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Experimental Section

Materials characterization

The morphology of the samples was characterized by Hitachi S-8010 scanning
electron microscopy (SEM) and FEI Tecnai G2 F20 field emission transmission
electron microscopy (TEM). X-ray diffraction (XRD) was carried out by Bruker AXS
D8 ADVANCE at 40 kV with Cu Ka radiation (A=1.5418 A). X-ray photoelectron
spectroscopy (XPS) spectra were collected on ESCALAB 250Xi. Raman

spectroscopy was obtained on LabRAM HR800 under 532 nm laser excitation. The
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nitrogen absorption isotherm was tested with Quantachrome Autosorb IQ 2-VP

instrument.

Electrochemical measurements

The electrochemical test was carried out by CHI700 electrochemical workstation
at room temperature. Platinum wire was used as the electrode, and the reference
electrode was Ag/AgCL electrode with 3.5 M KCI. The working electrode was
prepared as follows: 5 mg of the prepared catalyst was dispersed into 0.6 mL of
ethanol and 50 pL of Nafion (5 wt.%). The dispersion was homogenized by
ultrasound to form an ink-like feed liquid. Then, the mixed solution of 10 puL was
dripped on the pre-cleaned rotating disk electrode (RDE) or rotating-ring disk
electrode (RRDE) to form a catalyst film with a load of 612 pg cm2. The working
electrode with commercial Pt/C (20 wt.%) for comparison is also prepared by the
same method, with a load of 100 ug cm? (i.e., 20 ugp, cm?) and 200 pg cm=,
respectively. All the potentials in this paper were converted to the standard hydrogen

electrode potential (RHE) according to

Epup=E o+ Engingci(0207 V at 20 °C) + 0.059 x PH

measure

The catalysts were electrochemically activated by cyclic voltammetry (CV) at a
scan rate of 100 mV s'! in N,-saturated 0.1 M KOH to obtain steady curves. The ORR
and OER polarization curves were obtained by linear scan voltammetry (LSV) at a
scan rate of 10 mV s! and electrode rotating rate of 1600 rpm in O,-saturated 0.1 M

KOH between 0-1.2 V and 1.0-1.8 V, respectively.



The peroxides generated at the disk electrode during the reaction were detected
by RRDE. The voltage of platinum ring was set to 1.2 V during the test. The electron
transfer number (n) and the yield of hydrogen peroxide during ORR reaction were

calculated by the following equation:

Ip
=4 % —
In+1x/N (1)
Ip/N
Ny p. =2 * * 100%
272 Ip+Ip/N )

Where, Ip is the disk current, mA; Iy is the ring current, mA; N is the collection
coefficient of ring disk (0.424).

The CV curves were recorded in a non-Faradic region (1.07-1.13 V) in 0.1 M
KOH electrolyte at various scan rates (2, 4, 6, 8, 10 mV s!) (Fig. S6). Then, the
capacitive current density of Ajj,. @1.10 V/2 were plotted as a function of the CV
scan rate. These data are fit to a line, the slop of which is the geometric Cg (mF cm2).

The stability of ORR was researched by CV test for 10000 cycles from 0.6 V to
1.2 V with a sweep rate of 200 mV s°!. The durability towards OER was measured by
chronopotentiometry at 10 mA cm2,
Fabrication of ZABs

For an aqueous ZAB, the anode was zinc plate with a thickness of 0.1 mm. The
air electrode was fabricated as follows: a certain of the above catalyst ink was
uniformly dropped on a gas diffusion layer (GDL) attached on carbon cloth (active
area of 1.0 cm2), and the catalyst loading was 1.0 mg cm. The air electrode with 1.0

mg cm? of commercial 20% Pt/C+RuQ, (with a mass ratio of 1:1) was also prepared



by a similar method. 6.0 M KOH and 6.0 M KOH containg 0.2 M zinc acetate were
used as electrolyte for primary and rechargeable ZABs, respectively.

