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[Table S1]

[Figures S1 ~ S21]

Table S1. Summary of metal-encapsulated carbon-based (M@C) catalysts for ENRR in the 
literature and this work.  

Selectivity% Refs
Electrocatalyst Electrolyte Power 

supply Time

Nitrate 
reduction 
efficiency

% 𝑁2 𝑁𝐻4
+

16Cu-NPC
40 mL of 5 mM NaCl + 
0.05 M Na2SO4 + 50 mg 

L−1 NaNO3-N

-2.1 V (vs. 
Hg/Hg2SO4)

9 h 100 67 / 1

Cu-N-C-800 0.05 M Na2SO4 + 50 mg 
L−1 NaNO3-N

-1.3 V (vs. 
SCE) 12 h 100 17 78 2

Cu–Pd@N-OMC
20 mL of 0.02 mol L−1 

NaCl + 0.1 M Na2SO4 + 
100 mg L−1 NaNO3-N

-1.3 V (vs. 
SCE) 20 h 91 97 / 3

4CuPd@DCL-
MCS/CNTs

0.02 M NaCl + 0.1 M 
Na2SO4 + 100 mg N−1 

NaNO3-N

-1.3 V (vs. 
SCE) 24 h 92 91 / 4

Pd–Cu/PNC
20 mL of 0.1 mol/L NaCl 
+ 0.1 M Na2SO4+30 mg 

L−1 NaNO3-N

-1.3 V (vs. 
SCE) 24 h 97 83 / 5

Pd4Cu4@N-pC  simulated sanitary sewage -1.3 V (vs. 
SCE) 24 h 95 80 / 6
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PdCu NCs-NOMC 20 mL of 0.1 M Na2SO4 
+ 100 mg L−1 NaNO3-N  

-1.3 V (vs. 
SCE) 24 h 86 60 / 7

FeNC/MC-900 20 mL of 0.1 M Na2SO4 
+ 100 mg L−1 NaNO3-N 

-1.3 V (vs. 
SCE) 24 h 87 81 / 8

Fe@C 0.02 M NaCl+ 100 mg L−1 
NaNO3-N

-1.3 V (vs. 
SCE) 24 h 76 98 / 9

B-Fe NCs
0.02 mM NaCl + 0.02 mM 

Na2SO4 + 100 mg L 
NaNO3-N

-1.3 V (vs. 
SCE) 24 h 80 99 / 10

nZVI@OMC 50 mL of 0.02 M NaCl + 
50 mg L−1 NaNO3-N

-1.3 V (vs. 
SCE) 24 h 65 74 / 11

FeN-NC-140
20 mL of 0.02 M NaCl + 
0.1 M Na2SO4 + 100 mg 

L−1 NaNO3-N

-1.3 V (vs. 
SCE) 24 h 91 91 / 12

CL-Fe@C 0.02 M NaCl + 100 mg 
L−1 NaNO3-N

-1.3 V (vs. 
SCE) 48 h 54 98 13

Fe(20%)@N-C
0.05 M Na2SO4 +1 g L−1 

NaCl +50 mg L−1 NaNO3-
N

-1.3 V (vs. 
SCE) 24 h 83 100 / 14

Fe/Fe3C-NCNF-2
50 mL of 0.03 M NaCl + 
0.01 M Na2SO4+ 100 mg 

L−1 NaNO3-N

-1.3 V (vs. 
SCE) 12 h 2928.42 mg 

N/g Fe 100 / 15

FeNi/g-mesoC/NF 0.05 mol L−1 Na2SO4 + 50 
mg L−1 NaNO3-N  

-1.3 V (vs. 
SCE) 24 h 88 71 29 16

CNTs@CNx@Ag 25 mL of 0.1 M Na2SO4 + 
25 mg L−1 NaNO3-N

-0.29 V (vs. 
RHE) 30 h 53 97 / 17

P-Co@NCNT/NF 100 mL of 50 mM Na2SO4 
+ 50 mg L−1 NaNO3-N  10 mA cm−2 3 h 37 8 92 this work

