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Abstract: Preparation of electrocatalyst composites with high activity and stability is of great significance for the
development of fuel cells and metal-air cells. In this study, nitrogen doped nanosheets loaded with Fe-Co alloy(Fe,-
Co,-N/C)were firstly obtained by simple pyrolysis of the mixture composed of dicyandiamide as carbon and nitro-
gen sources, cobalt phthalocyanine and ferrocene as metal nanoparticles sources. Finally, a small amount of platin-
um was introduced into Fe,-Co,;-N/C by a facile deposition method to obtain Pt-Fe-Co loaded nitrogen-doped car-
bon nanosheet composites (Fe,-Co,-Pt-N/C). Electroactivity of the prepared samples towards oxygen reduction re-
action (ORR) in acidic medium was investigated. Results show that the Fe,;-Co,-N/C itself displays a strong electro-
activity for ORR. Further, the Fe;-Co,-Pt-N/C catalysts with Pt mass-loadings of 2.36%-3.58% present a significant
improvement on ORR electrocatalytic performance. Their ORR onset potential, half-wave potential and limiting dif-
fusion current are comparable to commercial Pt/C (40%). Also, they exhibit excellent electroactivity stability for
ORR. The prepared catalyst in this work can be used as a good candidate material applied to fuel cells.

Keywords: oxygen reduction reaction (ORR); electrocatalyst; low-loading platinum catalyst; carbon nanosheet;

fuel battery; Fe; Co
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Fig.1 Schematic diagram for the synthesis of Pt-Fe-Co loaded nitrogen-

doped carbon nanosheet composites (Fe,-Co,-Pt-N/C) catalysts
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Fig.2 SEM images of the catalysts Fe;-Co,-N/C (a), Fe,-Co,-Pt-N/C 500 (b), Fe,-Co,-Pt-N/C 550 (c) and Fe,-Co,-Pt-N/C 600 (d)
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Fig.3 TEM image (a) and HRTEM images ((b),(c)) of Fe,;-Co;-Pt-N/C 550 catalysts; Mapping images of
C(d), N (e), Pt (f), Fe (g) and Co (h) of Fe,-Co,-Pt-N/C 550 catalyst
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Fig.4 XRD patterns (a) and EDS spectra (b) of the Fe,-Co,-N/C and Fe,-Co,-Pt-N/C catalysts
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®1 FEUHATRATENEE

Table1 Contents of different elements in catalyst

wt%

Percentage by mass/wt%
Sample EDS data ICP data

C N (6] Fe Co Pt
Fe,;-Co,-N/C 58.25 39.14 — 0.13 2.48 —
Fe;-Co,-N/C 62.24 33.04 — 0.2 7.23 —
Fe,-Co,-N/C 56.60 37.78 — 0.29 5.33 —
Fe3-Co,-N/C 59.61 32.92 — 0.24 4.52 —
Fe;-Co,-Pt-N/C 500 53.69 29.63 5.48 0.33 5.31 2.36
Fe,-Co,-Pt-N/C 550 53.52 27.30 4.90 0.71 7.14 3.58
Fe;-Co,-Pt-N/C 600 55.24 27.88 4.72 0.55 7.73 2.69
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B2, X SEM 14 2 1Y I8 4 K (181 2) 45 8 — 5.

BB IR B DA 500°C TF3 550°C, Ak ) br 2% T ARG
KT 53%, [ Fe,-Co,-Pt-N/C 500 F 4 1k M fE A
Il Fe,-Co,-Pt-N/C 550 J& i T 0 )7 (L R EE AR, ik
B AL 550°C JF R 75 2048k R APk ik . Fe,-
Co;-Pt-N/C 550 Fll Fe;-Co,-Pt-N/C 600 [ . 2 1 £
HAH2E 16 m%g™, i 1L Fe,-Co,-Pt-N/C 550 %
E AR PERE (] 7(c)) B 4F, FIREJE M THE L AE
550°C TS 3] T H A mf b, DL RAE IR T AR
W EEA 4, Y AER-Codis)E-N YR E A F
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Fig.5 Nitrogen adsorption-desorption isotherms and corresponding
pore size distributions (insetting) of Fe,-Co,-Pt-N/C 500 (a),
Fe;-Co,-Pt-N/C 550 (b) and Fe;-Co,-Pt-N/C 600 (c)
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Fig.6 Full-range XPS of Fe,;-Co,-N/C (a) and Fe,-Co;-Pt-N/C 550 (b); XPS of Pt4f of Fe,;-Co,-Pt-N/C 550 (c); XPS spectra of
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Fig.7 Atscanning rate of 5mV-s™',CV curves (a) of all catalysts in 0.1 mol-L™' HCIO, solution saturated with O, and N,; Comparison of LSV curves of Fe-

Co-N/C catalysts (b), Fe;—Co;-Pt-N/C catalyst and catalyst Pt/C (c) at 1600 r/min in 0.1 mol-L™' HCIO, solution; (d) LSV curves of the Fe;—Co;~Pt-N/C 550

catalyst at different rotation speed; (e) ORR onset potential comparison; (f) ORR limiting current comparison
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