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The diffusion-controlled oxidation (also named "physical effect of the dose rate") is an
unavoidable phenomenon that occurs in polymers under ionising radiation in presence of
oxygen. Indeed, oxygen is consumed inside the polymer consecutively to radio-oxidative
processes. When oxygen molecules are consumed faster than they can diffuse inside the
sample, oxidation is not homogeneous within the sample thickness. This leads to a
heterogeneous oxidation profile with a minimum of oxidation at the centre of the sample.

In this context, the concept of critical thickness Lc has been introduced. It corresponds to the
thickness for which the cumulative oxygen consumption is equal to 90% of the oxygen
consumption which would occur if the oxidation was not limited by the oxygen diffusion.

Gillen and Clough [1] have determined a practical way to estimate the value of Lc from
several parameters linked to the experimental conditions in the frame of the homogeneous
steady-state kinetic model simplified by a relation giving the reaction constant for the
recombination between the macroradicals, P°, and the peroxyl radicals, POO°. This common
assumption has the unique purpose of providing an analytical solution of the oxidation rate
but is in fact unfounded. Consequently, we reconsidered the calculus, still in the frame of the
homogeneous steady-state kinetic model, but without this unrealistic hypothesis on the
reaction rate between P° and POO0. We compared the results obtained in both cases. And it
appears that, exception made of the very low oxygen pressure region, Lc is not significantly
affected by choosing the simplified kinetic model.

[1] K. T. Gillen and R. L. Clough, Chapter 4 - Accelerated Aging Methods for Predicting
Long-Term Mechanical Performance of Polymers, "Irradiations Effects on Polymers"-
D.W. Clegg & A. A. Collyer, (1991)

119


