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Fe-N Modified Carbon Black as a High-performance and Cost-effective
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Abstract: Carbon black is a high conductive and cheap catalyst for oxygen reduction, which can be used as cathode catalyst of
microbia fuel cells. However, pure carbon black has low catalytic activity which does not meet the requirement in practica field. In
order to improve the catalytic performance of carbon black, ferric chloride (FeCls) and melamine, as sources of Fe and N respec-
tively, were mixed with carbon black at a certain ratio and co-carbonized. Results show that the output power density reaches the
highest value (1395 mW/m?) with the mass ratio of 2.6 : 1 (FeCls-melamine/carbon black), which is 59% higher than that of the
widely used Pt/C catalyst (876 mW/m?). SEM images show that some elliptic or columnar crystals are formed on the surface of car-
bon black, which is testified to be FesC crystal by XRD and XPS. Meanwhile, pyridinic and quaternary nitrogen generated by car-
bonization provides more active sites on the catalyst surface, thus improving the catalytic performance of composite catalyst. With
theincreasing ratio of Fe-N, the conductivity and the surface area of composite catalyst decrease gradually, which limits the catalytic
performance. All those data demonstrated that the catalyst generated by FeCls, melamine and carbon black is an exceptional
cost-effective cathode catalyst which can be used in scale-up MFCs.
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Fig. 1 Power dendty (a) and polarization curves (b) of cathodes
catalysts with different Fe-N/C ratios

B DX, A o R P e, ot 2R R A 1) IF T )
%, 2.6 0 1 LBl MFC BFAR Bl fe 4 e v, IR
Ao BRIk, MFCs 1% B8 1) 22 5 2 BRI T A PE g
2= 5.
2.2 Fe-N-C PAtRfELFIRER RS

B 2 il % 2 A 57 SEM R IR A, TN
S =R E LG, & AR AT DO 2 B T2
BHEIR S A B FeCls fl = R EU & = A038n, &
A 53 A 2 PR R R /INBE 2360, 4 Fe-N/C LA
Wik 3 2.6 0 1}, MFCs 8977 B R i B 42 T,
X LGS A E R B2 ) A AR SR AL ORR PEfE
BN 2. B2, fi%E FeN/C tilmT 2.6 1,
MFCs 17 LR RE T 46 T B, T 2E I ot A4 F5 22 3
hn, WisE 2z [ 2L EA K R
2.3 Fe-N-C BA#R{E (L5 XRD #1 XPS 7 #f

NT B FeN-C 8 & AL Sk
RRICR S, XTFE S EAT XRD F1 XPS 44, 45
W 3K 4 iR, AR IIRER 200 & 1A 8
I (002) F1 FesC fm 4 1) 22 A7 5 e (7E 40°~50°2 [d]),
B SR = R EN S BRI N, A SR 0 R



208 T AL R R

33 %

BRR Sowarsion WOstiem  DOSNEW  tys 0ELL

_— v

Syl WOs i BEeREW Mg REED

Kl 2 AR Fe-N/C 4RI SEM T
Fig. 2 SEM images of cathode catalysts with different Fe-N/C ratios
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Fig. 3 XRD patterns of cathode catalysts with different Fe-
N/C ratios
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