33rd EPS Conference on Plasma Phys. Rome, 19 - 23 June 2006 ECA Vol.30l, P-5.167 (2006)

Carbon exposed to the intense hydrogen plasma jet of Pilot-PS|

G.J. van Roofj, J. Westerhodt W. Vijverst, V. Veremiyenkd, H.J.N. van Eck,
W.R. Koppers$, W.J. Goedheér B. de Groot, P. Smeets H. vd Meidert, H.J. de Blank,
R.A.H. Engeli4, D.C. Schrarh?, N.J. Lopes CardoZ&, A.W. Kleyn!3, S Brezinsek
1 FOM-Institute for Plasma Physics Rijnhuizen, Association EURATOM-FOM, Trilateral
Euregio Cluster, Nieuwegein, The Netherlands, www.rijnh.nl
2 Eindhoven University of Technology, Eindhoven, The Netherlands
3 Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands
4 Forschungszentrum Julich GmbH, Institut fir Plasmaphysik, Association EURATOM-FZJ,
Jilich, Germany

The interaction of the magnetically confined plasma with the material wall has been identified
as one of the most urgent research topics for the international fusion reactor ITER[1]. Tritium
retention and erosion rates presently foreseen are critical issues for prolonged operation. ITER
relies on a so-called divertor to remove helium and other impurities from the fusion plasma. The
particle and energy fluxes toward the neutralizing target plates of the divertor are tremendous:
typically 10?4 ions nT2s~1 and 10 MW n12 continuously[1]. The temperature of the in the di-
vertor chamber plasma is reduced to the 0.5-7 eV range via the radiative cooling that follows the
puffing of gases like neon. In this so-called detached operation, erosion by sputtering processes
is efficiently reduced and chemical erosion by ions and neutrals becomes dominant.

Plasma-surface interaction under these conditions is an unexplored area. Even the fluxes in
present-day large Tokamaks are too low to enter the regime relevant for ITER and beyond.
Present-day linear machines are unable to produce the required high flux at low temperatures.
In addition, the surface area exposed to the plasma should be large enough to capture material
released from the surface in the active plasma in order to do the relevant research in a linear ma-
chine . We call this the “strongly coupled regime.” Present-day devices operate in the “weakly
coupled regime” where reaction products are essentially pumped away.

We are presently designing a linear machine, Magnum-psi[2], that will use an expanding
cascaded arc plasma in hydrogen as primary source to yield fluxes relevant for ITER and devices
beyond. Magnum-PSI will operate in a high magnetic field (3T) and cover an area 0f80 cm
In order to explore and develop the techniques to be applied in Magnum-PSI, we have made a
pilot version of Magnum-PSI operational: Pilot-PSI. This experiment employs a magnetic field
of up to 1.6 T and a cascaded arc plasma source to produce intense argon or hydrogen plasma

beams.
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In this contribution we present Thomson scatter- 4 im

ing results to demonstrate that Pilot-PSI offers hy- [X] ;'X'.;. IZ'.;.IXL;.E'.:

drogen plasma jets with the ITER relevant plasma 532 nm Thomson laser

fluxes. These plasma conditions make Pilot-PSka IZ[ — o4m
unique experiment for the field of PSI-studies. This et

is illustrated by the results of preliminary experi- CIOZHIdIZld Iﬁb&b&b

ments in which carbon was exposed to this plasma

jet. Figure 1: Schematic drawing of Pilot-psi.

