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Figure S1 Schematic illustration of the formation of NSCFs/Ni-Co-NiCo20.

Figure S2 SEM image of a) CFs/Ni-Co-Ni,Co0, b) CFs/Ni-Co-NiCoO, c¢) CFs/Ni-Co-NiCo,0, d)

CFs/Ni-Co-NiCo30.
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Figure S3 Raman spectra of CFs/Ni-Co-Ni2CoO, CFs/Ni-Co-NiCoO, CFs/Ni-Co-NiCo.0, and

CFs/Ni-Co-NiCo30.
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Figure S4 XRD analyses of CFs/Ni-Co-NiCoO, CFs/Ni-Co-NiCoO, CFs/Ni-Co-NiCo20, and

CFs/Ni-Co-NiCo30.
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Figure S5 CV curves of the a) CFs/Ni-Co-Ni2Co0, b) CFs/Ni-Co-NiCo0, ¢) CFs/Ni-Co-NiCo-0,
d) CFs/Ni-Co-NiCo30 catalysts obtained in 1.0 M KOH with different scan rates between a potential

range of 1.25-1.35 V vs. RHE.
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Figure S6 The corresponding Cgq values at 1.3 V vs. RHE of CFs/Ni-Co-Ni>,CoO, CFs/Ni-Co-

NiCoO, CFs/Ni-Co-NiCo0,0, and CFs/Ni-Co-NiCo30.
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Figure S7 OER polarization curves of CFs/Ni-Co-Ni,CoO, CFs/Ni-Co-NiCoO, CFs/Ni-Co-

NiCo,0, and CFs/Ni-Co-NiCo30.
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Figure S8 Eonset and Eio values of CFs/Ni-Co-Ni2CoO, CFs/Ni-Co-NiCoO, CFs/Ni-Co-NiCo.0,

and CFs/Ni-Co-NiCoz0.

OER catalytic activity measurement was performed in a standard three-electrode
system. The OER catalytic activities of different nitrate ratio samples were measured
in 1.0 M KOH by LSVs (Figure S7 and Figure S8). As expected, the CFs/Ni-Co-
NiC020 sample shows the lowest Eonset and Eio, which indicates the excellent OER

catalytic performance.
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Figure S9 The Nyquist plots of different molar ratios examined at 1.5V vs. RHE for OER.
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Figure S10 The corresponding Tafel plots of CFs/Ni-Co-Ni>CoO, CFs/Ni-Co-NiCo0O, CFs/Ni-Co-

NiCo0,0, and CFs/Ni-Co-NiCoz0.

Figure S9 and Figure S10 show the Nyquist plots and Tafel plots of different
samples. All EIS data can be fitted perfected by using the Equivalent electrical circuit
(EEC) shown the inset figure of Figure S9. The lowest Rct value (89 Q) and the smallest
Tafel slope (87.15 mV dec-1) all correspond to a more favorable OER kinetics of

CFs/Ni-Co-NiCo020.
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Figure S11 The ORR polarization curves of CFs/Ni-Co-Ni>,CoO, CFs/Ni-Co-NiCo0O, CFs/Ni-Co-

NiCo20, and CFs/Ni-Co-NiCoz0.
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Figure S12 The ORR Tafel plots of CFs/Ni-Co-Ni>CoO, CFs/Ni-Co-NiCoO, CFs/Ni-Co-NiCo.0,

and CFs/Ni-Co-NiCoz0.



Figure S13 The SEM images of a) CFs, b) NSCFs, ¢) NSCFs/Ni-NiO, and d) NSCFs/Co-CoO.

Miuruscopui\‘[ugnificutiun‘Auuulurnling Vol tage Camera Length
JEM=2100 | 20000 x | 200 kV - ——200 nm

Figure S14 TEM image of CFs/Ni-Co-NiCo20.



Figure S15 SEM image of NSCFs/Ni-Co-NiCo20.
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Figure S16 TEM image of NSCFs/Ni-Co-NiCo,0.



Figure S17 HAADF-STEM image of NSCFs/Ni-Co-NiCo20.
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Figure S18 EDS pattern for NSCFs/Ni-Co-NiCo0 catalyst.

Table S1 Element mass percentages for NSCFs/Ni-Co-NiCo020 measured by EDX.

Element Mass percentages
Ni 1.47 %
Co 3.37%
S 0.94 %
O 3.28 %
C 90.94 %
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Figure S19 Elemental mapping of NSCFs/Ni-Co-NiCo20.

Table S2 Element mass percentages for NSCFs/Ni-Co-NiCo20 measured by ICP.

Element Mass percentages
Ni 11.78 %
Co 23.28 %

Table S3 Element mass percentages for NSCFs/Ni-Co-NiCo020 measured by XPS.

Element Mass percentages
Ni 3.12%
Co 4.84 %
N 2.22%
S 217 %
O 11.43 %
C 76.22 %
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Figure S20 XPS survey spectra of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-CoO, CFs/Ni-Co-

NiCo020, NSCFs/Ni-Co-NiCo20.
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Figure S21 OER polarization curves of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-Co0O, CFs/Ni-

Co-NiCo0,0, NSCFs/Ni-Co-NiCo0,0, and IrO,.
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Figure S22 The corresponding Tafel plots of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-Co0O,

CFs/Ni-Co-NiCo0,0, NSCFs/Ni-Co-NiCo0,0, and IrO,.
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Figure S23 The Nyquist plots of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-CoO, CFs/Ni-Co-

NiCo0,0, NSCFs/Ni-Co-NiCo0,0, and IrO; at 1.5V vs. RHE for OER.
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Figure S24 CV curves of the a) CFs, b) NSCFs, ¢) NSCFs/Ni-NiO, d) NSCFs/Co-CoO, e) CFs/Ni-
Co-NiCo0, f) NSCFs/Ni-Co-NiCo.0 catalysts obtained in 1.0 M KOH with different scan rates

between a potential range of 1.25-1.35 V vs. RHE.
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Figure S25 The corresponding Cgq values at 1.3 V vs. RHE of CFs, NSCFs, NSCFs/Ni-NiO,

NSCFs/Co-Co0, CFs/Ni-Co-NiCo,0, NSCFs/Ni-Co-NiCo0 catalysts.
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Figure S26 The prolonged chronopotentiometric response of NSCFs/Ni-Co-NiCo.0.

