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Many materials used in space applications are of known good physical properties, but what is documented can be lacking when it comes to
exposure to naturally occurring ionizing radiation. This is particularly true for the environment in medium earth orbit, typified by the
operational orbits of Global Positioning System (GPS) satellites (approximately, 12,550 miles). Although GPS satellites, generally, orbit in the
"slot region" between the Van Allen belts, their long service life and fluctuation in trapped particle flux in this region - due to magnetic and
solar disturbances - can subject the satellites and their payloads to an appreciable total ionizing dose (TID). This paper examines several
common materials used in satellite assembly and the effects on these materials from progressively accumulated TID.
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Effects of High TID Observations for Epoxy Thermosets
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Conclusions

* The radiation sensitivity of some common epoxy adhesives and potting materials utilized in space environments was examined to TIDs of 70 Mrad in an inert atmosphere. While some materials exhibit signs of chain scission (not shown) and others exhibited
signs of additional cross-linking, the magnitude of change in thermomechanical properties at these dose levels were relatively small in all materials except the Scotchcast 281, which exhibited thermomechanical property changes of magnitude well beyond any
known reports under similar conditions.

* The additional cross-linking is proposed to be associated with polymerization of C=C bonds that remain in the epoxy network after cure. The cross-linking has been confirmed NOT to be associated with the following: (1) remaining reaction potential
associated with the epoxy-curative functionality, (2) thermal heating associated with the irradiation and (3) oxidation during irradiation associated with any “loss” of the inert environment

* Changes in thermomechanical properties are insensitive to the dose rate at which the irradiation is performed and hence depend only on TID

Further Interests

* The details of the cross-linking process under irradiation are unknown as are the relative contributions of the castor oil and maleic anhydride C=C consumption to the resulting thermomechanical property changes. Systematic substitution of the maleic
anhydride with other anhydrides (e.g., with and without C=C) in the curative would help to discriminate relative contributions to the changes in the material associated with irradiation.
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