/L: MR 2.00, Hi4%R
B 1.00, 4EA= % B, 0.50, M2 0.50, 4E4E % Bs 0.50,
YK By, 0.05, FiERR 0.50)F1 5 mL/L i cE
(mg/L: =28 020, MgSO, 0.30, NaCl 0.10,
ZnCl 0.013, FeSO,7H,0 0.01, CaCl,-2H,0 0.01,
CoCly'6H,0 0.01, CuSO45H,0 0.001, H;BO; 0.001,
Na,MoO, 0.002 5 , NiCL6H,0 0.002 5 ,
NaWO0,2H,0 0.002 5), SZgk Hp it Xzt 5,
Wty RS T 20 mV BFE S U% K . MFC 128
1120d )5, AL R I H R (AL

Multimeter

Resistor
=
|

Sample port
# @ % 5
Anode

+— Carbon cloth

Cathode

1 BEREYRE RS E
Figure 1  Schematic diagram of the single-chamber
microbial fuel cell used in this study

1.5 BAENR

MFC )% H H il 1 AR AR R Sk i
SEHFARAFAE LG o I s fb s T ARSI AE 2R
LE(CV) AL 2=BEBT I (BIS) FIs% HE /R Hh 2k (Tafel)
K =R, LUBR BER A T AR, 1
HIRHEA(SCEY NS L], Pt ZZHUAR X HLAR
YE MFC U g g il i . v ik
FEEN-1.0-1.5 V, S E N 10 mV/s, EIS
D3 U H TR R T S R R, AR R
0.05-10 000 Hz, #EIF} 0.01 V. Tafel JXFIH5E
FEIoh-0.3-0.7 V, HHEEEEN 10 mV/s.
1.6 SREEANE

e SRR B B 7 (e o KU AR S i
ABLLAE 10 000 r/min 2500 10 min, Bl BT
Wi 0.22 pm BERRS T 4 °C MRIEARAE, IR R s:
PR o e SRR R P e J3 R PR B Wb e 1y =l A
BTG r S RE
1.7 50 B & 49 (Extracellular polymeric
substances, EPS)AJ3ZEL

MuAN R AP (EPSY LG ISR 11 /K AL & P il
DNA, FA# %t EPS T Higk
AL TF [ A (MLVSS) A FHARMETT 200120, 48 i A
e KA 4 590 1) P 2% 7 55 T A L £ 35
FEHIMREE . DNA FIFHL SN 6L THTE 260 nm ()
P T ER,
2 FRE5W
2.1 1&IHBAR AT S RER EL L R AY S0

BRI K o R BRI R 150 mg/L, ]
2 FH 5 R/CC BHifH MFC A, R+GNS/CC,
R+MWCNT/CC . R+GNS+MWCNT/CC & iy B
MFC B} g ik i SRR B . R/CC Bt &4 BH
i MFC 7E 14 h I & @ RRE A EBRFIE 86.9%,
H P& f#H 2R 9.3 mg/h, i R+GNS/CC.
R+MWCNT/CC . R*GNS+MWCNT/CC 3[R &
W BHA% MEC 43 %I7E 12.10.8 h I8 & 4584,
HFE RN 14.8, 17.6. 23.0 mgh, 5K
22 BE Bl AN KA TR 28 16 T %) PR AR R B LR fe i
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Figure 2 The perchlorate decrease of MFC with four
different methods of modification anode

AN T 59.1%., 89.2%. 147.3%. S23511H
Fo, 25 FIMEMiN MEC X675 Ye m SRk i 24
BRI AT BTN, LR R A . ZRERYK
BN T REYTE AR R, (e T R,
AT T vy S R R A B i
2.2 &URBATRAT MFC 7= B 4 RERI B2 IR

ARSZI MFC 197 i 1 B2 38 3 1 1) Pl e Ay
# iy . R/ICC . R+GNS/CC . R+MWCNT/CC .
R+GNS+MWCNT/CC & it i A MFC 4 i Fi s
BER TR A2 AL DI 3, HHL 2 SIS ETE 54 87,
145, 275 mV, 5 R/CC &/t FHI% MFC L,
R+GNS/CC,R+MWCNT/CC . R+GNS+tMWCNT/CC
BRI BE: MFC 4t R8I T 61.11% .
168.52%. 409.26%. MK 3 FHr[LIEH, 76 0h it
KIG, HERAET AR, HIFRERRIHRE
K5 #E2 hm, ROVAFSTTRERERE, i
H, R 3K 31— 1 R e K i HEURR (1 o MIFC Hin
RS2 3 — LB R s dn . bR IR i
HOR | BT B . TS VAN AR
R0, 78 10 h iF, d TP IUA Z Bt
WEETR /%, MFC $i il i R TR, SEInss R 2
RE B 20 K A8 TN A0 S5 458 4% T K 5 3 (W] 46 1 B A% X6
MFC 7 AE A S 5

