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Ensuring the safety of polymer sealants in propulsion systems is critical for space applications, where materials must exhibit both thermal stability and resilience under extreme conditions. This study investigates the effects of nitrous oxide (N2O), a common oxidizer in rocket propulsion, on key propulsion sealants and lubricants. Exposure testing was conducted using in-house pressure chambers with liquid and gaseous N2O for short term (~100 Hrs) to long term (~2000 Hrs) durations. Liquid N2O was used on solid samples of fluorinated ethylene propylene (FEP), polyether-ether-ketone (PEEK), and polytetrafluoroethylene (PTFE), while gaseous N2O was applied to PTFE greases containing ether. Post-exposure analysis was performed to assess changes from time scale-dependent and physical properties. Fourier transform infrared spectroscopy (FTIR), nanoindentation, laser scanning microscopy (LSM), and thermogravimetric analysis (TGA) were employed to evaluate chemical and physical interactions with N2O. FTIR was used to detect functional group modifications, nanoindentation detected changes in mechanical static and dynamic behavior,  LSM enabled visualization and surface roughness analysis, and TGA identified thermal shifts through variations in onset temperatures across different exposure conditions. Preliminary results show N2O exposure alters the performance of FEP and PTFE, while PEEK remains relatively stable. These findings provide critical insight into the chemical and mechanical degradation of polymer sealants in N2O-rich environments, informing material selection and design strategies for propulsion systems in space applications.
