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Erosion, deposition and transport of eroded material in the divertor & ArE modelled
with the Monte Carlo impurity transport code ERO taking into accohameal erosion,
physical sputtering, enhanced erosion of redeposited carbon and bedposition. With
increasing exposure time continuous deposition of beryllium leadsitewed carbon erosion
along the divertor plates. The limit of discharges possible frioenestimated long-term
tritium retention ranges between 440 using an effective stickingniy for redeposited
hydrocarbons and 38@r an effective sticking of zero. The lifetime of the diventates is
less critical than tritium-retention, in the worst case about 70BR Idischarges. Erosion due
to transient heat loads (ELMs or disruptions) are not yet included in the modelling.

Introduction

In the current design of ITER, carbon fibre composites (CFCjaneseen for the divertor
target plates where the highest heat loads are expected. Theagdvahtnon-melting of
graphite materials opposes their strong erosion due to chemicaltimmnof hydrocarbon
molecules even at low plasma temperatures. Extrapolations tnsentexperiments to ITER
indicate a critical amount of tritium retention due to co-depwsitHowever, experimental
data are based on full-carbon cladded devices whereas in ITERubeig foreseen for the
main wall and tungsten for the baffles and the dome. No experinaatalexist for this
material choice and extrapolation must therefore base on a rbksomaerstanding of the
processes determining the fuel retention taking into account the ITERahatexi

This contribution presents ERO modelling of erosion and deposition alongvéreoditarget
plates taking into account a uniform background beryllium influx of ®ative to the
incoming deuterium ion flux. Eroded particles are followed through itregtdr plasma until
they are redeposited at the divertor plates or escape the plasma volurderedris the code.
Particles not locally redeposited are assumed to form carbors-lalyeemote areas leading to
long-term tritium retention. The chemical erosion yield by deutn impact (ions and atoms)
is calculated using the new semi-empirical “Roth” formulaeteling on the incoming
deuterium flux density, surface temperature and deuterium impaogye[1]. The chemical
erosion of redeposited carbon species is assumed to be enhanciedtoy af ten compared
to the erosion of graphite [2]. Physical sputtering is caused tkgbaund deuterium and
beryllium ions and also by eroded impurities.

Input parameter for the ERO modelling

The plasma background parameters for the ERO calculationskae from B2-EIRENE
calculations [3]. Figure 1 shows profiles of the deuterium ion ama 8tux density, electron
density and temperature as function of the distance d along thtodiplates. The distance
d=0 (dotted lines) corresponds to the location of the separatrix.



32nd EPS 2005; A.Kirschner et al. : Modelling of tritium retention and target lifetime of the ITER divertor 20f4

LE+25 £ 1E+25 51
Fo —D+ T
1E+24 L— — Do 1E424 L1 ne ——
& E | ne — E Te
e L d Te .E 5 :
E 1E+23 — E1E+23 4
o L e N
%2} [ ‘B
é 1E+22 - i N S LE+22 ¢ i
- E : \\ U, L 1
T 1E+21 - ) T LE+21 o DN
N ( : N\ w; Y | Figure1l Deuterium
% LE+20 ¢' ! S 1E+20 £ | ion and atom flux,
£ 1 £ 1 H
= = Levo b electron density and
' oo ' oo temperature along inner
1E+18 1E+18 (left) and outer (right)
202 00 02 04 06 02 0 02 04 06 divertor target plate
distance along inner target [m] distance along outer target [m] (from B2-EIRENE).

Using these plasma parameters, chemical and physical eroslids s shown in figure 2 are
calculated. For simplicity, the figures show only the erosiordéyterium ions whereas a
similar picture arises from erosion due to deuterium atoms. diguishows also the
parameters determining the chemical and physical sputterielg, yi.e. the incoming

deuterium ion flux, the surface temperature and the deuterium iotiepargy. The surface
temperature is calculated for a CFC target of 10mm thicknébsanthermal conductivity

representing average operations conditions.
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Coming along the target from the private flux region (PFR, megatistances from the
separatrix) to the scrape-off-layer (SOL), the chemicasien yield decreases reaching a
minimum of about 0.04% for the inner and outer divertor at the locatiomedfighest flux
density. In the inner divertor, the yield increases continuously along thenaogmg into the
SOL reaching a value of about 0.8%. In the outer divertor, a local maxisireached at the
position where the surface temperature reaches about 600°C, biglthdegreases then due
to the decrease of the surface temperature before it insragam further into the SOL up to
a value of about 0.4%. Physical sputtering only occurs in the SOL agharehe PFR the
deuterium impact energy is too low (yield smaller than ~0.001% irr ianeé outer PFR).
Physical sputtering is more important in the outer divertor 8@ére the yield reaches about
1% for distances from the separatrix larger than 20cm whereas a colapaehbin the inner
divertor is reached at a distance of about 60cm.
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ERO modelling results

Dynamic erosion behaviour: At first, an effective sticking of zero for hydrocarbons
returning to the divertor plates is assumed. The influence offtbetiee sticking will be
discussed later in the context of target lifetime and tritium retention.