The solid-state ZAB was assembled with a button structure (Fig. S13), following
the sequence of stainless steel anode casing, zinc plate anode, gel electrolyte, catalyst-
loaded GDL air-cathode (effective area: 1 cm?, the catalyst loading: 1 mg cm),
nickel foam and stainless steel cathode casing. The preparation method of gel
electrolyte was as follows: 1.0 g of polyvinyl alcohol (PVA) powder (M, = 195000)
was dissolved in 10.0 mL of deionized water under magnetic stirring for 0.5 h at 95
°C. Then 1.0 mL of 18.0 M KOH blended with 0.02 M zinc acetate was added, and
the mixed electrolyte solution was kept stirring at 95 °C for 30 min until the solution
became uniform. The solution was frozen at —2 °C over 12 h and then thawed at room
temperature. The procedure was repeated twice to generate the PVA gel robustly.

ZABs were tested at room temperature. The discharge and charge polarization
curves were obtained by LSV at a scan rate of 1.0 mV s! on a CHI 700D. The
galvanostatic cycling under ambient atmosphere was carried out with LAND testing

system.

Results
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Fig. S1 EDS spectrum of PNC@CoNC.
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Fig. S2 XRD patterns of different catalysts.
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Fig. S3 XPS survey spectrum of PNC@CoNC.

80
41aE33353355335583888308830s8001
3""'°:::233388t00°*‘3'°“':‘«
s eeees? - 60
2 —e—PNC
—o— PNC@NC 50
—@—PNC@CONC -
: il P
b o °”
S tes L 40
2 ’Q‘..’ S | ON
b "0. @
....°"00¢oooo::‘0¢oo¢.. {30
’0. ®ee
1- eeeet [0
-10
COQOQGO
° L
0"lllllll::::::==°°°°000 Lo
; I . , LIIEERS S SRS S EE N T
0.2 0.3 0.4 0.5 0.6 0.7 0.8
E/V vs. RHE

Fig. S4 The H,0, yield and electron transfer number of different catalysts measured

by RRDE technique.
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Fig. S5 The chronoamperometry curves of different catalysts in O,-saturated 0.1 M

KOH at 0.7 V vs. RHE.
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Fig. S6 CV curves of different catalysts at different scan rates in O,-saturated 0.1 M

KOBH.
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Fig. S7 Capacitive current measured at 1.10 V of as-prepare catalysts.
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Fig. S8 The ORR polarization curves before and after 10000 CV cycles.
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Fig. S9 The OCV curve of PNC@CoNC-based ZAB.



1.8

1.6 1
1.4 1

12 -ta 20 mA cm™

_J

Voltage / V
o
o
1 L

0.6 1

0.4-

0.2 1

00 5 I ' 1 * I Y I ! I L I L} I d |
0 100 200 300 400 500 600 700 800
Specific capacity / mAh g

Fig. S10 The invariant current discharge curve of PNC@CoNC-based ZAB at a

discharge current density of 20 mA cm2.
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Fig. S11 The invariant current discharge curves of PNC@CoNC-based ZAB at

various current densities.
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Fig. S12 Galvanostatic charge and discharge cycling curves of Pt/C+RuO,-based

aqueous ZAB.
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Fig. S13 Digital photo of relevant components of button ZAB.



Table S1 The ORR and OER performances of as-reported Co-based catalysts in 0.1

M KOH electrolyte.

Sample Eip (V) E (V) AE (V) Ref.
PNC@CoNC 0.81 1.72 0.91 This work
Fe/Co-CNTs-800 0.783 1.681 0.898 [1]
Co@Co03;04/NC-1 0.80 1.65 0.85 2]
Co-NC 750 0.81 1.83 1.02 [3]
Co03;04/N-rGO 0.79 1.72 0.93 [4]
Co-N@HCS 0.864 1.72 0.856 [5]
Co0;04/NPGC 0.842 1.68 0.838 [6]
NiC0,S;@N/S-rGO | 0.76 1.7 0.94 [7]
Co/CoO,@NC- 0.836 1.62 0.784 [8]
CNTs

CoP-DC 0.81 1.55 0.74 [9]
Co0ysMnysWO, 0.73 1.63 0.9 [10]
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