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Abstract

The process of radiation induced corrosion of copper is not well understood.
The most obvious situation where the knowledge of this process is crucial is
in a deep repository for high level spent nuclear fuel where the fuel will be
sealed inside copper canisters. The radiation will penetrate the canisters and be
absorbed by the surrounding environment. In this study gamma irradiations of
polished and pre-oxidized copper cubes in anoxic pure water, air of 60-100 %
RH and in humid argon were performed. The copper surfaces were examined
using IRAS, XPS, cathodic reduction, SEM, AFM, and Raman spectroscopy.
The concentration of copper in the reaction solutions was measured using ICP-
OES.  Also the formation of oxidative species caused by radiation absorption
of water was studied by numerical simulations using MAKSIMA software. The
corrosion of copper during gamma irradiation vastly exceeds what is expected.
The production of oxidative species caused by radiation absorption of water is
hundreds of times too low to explain the amount of oxidized copper. A possible
explanation for this mismatch is an enhanced radiation chemical yield of
HO· on the copper surface. Another one is an increased surface area due to
oxidation of copper. One speculation is that HO· interacting with the copper
oxide can cause oxidation of the metal. If the thermodynamic driving force is
large enough then electrons can be conducted from the metal through the oxide
to the oxidant. A dramatic increase in surface area together with an increased
interfacial yield of HO· might explain the radiation enhanced corrosion process.
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