
77th International Astronautical Congress 2026

IAF/IAA SPACE LIFE SCIENCES SYMPOSIUM (A1)
Interactive Presentations - IAF/IAA SPACE LIFE SCIENCES SYMPOSIUM (IP)

Author: Ms. Zeynep Begüm Yalçın
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DEVELOPING AN ALTERNATIVE SOLUTION TO OXYGEN TANKS IN SPACE SUITS

Abstract

Humans’ desire to explore new places has increased focus on space exploration with advancing tech-
nology and accelerated work in this field. Traditional astronaut suits developed to help astronauts adapt
to the harsh conditions of space contain oxygen tanks that are heavy and hold limited amounts of oxygen,
negatively impacting space exploration in terms of cost and duration. This project plans to design an
alternative biotechnological oxygen generator that can be used instead of oxygen tanks and placed inside
astronauts’ helmets. An astronaut helmet model was prepared using Tinkercad. Oxygen generators will
be prepared using fibroin found in silk components, C. vulgaris microalgae, and silicone hydrogel. Dur-
ing various processes, fibroin will be extracted from silk components, and cultured C. vulgaris will be
embedded in the extracted fibroin. The resulting gel will be embedded in silicone hydrogel to ensure it
does not cause problems in terms of oxygen production in space. This component will be placed between
outer and inner layers of astronaut helmets with 405-450 nm spectrum light to maximize photosynthesis
efficiency. A small amount of oxygen will be released into environment to sustain oxygen production
and survival of microalgae. This will be achieved via mechanism on helmet side surfaces. A simulation
environment was created using a Python language model to determine the oxygen production efficiency
of the fibroin gel embedded in the silicon hydrogel to be produced. This enabled the determination of
the most efficient oxygen production conditions for the fibroin gel and the oxygen production efficiency
inside the astronaut helmet on Earth and in space. Furthermore, during the calculations, the gel’s top
degradation rate and gas diffusion were also taken into account. The structure of the gel to be prepared
and how it would be placed in the astronaut helmet were determined based on the results of the simulation
experiment. The simulation was performed over a 1440-minute modeling period. When the simulation
results were examined, it was seen that the total oxygen production volume of the hybrid gel structure
reached approximately 25-30 mL, providing a clear advantage over unprotected models. Furthermore,
while the silicone hydrogel degraded after 720 minutes, the pure fibroin gel degraded at 480 minutes, and
the silicone hydrogel was found to be 50% more efficient, enabling the system to exhibit behavior similar
to terrestrial conditions. In this regard, the study presents an innovative technology that could be used
to meet oxygen needs in future interplanetary research.
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