
[1-4]

30%

SPE

Nafion-117( 180 m, 6 cm2)

Fig.1
100 mA NO3 NO2 NH4

+

H2



(Fig.1)

(NO2
–)

Fig.2 Pt Pd

Cu

Pt Cu Pd

k

Table 1 Pd Cu

Pt Cu

Cu/Pt Cu/Pd

Cu

0

0.02

0.04

Pt Pd Cu Cu/Pt Ni/Pt Ni/Cu/Pt Cu/Pd Ni/Pd Pt/Pd Ir/Pd Cu/Ir/Pd
Cathode metal plated

R
at

e 
co

ns
ta

nt
 / 

m
in

-1

0

0.02

0.04

Pt Pd Cu Cu/Pt Ni/Pt Ni/Cu/Pt Cu/Pd Ni/Pd Pt/Pd Ir/Pd Cu/Ir/Pd
Cathode metal plated

R
at

e 
co

ns
ta

nt
 / 

m
in

-1

Fig.2

Fig.1 SPE

Cu/Pt 6.0 cm2 100 mA NO3
– 3000 

mg L–1 7 mL



 

Fig.3 Cu/Pt Cu/Pd

NO3

k Pt

Pd  Cu

Cu

15 % (Cu/Pt) 38 % (Cu/Pd)

NO2

NO3

NO2

 

 

 
2

 

 2NO3
– + 5H2  N2 + 2OH– + 4H2O (1) 

 

 2NO3
– + 12H+ + 10e–  N2 + 6H2O (2) 

 2NO3
– + 6H2O + 10e–  N2 + 12OH– (3)  

pH 12

7 13

Cu/Pt Cu/Pd

pH 12

Table 1   
NO3  reduction NO2  reduction 

selectivity to 
 

k 
/ min-1 NO2 NH4

+ 
k 

/ min-1 
selectivity to 

NH4
+ 

Pd 1.7 × 10-3 12 9 2.9 × 10-3 46 
Cu/Pd 16.7 × 10-3 15 16 13.9 × 10-3 25 

Pt 0.9 × 10-3 0 49 1.6 × 10-3 11 
Cu/Pt 17.8 × 10-3 40 11 2.8 × 10-3 26 

3000 mg/L NO3 /NO2 , 100mA , 3h , . 
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Table 2 4

(CO3
2 ) A KNO3

Table 3 0.1 L/h

88% NO3 NO2 (  2.3%, 0.2 mg/L)

NH4 (< 1.1%, 0.1 mg/L) NH2OH B,C,D 3

A NO3

NO2 NH4
+ D SO4

2 , Ca2

Mg2 CO3
2

Cu-Pd (3 wt% Pd, 5wt% Cu)

NO3 H2  Table 4

(Table 3)

Table 2 4

NO3
- F- Cl- Br- SO4

2- PO3
3- Na+ K+ Mg2+ Ca2+

10.1
24.8
10.5
12.2

0
0.3
0.2
3.6

0
0.3
0.2
3.6

0
9.1

10.2
9.2

0
9.1

10.2
9.2

0
0.2
0.2
0.4

0
0.2
0.2
0.4

0
6.1
4.9

25.4

0
6.1
4.9

25.4

0
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0.3
0.3
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0.1
0.3
0.3

0
7.5
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13.1
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22.6
13.1

4.7 
4.0 
0.6 
4.1 

4.7 
4.0 
0.6 
4.1 
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8.2

0
6.3
3.4
8.2

0
13.1

6.2
17.5

0
13.1

6.2
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test water
test water B  
test water C   
test water D 

A

Table 3  4

100 mA, 0.1 L/h, room temperature, anode:Pt, cathode:55% Cu, 
45% Pd 

NO3
- selectivity / %

conversion / % NO2
- NH4

+

test water A 88
test water B 77
test water C 83
test water D 74

2
6
6

11

2
6
6

11

1
12
29
36

1
12
29
36

Table 4   Cu-Pd NO3 -H2

coexisting ion  k / min-1 selectivity / %
NO2

- NH4
+

none 27.4 10-3 19.7 15.4
100 mg/L Cl- 19.0 10-3 12.8 12.6
100 mg/L SO4

2- 25.7 10-3 12.1 13.5
100 mg/L CO3

2- 27.2 10-3 28.6 10.4

100 mg/L NO3
- 200 mL, room temperature, H2 :30 mL/min, 

3wt% Pd-5wt% Cu/C.



Pd Cu , Cu/Pt NO3

NO2 Cu NO3  NO2

Cu/Pt Cu/Pd NH4
+

CO2 pH NO2
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