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Electrochemical measurements

All oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) tests
were performed in a three-electrode system. The ORR test was carried out in 0.1 M
KOH solution, and a catalyst-modified platinum-carbon electrode (GCE), Ag/AgCl
electrode and platinum wire were used as working electrode, reference electrode and
counter electrode, respectively. The catalyst film was prepared as following: the
catalyst is ultrasonically dispersed in a 0.25 wt.% Nafion/isopropanol solution with a
volume ratio of 1:0.2. Sequentially, 8 puL of the dispersion droplet was applied to the

electrode surface and dried naturally. For comparison purpose, a commercial Pt/C (20



wt.%, Johnson Matthey) catalyst electrode was also prepared in the same manner. The
measured data is converted into the corresponding standard reversible hydrogen
electrode potential (RHE) by the Nernst equation:
E pip=E agjagct + 0.059pH + 0197V

OER tests were performed in 1.0 M KOH solution. The nickel foam loaded with
3 mg of the as-prepared catalyst was used as working electrode, the carbon rod was
used as counter electrode, and Hg/HgO was used as reference electrode, respectively.
All potentials are IR corrected. The measured data is also converted into the

corresponding standard reversible hydrogen electrode potential by the following

formula: E riE = E Hgjuigo + 0059 pH + 0.098V

Zinc-air battery (ZAB) test: A Zab cell was assembled with the prepared sample
as the cathode, zinc foil as the anode, and a mixture of 6 M KOH and 0.2 M
Zn(CH300), as the electrolyte, respectively. Typically, 4 mg of catalyst, 3 uL of PTFE
and 4 mg of conductive carbon black were added to 350 puL of isopropanol and the
mixture was stirred to obtain a uniform slurry. The slurry was dried at 40 °C before

rolling into sheets, which were pressed against nickel foam under a pressure of 20 MPa.
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Fig. S1. SEM images of: (a) CeO,/NFC and (e) Fe-NCs/NFC samples. TEM images

of: (b, f) CeO,/NFC and (c, g) Fe-NCs/NFC samples; XRD patterns of: (d) CeO,.

«NFC and (h) Fe-NCs/NFC samples.
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Fig. S2. XPS spectra of CeO,-Fe,;N/NFC_, sample: (a) Survey spectra and (b) high-
resolution C 1s.
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Fig. S3. (a) LSV curves; (b) Eyset and Ey»; (¢) Tafel plots of CeO,-Fe;N/NFC_ 1, CeO,-

Fe,N/NFC_; and CeO,-Fe,N/NFC_; samples.
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Fig. S4. (a) Tafel plots of NFC, Fe-NCs/NFC, CeO,_/NFC, CeO,-Fe,N/NFC_, and Pt/C
samples. (b) The polarization curves at different rotation rates; (c) corresponding K-L
plots of Pt/C sample; (d) electronic transfer number of CeO,-Fe;N/NFC_, and Pt/C

samples. The 15t and 6000 ORR cycles of samples (e) CeO,-Fe,N/NFC_, and (f) Pt/C.

Q

300 b E C
. ——— CeO-Fe;NINFC,, es0
+ / — m = CeO,-Fe,NINFC,,
§ 250+ gegz':‘*ﬁ:iﬁ-z / % 360 358 Bro| T 3600 = Con,FeNNFG, 785 mVdec’
< 20,-Fe. . : M | "
E 200 e / g 345 $ CeOFUNNGs
& / Z 220 321 E 3%0r L
2 150¢ z 302 = L L -
£ g | | £ 300 b et
§ 100} 5 278 £ 300;
£ g 280 266 — 5 LT 95.7 mV dec”!
© 50t ] o7 2 .t
3 ‘A\‘;i"'\- oF O - 78.1 mV dec”
9 Ty 240 £t sl {‘”? . X , .
12 13 14 15 16 17 18 g I pre) 0B 10 iz ia 15 s
Potential / V vs. RHE Samples

log(J / mA cm'®)

Fig. S5. (a) LSV curves; (b) overpotentials at 50 and 10 mA c¢cm?; (c) Tafel plots of

