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Hydrogen peroxide (H2O2) ranks among the top 100 most significant chemicals, finding extensive use across various 
chemical and medical end-user industries including paper and pulp bleaching, water treatment, food processing, 
electronics, and disinfection in medical and pharmaceutical sectors. The electrochemical two-electron (2e-) oxygen 
reduction process (ORR) offers a sustainable pathway for decentralized H2O2 production, diverging from the energy-
intensive centralized industrial anthraquinone process [1]. Metal-free nitrogen-carbon-based catalysts have emerged 
as promising alternatives for expensive, toxic, and scarce noble-metal or alloy catalysts like Pt, Pd, Au, Pt–Hg, and Au–
Pd for 2e– ORR [2]. 
In this study, we synthesized nitrogen-doped carbon-based catalysts (NCC) from polyaniline (PANI) using a microwave-
assisted method (MW). MW heating offers a compelling alternative to conventional thermal methods, providing 
quicker heating, enhanced energy efficiency, and the potential for nanostructure formation with distinct morpho-
logical or structural properties [3]. The MW synthesis of NCC was performed in a microwave calorimeter equipped 
with a dual-mode cylindrical cavity. This setup allowed simultaneous heating of the sample and measurement of the 
material's dielectric properties relative to the carbonization temperature [4]. Control of heating in the PANI sample 
was achieved by tuning the resonant frequency near 2.45 GHz, regulating the resulting MW power delivered to the 
cavity. Oscillations in MW power within the 20±10 W range facilitated rapid heating and cooling cycles in the 350 to 
500 °C temperature range, yielding uniform NCC structures (NCCheating-cooling). Conversely, continuous MW power 
increase led to thermal run-away and localized superheating of the material. The ORR performance of the synthesized 
NCC was assessed using a rotating ring-disk electrode (RRDE) with a Pt ring and glassy carbon (GC) disk in O2-saturated 
0.1 M KOH media. NCCheating-cooling samples exhibited 93 % selectivity to H2O2, diffusion-limited current densities of 
2.6 mA cm–2, and H2O2 production current of 3.9 mA cm–2, surpassing values reported for nitrogen-doped carbon-
based catalysts synthesized by conventional heating documented in the literature. 

 
Figure 1. The RRDE polarization curves of NCCheating-cooling samples in O2-saturated 0.1 M KOH,  

produced through rapid heating and cooling stages during MW heating. 
 

Acknowledgement: The research leading to these results was supported by the Johannes Amos Comenius Programme, 
European Structural and Investment Funds, project CHEMFELLS V (CZ.02.01.01/00/22_010/0003004). 
 

References 
1. S. Yang, A. Verdaguer-Casadevall, L. Arnarson, L. Silvioli, V. Čolić, R. Frydendal, J. Rossmeisl, I. Chorkendorff, I.E.L. Stephens, ACS Catal. 8 

(2018) https://doi.org/10.1021/acscatal.8b00217  
2. Y. Sun, I. Sinev, W. Ju, A. Bergmann, S. Dresp, S. Kühl, C. Spöri, H. Schmies, H. Wang, D. Bernsmeier, B. Paul, R. Schmack, R. Kraehnert, B. 

Roldan Cuenya, P. Strasser,  ACS Catal., 8 (2018). https://doi.org/0.1021/acscatal.7b03464  
3. Q. Li, G. Fang, Z. Wu, J. Guo, Y. You, H. Jin, J. Wan, ChemSusChem,  e202301874 2024. https://doi.org/10.1002/cssc.202301874 
4. J.R. Sánchez, J.D. Gutiérrez-Cano, P.J. Plaza-González, F.L. Penaranda-Foix, J.M. Catalá-Civera, Microwave calorimeter for dielectric and 

thermal analysis of materials, Energy, 263 (2023). https://doi.org/10.1016/j.energy.2022.125909  

0,3 0,4 0,5 0,6 0,7 0,8 0,9

-4

-3

-2

-1

0

1

2

3

4

5

j H
2
O

2
, 

m
A

 c
m

-2
g

e
o

m
.

j d
is

k
, 

m
A

 c
m

-2
g

e
o

m
.

E, V vs. RHE

https://doi.org/10.1021/acscatal.8b00217
https://doi.org/0.1021/acscatal.7b03464
https://doi.org/10.1002/cssc.202301874
https://doi.org/10.1016/j.energy.2022.125909

