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Ceramic insulators and windows in ITER will be subjected to bombardment by energetic hydrogen isotopes and helium as a

consequence of ionization of the residual gas by gamma radiation and acceleration of the ions by the local electric fields. Most of the

energy carried by these particles will be deposited at or very near the surface giving rise to possible electrical and optical degradation.

Severe surface electrical degradation has recently been observed when oxide materials are implanted to low doses (1015  ions/cm2)

with protons and alpha particles at temperatures between 50 and 450 C. In order to estimate the relevance to fusion applications and

hence the lifetime of ceramic insulators in ITER it is necessary to quantify possible ion currents generated in the residual gas by

measuring radiation induced electrical conductivity for hydrogen isotopes and helium gases at low pressures and then perform

experiments in which ceramic candidate materials are subjected to ion bombardment at representative currents and energies.

To determine the magnitude of radiation generated ion currents, experiments have been carried out in a special gas chamber mounted in

the beam line of a 2 MeV Van de Graaff electron accelerator, with the gases being irradiated through an 0.05x10-3 m thick aluminium

window with 1.8 MeV electrons. A guarded volume was defined between two parallel square copper plate electrodes separated by

1.5x10-2 m. The experimental set-up permitted an electric field to be applied to the irradiated volume of gas, and the electric current

flowing through the ionized gas to be measured. For these experiments the radiation beam was perpendicular to the electric field

direction.  In this way radiation induced conductivity for  helium and  hydrogen has been measured at pressures between about 1000

and 10-3 mbar (105 to 10-1 Pa), radiation dose rates of 30  Gy/s and applied voltages up to 1500 volts.

The radiation induced electrical currents for low pressure helium and hydrogen exhibit a complex dependence on pressure and voltage.

The results obtained in this work indicate that the surface of electrical insulators in a fusion reactor may be subjected to a bombardment

flux of ions of the order of 1 nA/(Gy cm2) for a local pressure of 10-3 mbar. At this flux if the ions gain sufficient energy, rapid surface

electrical degradation on the vacuum face of the insulators will occur.
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