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Supplementary Figures and Tables

Figure S1. SEM of (a) bamboo sliver before and (b) after pretreatment.
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Figure S2. (a) BET N2 adsorption/desorption isotherms and (b) DFT pore size 

distribution curves of BC and P-BC.
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Figure S3. SEM under high magnification of (a) BC and (b) NBC (c) NPBC after 

grinding.
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Figure S4. HAADF-STEM and corresponding EDS elemental mapping images for C, 

N, and O of NPBC.



S-6

Figure S5. XPS survey spectra of BC, NBC, and NPBC.
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Figure S6. The high-resolution C 1s spectra of NPBC.
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Figure S7. The high-resolution O 1s spectra of  BC, NBC and NPBC. In the high-

resolution XPS spectrum of O 1s, three peaks in all samples at binding energies of 

531.3, 532.6 and 533.5 eV are indexed to C=O aromatic carbonyl groups, C-OH 

hydroxylic groups or C-O-C ether groups and Ar-OH aromatic alcohols or O-C=O ester 

groups, respectively.
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Figure S8. Comparison of CV and LSV of samples under different treatment conditions 

(NPXBC-T, X means the concentration of sodium hydroxide or pretreatment time, T 

means the carbonization temperature).
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Figure S9. (a) LSV and (b) XPS survey spectra of materials prepared with 
different ratios of ammonium chloride.

As shown in Figure S9, We found that after increasing the amount of NH4Cl (1:20), the 

N content of the catalyst did not show a substantial increase, and also the catalytic 

performance (Eonset, E1/2) did not improve greatly. Therefore, it is better to use a ratio of 

1:10 in order to be greener and conserve resources.
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Figure S10. (a) RRDE curves of all samples.
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Figure S11. (a) the OER performance of the catalyst after Adt; (b) Chronoamperometric 

responses of the NPBC and RuO2 at 1.5 V.

The CV accelerating durability tests (ADT) were conducted at a scanning rate of 50 mV 

s-1 from 1 to 1.6 V in an O2-saturated 0.1 M KOH solution. After 4000 cycles, the OER 

overpotential of NPBC increased by 54 mV. In addition, after chronoamperometry tests 

for 40000 s, NPBC displays a current retention of 76.2 %, which is higher than that of 

benchmark RuO2 catalyst (63.5 % current retention). 
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Figure S12. CV curves different CV cycles in an N2-saturated 0.1M KOH aqueous 

solution.



S-14

Figure S13. The kinetic current density (Jk) calculated after ADT. 
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Figure S14. XPS survey spectra of NPBC after different cycles of CV scans. (C, N, 

and O elements can be clearly identified, while F, S, and K elements may come from 

residual Nafion and KOH).



S-16

Figure S15. Image of the ZAB with a measure open-circuit voltage of 1.46 V.
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Figure S16. Charge-discharge curves cycling curves of ZABs with NPBC and 

Pt/C+RuO2 at 2 mA cm-2.
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Figure S17. (a) Digital photographs of NPBC in the size of 1*1*0.4 cm, and (b) its 

image supporting 500g of weight.
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Figure S18. Open-circuit curve and image (insert) of the liquid flow ZABs with NPBC.
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Figure S19. An electronic clock powered by a liquid flow ZAB.
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Figure S20. Galvanostatic discharge curves of the liquid flow ZAB with NPBC.
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Table S1. Specific surface area (SSA) and pore structure of all samples.

Sample SBET (m2 g-1) Pore volume (cm3 g-1) Pore diameter 
(nm)

BC 479.99 0.20 1.66

NBC 532.21 0.21 1.62

NPBC 745.12 0.51 2.72
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Table S2. Elemental contents of samples obtained from XPS.
Atomic content (%)

N

Sample

C O
Pyridinic-

N
Pyrrolic-

N
Graphitic-

N
Oxidized-

N
Total

BC 91.68 8.32 — — — — —

NBC 89.31 7.98 0.52 0.73 0.73 0.74 2.72
NPBC 86.54 9.71 0.88 0.89 1.08 0.88 3.75
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Table S3. Summary of the reported ORR performance of NC-MFCs electrocatalysts. 
Catalyst Eonset E1/2 Ref.

NPBC 0.98 0.864 This work

NBCNT-10 0.958 0.82 1

NCF 1.0 0.85 2

NPCS-900 0.99 0.87 3

CNS 0.97 0.87 4

N-CNF 
aerogel - 0.80 5

HPNSC 0.98 0.87 6

PyN-GDY 1.0 0.84 7

N–S–Cs-900 - 0.84 8

ND-GLC 0.991 0.875 9

S-g-C3N4/P123 - 0.863 10
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Table S4. Summary of the reported ORR and OER performance of NC-MFCs 
electrocatalysts.

Catalyst E1/2 Ej=10 △E
(Ej=10 - E1/2)

Ref.

NPBC 0.864 1.644 0.780 This work
NSP-Gra 0.82 1.76 0.94 11
CA-1/10-
900°C

0.821 1.757 0.936 12

HHPC 0.78 1.58 0.80 13
P,S-CNS 0.87 1.56 0.69 14
PS-CNF 0.86 1.55 0.69 15
NKCNPs-
900

0.79 1.71 0.92 16

NPF-CNS-2 0.81 1.57 0.76 17
BRCAC8502 0.85 1.68 0.83 18
CNT@NSC 0.82 1.56 0.74 19
NPCNFs-O 0.85 1.566 0.716 20
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