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Deep-space travel drives the need for advanced and lightweight thermal protection materials. Traditional materials, such as bulky carbon-carbon composites and complex coatings, are often heavy and expensive. This research investigates the use of carbon nanotube (CNT) yarns combined with various precursor systems, such as commercial-based pitch and high-temperature thermoplastics, to develop lightweight and high-performance thermal protection materials. Using newly developed fabrication techniques, unidirectional composite panels are created with CNT yarns and CNT aerogels (sock). These panels are subjected to thermal treatments, including carbonization and graphitization at a controlled rate of 1°C per minute up to 2200°C, to enhance their structural integrity and thermal properties. The innovative use of mixed resin systems and CNT socks improves load transfer and reduces void content, resulting in composites with enhanced properties. This research aims to develop scalable and new solutions for thermal protection systems, providing valuable insights into the microstructure-property relationship and potential of these advanced materials for high-performance aerospace structure applications. 

