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Synthesis of Fe/nitrogen-doped Carbon Nanotube/Nanoparticle Composite and

Its Catalytic Performance in Oxygen Reduction

YANG Ting-ting' ,ZHU Neng-wu'** ,LU Yu',WU Ping-xiao' "

(1. School of Environment and Energy, South China University of Technology, Guangzhou 510006, China; 2. Key Laboratory of
Pollution Control and Ecosystem Restoration in Industry Clusters, Ministry of Education,Guangzhou 510006, China)

Abstract: The cathode catalyst plays an important role in the electricity generation of microbial fuel cells (MFCs). In order to achieve
the large-scale application of MFCs, cathode catalyst with low cost and high oxygen reduction reaction (ORR) has great sense to
substitute the precious catalyst of Pt/C. Here chemical vapor deposition (CVD) method was utilized accompanied with melamine as a
nitrogen and carbon precursor, oxidized carbon powder ( Black Pearls 2000 or Acetylene Black) as carbon precursor and iron acetate as
an iron precursor so as to synthesize two kinds of Fe and nitrogen doped carbon nanotube/nanoparticle composites ( FeNCB and
FeNCC) as MFCs cathode catalysts. The cyclic voltammetry and rotating ring-disk electrode were applied to analyze the ORR activity
discrepancies of FeNCB, FeNCC, and Pt/C (20% ), which was confirmed by MFC operation. The results showed that the ORR
performance of FeNCB was slightly better than Pt/C and dramatically better than FeNCC. Moreover, the catalysis of ORR by FeNCB
was through a four-electron transfer pathway. Besides, the performance of MFC-FeNCB was higher than MFC-Pt/C and observably
higher than MFC-FeNCC which was a contribute to promote the scale of MFC. MFC-FeNCB achieved the maximum power output
density of 1212. 8 mW-m ™2, an open circuit potential of 0. 875 V, and a stabilized voltage of (0.500 +0.025) V. Further analysis
via X-ray diffraction, X ray photoelectron spectroscopy, and Raman exhibited that the diameter of carbon nanotube, the types of N and
Fe as well as the concentration of nitrogen, iron and oxygen was the reason for the discrepancies of ORR characteristics for the prepared
catalysts.

Key words : microbial fuel cell; cathodic catalyst; Fe/N-doped carbon nanotube/nanoparticle compound; oxygen reduction reaction;
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SER F MESCHRT 11 ] O SR . RO #8 1Y BE F
Y25 em, AR MBI R 3 em, HE AR B B 1 AR
3.14 em®  BRUCEFZ) N 18,75 mL. BHM AR ES (LA
BN w1 ) AE 35 Rl R Ab 3 BH A B AR A (3K
plain, TORAY) ,7E M /KA 7138 0. 5 mg-cm > AL
R AR 2 S 4 2RI Y U2 K
FeNCB Fl FeNCC A FI#RAHE AL ZH 2 1 MFC 5393 fi
45 MFC-FeNCB I MFC-FeNCC.

MFC Z:BESCHR [ 11 ] rh S 28 22t X R i
BT IR SRS AT, BT AR I I B R I () i U T
B8 3 ~4 d JG/E AR . AN TRUR K RS 57
W OB E IS ORE FR IR IR 1 1 R R
RAHR T MFC T, 58 )5 6 10156 1 A 6 BH I8
1000 Q,7E 30°C A T 217, MFC i Hh i R
JH Keithley 2700 R4, 24 MFC % H H R R FE# 0. 05
V 2 AT B S B R, R ER LUK, B E R
2 0.1 VUL WSS S, S MFC % il
HUE N REE] 0.05 V A4 R, LG Rl g- L")
s
1.3 S3hmilial sk
1.3.1 b ryFRIE

A T 2 T AR B BT B T B OB
(transmission electron microscopy, TEM) W%, JF {7
BREB I RN K AE /41 Y E A W R e R 4 Al
K B ORE Ml % XPS ( Axis UltraDLD),
England) 7347, T A 45 G RELL C 1s A SRS A g
(284.6 eV) HEATHEUE. XRD H 3K 23 Hr Ak 770 69 &
RigE Ry IR F2 2 7E D8 ADVANCE &% 152 B
(). Raman FSR MM HEAL T 45 44 (14 e 6 A6y 38 AL
BE AR I AR & AE Lab-RAM  Aramis (75 [l HORIBA
JOBIN YVON A R A/ ) AU A% b 523 my , A B2
800 ~3 000 cm >,

1.3.2  HAbZEMERESRAE

TEHLAL2E T AR RS (CHI 660e, FIFIRAE) By =

WARZ T CV A kL f Ak 2= BB ( - 0.8 ~0.5

Kratos,



352 AN 5%

B 37 %

V, 0.1 Ves™) . A& LRI R A TAER
W, Ag/ AgClLAE RS L B AR, LUEA R A S X B . T
YRR A ) 2% . FREX 4 mg B4 B}, JITA 10wl Nafion
(FEE3500.5% ) F1 2 mL B9 TCK 2B, s 4 i
0.5 h R RIE &9, 485 F i OB #3 HL 10
wLIZIRE Y 2 542 3 mm BB BR B . BE
J& ,FEZ I T RRDE WAL B S8 IR F T 7% 75
B TEFIEE N 0.5 ~ - 0.8 V, T AF s A% 1 X
}0.247 5 em®  FHEHE N 0. 01 Ves ™' LB
PERERRERZZ i
1.4 b PERERY AT

FE b HH LR U T LA R ZE 2§ (Keithley 2700)
BRI B 10 s RE—MEE, iR AR,

I = U/R
Ao, U R H R R A A ] % e B (AR R AR B B
FRELEL 000 Q). 78 L ith 1) d5c K 0] 75 52 i P R AR
FE S5 JUAS/INEE P I T A8 B Fe BELAE AL S 000 ~
100 Q V15 4Mal#EAMBH, SR AEAH R e e, IR
DAY e AR L I 9 R R A K ) 2R 8 B, 2 il i Ak
M2k, SR TR M AT
P = U’/(RS)

A, U S E R R Al E R, S Ay R T
PR P9 BE B P R e bR A i At e e
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BHe 0.072 Jt-g™', BSR4k F B R T 70
Teeg ", RIS TR 2000 K 0.45 TT-g 7, AR
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2.1 EAEFIERAE ST
2.1.1 BEHH A BE T

it TEM 2558 (1) a] HIEk P60 2 7E Rk 94 K
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AR —2C7 . N1 et ] 2 bRk SRR SRR
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(a) F1(b) K FeNCC; (c) #1(d) M FeNCB
1 FeNCC 7 FeNCB £ TEM &
Fig. 1 TEM images of FeNCC and FeNCB
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TER 2 PR GIEE R T WL LA Ak i) B Y
FROEVE  D-WE I G-I )2 C JEF S A Y Raman F#AE
W A3 S7EL 300 cm = AT 580 em ' FRIEN . DI
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BSOS 2] FeNCB HL4lAY CNT EA K
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1 1 L 1

1 000 1 500 2000 2 500 3 000
it (i flem™
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Fig. 2 Raman images of FeNCC, FeNCB and CNT
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C(002)
26.1

10010
C(1 101) C(004)
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57.2 629
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@ 3 - 35.5 43.7447

1 1 1 1 1
10 20 30 40 50 60 70
2007

B3 FeNCB, FeNCC #1 CNT #J XRD
Fig. 3 XRD images of FeNCC, FeNCB and CNT
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