The modelling starts with a pure graphite (c) surface. The graphitereras¢ integrated over
the divertor plates first decreases with exposure time duetsidien of beryllium and then
approaches a constant equilibrium value. The integrated erosiaf edteedeposited carbon
(cr) increases from zero to a maximum after which it alevedeses until it reaches a constant
value in equilibrium. Figure 3a shows the erosion profile along the dhwertor plate of the
“pure” graphite at the beginning and of the sum of graphite and retspasrbon in
equilibrium. It is seen that the initial graphite erosion around éparatrix is suppressed
leading in equilibrium to an erosion profile that is peaked more inkEl&OL compared to
the original broader erosion distribution. In equilibrium the integrédtd carbon (graphite
plus redeposited carbon) erosion rate in the inner divertor is dedrégsa factor of ~2
compared with the beginning and by a factor of ~3 in the outer divé&igure 3b shows the
surface concentration profiles along the inner divertor plateddrson, redeposited carbon
and beryllium in equilibrium. Between d=-0.03m and d=0.15m a net depositionfaone
beryllium (ge=1) develops leading to a complete suppression of carbon erosion. Qhiside
zone the carbon concentration in the surface is below 1. Redepositezh ccr is found
mainly between d=0.15m and 0.6m with a maximum concentration of ~0.2aSpmilfiles
develop along the outer divertor plate while the zone of net berytleposition extends less
far into the SOL with a higher maximum concentration of redeposited carbon (about 0.3).
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Figure 3a Erosion profile along inner divertor plate: Figure 3b Surface concentration along inner divertor
of graphite (c) at the beginning and of graphitagpl plates of graphite (c), redeposited carbon (cr) and
redeposited carbon (c+cr) in equilibrium. bervlliur (be)in equilibriurr.

Divertor target lifetime and long-term tritium retention: In equilibrium and with the
assumption of zero effective sticking for hydrocarbons about 94% aufeér carbon is
redeposited at the inner divertor plate. The resulting net-depostrofile of carbon
(redeposited carbon cr minus erosion of graphite ¢ minus erosion of rieeéasbon cr) for
the inner divertor plate is shown in figure 4 after 10s simulation time. Aftererogon zone
in the PFR and at the beginning of the SOL a net deposition zone devesmbsng a
maximum deposition at d=0.25m. Going further into the SOL, a neteerasine develops
again with a maximum erosion at d~0.4m. Adding the beryllium depositiongsy changes
the picture. Only at distances larger than d~0.45m net-erosion osbergas the other
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Figure4 Profile of net-carbon erosion/deposition after assumed, the carbon redeposition fraction
10s and same profile but with beryllium depositaided. 5 increased to about 97% with a similar
increase of the target lifetime. In the outer divertor tla&imum net-erosion is about a factor
of 5 smaller than in the inner divertor and the redeposition is l§lilginger (for $#=0). Both
leads to an increased target lifetime compared to the inner divertor plate.
The long-term tritium retention is assumed to be caused by erzatbdn not redeposited
locally on the divertor target plates. In equilibrium the amounbcdlly redeposited carbon
and therefore tritium does not change with exposure time (er@xjoals redeposition).
However, not-locally deposited species are transported mainly t8RReand further to the
dome region where the formation of tritium-containing carbon lagergpected. Assuming a
T/C ratio of 0.5 results in estimated tritium retention ra®shown in table 1. The retention
rates for the outer divertor are slightly larger than foritimer. However, significant tritium
retention will also occur in the beryllium layers. Assuming (DB€&=0.01 would lead to an
Effective sticking| janer divertor] Outer divertor additional rate of 1.5mg T/s (inner and
of hydrocarbons outer divertor). Altogether the maximum
S=0 0.3mg T/s 0.5mg T/s | number of discharges after which the
allowed in-vessel tritium inventory of

Serr= 1 0.2mg T/s 0.3mg T/s 350g is reached, would be 380 for an
Table1 Estimated long-term tritium retention rate in ~ €ffective sticking &=0 for hydrocarbons
remotely formed carbon layers. and increases to 440 fogS1.
Conclusions

The modelling shows that the long-term tritium retention is mucheraotical than target
lifetime. Calculations of T retention based on the erosion and retleposf carbon using
recently developed erosion yields and taking into account a Be imflthe divertor of 1%
yield 380 - 440 ITER discharges before the tritium limit of 350ge&ched (depending on
assumptions on re-erosion of redeposited hydrocarbons). However, onekkag ia mind
that the influence of transient heat loads such as ELMs or dmngps not considered here.
The beneficial effect of reduction of carbon erosion due to theragseavith beryllium could
vanish if the beryllium layers do not withstand such heat loads. Ini@dddeposition of
carbon inside the gaps between the castellated divertor platgsogsibly increase the long-
term tritium retention.
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