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Table S1 A summary of various electrocatalysts for ORR and OER performance.

ORR
Electrocatalysts

E1/2 (V)     E0 (V)

OER

Ej = 10 (V)
ΔE (V)       Ref.

Co-N-C-0.7              0.803        0.875          1.67            0.867        This work

Fe-N-C-0.7              0.781        0.887          1.71            0.929        This work

Ni-N-C-0.7              0.765        0.889          1.62            0.855        This work

Co/CoFe2O4             0.63          0.77           1.62             0.99           [1]

Mn/Co-N-C-0.02- 800     0.80           —            1.66             0.86           [2]

Ni3Fe-Co9S8/rGO         0.80           —            1.62             0.82           [3]

NDGs-800               0.85          0.98           1.68             0.83           [4]

Co2P/CoN-in-NCNTs      0.85          —            1.65            0.80           [5]

N-HC@G-900           0.65          0.80          1.58            0.93           [6]

C@NCF-900            0.93          —            1.66            0.73           [7]

NiCo/MNC              0.83          —            1.61            0.78           [8]

Fe2Ni2N/Co@NCNT      0.76          —             1.63            0.87           [9]

NB-CN                 0.835         —            1.65           0.815          [10]

CoZn‐NC‐700           0.84         0.98           1.76            0.78          [11]

HNG-900               0.78          —            1.69            0.91          [12]

N-GCNT/FeCo-3         0.92          —            1.73            0.81          [13]

CoNC‐CNF‐1000          0.8          —            1.68            0.88          [14]

Co/N-HPC150/800        0.85          —             1.7             0.85           [15]

CoFe-PPy               0.84          —            1.69            0.85           [16]

CNx                    0.68          —            1.62            0.94           [17]
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Figure S1 TEM images of the (a) bulk g-C3N4 and (b) g-C3N4 nanosheets.
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Figure S2 (a) The EDS element mapping of C, Co, N, and (b) the corresponding spectrum of 

the Co-CNNs-0.7 composites.
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Figure S3 XPS survey spectra of the (a) Fe-CNNs-0.7, (b) Co-CNNs-0.7, and (c) Ni-CNNs-0.7, 

respectively.
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Figure S4 CVs and LSV curves of (a, b) Fe-CNNs with different Fe ions doping, (c, d) Co-

CNNs with different Co ions doping, and (c, f) Ni-CNNs with different Ni ions doping in O2-

saturated 0.1 M KOH (1600 rpm, 5 mV s1).
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Figure S5 ORR polarization plots of (a) Fe-CNNs-0.7, (b) Co-CNNs-0.7, and (c) Ni-CNNs-0.7 

catalysts pyrolyzed at different temperatures in O2-saturated 0.1 M KOH (1600 rpm, 5 mV 

s1).
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Figure S6 LSV curves and KouteckyLevich plots (j−1 versus ω−1/2) of (a, b) CNNs, (c, d) Fe-

CNNs-0.7, (e, f) Co-CNNs-0.7, (g, h) Ni-CNNs-0.7 and (i, g) Pt/C electrodes in O2-saturated 0.1 

M KOH solution at a series of rotation rates from 400 to 2025 rpm with a scan rate of 5 mV 

s1.
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Figure S7 (a) RRDE voltammograms recorded and (b) Peroxide species yields and electron 

numbers of CNNs, Fe-CNNs-0.7, Co-CNNs-0.7, Ni-CNNs-0.7, and Pt/C electrodes in O2-

saturated 0.1 M KOH at 1600 rpm.
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Figure S8 LSV and Tafel plots of (a, b) Fe-CNNs with different Fe ions doping, (c, d) Co-

CNNs with different Co ions doping, and (c, f) Ni-CNNs with different Ni ions doping in O2-

saturated 0.1 M KOH (1600 rpm, 5 mV s1).
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Figure S9 Chronoamperometry responses and the LSV curves before and after 500 CV cycles 

of the (a, b) Fe-CNNs-0.7, (c, d) Co-CNNs-0.7, as well as (e, f) Ni-CNNs-0.7 in O2-saturated 0.1 

M KOH electrolyte (1600 rpm, 5 mV s1)
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Figure S10 Schematic illustration for the preparation of gas diffusion layer, air-cathode 

loaded with catalysts and the assembly of rechargeable Zn-air battery.

The home-made Zn-air batteries were constructed using a polished Zn plate as the anode, the 

air electrode composed of nickel foam (0.1 mm), catalytic layer (CL) and gas diffusion layer 

(GDL) as cathode, and 6 M KOH aqueous solution containing 0.2 M Zn(Ac)2 as electrolyte. 

Typically, the CL was fabricated by mixing catalysts (Co-CNNs-0.7), conductive additive 

(ketjen black and acetylene black) and binder (PTFE, 60 wt.%) uniformly in a weight ratio of 

3 : 3 : 1 : 3. While the GDL was fabricated by rolling press the acetylene black, ammonium 

oxalate and PTFE hybrid slurry in a weight ratio of 2 : 1 : 7. Finally, the total thickness of the 

air electrode was 0.4 to 0.6 mm after pressed at 10 MPa. Then, the air electrode was dried at 

60 C in a vacuum overnight.
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Figure S11 Photograph of the rechargeable Zn-air battery.
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Figure S12 Open circuit plots of the rechargeable ZABs with the Co-CNNs-0.7 and Pt/C + 
IrO2 as catalyst, respectively. 
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Figure S13 Galvanostatic discharge/charge cycling curves of the ZABs equipped with the 
Co-CNNs-0.7 at 1 mA cm-2, 5 mA cm-2 and 10 mA cm-2, respectively.
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