POLYMERIC BIOMATERIALS WITH SPECIAL APPLICATIONS

FIBER REINFORCED POLYMER COMPOSITE MATERIALS WITH SELF-HEALING PROPERTIES 

The PhD Thesis’s objective was to investigate different self-healing systems that could be used for fibre-reinforced polymer composite materials in the aerospace field, thus increasing the lifetime expectancy of the aerostructures. Through the activation of such self-healing systems, material degradation is stopped at in-situ level, therefore eliminating the macroscopic defects and restoring, at least partially, the structural properties of the matrix material. Structures that have embedded the self-healing systems can be characterized by high performance and durability which have a great influence over economic factors, such as: reducing the consumption of raw materials and energy required to replace or repair the damaged component, maintenance cost efficiency, increasing the safety of the whole structure by minimizing the risks of total damage caused by an unforeseen stress, etc. Considering the above, three self-healing systems were developed and characterized from a structural and thermo-mechanical point of view. The first two systems were developed in microcapsules form, using two different healing agents. First healing agent was dicyclopentadiene with a poly-urea-formaldehyde shell, and the second healing agent was ethyliden-norbornede with a melamin-urea-formaldehyde shell. The third self-healing system was developed under a nanofibres form (mimicking the microvascular form), consisting of polyacrylonitrile shell with embedded dicyclopentadiene as healing agent. To investigate the self-healing character of the three self-healing systems, three-point bending and low-speed impact mechanical tests were proposed and performed. Following the mechanical tests, it was found that the three self-healing systems developed offer the possibility for the composite material to recover its mechanical properties in different percentages relative to the volume of self-healing system added. Consequently, it can be said that the development and use of a microvascular system together with the introduction of some nano-reinforcing elements (carbon nanotubes), offers an increase in the mechanical properties of the material, an increase in the reactivity at molecular level, speeding up the repair process as well as increasing the elastic deformation capacity of the matrix. In conclusion, through the research and determinations made during the work, the process of manufacturing and evaluation of the self-healing systems developed by implementing them in epoxy resin and composite material was validated.
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