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Performance Improvement of Microbial Fuel Cell with Polyaniline Dopped

Graphene Anode

HUANG Li-hua', LI Xiu-fen'”, REN Yue-ping', WANG Xin-hua'

(1. Laboratory of Environmental Biotechnology, School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122,
China; 2. School of Life Science, Linyi University, Linyi 276005, China)

Abstract: Microbial fuel cell (MFC) technology has potential in recovering bioelectricity from different types of waste, which attracts
more and more attention in the field of environment and energy. However, low power density, high cost and low substrate degradation
rate, closely associated with anode performance, limit its practical application. In this study, proportional polyaniline (PANI) together
with graphene was chosen to obtain the PANI dopped graphene composite. The as-received composite was modified onto the surface of
glassy carbon electrode. The results of electrochemical analysis showed that the optimal mass ratio of graphene was 20% for cyclic
voltammetry (CV) and linear sweep voltammetry (LSV) analysis. The anodes with 5% graphene produced a peak power density of
(831 £45) mW-m ™, which was 1.2, 1.3, 1.3, 1.5, 1.8 times of those with 20% graphene, 1% graphene, graphene, PANI and
carbon cloth, respectively. Moreover, 5% graphene reactors showed the maximum values in output voltage, open-circuit voltage
(OCV), chemical oxygen demand (COD) removal rate, coulombic efficiency ( CE) , and biomass density. The polarization resistance
was only (24 £2) Q in 5% graphene reactors,which was 19. 8% of that of carbon cloth. The results of electrochemical analysis were
not consistent with those of bioelectrochemical analysis, demonstrating that the biocompatibility of electrode was one of the important
factors affecting MFC performance. 5% graphene anode showed full advantages of graphene and PANI, which improved the
performance of MFC.

Key words ; microbial fuel cell (MFC) ; anode modification; polyaniline (PANI) ; graphene; electrogenesis
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Table 1  Performance of MFC with PANI dopped graphene anodes
b Bk RRMR PR Bl CURAR e
PANL/ 1 28085/ AR R A= R T5 R BRI 80 1390!20]
PANL/ 7 8 4 KA/ Bk 4K L fbAF W S. oneidensis R AR N/A 8567
PANLV/ 1 8806/ 511/ B A B R W E. coli BREALER 20 205928
PANL/ 1 2806/ 4k A MLk A HEETEK R AL En 1400 1562

1 RS

1.1 &
1.1.1 A28 PANT B4

(1) A BIEHIH &S BCR[30 ]k, B
SEFREL 0.6 g KNO, 15 0.5 g i 752 (300 H) , #it
FEF (400 remin ") ZE18 N A T2 23 mL WL R 1K)
BeRH R 10 min SR INA 1.5 o MR RREN, 4R
JaFHRAWCE T 35°C MHEHE 3 h, RS A 40 mL
EETFIK(ILEHRE EF-2 80°C) , 4k L4 5 min
(400 r-min~") , A 100 mL 255 T/K Fl 3 mL Jfife
SER 30% B RUAEK R it g AR B, AT 1 mol - L' #h
PRI R B IEDE , B2 DL BaCl, VAT A 2] SO; -
bk BRJE K TR b R R TR A B A A B A
K. HLO0.2 g A A A BTE 100 mL K B8 R
B3 h, IIA 0.5 mL Btit 5380k 85% WK &, 7K
W 30°C 554 PR E I 5 b, f58) 41 BB K T, S
KPR R R TR AR B R R A SRR AK F.

(2) R4 SCmk [ 18 ] Y7 il % PANL. 7E = A1

A 1.8 mL A FAFT 60 mL R PR W (1
mol - L") VKA i £1E 2) 30 min (400 remin').
1 1. 08 g R BRmREL (10 R B 5 2R I AR 1 B2 K L
EF 1 B Y PANT HL 5 R 05 K) W T 60 mL
ERFERVATR (1 mol - L") F3¢ = A Hh A i B ARV R 1)
TR 0°C A AT, He 2 i 18 e s YR 34833 o 1) —
FA ,TE 0 ~ 5°C R4 10 h, B IR N ek
(400 remin~") 8 h,fF 1k N, $h €, FH & B 25 B
FOKVEREOR 08 T I 2k, -50°C HAa %
% T 24 h( Free Zone 1L, Labconco) , WFEEH 5 &
T 4RI RAE
1.1.2 f28BIGEHB2 PANI B 5l

