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Abstract 

Two-dimensional (2D) fillers, such as graphene and hexagonal boron nitride, offer strong potential for the 

development of high-performance polymer composites for thermal management in space energy systems. 

Their integration into space-qualified polymer matrices enables the enhancement of thermal conductivity 

while maintaining the low weight, versatility, and processability required for advanced space applications. 

Particular attention is given to the use of 2D fillers as functional additives in polymers to improve heat 

dissipation and temperature control in components associated with space power generation, storage, and 

distribution. Through careful control of filler type, concentration, dispersion, and orientation, polymer 

composites can achieve improved thermal performance together with enhanced mechanical properties and 

tailored electrical behavior. These multifunctional characteristics are especially relevant for the fabrication 

of lightweight and reliable components, including those enabled by additive manufacturing technologies. 

Beyond thermal management, 2D fillers can also contribute to improved durability of polymer-based 

materials under the harsh conditions of the space environment. Benefits may include increased resistance to 

ultraviolet radiation, atomic oxygen, and thermo-mechanical degradation, all of which are critical for long-

term performance in orbit and deep-space missions. Overall, high-performance polymer composites filled 

with 2D materials represent a promising class of materials for next-generation thermal control solutions in 

space energy systems. Their development opens new opportunities for multifunctional, lightweight, and 

resilient materials capable of supporting future space platforms and related high-value industrial 

applications.  

 


