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The erosion of the divertor and of the first wall determined on the base of the anticipated operating conditions, is a critical issue that

could affect the performance and the operating schedule of the nuclear fusion reactor ITER.

This paper deals with the analysis of beryllium thermal properties by means of MD simulations, in order to better predict thermal

behaviour of beryllium armoured PFCs in fusion devices.

The importance of this analysis is clearly connected to thermal response evaluation of PFCs to high heat flux exposure, during

off-normal events and Edge Localized Modes. The ensuing strong over-heating, in fact, produces material ablation through

vaporization of surface material layers and possible loss of melting material. The overall PFCs erosion has bearings on plasma

contamination, due to eroded material transport, and components lifetime, due to armour thickness reduction.

An important feature of beryllium is its high vapour pressure. During thermal transients the strong vaporization keeps surface

temperature relatively low but eroded thickness results high as well. Small changes in beryllium vapour pressure produce not negligible

differences in thermal analyses results.

On the basis of available force fields, classical Molecular Dynamics simulations have been carried out in order to better understand

surface vaporization in tokamak conditions and to evaluate the effect of  beryllium oxides formation. This effect has been successfully

modelled by MD simulation, carried out with Moldy code. Morse stretching and bending potential for Be–O bond simulation have been

used, and partial charges method, accounting for molecular polarity, has been employed.

Since during short thermal transients, such as ELMs, only a few microns of Be armour will be overheated and reach melting threshold,

the effective thermal conductivity is very important in determining the temperature evolution of surface layers and the ensuing erosion.

Thermal conductivity can be evaluated by computing the time correlation function for  the energy current. 

The virial equation has been employed in computing pressure during MD simulations at temperature close to phase change conditions.

Clapeyron’s relation has then been used to evaluate vapour pressure and vaporization latent heat for beryllium. 

Finally non-equilibrium MD simulations have been carried out to better understand and evaluate surface vaporization at typical vacuum

conditions foreseen for ITER and future tokamaks.

Results show the importance of oxides formation in determining the effective values for thermal conductivity and vapour pressure of

beryllium.
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