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Abstract

Manganese dioxide (MnO3) is a promising electrode material for electrochemical
capacitors due to its low cost, abundance, and pseudocapacitive properties. This study
investigated the influence of sodium saccharin, boric acid, and ascorbic acid on the
cathodic electrodeposition of MnO: films and their electrochemical performance.
Deposits were obtained on AISI 304 stainless steel from an aqueous electrolyte containing
0.01molL™" KMnOs4and 0.1molL ™" Na.SO4at pH 7. Additive concentrations ranged from
0.5 to 5gL™', and cathodic current densities from —2 to —50mAcm™ were investigated.
Electrochemical performance was evaluated by cyclic voltammetry and galvanostatic
charge—discharge measurements, while surface morphology and elemental composition
were examined by scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDS). Sodium saccharin yielded a maximum specific capacitance of
474Fg™ at 3gL.™' and —20mAcm™. However, higher concentrations compromised film
integrity and reduced capacitive performance. Boric acid produced a maximum specific
capacitance of 310Fg™ at 3gL.”! and —10 mAcm™, with comparatively stable deposits.
SEM observations revealed dendritic and irregular agglomerates in the presence of
sodium saccharin, whereas boric acid promoted granular morphologies. EDS mapping
also indicated differences in manganese distribution between the deposits obtained with
the two additives. The use of ascorbic acid was unsuccessful under the investigated
conditions because a dark solid formed during electrolyte preparation. These findings
demonstrate that electrolyte additives influence the morphology, integrity, and capacitive
performance of electrodeposited MnQO-, highlighting sodium saccharin and boric acid as
promising alternatives for tailoring electrodes for electrochemical energy storage.

Keywords: Manganese dioxide; cathodic electrodeposition; electrochemical capacitors;
sodium saccharin; boric acid.



References

e CHI, Hongzhong; YIN, Shi; CEN, Di; CHEN, Kaijian; HU, Yongping; QIN, Haiying;
ZHU, Hongjie. The capacitivebehaviours of MnQ2/carbon fiber composite electrode

prepared in the presence of sodium tetraborate. Journal of Alloys and
Compounds,v.678,p.42-50,2016. DOI: https://doi.org/10.1016/.jallcom.2016.03.292.

e CHI, Hongzhong; ZHU, Hongjie; GAO, Linhui. Boron-doped MnQO2/carbon fiber
composite electrode for supercapacitor. Journal of Alloys and Compounds, v. 645, p.
199-205, 2015. DOI: https://doi.org/10.1016/j.jallcom.2015.05.014.

e LLS,;QLL.;LU,L.; WANG, H. Facile preparation and performance of mesoporous
manganese oxide for supercapacitors utilizing neutral aqueous electrolytes. RSC
Advances, v. 2, p. 3298-3308, 2012. DOI: 10.1039/C2RA00991A.

e GIBSON, Andrew J. et al. Electrodeposition mechanism of cathodically-prepared
manganese dioxide thin films from permanganate for use in electrochemical
capacitors.ElectrochimicaActa,v.236,p.198-211,2017.
https://doi.org/10.1016/j.electacta.2017.03.014

e LIU, Haishenget al. Thermal stability of MnO: polymorphs: a, B, v, 8 and € phases.
Journal of Solid State Chemistry,v. 305, 2025.

e TOUMOUROU, C. et al. Influence of saccharin on the electrodeposition and

properties of Co-Nialloy thin films. Surface and Coatings Technology,v. 206,n. 23-24,
2012.

e XU, G.-R.; MIN, X.-P; CHEN, Q.-L.; WEN, Y.; TANG, A.-P.; SONG, H.-S.
Electrochemical performance of MnQO:-based materials. Journal of Alloys and
Compounds, v. 691, 2017.


https://doi.org/10.1016/j.jallcom.2016.03.292
https://doi.org/10.1016/j.jallcom.2015.05.014
https://doi.org/10.1016/j.electacta.2017.03.014

