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The actively cooled target plates in the divertor of ITER will be subjected to high thermal fluxes (~ 10 MW/m2). These target plates are

compound structures of an armour material at the surface – either carbon fibre reinforced carbon (CFC) or tungsten – and a water

cooled CuCrZr structure inside or below. The thermal limit of  the interface between the two materials must not exceed 550°C.

Therefore, the temperature must be carefully monitored to prevent structural damages of the divertor plates. Non contact measurements

of the temperature offer the advantage to avoid weakening of the cooling plate structure which is already quite complex to manufacture.

Infrared thermography of the target surface is therefore considered as a possible solution. Recently a diagnostic concept for spectrally

resolved ITER divertor thermography using optical fibres has been proposed  by CEA-Cadarache [1]. However, the divertor region will

have to face high-radiation flux and the radiation-resistance of InfraRed (IR)-fibres must be evaluated.

In collaboration with CEA-Cadarache, an irradiation program has been started at SCK&#61655;CEN (Mol, Belgium) with the aim to

measure the radiation-induced absorption of different IR fibre candidates operating in the 1-5 µm range. We selected various

commercially available IR technologies: ZrF4, Hollow-Waveguide, Sapphire and Chalcogenide. For wavelengths below 2 µm we also

tested low-OH silica fibres.

We carried out a gamma irradiation at a maximum dose-rate of 0.42 Gy/s up to a total dose of about 5000 Gy. We showed that the

optical transmission of ZrF4 fibres strongly decreased under gamma radiation, primarily for wavelengths below 2 µm. In this type of

fibre typical optical losses can reach 50 % at 5000 Gy around 3 µm. Nevertheless, the optical transmission can be significantly

recovered by performing a thermal annealing treatment at a temperature of 100°C. 

We also irradiated a Silver-coated hollow waveguide fibre at the same dose-rate but up to 25 kGy. Still at this total dose, we did not

observe significant change in the optical transmission due to radiation. From the point of view of radiation hardness, this fibre appears

to be promising for thermography applications but several intrinsic shortcomings, mainly its high intrinsic absorption (~ 1 dB/m ) and

strong optical sensitivity regarding the bending radius, limit the applicability of this technology.

Further irradiation tests are currently in progress to evaluate the radiation resistance of sapphire and chalcogenide fibres. At the time of

the conference, we will compare the radiation resistance of all these IR fibres. For the time being, we conclude that zirconium fibres

could be used in the 3-4 µm region if the radiation flux does not exceed 1 Gy/s and if the fibre is simultaneously heated around 100°C.

For wavelength above 3 µm, hollow fibres appears to be a good candidate but for short fibre length only.
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