Ce0,-Fe;,N/NFC ., CeO,-Fe,N/NFC ., and CeO,-Fe,N/NFC 3 samples.
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Fig. S6. (a) Overpotentials at 50 and 10 mA cm2; (b) EIS Nyquist plots at 1.54 V vs.
4



RHE; (c¢) fitting plots of the current density vs the san rate of five samples (Aj= j, - j.)

of NFC, Fe-NCs/NFC, CeO,./NFC, CeO,-Fe,N/NFC_; and RuO, samples.
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Fig. S7. The electrical double-layer capacitance (Cy) of samples: (a) NFC; (b) Fe-

NCs/NFC; (¢) CeO,./NFC; (d) CeO,-Fe,N/NFC;, and (e) RuO,.
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Fig. S8. LSV curves of 1%t and 6000™ cycles for OER: (a) CeO,-Fe;N/NFC_; sample

and (b) RuO, sample.
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Fig. S9. The XRD patterns of the CeO,-Fe,N/NFC_, sample: (a) after ORR stability

test; and (b) after OER stability test.

Fig. S10. The SEM images of the CeO,-Fe;N/NFC_, sample: (a) after ORR stability

test; and (b) after OER stability test.
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Fig. S11. The high-resolution XPS spectra of the CeO,-Fe,N/NFC_, sample after ORR



and OER stability tests: (a) N1s; (b) Fe 2p; and (c) Ce 3d.
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Fig. S12. (a) The open circuit voltages; (b) charge/discharge polarization curves of

Ce0,-Fe,N/NFC_, and Pt/C+RuO,-based ZAB cells.

Table S1. The atomic percentages (at%) of the samples determined from the XPS

analysis.

Sample C O N Fe Ce
Fe-NCs/NFC 93.95 3.46 2.26 0.33 0
Ce0,/NFC 88.07 9.12 2.76 0 0.05

Ce0,-FeoN/NFC, 85.19 11.26 3.11 0.39 0.04

Table S2. Conductivities (S/m) of the prepared samples at different voltages.

Voltages (mV) Fe-NCs/NFC Ce0,/NFC Ce0,-Fe;N/NFC,
0.3 536.2 182 235.9
0.5 188 119 134.6
0.8 74.7 65.9 72.3




Table S3. The ORR/OER performance comparison of CeO,-Fe,N/NFC_, sample with

various catalysts reported in literature.

Oxygen electrode

ORR OER
activity
Reference
Catalysts _
1/2 Ej:lOmAcm_z AE_Ej:mmAcm‘Z By s
(Vvs.RHE) v ¢ RHE) (V vs. RHE)
CeOQ-
0.87 1.49 0.62 This work
FezN/NFC_Q
Co-Ce0,/C 0.75 1.61 0.86 1
3Co-
LaMOH|Ov@ 0.83 1.56 0.73 2
NC
CeO,@CoS
c0,@CoSe; 0.76 1.55 0.79 3
-NCs
Ce0O,-FeNC-5 0.90 1.55 0.65 4
FeNi@N-
Ni@ 0.84 1.59 0.75 s
CNT/NCS
FeCo—NC, 0.85 1.61 0.76 6
SA-Fe-Nx-
0.88 7
MPCS
Fe-MNC 0.85 1.53 0.68 8
FeNC-CoS, 0.85 1.61 0.76 9
Fe-NSDC 0.84 1.65 0.81 10
Ce/Fe-
0.91 11
NCNW
Fe-Me—Ni 0.84 1.54 0.70 12
Mn-RuO, 0.86 1.50 0.64 13

Table S4. Summary of recently reported high-performance rechargeable Zn-air

batteries with various bi-functional electrocatalysts.

Peak power density charge/discharge voltage
Catalysts References
(mW cm?) gap (V)

CeO,- 133 0.68 @20 mA cm This work



FCzN/NFC_Q

3Co-
LaMOH|Ov@ 110 0.98 @5 mA cm 2
NC
CeO,@CoSe;-
153 0.86 @5 mA cm? 3
NCs
Ce0O,-FeNC-5 169 0.83 @10 mA cm? 4
FeNi@N-
103 0.73 @10 mA cm? 5
CNT/NCS
Fe-MNC 137 8
M-2 124 0.71 @20 mA cm? 14
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