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Electrocatalytic reduction of nitrates with
a two-dimensional cobalt-based nanosheet cathode
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Abstract: Development of an efficient technique for nitrate treatment is urgent in view of the toxicity
and potential carcinogenicity of nitrate nitrogen stably present in wastewater. The electrochemical method,
with the advantages of high efficiency, stability and product controllability, has become the most
promising wastewater purification process for purifying nitrate pollution in wastewater. However, tradi-
tional powder electrocatalysts are easily inhibited in complex water bodies, and finding a more effi-
cient electrocatalytic material is necessary. In this study, two-dimensional cobalt-based nanosheet
cathodes (Co NS/CC) were prepared using template and calcination methods, and investigated the
performance of electrocatalytic reduction of nitrate. The experimental results showed that Co NS/CC
with a calcination temperature of 700 °C exhibited the best electrocatalytic denitrification performance
with a high reaction rate constant (2.88 h'') and nitrate removal efficiency (95%) in 1 h. In addition,
Co NS/CC-700 exhibited excellent electrocatalytic denitrification for a high concentration of nitrate,
different pH values of solutions and wastewater with complex components. Electron paramagnetic reso-
nance (EPR) and tertiary butyl alcohol (TBA ) capture experiments confirmed that Co NS/CC-700
facilitates nitrate reduction through the generation of adsorbed hydrogen (H*). In addition, Co NS/CC-700
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has high stability and environmental adaptability. In conclusion, Co NS/CC-700 is an electrocatalytic

material with high catalytic activity and stability, which is potentially applicable for electrocatalytic

treatment of nitrate-containing wastewater.

Key words : electrocatalytic reduction of nitrate ; two-dimensional cobalt-based nanosheet cathode ;

purification of nitrate containing wastewater
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Fig. 1 SEM images of Co-NS/CC with

different calcination temperatures
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Fig.2 Characterization of the structure and composition of Co-2MI/CC and Co-NS/CC
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Fig. 3 Electrochemcial tests of Co-NS/CC with different calcination temperatures
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Fig. 4 Effect of calcination temperatures of Co NS/CC for electrocatalytic denitrification
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(13)~(18) (Mostafa et al., 2018) ., Co NS/CC-700
TEAN ) ot 2t vk FE CL Y FL A 38 R 0 Hh A R 1Y
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Table 1 The comparison of electrocatalytic denitrification performance of various catalysts
fEALH 2 I 4 1 Prosn.o/(mg L) ki S5 3k
Co NS/CC 25 mAfEYE; BE 30 2.88 BN
Fe (20%) @N-C -1.3V ({H)% vs SCE); Hz 50 0. 054 Duan et al. , 2019
2D-MXene Membrane -0. 8 V(HJE vs Ag/AgCl); Hzs 10 0.3 Lietal. , 2021
Fe@Gnc -1.4V (fHJE vs SCE); = 100 0.09 Zhang et al. , 2022
Pd-Cu/PPy 50 mA fHL; WE 50 0. 139 Chen et al. , 2019
3 4 PIP B NO-N &K, Co NS/CC #4913k 21 45 b 11y ik
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NO;-N AL 31 56% (19 TN 2[5 %, H I Al s ik
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