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Figure S1. TEM images of Fe-F-C (a, b) and N-F-C (c, d). 
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Figure S2. Nitrogen adsorption–desorption isotherms and pore-size distribution curve of N-F-C and Fe-F-C. 

 
Figure S3. XPS results for Fe-F-C: survey scan (a), high resolution deconvoluted spectra for F 1s (b), and Fe 2p (c). 
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Figure S4. XPS results for N-F-C: survey scan (a), high resolution deconvoluted spectra for N 1s (b), and F 1s (c). 
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Figure S5. OER LSV plots of Fe3C@N-F-GCNTs before and after a potential cycling of 200 cycles (c). 

 

 

Table S1. Surface composition of Fe3C@N-F-GCNTs, Fe-F-C and N-F-C calculated from XPS results. 

Catalyst 
  Species concentration (at%)   

C O N F Fe 

Fe3C@N-F-GCNTs 91.87 3.2 3.79 0.72 0.42 

Fe-F-C 91.61 7.10 – 0.90 0.39 

N-F-C 89.71 3.41 6.08 0.80 – 

 

 

Table S2. Distribution of each N species, obtained from the fitting results of N 1s XPS spectra (normalized to the surface N atoms 

of each material). 

Catalyst 
Species concentration (at%) 

Pyridinic N Pyrrolic N Graphitic N Oxidized N 

Fe3C@N-F-GCNTs 25.61 12.60 40.85 20.94 

N-F-C 25.14 20.13 40.53 14.20 

 

 

 



Catalysts 2022, 12, 1023 5 of 6 
 

 

Table S3. Comparison of ORR and OER activity parameters with other recently reported highly active non-noble metal bifunctional 

electrocatalysts. 

Catalyst CKOH rotating 

rate (rpm) 

EJ3/Ehafe-

wave,ORR (V) 

EJ10,OER 

(V) 

ΔE(EJ10,OER- 

EJ3/Ehafe-wave, 

ORR) 

Literature 

Fe3C@N-F-GCNTs 0.1 M 1600 0.846 1.662 0.816 this study 

Co9S8@TDC-900 

S/N_Fe-27 

0.1 M 

0.1 M 

1600 

1500 

0.78 

0.87 

1.56 

1.78 

0.78 

0.91 

[10] 

[36] 

Fe3C@Fe,N,S-GCM 0.1 M 1600 0.779 1.557 0.778 [37] 

CoMnO@CNT/CNF 0.1 M 1600 0.82 1.60 0.78 [38] 

Co-N/PC@CNT 0.1 M 1600 0.78 1.63 0.86 [39] 

Fe3C@C-NGns-NCNTs 0.1 M 1600 0.855 1.642 0.787 [40] 

Fe3C@NG800-0.2 0.1 M 1600 0.81 1.59 0.78 [41] 

 

 

Table S4. Comparison of the power density for Zn-air batteries. 

 

Catalyst 

Power density 

mW·cm-2 
References 

Fe3C@N-F-GCNTs 130.0 this study 

Fe-NP-WB-3 92.9 J Energy Chem 2021;55:572-579 [42] 

Fe3N@N-C 87.5 Carbon 2019;153:364-371 [43] 

CoFeNi-CNTs 138.7 J Alloy Compd 2022;910 [44] 

C-FeZIF-8@g-C3N4 121 Chem Eng J 2020;390 [45] 

NDGs-800 115.2 ACS Energy Letters 2018;3(5):1183-1191 [46] 

NPC-Fe0.3 99  Chinese Chemical Letters 2022;33(4):2171-2177 [47] 
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