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Abstract

Living organisms on Earth have developed diverse adaptations to survive under harsh environmental
conditions. Throughout human history, such biological features have inspired technological innovation.
As no indigenous life form has yet been discovered in space, analogous extreme environments on Earth are
studied to develop solutions for extraterrestrial conditions. High-radiation areas such as the Chernobyl
nuclear power plant serve as natural laboratories due to their similarity to cosmic radiation environments.
Research in these regions has demonstrated that fungal species like Cladosporium sphaerospermum can
survive intense radiation exposure through the melanin pigment in their cell walls. Experiments con-
ducted on samples sent to the International Space Station (ISS) in 2018 reported radiation attenuation
rates between 2.17% and 2.42%, with projections reaching 4.34% under full surface coverage. (Shunk et
al., 2020) This study proposes a melanin-based hybrid composite design for space habitats inspired by this
biomimetic reference. The concept introduces melanin-doped polymer matrix structures to mitigate the
harmful effects of high-energy particles on astronauts and electronic systems during deep space missions.
Unlike conventional heavy-metal shielding, this carbon-based composite minimizes secondary radiation
(spallation) effects. The proposed configuration consists of carbon fiber layers on the exterior and glass
fiber layers impregnated with melanin-doped resin on the interior. Melanin enhances the composite’s
thermal resistance due to its high thermal stability and reduces radiation-induced degradation by ab-
sorbing and dissipating radiation energy. Additionally, it functions as a nano-filler within the polymer
matrix, strengthening the fiber–matrix interfacial bonding. Tensile tests conducted in our university lab-
oratory indicated that melanin incorporation improved mechanical strength by approximately 5%. The
developed composite structure is approximately 40% lighter than commonly used Aluminum 7075-T6 in
aerospace applications. A model satellite incorporating this technology achieved third place nationally
at the Teknofest Model Satellite Competition in Turkey. Experimental investigations are performed at
Zonguldak Bülent Ecevit University. Observations indicate that melanin pigments help arrest capillary
crack propagation within the internal structure. Mechanical properties will be tested according to ASTM
standards and validated through ANSYS simulations. Radiation shielding performance will be further
analyzed using GEANT4 or MCNP simulations. Samples prepared with varying melanin ratios (1%, 3%,
and 5%) will be comparatively evaluated. This low-cost and innovative approach offers broad applica-
tion potential, including satellite structures, astronaut helmets, planetary bases, and radiation-protective
equipment on Earth, aiming to provide an in-situ producible shielding solution for future space habitats.
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