Co@NCL/CC 100 mL of 50 mM Na2SO4 
+ 50 mg L−1 NaNO3-N  10 mA cm−2 3 h 72 7 93 this work

Co@NCNT 100 mL of 50 mM Na2SO4 
+ 50 mg L−1 NaNO3-N   10 mA cm−2 3 h 96 9 91 this work

Co@NCNT
100 mL of 50 mM Na2SO4 

+ 50 mg L−1 NaNO3-
N+1.5 g L−1 NaCl   

10 mA cm−2 3 h 97 100 / this work
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Fig. S1. XPS survey spectra of Co@NCNT/CC, Co@NCL/CC and P-Co@NCNT/NF.

Fig. S2. TG analysis of three investigated catalysts.
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C Co N

Fig. S3. HRTEM elemental mapping of Co@NCNT/CC.

Fig. S4. I-t curves of three investigated catalysts at -1.3 V vs. SCE.
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Fig. S5. Time courses of nitrate proportion for the pure CC towards ENRR. Experimental 

conditions: initial [NO3
−-N] = 50 mg L−1, current density of 10 mA cm−2, and electrolysis time of 3 

h. 

Fig. S6. Current efficiency CE(%) of three investigated electrodes for ENRR at 10 mA cm−2.
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(a) (b)

Fig. S7. Effect of current density on the ENRR performance of Co@NCNT/CC and Co@NCL/CC. 

Experimental conditions: initial [NO3
−-N] = 50 mg L−1, 1.5 g L−1 NaCl, 100 mL of electrolyte, and 

initial pH = 7. 5.

(a) (b)

Fig. S8. Comparisons of (a) nitrate removal efficiency and (b) corresponding Kapp values of three 

catalysts during the stirring-control experiments. The initial concentration of NO3
−-N was 100 mg 

L−1. 
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Fig. S9. Comparison of contact angles of the four samples.

8.8° 12.6°

10.56°

Fig. S10. Contact angles of P-Co@NCNT powders.
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Fig. S11. N2 adsorption−desorption isotherms and pore-size distributions of (a) three electrode 

samples and (b) P-Co@NCNT.

(a) (b)

(c) (d)

Fig. S12. CV curves of different electrode samples at various scan rates for identifying EASA.
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Fig. S13. CV curves of Co@NCL/CC at various scan rates recorded in 50 mg L−1 NO3
−-N and under 

N2-saturated conditions.  

Fig. S14. EIS spectra of all investigated electrodes.
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Fig. S15. Time courses of NO2−-N concentration for ENRR on Co@NCNT/CC as a function of 

current density.

 

Fig. S16. Effect of initial nitrate concentration on the ENRR performance of Co@NCNT/CC. 

Experimental conditions: 1.5 g L−1 NaCl, 100 mL of electrolyte, 10 mA cm−2 current density, and 

initial pH = 7. 50.
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Fig. S17. Effect of D2O replacement on the ENRR performance of Co@NCNT/CC. Experimental 

conditions: 1.5 g L−1 NaCl, 100 mL of electrolyte, 10 mA cm−2 current density, and initial pH = 7. 

50. 

Fig. S18. XRD patterns of fresh and reacted Co@NCNT/CC (after 30 cycles).
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Fig. S19. SEM image of reacted Co@NCNT/CC (after 30 cycles). 

Fig. S20. HRTEM images of reacted Co@NCNT/CC (after 30 cycles) at different magnifications.
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(a) (b)

Fig. S21. Long-term operation stability of Co@NCNT/CC for ENRR at an initial pH of (a) 3 and 

(b) 14. Reaction conditions: electrolyte containing 50 mg L−1 NO3
−-N, 50 mM Na2SO4, and 1.5 g 

L−1 NaCl; current density of 10 mA cm−2; and electrolysis of 3 h.
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