Секція 1 – Композиційні матеріали на основі полімерів
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Thin film polymer composites incorporating red mud particles as agents for forming textured surfaces with water repellent properties. 
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Abstract This study explores a potential approach to derive the foundation for water-resistant coatings from red mud. The process involves annealing to remove the water-soluble components of the waste. The research demonstrates that the utilization of stearic acid as a water-repellent agent yields the highest contact angle of 143°. The findings indicate that red mud could be a viable source for producing hierarchical systems capable of achieving hydrophobicity, in addition to the conventional particulate fillers.
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Nature has a number of water-repellent surfaces that use the stable Cassie state due to their unique structure and chemical composition [1]. The study of lotus leaf surfaces has led to the development of the field of research on hydrophobic surfaces, which has resulted in the creation of theoretical criteria for the most effective water-repellent structures based on geometry [2]. However, the technology of water-repellent coatings is still in the developmental stage and is limited by issues such as scaling difficulties, high costs, and low stability under atmospheric conditions [3]. One potential solution to this problem is the use of waste particles, such as red mud, as components of dispersed particles. However, red mud has high chemical activity and water-soluble components, which can be overcome through inactivation with acid gases, the hydrothermal method, or high-temperature annealing. The aim of the study is to confirm the possibility of producing thin-layer water-repellent coatings based on these particles, which could open up a new way to valorize this approach and contribute to the stability of the Cassie state when using hierarchical structures based on agglomerates of dispersed particles [4]. 
The study confirms the effectiveness of all water repellents used in achieving contact angle values above 90° for initially hydrophilic sludge particles. When modified with stearic acid, the sludge achieves the highest contact angle values of up to 136°, attributed to the larger amount of this water repellent compared to silane ones. However, Dynasylan OCTEO is also effective in hydrophobization, and a clear difference in efficiency is observed between annealed and unannealed sludge. To form textured surfaces, different compositions were tested by varying the content of the film-forming agent binding the particles on the surface. It is worth noting that the intrinsic contact angle of the styrene-acrylic polymer used is 85°, which is quite close to the hydrophobic state.
The squeegee method used to produce coatings based on red mud and polymer results in a surface with heterogeneous wetting properties. Three types of compositions with the polymer can be identified based on their wetting properties. Type A contains the minimum amount of polymer and high porosity, resulting in the development of the surface structure. Type B has more polymer and fills voids between particles, but the surface remains rough and matte. Type C contains enough polymer to cover the red mud particles completely.
Without polymer, unannealed red mud particles have a water contact angle of 53°, while annealed red mud particles have a contact angle of 55°. With the addition of a polymer, the contact angle drastically increases to 131°.

When a binder is used, there is a gradient transition from completely unwetted red mud particles to completely wetted particles. The "A" condition denotes only the lower red mud particles being wetted by the polymer, resulting in water contact angles of 133° and 138° for unannealed and annealed red mud, respectively. The "C" condition denotes complete polymer wetness of the red mud particles, resulting in water contact angles of 86° and 101° for unannealed and annealed red mud, respectively. The contact angles following the order of C>D>E. It is worth noting that even untreated red mud in the composition shows a high water contact angle, indicating the film-forming properties of the styrene-acrylic polymer and its ability to produce a stable coating that provides good protection against water. Among the water repellents used, stearic acid was found to be the most effective in achieving a contact angle of 143° in state A.

CONCLUTIONS
This article explores a potential method for repurposing red mud to derive the foundation of water-resistant coatings. The water-soluble segment of the waste is removed through annealing at 950°C. The study demonstrates that the utilization of stearic acid as a water-repelling agent in binder-depleted thin-film composites leads to the highest contact angle of 143°. Consequently, red mud can be deemed as a viable basis for producing hierarchical systems capable of achieving hydrophobicity, in addition to conventional dispersed fillers.
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