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1. Characterization

The structure and morphology of the samples were characterized by scanning
electron microscopy (SEM) and transmission electron microscopy (TEM, Zeiss LIBRA
200 FETEM, 200 kV). Powder X-ray diffraction data were obtained from an XRD-6000
using Cu KR radiation at a step rate of 5° min-'. X-ray Photoelectron Spectroscopy (XPS)
analysis was performed on a PE PHI-5400 spectrometer equipped with a
monochromatic Al X-ray source (Al KR, 1.4866 KeV). The degree of graphitization was
tested by Raman spectroscopy techniques (Lab Ram HR evolution, excited by a 532 nm

laser).

2. Electrochemical Measurements

RDE test: The electrochemical experiments were carried out on a standard three-
electrode cell at room temperature. A glassy carbon was used as a working electrode
(GC electrode, 5 mm in diameter, PINE: AFE3T050GC), Ag/AgCl (saturated KCl) as a
reference electrode, and carbon rod as the counter electrode. The working electrodes
were prepared by applying catalyst ink onto glassy carbon (GC) disk electrodes. The
loading of the catalyst is 0.5 mg cm™ and the commercial Pt/C is 25 ugpt cm™. The
activities of catalysts were evaluated by linear sweep voltammetry (LSV) curves
obtained in the Oz-saturated 0.1 M KOH solution at a potential scan rate of 10 mVs™!
and a rotation speed of 1600 rpm.

The electron transfer number (n) was acquired by Koutecky-Levich equations.

l=i+i—;+i (Sl)

J Jp Jk  Bw'z Ik



B = 0.62nFCy(Dy)/3v" /6 (S2)
In the equations J ; Jx and Jp are the measured current density, the kinetic and diffusion-
limiting current densities respectively. w is the angular velocity of the disk. n is the
overall electrons transfer number in ORR, F is the Faraday constant (F = 96,485 C mol-
1), Co is the bulk concentration of Oz, v is the kinematic viscosity of the electrolyte, and
k is the electron transfer rate constant. In 0.1 MKOH the C, = 1.2 X 10™3mol L, D, =
1.9 x 10°>cm s and v = 0.1 m2s™..

The accelerated durability test (ADT) was carried out by CV test at potentials
between 0.6 and 1.1 V vs RHE and a scan rate of 50 mVs! in oxygen-saturated 0.1 M
KOH at room temperature.

Zn-0O:2 battery : The Zinc-Air battery test was carried out using a home-made Zn-O:
battery in a 6 M KOH solution, and pure oxygen was used as cathode reactant. Both
the loading of P-FeNC/CNT and commercial Pt/C (20%) are 0.5 mg cm™. The catalysts
ink was prepared by dispersing 2 mg catalysts in 195uL alcohol and 5uL nafion (5 wt.%)
solution. Then the catalysts ink was uniformly coated onto the carbon paper and dried
at room temperature. A Zn plate and the carbon paper with catalysts were used as the
anode and cathode respectively. A piece of nickel foam was used as the current
collector. Both electrodes and the current collector were assembled into the Zn-O:
battery. The polarization curves were recorded by linear sweep voltammetry (LSV) at

a sweep rate of 10 mV s
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Figure S1. XRD patterns of P-NC, P-FeNC and P-FeNC/CNT.
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Figure S2. CV cures of the as prepared catalysts in Oz-saturated 0.1M KOH at a sweep

rate of 50 mVs.
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Figure S3. The electron transfer numbers (n) of P-FeNC/CNT.
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Figure S4. Tafel slopes of P-FeNC/CNT and Pt/C.
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Figure S5. Current-time curve of P-FeNC/CNT catalysts in O2-saturated 0.1 M KOH,

before and after the addition of 0.5 M CHsOH.
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Figure S6. Polarization cures of the P-FeNC/CNT and commercial Pt/C catalysts in O»-
saturated 0.IMKOH at 1600 rpm with a sweep rate of 10 mV s before and after the

accelerated durability test. (a) P-Fe-NC catalyst. (b) Commercial Pt/C.



Table S1. The element content of P-FeNC/CNT catalyst obtained from XPS and the

Fe content obtained form ICP-MS.

Sample C(at.%) N(at.%) Of(at.%) P(at.%) Fe(at.%) ICP-MS Fe(wt%,

P-FeNC/CNT 88.26 1.88 7.8 1.76 0.3 1.31

Table S2. Comparison of the ORR activity of P-FeNC/CNT catalyst with other

reported electrocatalysts in alkaline electrolytes with a rotation rate of 1600

rpm.
Dopant Loading Half-wave
catalysts References
atoms (mg cm2) Potential (V)
P-FeNC/CNT Fe;N;P 0.5 0.89 This work
Co-P,N-CNT Co;N;P -- 0.827 S1
Fe2P(3 nm)@BC Fe;N;P;S 0.425 0.82 S2
Fe-NBC-2 Fe;N;B 0.2 0.86 S3
3D MPC Fe;N 0.5 0.88 S4
Fe-NMCSs Fe;N 0.255 0.86 S5
NB-CN Co;N;B -- 0.835 S6
Fe-NPC Fe;P;N 0.5 0.885 S7
pCNT@Fe@GL Fe;N -- 0.87 S8
FeCo-Nx-CN-30 Fe;Co;N 0.1 0.886 S9
N0.54-73/M1-900 N;C 0.25 0.824 S10

NPMC-1000 N,P 0.15 0.85 S11




Table S3. Comparison of the power density of Zn-O: batteries in this work

with other reported electrocatalysts.

Power Density

Catalysts Electrolyte Cathod ) References
mW cm™
Pt/C 6 M KOH O: 190 This work
P-FeNC/CNT 6 M KOH O: 240 This work
Fe/N/C-ZnClL:/KCl 6 M KOH O2 206 S12
NPMC 6 M KOH + Air 55 S11
0.2 M Zn(Ac):
NiFeP 6 M KOH + Oz 220 S13
0.2 M Zn(Ac):
Fe/N/C 6 M KOH O 235 S14
FeCo-Nx 6 M KOH + Air 150 S9
0.2 M Zn(Ac):
NCNT/CoO 6 M KOH + Air 102 S15
0.2 M Zn(Ac):
Ag-Cu 6 M KOH + Air 67 S16
0.2 M Zn(Ac):
Co(OH)2 +N 6 M KOH Air 36 S17
Co03s0s NW 6 M KOH Air 40 S18
C-CoPAN 6 M KOH + Air 125 S19

0.2 M Zn(Ac)
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