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Supplementary Figures 

Supplementary Figure 1. SEM images of CF, with insert shows fibers (a) before and (b) after 

modification with PTFE suspension. 

 

 

 

Supplementary Figure 2. SEM images of (a) traditional GDE diffusion layer and (b) magnified 

view of the tunnel. 
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Supplementary Figure 3. Diffusion layer pore size distribution of traditional GDE.  
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Supplementary Figure 4. Photographs of contact angle of catalytic layers with (a) PTFE / CB 

=0.1; (b) PTFE / CB =0.2; (c) PTFE / CB =0.3; (d) PTFE / CB =0.6; (e) PTFE / CB =1; (f) PTFE / 

CB =1.5. 
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Supplementary Figure 5. Photographs of the contact angle of the catalytic layers as a function of time 

with (a) PTFE / CB =0.2; (b) PTFE / CB =0.5; (c) PTFE / CB =0.6. 
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Supplementary Figure 6. Photographs of the contact angle of the catalytic layer (PTFE / CB =0.6) as a 

function of electrolysis time at the applied current density of 60 mA cm-2. 
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Supplementary Figure 7. SEM images of catalytic layers with (a) PTFE / CB =0.1; (b) PTFE / CB 

=0.6 and (c) PTFE / CB =1.5 at low magnification; SEM images of PTFE/carbon black mixture with 

(d) PTFE / CB =0.1; (e) PTFE / CB =0.6 and (f) PTFE / CB =1.5 at high magnification. 

 

 

 

 

 

 

 



8 

 

0.00 0.02 0.04 0.06 0.08 0.10
-9

-8

-7

-6

-5

-4

-3

 PTFE / CB=0.1

 PTFE / CB=0.3

 PTFE / CB=0.6

 PTFE / CB=1

 PTFE / CB=1.5

lg
|C

u
rr

en
t 

d
en

si
ty

| 
(A

 c
m

-2
)

|Overpotential| (V vs. Ag/AgCl)
 

Supplementary Figure 8. Tafel plot of catalytic layer materials with different PTFE/CB mass ratio. 

Source data are provided as a Source Data file. 
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Supplementary Figure 9. The linear fit for the Tafel plots of the overpotential from 80 to 100 mV. 
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Supplementary Figure 10. Current efficiency of different PTFE/CB NADEs as function of electrolysis 

time at the current density of 60 mA cm-2. Source data are provided as a Source Data file. 
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Supplementary Figure 11. Change of dissolved oxygen concentration with electrolysis time in different 

systems. Blank 1 was the system shown in Fig. 4a-C with almost no generation of H2O2 which measured 

the contribution of oxygen produced by the anodic oxidation to the change in DO; Blank 2 was NADE 

system without voltage applied which measured the contribution of naturally diffused oxygen to the 

change in DO. Source data are provided as a Source Data file. 
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Supplementary Figure 12. (a) The production of H2O2 and (b) current efficiency under the current 

density of 60 mA cm-2 with different loadings of catalyst. Source data are provided as a Source Data 

file. 
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Supplementary Figure 13. The stability test of the NADE with the catalyst loading of 1 mg cm-2 in 10-

times (20 h) continuous runs. Source data are provided as a Source Data file. 
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Supplementary Figure 14. The Photographs of used NADEs with different catalyst loadings. (a) NADE 

with catalyst loading of 1 mg cm-2 after running 10 times (20 h) at the current density of 60 mA cm-2; (b) 

NADE with catalyst loading of 13.2 mg cm-2 after running 10 times (20 h) at the current density of 60 

mA cm-2; NADE with catalyst loadings of (c) 2 mg cm-2; (d) 4.4 mg cm-2; (e) 8.8 mg cm-2 after running 

2 h at the current density of 200 mA cm-2.  
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Supplementary Figure 15. The current efficiency of H2O2 production by different systems under 60 

mA cm-2 current density. Source data are provided as a Source Data file. 
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Supplementary Figure 16. The production of H2O2 and current efficiency of the carbon felt substrate 

without loading catalytic layer under the current density of 60 mA cm-2. Source data are provided as a 

Source Data file. 
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Supplementary Figure 17. The production of H2O2 with different oxygen diffusion areas under the 

current density of (a) 10 mA cm-2, (b) 20 mA cm-2, (c) 40 mA cm-2 and (d) 60 mA cm-2; (e) the H2O2 

production of NADE under different current densities. Source data are provided as a Source Data file. 