FE= A T 4 BE ) 100 mL v B 43 i R
0.05,0.25 F11 gL~ i/ 8545 7K 53 O, B8 7 (300
W)30 min ffif7 B4 HBEI 5] RIGMA 0.5 g R R
PAPR (I A B0 TR L4 i A 100, 20 AT S ) AN
60 mL 1 mol-L ™" AYELFRVE M FFUGH 77 30 min, A%
FRMEE m— MERUVE B 31 AR 0 oK v 3k
. WSCLEBEAR TR 1. 08 g i BRFR SR T 60 mL
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1 mol - L™ ER AR A W, 79 = MU I WA IR E % =
O°C ZE A, B A Tt e e v Y B i n 381 = b, R
PR FERFSRTE 0 ~5°C ) 10 h, FRAE S I T Fraet
8 h, {55 1B, SHUE , FH RN 25 85 1K Ve ik ZE 8 T
Tof, B2S R T 1R 24 b AF AR 5 50 3 PR 5, 1h1
AT BRIRB 2% PANL AW 5ld 4 0 1% 1 5%
5. 5% A BN 20% A B M FEVE T TR L
TRAE.
1.1.3  [AB A AR ) i 4

5 Fofr e A B M AR (F7 BB MR . PANL, 1% £ 5
Wi, 5% 1 B, 20% A5 ) 5 R R O
(polyvinylidene fluoride, PVDF) ¥ #8 10: 1 /) it & te
AU 15 min, i AE 19 N-H 3 i g Joe i ( V-
methyl pyrrolidone, NMP) {8 & B IR, /Nl F 2
ST KT A W T (S B KB A, SR 0,34 mm,
HCP330N, Iy H L i %), 10 8 & K
5 mgrem 2 ,60°CHET 5 h 5.
L2 a5 Massy

KB 22 S I MFC, 2575 28 mL, 91 FHAR B
YN 3.7 em , ARURFLT em® , B B T 4A5%
(57 K B AT (JEJE 0. 40 mm, HCP330P, I [ | i3]
) UL Aok AR e B TR MFC BHAR TR (W1 Hh
PR N KT, T 43. 6% ), LR N4 1
o L7 2R BN W, LA R B E 2,77 gL
NaH,PO, - 2H,0, 11.40 g-L~' Na,HPO, - 12H,0,
0.31 g-L~' NH,Cl, 0.13 g-L™" KCl, 5 mL-L "4k
AZEM 12,5 mL-L™' IR, 44 Z MR T
HEHI S SR (32 ] ik, pH =7. 0, B § %
7.0 mS-em ' DL EIRFII AT AE. S s MFC
PR 25 e BRRFR LY PHAR VR P IO = 1 11 b fai)
K A — 2 R BH AR S B 2% — U A, 30°C I i =X
P
1.3 WHrik

A HL48 (SEM, S-4800, Hitachi ) W% i, 4% 44
RIEEMIEZS. M H 2086 (FTIR, Nicolet iS10,
Thermo Fisher Scientific spectrophotometer ) 73T Hi,
MORFEBER. R Ak A WAk A A e L AL
2T AR, F#EFT (CHIG60D, FiHEIRAR) | % =tk
TR, P 22 g X Ha A, A0 H SR HL A [ SCE, B 5
232, 0.2244 V vs pnfEA A (SHE) , SRR
S H . H e A RE A BT LB AR FEL AR A T
FLAR (D =3 mm) , 53H7 A 3 B PR AR 2 T VRS Jin 5 A
LR A A4k 1) T F 53 50CR 0. 5% 19 Nafion B
W10 WL, FARAE TR EHE 2 1 mg-mL ™" AL

