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1. Introduction

In tokamaks, large quantities of dust can be preduduring a shot by power flux to the
divertor. This has efficiency and safety implicaso including erosion of plasma-facing
components, impurities introduced by dust evapogatiear the core plasma, and tritium
retention in dust [1]. Evaporation due to arcingiog disruptions is thought to produce most of
the dust. In a tokamak, surfaces are generally méadarbon fibre composite (CFC), although
tungsten will be used in ITER. This paper continuesk done by Annaratonet al [2] in
finding dust grain steady-state temperatures iis@inopic plasma.

The following notation is used: is flux, | is energy flux (intensity). Other symbols have
their usual meanings. The subscriptee, andd denote ions, electrons and the dust grain

respectively, and the subscript O denotes a prppéthe bulk plasma.
2. Dust grain floating potential

For a spherical dust grain in an isotropic plastine,potential ¢ can be estimated by the (cold
ion) radial motion (ABR) [3] or the orbital motiohmited (OML) approach [4]. Fusion
considers ions at high temperatures, making OMlfepable. The effect of secondary electron
emission will be added to the OML model.

If the ion and electron collection areas are thmesathen for singly charged ions, the
fluxes balance. A fractiond[ of the incoming electrons will induce secondatgcton
emission, reducing the flux to @f .. Equating ion and electron fluxes gives an exgoesfor

the floating potential
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whereV = -e¢@(kgTe) and s = Ti/T.. The dust grain reaches the floating potentiahivita few
ion plasma periods, much quicker than the heaiing.t

If the secondary electron yield exceeds 1, thiehevill break down (this happens for
tungsten, but not carbon). The electron current mélinegative and the dust grain will charge
positively, until the secondaries are trapped ircoafining potential. As the majority of
secondaries are at about 3eV, we assume a poteh8&. We take ions to be Maxwellian all

the way to the grain, and take= I in this case.
3. Heating and Cooling M echanisms

Incoming particles add thermal energy to the duaingmaterial through collisions. lons
gain energy as they are accelerated through thethsh€he total energy for ions will be the
one-way flux at the presheath edg&s{d ;) plus the energy gained in the potential (assuming
no collisions). The ion and electron energy fluaethe grain are therefore

| = (@KT, +VK T, @
I, = (2kgT)I,
Conversely, for a positively charged grain, elatsrare accelerated and ions are assumed to be
Maxwellian. The effect of neutrals will be ignored.

Incoming plasma particles with enough energy are &b dislodge electrons from the
material. The dominant component comes from eladb@mmbardment. The secondary electron
emission coefficientd) for an electron beam has an analytic expres&prFpr a Maxwellian
electron distribution, one can integrate numenctil find d as a function offe. If we assume
an average energy loss per electron of 3eV, theyegrileix is -2d ..

Backscattered particles take away a fraction ofitlteming bombardment energy. The
fraction of energy backscatterede] is well described by empirical laws [6]. Only
backscattering of ions is significant. In the caé@egatively charged dust we assume that the
ion distribution at the grain surface retains thape that it has in the plasma, but each
individual ion gains an energggl. One integrates over the OML ion energies to Rag. The
energy flux lost is theRe, li. For a positively charged grain, a Maxwellian wlgition can be
used for the integration.
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Energy is liberated by recombination of electrond @&ns, the energy per reaction being
13.5eV for hydrogen. It is safe to assume all imesdent on the grain will recombine due to
large electrostatic forces. If we assume all phetare absorbed, the energy flux gained is
13.54. Similarly, two hydrogen neutrals may form a maleg releasing 2.2eV. We assume
that all neutrals are released as molecules. Tikexdactor of a half introduced: two neutrals to
one molecule, so the energy flux isd.l These molecules thermalise with the grain and are
released. Each has enerdgg R, resulting in an energy flux loss k§Tql e.

The particle will cool as dictated by Stefan’s laltie energy flux lost isoTg* wherea is
material dependent, aralis Stefan’s constant. This becomes the dominamslirgpmechanism

at larger grain temperatures.

4. Steady-State Temper atur es

At steady-state, the net power flux is equal taz&he balance is independent of the dust grain
radius, but does depend on the material. The partan survive indefinitely if the predicted
steady-state temperature is less than the evapoisiblimation temperature. Graphite
sublimes at 3925K, but tungsten will not evaponatél it reaches 5930K. We assume that
tungsten particles stay intact in the liquid phase.

Figure 1 shows predicted steady state temperatares graphite and tungsten dust grain
with a range of electron temperatures. For typMaST densities (18m™®) graphite dust
reaches a steady state Ta 70eV. In contrast, for JET/ITER densities {9°) graphite dust
will only reach steady state in temperatures beldeV. Tungsten shows interesting behaviour
as the dust grain charge flips sign at around 11&®hging the particle bombardment terms.
At temperatures above this the steady-state termyseradrops significantly. It appears
discontinuous, but this is probably due to the thet both suggested charging models break
down around this temperature. When the grain iggauh positively, the flux of ions and
electrons is determined by the Maxwellian ion flard due to the average ion velocity being
much lower than the average electron velocity, tbisers the fluxes, and therefore the
temperatures significantly. According to these Itssdungsten dust in MAST only evaporates
in a band of temperatures just below 112eV, othemitiis stable. In JET/ITER, it can survive
below 50eV, and from 112-180eV.
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Figure 1. Steady state temperatures with T, for a graphite dust grain (left), and a tungsten
dust grain (right) for typical densities inm

5. Conclusions

It has been shown that dust can survive in plasshaggh temperature. More work needs to be
done on positively charged grains in order to chibekbehaviour of tungsten. The model will
be used with a plasma background from a code irrotd make predictions about the

survivability of dust.
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