 

 

 



18 

 

0 20 40 60 80 100 120

0

4

8

12

16

 20 mA cm-2

 40 mA cm-2

 60 mA cm-2

H
2

O
2

 (
m

g
 c

m
-2

)

Time (min)

 

Supplementary Figure 18. H2O2 concentration produced as a function of time for normal GDE 

without pumping air at constant current. Source data are provided as a Source Data file. 
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Supplementary Figure 19. The different organic pollutants removal in (a); (c) EF and (b); (d) PEF 

processes with the NADE. Source data are provided as a Source Data file. 
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Supplementary Figure 20. TOC removal and MCE of different pollutants in EF process with the 

NADE; current density of 20 mA cm-2, 0.5 mM Fe2+ as catalyst. Source data are provided as a 

Source Data file. 
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Supplementary Figure 21. TOC removal and MCE of different pollutants in PEF process with 

NADE; current density of 20 mA cm-2, 0.5 mM Fe2+ as catalyst. Source data are provided as a 

Source Data file. 
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Supplementary Tables 

 Supplementary Table 1. BET surface area (SBET), micropore area (Smicro), total pore volume (Vtol), and 

pore size of catalytic layer materials with different PTFE/CB mass ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 0.1 0.3 0.6 1.0 1.5 

SBET (m2 g−1) 171.34  144.68  95.41  66.30 43.85 

Smicro (m
2 g−1) 61.14  42.46  9.10  4.97  4.46  

Vtol (cm3 g−1) 0.37  0.34  0.30  0.23  0.17  

Vmicro (cm3 g−1) 0.03 0.02 0.003 0.0007  0.0004 

Pore size (nm) 15.62 15.82 18.06  18.56  19.50  



23 

 

Supplementary Table 2. Linear fit equations and exchange current densities calculated from the linear 

region of the Tafel plots. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PTFE/CB ratio Fit linear equation 10−6 j0 (A cm−2) 

1.5 y=-6.79547+1.035x 0.16 

1 y=-6.42836+4.74288x 0.39 

0.6 y=-6.10879+4.74288x 0.79 

0.4 y=-4.89066+4.74288x 12.9 

0.1 y=-3.70859+4.74288x 194.9 
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Supplementary Table 3. The comparison with the performance of H2O2 production under different 

current densities. 

Current 

density  

(mA cm-2) 

H2O2 generation 

rate (mg h-1 cm-2) 

CE (%) EEC (kWh kgH2O2
-1) References 

20 10.97 86.5 4.6 This work 

60 32.09 81.8 6.9 This work 

120 54.53 71.2 12.9 This work 

200 84.37 66.9 18.9 This work 

240 100.67 64.8 19.4 This work 

107 10.7 17 13.2 1 

217 38.33 28 11.3 1 

275 40 23 20.4 1 

145 26.69 29 - 2 
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Supplementary Table 4. The comparison with the performance of H2O2 production in literatures. 

 

Cathode Experimental conditions Oxygen 

pumping 

volume 

H2O2 generation 

rate (mg h-1 cm-2) 

EEC 

(kWh 

kgH2O2
-1) 

Energy 

consumption of 

Aeration 

(kWh kgH2O2
-1) 

OE 

(%) 

 

CE 

(%) 

References 

GDE Cathode area 6.15 cm2, V 

250 mL, pH 3, 0.05 M 

Na2SO4, I 30 mA cm-2 

1.2 L min-1 

(air) 

12.85 – – 0.37 50 3 

GDE Cathode area 100 cm2, V 

25 L, pH 7, 0.05 M 

Na2SO4, I 65 mA cm-2 

5 L min-1 (air) 13.93 53.86 1077 1.59 33.8 4 

GDE Cathode area 3.4 cm2, V 

400 mL, pH 2, 0.1 M 

K2SO4, E = -1.1 V 

vs. SCE 

0.2 bar (O2) 1.12 18.8 – – – 5 

GDE Cathode area 20 cm2, V 1.5 

L, pH 1, 0.1 M 

K2SO4 & 0.1 M H2SO4, E 

= -2.25 V 

vs. SCE 

– 15.52 22.1 – – – 6 

GDE Cathode area 3.1 cm2, V 

100 mL, pH 3, 0.05 M 

Na2SO4, I 145 mA cm-2 

2 L min-1 (O2) 26.69 – – 4.90 29 2 

GDE Cathode area 4 cm2, V 200 

mL, pH 3, 0.05 M Na2SO4, 

I 20 mA cm-2 

2 L min-1 (air) 11.78 – – 0.13 93 7 

GDE Cathode area 7×2 cm2, V 

200 mL, pH 7, 0.05 M 

Na2SO4, I 35.7 mA cm-2 

0.5 L min-1 

(air) 

