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hydrothermal process. The structure test of X-ray diffraction (XRD) and scanning electron microscope

(SEM) characterisation was used to determine the relation between the morphology of the electrode

and its electrochemical value. The morphology of the composite electrode indicated that the

nanocomposite electrode had better values than the single material electrode. Additionally, cyclic

voltammetry (CV) and electrochemical impedance spectrum (EIS) tested in a two-electrode system

indicated that the specific capacitance of MWCNT-rGO-TiO2 30% was 168 F g  and showed the energy

and power density to be 15 Wh kg  and 337.5 W kg , respectively. This result was higher with the

other electrode due to the faradaic and non-faradaic processes in the electrode. © 2022. The Authors.

Published by ESG. All Rights Reserved.
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This paper presents the voltammetric behavior of electroactive metallosilsesquioxane and their use in 

the detection of 4-CP. The metallosilsesquioxane was synthesized in two steps. First by direct reaction 

between hydrochloride octa(aminopropyl)silsesquioxane (POSS-NH3
+Cl-) and Zn2+ a second by 

electrostatic interaction with [FeCN6]
4- (SZnFe). The nanostructured material showed a well-defined 

three redox couples with formal potential (Eθ') of approximately 0.33, 0.78 and 1.01 ± 

0.01V (vs Ag/AgCl). Voltammetric analysis showed that the formal potential (Eθ') strongly depends on 

concentration and electrolyte type, but the system remained unchanged with pH values between 2 and 

8. The SZnH graphite paste electrode exhibits a sensitive and catalytic oxidation response for the 

detection of 4-CP. For detection of 4-CP, the modified graphite paste electrode had a linear range of 

6.0×10-7 to 6.0×10-5 mol L-1 with a limit of detection of 5.3 ×10-6 mol L-1 and a sensitivity of 0.53 A/ 

mol L-1. This electrode could be used to detect 4-CP in tap water. 

 

 

Keywords: Metallosilsesquioxane; Octa(aminopropyl)silsesquioxane; Prussiam blue analogs; 

Voltammetry; Graphite Paste Electrode; 4-Chlorophenol. 

 

 

1. INTRODUCTION 

 

Research in advanced polymers, composites and nanostructured materials has collaborated to the 

development of new materials for technological application in recent years, constituting a research center 

that attracts researchers from other fields of knowledge. 

http://www.electrochemsci.org/
mailto:devaneydocarmo@hotmail.com
faaiiz.rahman@gmail.com
Highlight



  

Int. J. Electrochem. Sci., 17 (2022) Article Number: 22054, doi: 10.20964/2022.05.16 

 

International Journal of 

ELECTROCHEMICAL 
SCIENCE 

www.electrochemsci.org 

 

 

Corrosion Behavior of Zinc-Aluminum-Magnesium Coated 

Steel in Simulated Marine Atmosphere 

 
Tianzhen Gu1,2, Peng Zhang3,4, Mingxiao Guo1,2, Can Peng1,2, Cheng Ma4, Yuwei Liu1,*,  

Zhenyao Wang1,* 

1 Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China 
2 School of Materials Science and Engineering, University of Science and Technology of China, 

Shenyang 110016, China 
3 National Engineering Laboratory of Advanced Coating Technology for Materials, China Iron & Steel 

Research Institute Group, Beijing 100081, China 
4 HBIS Group Technology Research Institute, Shijiazhuang 050023, China 
*E–mail: ywliu12s@imr.ac.cn; zhywang@imr.ac.cn 
 

Received: 7 November 2021  /  Accepted: 27 December 2021  /  Published: 5 April 2022 

 

 

The corrosion behavior of zinc-aluminum-magnesium (ZAM) coated steel in a simulated marine 

atmosphere was investigated using compositional, morphological, electrochemical, and mass loss 

analyses. The results revealed that the corrosion rate of ZAM coated steel fluctuated because of the  

corrosion products formed during its exposure to the marine atmosphere, and the mass loss after 1848 h 

of exposure was 27.37 g·m–2 after 1848 hours’ exposure. The corrosion preferentially occurred in the 

eutectic phases, especially in the eutectic phases near the primary zinc phase and with an area smaller 

than the primary zinc phase. As the exposure time increased, some of the corrosion products flaked off 

from the coating, leading to the aggravation of local corrosion and the formation of corrosion pits. 

Moreover, the corrosion products in the corrosion pits were dissolved, which can be attributed to the 

decrease in pH caused by the consumption of hydroxides during the chemical reactions of the corrosion 

process. 

 

 

Keywords: ZAM coated steel; atmospheric corrosion; mass loss; electrochemical measurements; 

corrosion pits 

 

 

1. INTRODUCTION 

 

The structural steel coated by galvanized coatings is widely used for home appliance and 

automotive applications. The elements of Al, Mg, Si were added to coatings in order to increase 

corrosion resistance and satisfy the requirements of manufacturing. ZAM coating, a novel coating 

developed from galvanized coating, has an excellent corrosion resistance and is being used in buildings, 
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