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Preparation and Oxygen Reduction Reaction Performance of Iron
Oxide/Nitrogen Doped Carbon Nanotube Catalyst
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(School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to explore oxygen reduction reaction (ORR) performance of non-noble metal as cathodic catalyst
of fuel cell. Fe was sputtered on the surface of carbon nanotube (CNT) arrays in Ny/Ar working atmosphere in the method of
magnetron sputtering. Meanwhile, nitrogen was doped into the samples, then the samples were annealed at different temperature
to prepare ORR catalysts for Fe,03 supported on nitrogen-doped carbon nanotubes (Fe,O3/N-CNT). Scanning electron micro-
scopy (SEM), X-ray diffractometer (XRD), and X-ray photoelectron spectroscopy (XPS) were employed to analyze morpholo-
gy, structure and composition of the samples. And electrochemical test was conducted to study the ORR performance and cata-
Iytic kinetics of the samples. Annealing temperature had significant effects on morphology and ORR performance of the sam-
ples. ORR activity of the samples first increased, and then decreased significantly as the annealing temperature increased. The

catalyst annealed at 450 “C exhibited the best catalytic performance with onset potential at 0.715 V, peak potential at 0.6 V and
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electron transfer number ranging within 3.3~3.6 in 0.1 mol/L KOH solution. The Fe,O3/N-CNT catalyst exhibits good oxygen

reduction activity. Pyridinic-N is the possible active site of ORR in this catalyst. The feasible and inexpensive preparation me-

thod makes this electrocatalyst promising in replacing Pt-based noble metal.

KEY WORDS: oxygen reduction; magnetron sputtering; carbon nanotube; Fe,Os; nitrogen doping
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Fig.1 XRD patterns of the Fe,O3/N-CNT catalysts
annealed at different temperatures
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Tab.1 Surface atomic content of the catalyst at different
annealing temperatures

at.%
Temperature/C C Fe N o
350 44.03 15.14 2.74 38.10
450 51.71 12.97 1.96 33.36
750 78.90 6.73 0.64 13.73
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Fig.5 N1s narrow-spectrum analysis spectrogram in XPS
spectra at different temperatures
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Tab.2 Relative content of N elements in different combi-
nations of catalysts annealed at different temperatures

at.%
Tempera- Fe-N Pyridi-  Pyrrol- Graphit-  Oxi-
ture/C e- nic-N ic-N ic-N  dized-N
350 2430 17.56 20.54 19.65 17.95
450 19.40 23.18 51.10 6.32
750 6.86 28.56 57.24 7.34
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Fig.6 CV curves (a) and LSV curves (b) in O,-saturated 0.1

mol/L KOH solution for the Fe,O3/N-CNT catalysts
annealed at different temperatures
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Fig.7 The electron transfer number (n)(a) and percentage of

peroxide (b) based on the RRDE for the Fe,O3/N-CNT cata-
lysts annealed at different temperatures
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Fig.9 The electron transfer number # (a) and the
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KOH solution for the Fe,03/N-CNT-450 catalyst
before and after acid-treatment.
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