12.16 15.9 58.8 1.93 51–

88 

8 

GDE Cathode area 7×2 cm2, V 

200 mL, pH 7, 0.05 M 

Na2SO4, I 35.7 mA cm-2 

0.1 L min-1 

(air) 

11.16 17.9 64.1 8.84 45–

84 

8 

NADE Cathode area 5 cm2, V 250 

mL, pH 7, 0.05 M Na2SO4, 

I 20 mA cm-2 

0 10.97 4.55 0 44.5–

64.9 

86.5 Present work 

NADE Cathode area 5 cm2, V 250 

mL, pH 7, 0.05 M Na2SO4, 

I 60 mA cm-2 

0 30.93 6.92 0 44.5–

64.9 

81.82 Present work 

NADE Cathode area 5 cm2, V 250 

mL, pH 7, 0.05 M Na2SO4, 

I 240 mA cm-2 

0 101.67 19.35 0 44.5–

64.9 

66.79 Present work 
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Supplementary Table 5. The comparison of energy consumption of TOC removal with literatures. 

 

Metho

d 

Electrode 

(anode/cathode) 

Experimental conditions Pollutant  

degradation 

TOC 

removal 

EEC (kWh  

kgTOC-1) 

References 

PEF Pt/GDE 350 mL of 100 mg L−1 phenol, 0.1 M H2SO4 and 

0.1 M K2SO4, 3 mM Fe2+, 0.2 bar (O2) 

65%, 2 h 11%  - 9 

PEF Graphite/MesoC

/GF 

70 mL of 50 mg L−1 phenol, 0.05 M Na2SO4, 

pH=3, 50 mL min−1 (O2) 

100%, 3 h 85% (COD) - 10 

SPEF BDD/GDE 2.5L of 0.28 mM bronopol, 0.05 M Na2SO4, 

pH=3, 0.5 mM Fe2+, 8.6 kPa (Air) 

100%, 6 h 94% 3900 11 

EF Pt/Gr-Brush 400 mL of 0.33 mM phenol, 0.05 M K2SO4, 

pH=3, 0.1 mM Fe2+, 0.2 L min−1 (Air) 

99%, 2 h 40%,  100 12 

SPEF BDD/GDE 75 L of 50 mg L−1 pyrimethanil and 90 mg L−1 

methomyl, 0.05 M Na2SO4, pH=3, 0.5 mM Fe2+, 

10 L min−1 (Air) 

70-77%, 2 h 15%  938 4 

EF Pt/GDE 2.5 L of 92 mg L−1 2,4-D, 0.05 M Na2SO4, pH=3, 

0.5 mM Fe2+, 8.6 kPa (Air) 

- 59%, 5 h 420 13 

EF BDD/GDE 350mL of 91.23 mg L−1 Orange II, 0.1 M H2SO4 

and 0.1 M K2SO4, pH=3, 0.5 mM Fe2+, 0.2 bar 

(O2) 

69%, 2 h - - 14 

EF DSA/Fe@PTFE

/MWCNT-MF 

100 mL of 10.0 mg L−1 MB, 0.05 M Na2SO4, 

pH=3, 0.5 L min−1 (Air) 

100%, 1 h 78.4% - 15 

EF Ti4O7/FeIIFeIII 

LDH/CF 

145 mL of 50.7 mg L−1 SMT, 0.05 M Na2SO4, 

pH=3, 1 L min−1 (Air) 

100%, 40 min 97%, 8 h - 16 

EF BDD/CF 230 mL of 89 mg L−1 TC, 0.05 M Na2SO4, 

pH=5.94, 1.0 g L−1 chalcopyrite, 1 L min−1 (Air) 

100%, 10 min 98%, 6 h - 17 

EF DSA/NADE 250 mL of 100 mg L−1 2,4-D, 0.05 M Na2SO4, 

pH=3, 0.5 mM Fe2+ 

100%, 1.5 h 51.1%  66.4 This work 

EF DSA/NADE 250 mL of 100 mg L−1 phenol, 0.05 M Na2SO4, 

pH=3, 0.5 mM Fe2+ 

100%, 1.5 h 55.1% 36.6 This work 

EF DSA/NADE 250 mL of 100 mg L−1 MB, 0.05 M Na2SO4, 

pH=3, 0.5 mM Fe2+ 

100%, 1 h 62% 65.8 This work 

EF DSA/NADE 250 mL of 100 mg L−1 SMT, 0.05 M Na2SO4, 

pH=3, 0.5 mM Fe2+ 

100%, 1 h 39.5% 91.7 This work 

EF DSA/NADE 250 mL of 100 mg L−1 TC, 0.05 M Na2SO4, pH=3, 

0.5 mM Fe2+ 

100%, 1 h 57.5% 52.7 This work 
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