YEARS
. 1965-2025

Project Title: MIRACLES “Multifunctional flbre-Reinforced plAstic Composites withMXene LayErS”

Project Code: Grant Agreement No. 101182521

Project Goal: In the fields of aeronautical, marine, wind turbine, and transport engineering, it is crucial to
develop materials and structures that are lightweight, strong, reliable, and capable of operating under extreme
conditions such as high loads, intense humidity, or ice formation. Fibre-reinforced plastic composites (FRPC)
are an effective solution, but they often require repairs or replacements, increasing costs, risks, and
environmental impact since their recycling is not yet fully resolved.

The MIRACLES project focuses on a promising innovation: the use of thin, smart layers based on MXene, a two-
dimensional nanomaterial with excellent mechanical, electrical, and hydrophilic properties. In particular,
TisC,Tz MXene can be produced without aggressive chemicals, making it environmentally friendly and suitable
for protective or multifunctional coatings on FRPC. These layers can enhance safety, protect against moisture,
enable material monitoring, reduce weight, and even prevent icing through localized heating.

The project combines advanced chemistry research, materials engineering, and industrial expertise to develop
both pure MXene materials and MXene-polymer composites, model their properties theoretically, test them
experimentally on FRPC samples, and optimize production processes. The use of eco-friendly MXene allows
shorter production times and avoids hazardous substances, making the new layers sustainable and scalable.

Beyond the technical aspects, MIRACLES also promotes interdisciplinary and international collaboration,
knowledge exchange between chemists and engineers, the training of young researchers, and the transfer of
scientific innovations to industry. The ultimate goal is to produce FRPC structures that are safer, lighter, more
efficient, and environmentally friendly, reducing environmental impact, improving energy efficiency, and
supporting sustainable production in line with circular economy principles.
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