300 —a—R/CC
—e— R+GNS/CC
225 —a— R+GNS+MWCNT/CC
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Voltage (mV)
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3 4 FARET AR MFC ¥t B E
Figure 3 The output voltage of MFC with four different
methods of modification anode

2.3 &IHBARMIEREY EPS 47

It XF 4 B[R AL MEC BHAR RS A b
A EPS (R, 25 LA 4. 5 R/ICC
FHEE, 3 FIOTRIAL By A5 5 A BHAR Sl 4= 4 () L o
H M DAN #RAEIRERE N, Zhil. A
Wi . ZREMRANKAST B AT BRI RN Z BERR AR AT A0
BHE 7] KB MEC BRI 1 A 7E B
(IR, M —E R E3n 7 e e s, oF
— 4 T MFC (/= mtkge, HakihiE 4 v LA
HZHEE EPS 1Y 2840, A AH G Sk HE 24
ML, 2 B R AR A e A R
YL R M I, FIE R AR, 24
HLFAgLes, DS T L b AR A BH 71

300
I ez Protein
BRaDNA

250 - 240 XY Polysaccharide
@« S 2%) 201 195
2200
>
% N
E1s0t
E
= 100
S

5558
50 | 3540 48 44
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Figure 4 The analysis of EPS with four different methods
of modification
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2.4 EIHPARAEY R FE DX MFC MfEER9 520
2.4.1 {&IRFER MFC BIRRRE 27 K 5 525
4 R/CC . R+GNS/CC . R+MWCNT/CC .

R+GNS+MWCNT/CC &4 i FHAR PG IR 22 [
PEIMR LT DL e FHAR B A= Akt . il S
ATLAAE H, RICC A H BB B A LA 5, 1
R+GNS/CC. R+MWCNT/CC 3 T H i iy a4k
W, {05 R/CC B gt i FHAR AR LB By
BEZES, 1M REMWCNT+GNS/CC FHAZ H B EL
B AR I . 4 B AR AR A & A
Pk, T RAMAIRE St T KA | A B R 22 BERR N
KA YNEMTE IR A, A BB F Z BERR KA
(IR P38 K T B L3R TR, Wi MR ik s 2 1)
B LS AR TR PR A

2.4.2 {&IFFAR MFC ZRMBEIRE 2 H7: Hb2AR
YL (EBIS) i — 4R RN AI— 2 HZR LA, IZkZE—A>
S s B R A N BEL(R) B R/, RIS LA B i
FENBHAME . 7€ MFC 1, RRUFNBH Ry 2 rh FL i o
W ES - S H B R L 1 ) B8 sl R vh R 2 FI Y
RIS AT . 15 AN BEE: Hh FL b2 SO IUR 257 7
Ty RTEAL R RS DAY, RN N F AR T (Y L T
LB BT ILAE . B 6 R IR g, R0
IRZ BRI NBE, Ry FRFRAK R AL BHBTRIVE LN
BH, wy ARER T B IO H AR 1% R b Ay L) 5
M FHULRTAS, 4 AN [R) BHAR A AR P B SR AS AR [A]
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Figure 5 CV of MFC with four different methods of
modification anode

~400

=300 -

=200

-100
—k— R+GNS/CC
—<«—R+MWCNT/CC
0 . % R+IGNS+MV\I/CNT/CCI
0 200 400 600 800 1 000

z

6 4 FHPRIR# R MFC BY3Z R E
Figure 6 1E of MFC with four different methods of
modification anode

¥TE 25 Q /oAy, (RIGALNBIAEA IR K 22 57, 4 Fh
PEAAA LG AL N B R /NEI Kl . RFGNS+MWCNT/
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FELASEAR YN 150.6. 210.6., 2359, 4208 Q, 5
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(Tafel) i1 2 & — P A FL Ak M e B o i Y
MEATFBE, 7RI 2 o B b RS AR A R R
H B A8 DL —E AR O RilF 7224k, Wi
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Figure 7 Tafel of MFC with four different methods of
modification anode
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