Abstract: 
[bookmark: _Int_o3462rEQ][bookmark: _Int_T2eCDegg]Over the past several decades, fiber-reinforced composites have become the material of choice for many high-performance applications due to their superior specific strength and modulus. However, many applications require more than mechanical properties alone, and thus other materials are often added to composites to achieve multifunctionality, such as electrical or thermal properties. One such application is in the aerospace industry, where copper mesh is often added to carbon fiber composites in order to shield against electromagnetic interference. The rapid development of electronic communications has led to a vast amount of electromagnetic pollution, and stray electromagnetic waves may unintentionally interact with other electronic devices, meaning that most electronic devices must be shielded against unwanted electromagnetic waves. Traditionally, metals have been used as shielding materials because their high electrical conductivity confers exceptional shielding properties. As carbon fiber-reinforced polymers (CFRPs) have become the primary structural material for aerospace applications, these layers of metal mesh and foil must be added to increase their electrical conductivity. However, several industries, including aerospace, have sought to replace metal conductors with other conducting materials, such as carbon nanotubes (CNTs). While CNTs are less conductive than many metals, they offer many other advantages, including lower density, higher chemical stability, and better flexibility, thus reducing weight and emissions, improving fuel economy, and minimizing maintenance requirements.  
[bookmark: _Int_M0U07IJo]This research investigates the incorporation of multiple nanomaterials, namely CNT sheets, silver nanowires, and MXene, into fiber-reinforced composites for EMI shielding applications, with the goal of tuning EMI shielding properties based on composite design. We manufactured glass fiber reinforced laminates containing two layers of CNT sheet to understand how the placement of CNT sheet within the laminate affects shielding effectiveness (SE). Next, carbon fiber laminates were similarly fabricated with layers of CNT sheet at different layups. Interestingly, the shielding mechanisms as well as the trend in the layup effect on EMI shielding, appear to differ from those for glass fiber laminates. These results suggest that the interactions between conductive CF and CNT could negatively affect the shielding performance, and therefore the layup needs to be carefully designed. To further investigate the interactions between conducting and insulating materials, a simulation study was used to design laminates with GF, CF, and CNT layers, and an analysis of variables was used to study trends in this material system. The properties of the CNT sheet itself may also be adjusted. We studied three hybrid CNT sheets made with silver nanowire (AgNW) and three hybrid CNT sheets with MXene. The addition of AgNW and MXene increases the electrical conductivity and reduces its thickness, at the cost of increased density. Lastly, EMI performance of novel and scalable CNT yarn composites is directly compared to state-of-the-art CFRP composites for shielding performance. The CNT yarn composites boast an electrical conductivity that is nearly 100 times higher than that of CFRP, while also resulting in improved thermal and tensile properties. Together, these results are valuable for designing high-performance EMI shields using non-metallic conductors in composite laminates.

