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Nitrous oxide (N2O) reduction is a critical process since this 

gas is responsible for numerous environmental problems, 

such as photochemical smog, acid rain, ozone layer depletion, 

and global warming [1]. To this end, we report an 

electrochemical-based solution by using a solid oxide fuel 

cell (SOFC). In such an approach, the N2O is reduced at the 

working electrode, and the resultant oxygen ions are 

electrochemically removed through the electrolyte to the 

anode electrode. 

La0.6Sr0.4Co0.2Fe0.8O3- (LSCF) was used as an electrocatalyst 

due to its high availability and excellent performance as an 

oxygen electrode in SOFCs [3]. A 3-probe cell reactor was 

developed, made of 8 % mol Y2O3 – stabilized ZrO2 as the 

electrolyte, sintered at 1600 °C for 10 h. The working 

electrode, made of a screen-printed LSCF film, was sintered 

at 1150 °C for 4 h in the air. Between the working electrode 

and the electrolyte, a buffer layer of Ce0.9Gd0.1O2- (CGO) 

film was previously screen printed at 1350 °C for 5 h to 

prevent the inter-reaction between the YSZ and LSCF. Inert 

gold (Au) as counter and reference electrodes. 

The microstructural characterization of the cross-sectional 

samples obtained by scanning electron microscopy revealed 

good adhesion between the electrolyte, the buffer layer, and 

the electrocatalyst layers. An energy dispersive spectroscopy 

line scan exhibited no element interdiffusion between cell 

components. Grazing incidence X-ray diffraction made on 

the sintered films was in accordance with the SEM results, 

showing no secondary phase formation after the sintering 

procedures. 

The electrochemical measurements were performed at 600 

and 700 °C, by applying negative currents (i.e., -0.1 and -0.25 

A). Figure 1 (a) depicts the sequence of experiments, where 

we can observe an increase of the N2O conversion (%) with 

increasing current. Such behavior results from an increased 

catalytic rate (r O2 mol s-1) with the applied current. The 

Faradaic efficiency (Λ), Figure 1 (a), also known as 

enhancement factor, was also calculated for the tested 

experimental conditions, and showed values that exceed 

unity, evidencing a non-Faradaic electrochemical behavior. 

This behavior is known as the non-Faradaic electrochemical 

modification of catalytic activity (NEMCA) [2]. The highest 

Λ value of 8.95 was obtained at 600 °C, showing the highest 

conversion increment of 25.17 % when a current of -0.25 A 

was applied, Figure 1 (b). 

The nature of the mechanism was also assessed, showing a 

completely reversible effect, where the electrochemically 

promoted reaction rate returns to its open circuit 

(unpromoted) value upon removal of applied polarization. 

The current work aims to bridge the solid-state chemistry and 

heterogeneous catalysis by studying the NEMCA effect of 

the N2O reduction reaction, which was found to be a 

promising tool for this green-house gas treatment. 

Figure 1. (a) N2O conversion as a function of time at OCV (open-

circuit voltage conditions) and under cathodic polarization (-0.1 and -

0.25 A). (b) Faradaic efficiency and conversion increment at 600 °C 

for the tested experimental conditions. 

References 

[1] R. van den Brink, S. Booneveld, J. Pels, D. Bakker, and M. J. F. 

Verhaak, “Catalytic removal of N2O in model flue gases of a nitric 

acid plant using a promoted Fe zeolite,” Appl. Catal. B Environ., vol. 

32, no. 1–2, pp. 73–81, Jul. 2001. 

[2] C. G. Vayenas, S. Bebelis and Neophytides, J. Phys. Chem, 1088, 

92, 5083–5085. 

[3] F. J. A. Loureiro, T. Yang, D. G. Stroppa and D. P. Fagg, J. 

Mater. Chem. A, 2015, 3, 12636–12641. 

 

Acknowledgements 

Laura I. V. Holz acknowledges Fundação para a Ciência e 

Tecnologia (FCT) for the PhD grant PD/BDE/142837/2018. 

Francisco J. A. Loureiro acknowledges FCT for the Investigator 

Grant (CEECIND/02797/2020). The authors also acknowledge the 

projects, PTDC/CTM-CTM/2156/2020, PTDC/QUI-ELT/3681/2020, 

POCI-01-0247-FEDER-039926, POCI-01-0145-FEDER-032241, 

UIDB/00481/2020 and UIDP/00481/2020 and CENTRO-01-0145-

FEDER-022083 - Centro Portugal Regional Operational Programme 

(Centro2020), under the PORTUGAL 2020 Partnership Agreement, 

through the European Regional Development Fund (ERDF). In 

addition, Base Funding - UIDB/00511/2020 of the Energy – 

LEPABE - funded by national funds through the FCT/MCTES 

(PIDDAC).

 

 
 
 
 
 

Laura I.V. Holz is currently enrolled in an industrial PhD programme in the frame of Refining, Petrochemical and 

Chemical Engineering, at University of Aveiro, in close collaboration with Bondalti Chemicals, a Portuguese Company. 

Her research interest covers ceramic oxides and solid oxide fuel/electrolytic cells. 

Presenting author: Laura Holz, e-mail: lauraholz@ua.pt 

 
 