Figure S27 SEM image of the NiCo,-N3-S3-C after chronopotentiometry measurement.
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Figure S28 SEM image of the NiCo2-N3-S3-C after chronopotentiometry measurement.
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Figure S29 a) High resolution XPS spectra of Co 2p for NSCFs/Ni-Co-NiCo.0 after OER. b) High

resolution XPS spectra of Ni 2p for NSCFs/Ni-Co-NiCo,0 after OER.
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Figure S30 ORR polarization curves of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-Co0, CFs/Ni-

Co-NiCo0;0, NSCFs/Ni-Co-NiCo.0, and Pt/C.
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Figure S31 The corresponding Tafel plots of CFs, NSCFs, NSCFs/Ni-NiO, NSCFs/Co-CoO,

CFs/Ni-Co-NiCo020, NSCFs/Ni-Co-NiCo0,0, and Pt/C.
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Figure S32 The electron transfer number (n) and HO yield ratio of CFs, NSCFs, NSCFs/Ni-NiO,

NSCFs/Co-Co0O, CFs/Ni-Co-NiCo0,0, NSCFs/Ni-Co-NiCo20, and Pt/C.

Figure S33 the photograph of the home-made Zn-air battery mold.
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Table S4 Comparison of the OER and ORR performance of NSCFs/Ni-Co-NiCo,0

with other reported electrocatalysts test under similar conditions.

Catalyst OER&ORR performance Ref.
OER | ORR AE/ Electroly
B/ | B/ | O | teOER
v | v ORR
NSCNTCS:/SBCO' 1.498 | 0.806 | 069 | 1.0M This work
NiCO/NLG-270 | 1570 | 0.820 | 0.750 (1)2 m Adv. Mlagggoiglg’ 30,
Fe@C-NG/NCNTs | 1680 | 0840 | 0840 | 2V | Mateg’ | 5%622 o 2018
HEOTEOREE | Lo | o ar | LON | A e
COFe/N-GCT | 1.670 | 079 | 088 | 0.1 M QS?ZW; hleerqég‘_tl' 6E1d?'(t)
Fe/Co-N/S-Cs | 1.515 | 0.832 | 0.683 | 0.1 M Apgg l(;f"tz"il'fgi‘i’(');on'
Fecg’;eT?ﬁFi@N 1608 | 0.850 | 0.758 | 0.1 M Appzlbfg"’?tg:_)' f fg‘gon'
CONi/BCF 1.600 | 0.800 | 0.800 | 0.1 M Apz‘z)"lgaztjgigl‘ggn'
In-CoO/CoP FNS | 1.595 | 0.810 | 0.790 | 0.1 M Smal"é 024021190’ 1S
COPiI/NPGA | 1.570 | 0.800 | 0.770 ég m ACZSOSllés:tZ’Irlg-7C932(_93;-OE3ng-
C0S/SKJ 1580 | 0.840 | 0.740 | 0am | AC° ;\'OaG”zcifg;;’ 13,
ColnS4/S-1GO | 1.600 | 0.820 | 0.780 | 0.1 M Ag(‘)’ l:”;rggo'\;;g
T | 1 o | o | 1o | O £
CuC0:04/N-CNTs | 1.702 | 0.802 | 0.900 | oam | A4 F;gclt%g"lastgg' 2017,
Co-POC 1700 | 0.830 | 0870 | oam | A Mlagggéglg’ 3t
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Table S5 Comparison of the Zn-air batteries performance of NSCFs/Ni-Co-NiCo20

with other reported electrocatalysts test under similar conditions

Catalyst Capablhi[y Cyclability Reference
(mW cm)
NSCFs/Ni-Co- Lifetime of 380 h .
NiC0,0 171.24 @ 10 mA om? This work
Lifetime of 25 h Adv. Mater. 2019, 31
-P : e
mA cm’
Co-POC 78.0 @ 2 mA cm 1900592
Lifetime of 50 h Adv. Energy Mater. 2018, 8,
I -
nS451GO |- 133 10 mA cm™ 1802263.
Co
Lifetime of 75 h ACS. Appl. Mater. Interfaces
-2 1
mA cm” , 11, - .
NCO-250 66 @ 10 mA cm™ 2019, 11, 4915-4921
Lifetime of 24 h | Appl. Catal. B: Environ. 2019,
FeCo@MNC Hs @ 20 mA cm 244, 150-158.
. Lifetime of 40 h Adv. Energy Mater. 2018, 8,
CoNiFe-SMNs | 140 @ 2 mA cm? 1801839.
Lifetime of 330 h ACS Nano. 2019, 6, 7062-
CoS2/SKJ 104 @ 25 mA em? 7072,
Lifetime of 15 h Adv. Funct. Mater. 2018, 28,
Co-N-CNTs 101 @ 2 mA cm? 1705048
Lifeti f166 h
Co/CoM, 125.2 l@etllglfn‘; crffz Small. 2019, 1901518,
Lifetime of 120 h Adv. Mater. 2018, 30,
C-MOF-C2-900 105 @ 2 mA cm’ 1705431.
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