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Figure S1. The synthetic pathway to synthesize the network structure.



Figure S2. (a) SEM and (b) TEM images of polypyrrole nanotubes (PPy).



Figure S3. (a) SEM and (b, c) TEM images of A-PPy.



Figure S4. EDS spectrum of the Fe-NCNT-800.



Figure S5. The FT-IR spectrum of Fe-NCNT-X (700-100) catalysts.



Figure S6. N2 adsorption-desorption isotherm of Fe-NCNT-X (700-1000) and the 

corresponding pore size distribution of the BJH method.



Figure S7. XPS survey spectra of Fe-NCNT-X (700-1000) catalysts.



Figure S8. High-resolution XPS spectroscopy of N 1s of (a) Fe-NCNT-700, (b) Fe-

NCNT-900 and (c) Fe-NCNT-1000.



Figure S9. High-resolution XPS spectroscopy of Fe 2p of (a) Fe-NCNT-700, (b) Fe-

NCNT-900 and (c) Fe-NCNT-1000.



Figure S10. Cyclic voltammetry (CV) curves of Fe-NCNT synthesized at different 

ratios (mass ratio). 



Figure S11. CV curve of Pt/C in O2-saturated 0.1 M KOH at a scan rate of 50 mV s-1. 



Figure S12. (a, b) SEM images of NCNT-800.



Figure S13. (a, b) SEM images of C-Fe-NCNT-800.



Figure S14. LSV before and after a 5000-cycle ADT of ORR on Pt/C in O2-saturated 

0.1 M KOH.



Figure S15. The kinetic current density (Jk) at 0.51 V and the number of electron 

transfer n value of Fe-NCNT-X (X=700-1000).



Figure S16. High-resolution XPS spectroscopy of Fe 2p electrons of NCNT-800.



Figure S17. High-resolution XPS spectra of Fe 2p electrons with different Ar plasma 
etching times for Fe-NCNT-800 samples.



Table S1. Summary of surface properties of Fe-NCNT-X (700-1000) catalysts 
obtained from BET.



Table S2. The relative content of different N sites obtained by high resolution XPS 
scanning of N1s.



Table S3. The relative content of different Fe sites obtained by high resolution XPS 
scanning of Fe 2p.



Table S4. The depth XPS spectra of N 1s with different Ar plasma etching times for 
Fe-NCNT-800. 



Table S5. Summary of LSV data for Fe-NCNT catalysts prepared in different 
synthesis ratios (mass ratio).



Table S6. Summary of LSV data for Fe-NCNT-X (X=700-1000) catalyst, NCNT-800, 
C-Fe-NCNT-800 and Pt/C.



Table S7. The element summary table of high resolution XPS for different times of 
Ar plasma etching of Fe-NCNT-800 sample.  



Table S8. Comparison of ORR performance of Fe-NCNT-800 and other porphyrin-
derived electrocatalysts and hollow structures.
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