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Figure. S1. Schematic illustration for synthesis of Fe/Fe;C@NiNC.



Figure. S2. TEM images of Fe/Fe;C@NiNC.

Figure S3. Enlarged HRTEM lattice fringe images of Fe/FesC@NiNC. (a-b) Fe phase; (c—

d) FesC phase.
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Figure. S4. XRD patterns of simulated ZIF-8 precursor.
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Figure. S5. LSV with different electrode rotation speeds of (a) Fe/Fe;C@NiNC, (b) Fe/Fe;C@NC,
(c) NiNC, (d) NC.
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Figure. S6. Half-wave potential of E,/, and kinetic current density J;.
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Figure. S7. CV curves of (a) NC, (b) NiNC, (c¢) Fe/Fe;C@NC, (d) Fe/Fe;C@NiNC at
different scan rates (5, 10, 15, 20 and 25 mV s™!).
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Figure. S8. Chronoamperometric response of Fe/Fe;C@NC.
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Figure. S9. CV curves in Nj-saturated 0.1 MKOH and O,-saturated 0.1 MKOH of all catalysts.
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Figure. S10. (a) XRD image of Fe/Fe;C@NiNC after ORR. (b and ¢) TEM images of

Fe/Fe;C@NINC after ORR. (d) Elemental mapping images of Fe/Fe;C@NiNC after ORR.
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Figure. S11. The schematic diagrams of MFCs measurement.
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Figure. S12. The battery voltage under different external resistors.



Table S1. Actual mass ratio and atomic ratio of Fe/Fe;C@NiNC obtained from XPS.

Elements At%
Cls 87.84
N ls 10.51
Fe 2p 1.32

Ni 2p 0.33




Table S2. The content and distribution of different nitrogen species from N 1s XPS.

Catalysts Pyri-N (%) Pyrr-N (%) Graph-N (%) M-N (%)  Ox-N (%)
Fe/Fe;C@NINC 54.5 17.2 6.9 17.8 4.4
Fe/Fe;C@NC 51.8 18.6 6.7 18.1 4.6
NiNC 50.8 20.8 7.1 17.2 3.5
NC 49.2 232 20.2 0 7.3




Table S3. The simulated data from EIS.

Catalysts R; (ohm ¢cm™2) R (ohm cm™2) R, (ohm cm™2)
Fe/Fe;C@NINC 0.71 3.29 0.75
Fe/Fe;C@NC 0.74 3.46 0.88
NiNC 0.77 4.28 1.87
NC 0.81 4.52 1.9
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Table S4. Summary of ORR actives of various catalysts in 0.1 M KOH.

Catalysts Half wave Onset Limiting current Ref.
Potential (V) Potential (V) density (mA cm™2)
Fe/Fe;C@NINC 0.87 0.95 7.0 this work

Fe/S-N/C 0.84 0.95 59 [1]
FeMo-N-C 0.84 0.98 235 [2]
CoSn-NC 0.84 0.9 7.13 (3]
CoCu-LDH@NC 0.84 0.89 / (4]
Cos@Fe @NC 0.835 0.98 / [5]
Fe;C@NC 0.81 0.94 6.0 [6]
Cu,0@Co/NC 0.8 0.89 3.8 [7]
CuCo@N/C 0.78 0.88 4.42 [8]
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Table S5. The performance of air-cathode double-chamber MFCs equipped with the various ORR catalysts.

External Output Power
Anode Cathode Ref.
Resistance (£2) Voltage (mV) Density (mW-m™2)
Carbon ) .
Fe/Fe;C@NINC 1000 600 1600 this work
cloth
Carbon
Ag@Co/Zn-NC 1000 470 1586 [9]
cloth
Carbon fiber
NPGC-1000 1000 650 1390 [10]
brush
Carbon
Cu/Co/N-HS 1000 620 1016 [11]
cloth
Carbon
Cu/Co/N-C 1000 677 1008 [12]
cloth
Carbon
ol Fe;C/Fe,P@NC-NyFe, 1000 597 949 [13]
e
Carbon
Fes-N-C@TABOH 1000 670 830 [14]

cloth
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