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Study of the combined corrosive effects of aggressive liquid media and electric current on composite building materials

Дослідження комбінованого корозійного впливу агресивних рідких середовищ та електричного струму на композиційні будівельні матеріали
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The study investigates the combined effect of electric current and aggressive liquid media on cement-based composite materials. Experimental results on electrochemical behavior, microstructure, and strength evolution help reveal the mechanisms of electrocorrosion processes and contribute to the improvement of protection methods for concrete structures.

У роботі досліджено комбінований вплив електричного струму та агресивних рідких середовищ на цементні композиційні матеріали. Експериментально визначено зміну електрохімічних параметрів, мікроструктури та міцності зразків, що дозволяє встановити закономірності електрокорозійних процесів і сприяє вдосконаленню методів захисту бетонних конструкцій.

Today, concrete and reinforced concrete are essential building materials, and their applications are constantly expanding. Almost simultaneously with the advent and widespread use of concrete, the electrification of all spheres of human activity occurred. Electricity powers industrial plants, construction, transportation, and everyday life. Some of this electricity is lost and leaks through the structures of buildings, structures, and components. Under most operating conditions, the corrosive effects of potential differences and electric current on reinforced concrete structures are not observed. However, electrocorrosive damage is common in structures exposed to water [1, 2]. The effects of electrical and chemical factors are synergistic: the presence of an aggressive liquid environment increases the conductivity of the material and accelerates electrochemical corrosion, while the flow of electric current enhances ion migration and leaching processes. The aim of the research is to study the processes of combined corrosive effects of electric current and aggressive liquid media on composite building materials based on mineral binders.
Experimental studies of cementitious composites exposed to the combined action of electric current and sodium chloride (NaCl) and sodium sulfate (Na₂SO₄) solutions were conducted. The research used a laboratory setup similar to that developed in work [3]. The study utilized a laboratory setup consisting of a polymer container, a DC power source (5, 15, and 40 V), an automatic voltage on/off system, a set of stainless steel electrodes, and a measuring system continuously recording the potential difference. A schematic diagram of the experimental setup is shown in Fig. 1. The study included: measuring changes in current and potential difference under the influence of a pulsed electric field; determining changes in pH and electrical conductivity of water flowing through the specimens; microstructural examination (SEM) and measurement of mechanical strength after the test cycle; establishing the relationship between polarization parameters and the rate of electrocorrosion.


Fig. 1. Scheme of the study of the penetration of anions from a solution into cement composites under the action of an additional pulsating electric potential: 1 - sample (cement-sand mortar); 2 - silicone sealant; 3 - perforated steel electrodes; 4 – polypropy-lene pipe with a diameter of 100 mm and a length of 100 mm; 5 - polyethylene container

Studying the nature of electrical interactions with concrete, mortars, and their components, identifying new patterns of these interactions, and applying them to production and electrocorrosion protection technologies will enable the development of more advanced electrocorrosion protection measures for concrete and reinforced concrete structures and buildings, reducing their operation and maintenance costs, and increasing their durability. Such research meets modern global requirements and takes into account specific technical, economic, social, and environmental conditions, making it of great importance.
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