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1. Introduction

The material choice for the plasma facing components (PFCs) in the next-step fusiotTé@#ice

is one of the crucial questions for a sustainable and safe operation. Tungsten (\Hanlear
composite (CFC) are foreseen for the divertor region of ITER. Carbon based materials have good
mechanical as well as outstanding thermal properties, such as high heat conductilaigk of
melting, and therefore are widely used in the present generation of fusion devices. However,
carbon is subject of a high physical sputtering by the background plasma particles and chemical
erosion, leading possibly to a reduced lifetime of carbon PFCs. Even more crucial for a fusion
reactor can be the problem of unacceptable tritium retention in re-deposited a-C:H layers.
Therefore, in ITER carbon PFCs are foreseen for the strike point areas onlyeosveded

carbon will be transportednd re-deposited in divertor regions covered by W. This will cause
mixed material effects and can influence the performance of the tungstenTPREGSmM of the
presented experiments in TEXTOR is to investigate the local C transport and possible mixing
effects for the materials of the ITER divertor PFC choice. The experimental resultsed to
benchmark the ERO colje Monte Carlo modelling tool describing erosion/deposition processes
and the material transport.

2. Experimental results and ERO code modelling

Graphite and tungsten test limiters of spherical shape (size of 120 mm in toroidal direction,
80 mm in poloidal direction with a curvature of 70 mm) were inserted in the TEXTOR vacuum
vessel (major radiug, = 1.75 m, minor radiug = 0.46 m) using the limiter lock systérand

exposed in the scrape-off layer (SOL) for eight reproducible NBI heated plasma discharges with a

density of n.o = 3.510" m*. Electron density and temperatures at the last closed flux surface
(LCFS) were in the range of“™ = (1.4-1.6)10"° m® and7,/“" = 35-40 eV, respectively. In the
scrape-off layer (SOL) at the position of the limiter tip they decayed'tb= (1.5-2.0310* m?®
and7," = 20-25 eV, respectively. The limiters were pre-heated to 400-450°C.
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C Il emission The limiters were positioned at=0.48 m,
20 mm outside LCFS (Fig. 1). The injection
hole was situated 15 mm toroidally away from
the tip of the limiter, so that the radial position
of the opening was 1.7 mm behind the limiter
tip. The total amount of injectédCH, (5.510%°
injection hole molecules for the graphite and 3.0%° for the
tungsten limiter) was nearly the samé was

used to distinguish puffed and intrinsic carbon

in the layer deposited on the limiter surface.

toroidal direction 120 mm

~ ] . 1 Several spectroscopic systems were used to
Fig. 1. Scheme of the spherical test limiter with

injection hole. CIII light emission during the oObserve the limiters horizontally and vertically.
SCH, injection through the graphite limiter is
shown.

pattern on the limiter surfaces was observed (Fig. 2). The a-C:H film deposited at W shows

A pronounced difference in theC deposition

steep edges surrounded by a shiny net-erasiore, whereas the deposit at graphite has a
smooth profile. There is no clear border betwé#® deposit caused by the injection and by
the background carbon flux, as for W. Post4mr surface investigations by interference
fringe analysis, nuclear reaction analysis (NRAd secondary ion mass spectrometry (SIMS)
showed, that thé*C deposition efficiencies (ratio dfC in the deposit near the hole to the
injected®*C amount) are 4 % for graphite and only 0.3 % for tungsten. The maximum of the
deposition for both limiters is situated near the injection hole. The distributidi€ ahd D

are strongly peaked at the hole, wher&s is distributed more uniformly (Fig. 3). The
maximum thickness is only about a factdr2 larger for the graphite (2gin) than for the
tungsten (1.1um) limiter. Therefore, the large difference in the deposition efficiency is

deposited
films

NRA, SIMS \:"-...

injection
oles

background
deposition

Fig. 2. Photographs of the graphite (left) and the tungsten (right) limiters after the exposure. Dotted
contours indicate the areas where the deposition efficiency was defined.
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Fig. 3. Deposited material profiles obtained by NRA for the graphite (a) and tungsten (b) limiters
along the lines shown in Fig. 2. NRA measurement points are indicated and connected by a spline.

mainly due to the difference in the area of the deposition on both limiters. The r&itof

total C obtained by NRA and SIMS varies from%(an the vicinity of the puffing hole to 30-

40 % at the deposit edge for both experimente D to C ratios are in the range of 10-20 %

for graphite and 5-15 % for tungsten.

Modelling by the ERO code was performéar the graphite limiter experiments. The
modelling for W is not presented here, asshdace interlayer model currently implemented

in the ERO code is not suitable to simulate the dynamic processes in mixed carbon-tungsten
layers. At present there is an effort to impént a more sophisticated TriDyn based surface
model in the ERO code to simulate mixed materials effects.

For the simulations the measured plasma parameters of the graphite limiter experiment were
used. The best match with the measutd@ deposition efficiency was found for the
assumptions of an effective sticking of zéoo hydrocarbons and an enhanced re-erosion of
freshly deposited a-C:H layers (15 % vs. 1.5 % for graphite) resulting'i6 aeposition
efficiency of 10 %. Similar assumptions weaéso necessary to reproduce the results of
previous*CH, puff experiments at TEXTORA good agreement in the carbon deposition
pattern (Fig. 4) supports the assumptions of &ffective sticking of hydrocarbons. A fair
agreement between experiment and modellingaiss found for light emission distributions

of both C Ill and the sum of Clind CD lines (not shown here).

3. Summary and discussion

In the *CH, injection experiments a large difference in i€ deposition efficiency was
found for the graphite (4 %) and tungsten (0.3 %) limiters. Several effects can be considered
as reasons for this. One of them is the effect of kinetic reflections of the incident C from the

limiter surface (cf. the EDDY code modellingrfehe W-C twin limiter experiment in
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Fig. 4. Deposition pattern on the graphite limiter: (lefi) after exposure in TEXTOR; (right) of °C
calculated by the ERO code.

TEXTORY. The C reflection coeffieints for carbon materials is low (<0.01), whereas it is
~0.4 for tungsten. It leads to a change in the balance between C erosion and deposition
causing a shift of the net-erosion and net-dijemszones in the direction of less C deposition
on W substrate. In the region of high C flugan the injection hole the balance switches to
net-deposition. After reaching a centahickness the a-C:H layer protects the W substrate, so
that incident C does not perceive the highuBstrate under the a-C:H layer. It leads to even
higher growth rates of the deposit (so-calledleakon effect). Sharp edges of the C deposit
on W support this hypothesis.

Another possible reason is the enhancemetiteophysical sputtering of C deposited on W by
the background plasma. To sputter a deposited dtmmncident plasma picle first has to
change its momentum direction by a refleotfrom an underlying atom. Being reflected from
heavy W, the plasma patrticle retains morergy and therefore has a higher probability to
sputter C.

Mixed material effects (e. g. carbide formation) for W can also be considered as a possible
reason for the different depositi efficiencies. These mixing processes would lead to less
chemical erosion and a lower reflection coefficleahhancing the nucleation effect.

The ERO code calculations reproduce reasontidyexperimental results for the graphite
limiter. The assumption of a low effective stiogifor hydrocarbons can be explained by a
self re-erosion of transiently deposited hychrbons under the influence of energetic
background hydrogén
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