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The cross linking and chain scission of irradiated polyethylene

Abstract:

Electrical insulation around cabling is an essential engineering component in nuclear power
plants. It is often comprised of ethylene-propylene rubber or cross-linked polyethylene in addi-
tion to other components such as fire retardants. During its lifetime, it is subjected to an environ-
ment of heat, radiation, water, and other constituents that can lead to damage. For the purpose of
maintenance and reactor recertification, it is necessary to develop a non-destructive approach to
determine the state of the insulation over time. Accelerated aging experiments are used to devel-
op these methods, although at this time it is unclear how to relate the accelerated aging results
to in situ aged specimen. Here we use a kinetic rate model to investigate the impact of radiation
dose rate and total dose on damage to polyethylene, which takes the form of cross linking and
chain scission. Analytical expressions are developed for the concentration of cross-linked and
scissioned sites as a function of time and radiation rate. At low total doses, the scission reaction
rate is significantly slower than cross linking, but at high total doses the situation is reversed. In
addition, whereas the cross-linking reaction terminates rapidly when the radiation is turned off,
chain scission can continue for months or years after the exposure is ended.
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