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Within the framework of nuclear waste management, there is interest in the prediction of
long-term behaviour of organic materials subjected to high energy radiation. Once organic
waste has been stored, gases and low molecular products might be generated from materials
irradiated by radionuclides. Long-term behaviour of organic material in nuclear waste has
several common concerns with radiation ageing of polymers. But a more detailed description
of the chemical evolution is needed for nuclear waste management. In a first approach, an
extensive work on radiation ageing is used to identify the different processes encountered
during the degradation of a polyurethane, including oxidation dose rate-effects and influence
of dose on the oxidation mechanism [1]. In a second approach, a study is performed to
identify and quantify gases and possible production of water soluble chemical complexing
agents which might enhance radionuclides migration away from the repository.

In this work, we present results concerning the production of radiolytic gases and the
formation of water soluble oligomers reached with leaching tests Films were made from a
poly(ether-urethane) synthesized from methylene bis(p-phenyl isocyanate) (MDI) and
poly(tetramethylene glycol) (PTMG) with 1,4 butanediol (BD) and were irradiated by high-
energy electron beam to cover a wide doses range and by y r a v s to determine the
formation/consumption yields of gases. They were measured by mass spectrometry and gas-
chromatography/mass spectrometry (GC/MS). The migration of water soluble oligomers in
water was reached by measuring the weight loss versus leaching time. The identification of
oligomers was performed by using a mass spectrometry with an electrospray ionisation
interface (ESI-MS-MS).

The analysis of radiolytic gases indicates the formation of H2, CO2 and CO with respective
radiolytic yields of 1, 0.5 and 0.3 molecule/100 eV. The consumption of O2 is evaluated to 6
molecules/100 eV. For absorbed doses higher than 5 MGy, the H2 formation and O2
consumption decrease, whereas CO2 and CO radiolytic yields increase, which suggests a shift
in the oxidative degradation mechanism. Moreover, other minor radiolytic gases have been
identified and their concentrations increase with the dose.

The weight loss versus leaching time and dose has been measured. For doses higher than 5
MGy, the weight loss increases drastically and approaches about 25% for 15 leaching days.
The extractible fraction is composed of oligomers. These products are mainly issued from the
degradation of PTMG soft segments. From these results, a degradation mechanism of
poly(ether-urethane) induced by high energy radiation under oxygen is proposed.
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