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Development of Non-precious Metal Carbon Catalysts on the Basis of Coordination
Chemistry on the Edge of Carbon Materials
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Pyrolytically-prepared iron and nitrogen co-doped carbon (Fe/N/C% catalysts
are promising non-precious metal electrocatalysts for the oxygen reduction reaction (ORR) in fuel
cell applications. Fabrication of the Fe/N/C catalysts with Fe-Nx active sites having precise
structures is now required. We developed a strategy for thermally-controlled construction of the
Fe-Nx structure in Fe/N/C catalysts by applying a bottom-up synthetic methodology based on an
N-doped graphene nanoribbon (N-GNR). The preorganized aromatic rings within the precursors assist
graphitization during generation of the N-GNR structure with iron-coordinating sites. The Fe/N/C
catalyst prepared from the N-GNR precursor, iron ion, and the carbon support provides a high onset
potential and promotes efficient four-electron ORR.
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Figure4. ORR polarization curvesin an O,—saturated 0.1 M
HCIO, solution at 5 mV-s* with 2000 rpm.
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Figure5. FT-EXAFS spectraof Fe/1@VC, Fe/6@VC, Fefoil
and FeTPP (TPP = tetraphenylporphyrin).

(Fe/6@MgO)

Fe/6@MgO



(H/C) Fe-N -N g

Figure 6a H/C 06 4
6 K

-N . ——H/C 3 .
Fe-N 800°C  Eons ‘ =it il I
=
o ° 2
6 T 02 2
L1 2
| il -

0 ; 1 - 0

800 °C Fe/6@MgO Eonset 500 600 700 800 900 1000
j Temperature (°C)
Fe—Ny b) | .
(Figure
6b) 6 081
—_ _O_ Eonsel "N—‘
Fe-Nx W06 -r-jat0sV | (2§
ORR z 2T .0 z
> 04 4 \'D' - z
g e
w 0.2 - i)
T
6 0 ; ; . ; :
Fe-N, 500 600 700 800 900 1000
5 Temperature (°C)
Fe N Figure®6. (8) Theratio of hydrogen per carbon and nitrogen
€~ Nx contents, and (b) electrochemical ORR performance of the
Fe/N/C ORR Fe/6@MgO catalysts pyrolized at different temperatures.
References

1) Jahnke H, Schénborn M, Zimmermann G., Top. Curr. Chem., 1976, 61, 133—181.

2) Lefévre M, Proietti E, Jaouen F, Dodelet JP., Science, 2009, 324, 71-74.

3) Y. Tanaka, A. Onoda, S. Okuoka, T. Kitano, K. Matsumoto, T. Sekata, H. Yasuda, T. Hayashi, ChemCatCem, 2018,
10, 743-750.

4) A. Onoda, Y. Tanaka, K. Matsumoto, M. Ito, T. Sakata, H. Yasyda, T. Hayashi, RSC Adv. 2018, 8, 2892-2899

5) K. Matsumoto, A. Onoda, T. Kitano, T. Sakata, H. Yasuda, S. Campidelli, T. Hayashi

ACS Appl. Mater. Interfaces, 2021, 13, 15101-15112.



1 1 1 0

Matsumoto Koki Onoda Akira Kitano Tomoyuki Sakata Takao Yasuda Hidehiro Campidelli 13
Stephane Hayashi Takashi
Thermally Controlled Construction of Fe-Nx Active Sites on the Edge of a Graphene Nanoribbon 2021

for an Electrocatalytic Oxygen Reduction Reaction

ACS Applied Materials & Interfaces

15101 15112

Dol
10.1021/acsami .0c21321

8 1 0

Koki Matsumoto, Yosuke Takagi, Akira Onoda, Takashi Hayashi

Oxygen Reduction Reaction Activity of Fe/N/C Catalysts Prepared by Pyrolysis of Fe Complexes Containing 1,12-

Diazatriphenylene Moieties as a Ligand Structure

100
2020
Fe/N/C
2020
1,12- Fe/N/C
70

2020




Koki Matsumoto, Akira Onoda, Takashi Hayashi

Oxygen Reduction Reaction Activity and Characterization of Fe/N/C Catalysts Prepared by Pyrolysis of Fe Complexes Containing
1,12-Diazatriphenylene as a Ligand Structure

101

2021

2020

2020

Koki Matsumoto, Akira Onoda, Takashi Hayashi

Electrocatalytic Activity of Non-precious Metal Carbon Catalysts Prepared from N- or S-containing Expanded Precursors

69

2019

Koki Matsumoto, Yosuke Takagi, Akira Onoda, Takashi Hayashi

Oxygen Reduction Reaction Activity of Fe/N/C Catalysts Prepared by Pyrolysis of Fe Complexes Containing 1,12-
Diazatriphenylene Moieties as a Ligand Structure

The 100th Conference of Japan Society of Coordination Chemistry

2019




Koki Matsumoto, Akira Onoda, Takashi Hayashi

Oxygen Reduction Reaction Activity of Fe/N/C Catalysts with Precisely Constructed Active Site Structure

7th Asian Conference on Coordination Chemistry (ACCC7)

2019

2020-037053 2020

http://www.chem.eng.osaka-u.ac.jp/~hayashiken/index.html