T EIETEIRR 233 ( cyclic voltammetry, CV)
e MEAR 22 1 4 (linear sweep voltammetry, LSV) , H
fift & ¥ 50 mmol-L~' [ 8% M2 £k 2% W ¥ W
( phosphate buffered solution, PBS),pH =7.0, §j#
PR 50 mVes ™ JEHFATEE 10 mV-s ™.
B 0.5 h il MFC % if FL & (34972A, Agilent) 1
K, AMEL 000 QAMH. A=Wy Ak o b LKA AR W)
JEEA AR A T AR LA, €V I s 4 48 H 343 L
~800 ~800 mV , FIHHHE 1 mV-s™' IER . H
fb 27 22 3 BH P 3% ( electrochemical impedance
spectroscopy , EIS) 3 Dk L th - % Ha F Ay A2 4 HL
Ji, S 5RAE 0. 05 ~ 100 000 Hz, #2450 01 V
(4 IR 5% A5 5 30, B0 P Zview ™ 2 WAk 2%
R AR LML R H LSV 5, LB O T A
LB, BFVR A oot AR RN 2 B A, D s I i 22 /0
FaE 1 h AT RS L RS E , N TT B L SR 44 5 0,
AT mVes™' 1S EUE R 1= U/R
THRASE] D)2 P = UL THE A H U %5 B ATy
SRR L AT L IR T 2R 43 B BR LA BHAR T AR (7 em®)
TS 2. L2275 % & ( chemical oxygen demand,
COD) ¥ B M7 SR T I b7 v A2 e 0 e >R D Mg
W0 SELAL AE A ) A e 0 B 2 TR T W
HRAEBA YR, 0 D BRALSE BLIC, 9 AT
SE TR AR Y B AR DY RE T 100 mLL A9 20 9 s <1
o SRS AL S PRI 15 mL ()5, 30 mL
B 12 mL EB 7K. RGHE2 h )5, A
FHEFIIA 15 mL KB /KA 15 mL 45, 5 24 h
W2, ¥ T2 Be AR = A, e iR
EEMNFEERA 3 mL 24, KRIRE RS E
10 mL L @A JFFHADTEAIE 2 k. ZEAMAX
F 40 CHEIRMK TN, fRJa AR EE TIA 4 mL
BB B, 121 °C AT A# 30 min. FRBEHTIIOL
G I a2 R BCRY BE. FE S R R (coulombic
efficiency, CE) %Uﬁﬁ( 1 )fcif%ﬁ%%iﬂ%]

CE = (Mijzdt)/[nVF(CODO ~con,)] (1)

K, M RESW 5 F B (32 g-L71) ¢ A
(s) TNt WZIREBF (A) , T R ERTE (s) ,n N
FREE R AR G AL I 8504 V o RN 45
(m®),COD, KLl COD ¥ (mg-L™"), COD, K
Hi7k COD ¥ (mg-L™") ,F AR H AL (96 485
C-mol ™). SCHHLFAIA S IR SCE b ifk B , T A5 U
HEE 3 W, BCFHE.
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Fig. 1 SEM images of the different electrode modification materials

M 2 AT LLIE H PANI, 1 58)7154% PANI &
AW ¥ H B PANTL HEAE R, 1578 em ™' X
PANI [ ¥R C =C () ¥ sh W I e, 1 466 cm = X [z
PANIL K3 C =C (1 4 2 e I g, 1376 em ™" Xof i
TN C—N 4 PRE), 1295 em ™' XF L PANI
B FAL R AE T 04 1 119 em ™' R ERIF C—N 1
AEPRSN, 797 cm ™' X RSP 1A N—H 25 I i e
' BRI R R B TR R, A
AT AR AR L | RIS 1 644 em ™!
A 110 em ™" Ak P WSO 3530 I T 1 A S5 b PR ik

30+ @

Bt %

2 000 3 000 4000

¥ /em™!

0 1 000
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LA ERER B C=0M C—0,1569 cm ™' &by
Wi J& T C =C YW IR | 3 455 em ' A0 R IR Wi 06 T8
FRRIEM O—H igsiRsn" .
2.2 i HfbEPERE

M 3 (a) TUAE A8 CV 2T Bl —H
TE(RURIG) , TCAA R TG | 3% R S Y fi S 44 i
ZERRIE. A0 BRI O A R P R B A 2 L 2 H
ZREH IO s Rl AR 1 7 S A R
FeemiBl. PANI F141 28 s 0T B 28 0 801k iE
s AR 0. 13 V(ZEARIE 0. 21 Vi ik

(b)

£ 201
5
g (3)
" (4)W\
10 ¢
i N W

500 1 000 1 500
¥ em™!

2000

(a) NAWBHAREER, (b) } 525 ~2 000 em ~ P BEFIRELE R ;
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B2 BREHFREEEN O LIER

Fig. 2 FTIR spectra of the different electrode modification materials
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0.05 V) F10.65 V(AL 0.72 V, i 5§ 0. 56
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