The hydrogen plasma jet in Pilot-PSI (Fig. 1) is
produced by a wall stabilized cascaded arc plasma source. Typical operation parameters are:
100 A discharge current, 3 slm gas flow rate, 0.1 bar inlet gas pressure. The diameter of the
discharge channel was varied between 4 and 7 mm. The plasma expands into a vacuum vessel
at 0.01 - 1 mbar where it is confined by a magnetic

field up to 1.6 T and directed onto a carbon target at

0.5 m. Thomson scattering is performed at 40 mm 351 = 4mm
downstream from the source nozzle to characterlee o . 2 mm
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for spatially resolved spectral analysis.
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Figure 2 shows the results of a series of measure- (mm)

ments in which we investigated the effect of tn@lgure 2: Electron density and temper-
discharge channel on the source output. The dé?l]re profiles of the Pilot-PSI hydrogen

charge current was kept constant to 100 A, the Qbé}asma jetin a 0.4 T magnetic field mea-

flow at 3 slm, and the magnetic field was 0.4 T, o0 Thomson scattering for differ-

The density profiles in the upper panel indicate thatt diameters of the discharge channel.

the plasma flux is not influenced by increasing the
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channel from 4 to 6 mm (where we assume that the forward plasma velocity is not significantly
changed). However, the discharge voltage was observed to decrease from 150 V to 130 V. This
means an efficiency improvement of the source by increasing the channel diamet&b¥i.
A further increase to 7 mm leads to a density de-
crease of nearly a factor of 2, a clear decline in ef-
ficiency. We interpret this to be the consequence of
the discharge current and/or gas flow to be too low
to obtain efficient operation in such wide channel
diameters. _ 200-
The temperature profiles in the bottom panel oi% 100 {
Figure 2 indicate a different operation regime fo§
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is presently not fully understood. We expect that it netie Eneray (V) 3mm
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is the result of a complex interplay between current_ — 10 mm
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pathways, expansion details and magnetic field.
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In preparation for detailed PSI studies of th§ 500

hydrogen plasma and carbon surface system, \%@ 2004

. . c
have performed preliminary experiments by expo® 300
c

ing carbon targets to the Pilot-PSI plasma jet. The 200

380 400 420 440 460 480
results are presented in Figure 3. In the top panel, Wavelength (nm)

a photograph of the exposed target (carbon R6650,

SGL Carbon Group) is shown. The erosion patterhiglure 3: Carbon exposed to the 220
that are seen were the result of 120 s exposufe.” 3 eV hydrogen plasma jet. The up-
The depth of the erosion profile was measuredRer panel shows a picture of the target and
be 75um. This corresponds to a maximum erosidifiows the significant erosion after 120 s.
of 6.9- 1074 atoms/m 2. We relate this to the maxi-The middle panel shows that Auger spec-
mum ion flux that we calculate from the product df0SCOpy measures no impurities in the
the electron density, acoustic velocity and exposi@grosed target. The CH emission band
time: 42- 10?8 ions/n?. This gives an erosion yieldin the bottom spectrum demonstrates that
of 1.6%. It is noted here that this yield may be nottBe target subjected to chemical erosion.
pure chemical erosion yield. The target temperature

was not measured yet and might have increased significantly during exposure. This means that
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part of the erosion might have been the result of ablation. However, that chemical erosion was
occurring is supported by the emission spectra shown in the bottom panel of Figure 3. Plasma
light collected parallel to the target at a distance of 3 mm shows the CH band that indicates
chemical erosion. At larger distances such as 10 mm, this light is not detected. Finally, we do
not expect that significant erosion (sputtering) happened from heavy impurities as copper or
tungsten from the source components. The Auger spectrum in the middle panel of Figure 3
shows no traces of such impurities.
For detailed insight into complicated plasma-

wall interactions, itis required to determine concen- o0,0016-

tration profiles of the hydrocarbons in the plasma_ %°°**] 'P_‘!’\
< 0,0012- 1

close to the target. We envisage to use Cavity Ringe ] 1
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down Spectroscopy (CRDS) for this. The CRDS? | o.. : ‘
technique has recently been installed at Pilot™ 0,006 —-—""" Ny
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PSI and was successfully applied to investigate
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atomic hydrogen transport via light absorption at

the Balmer alpha wavelength. Figure 4 shows thafyre 4: CRD was tested on theoH
the natural fine splitting is easily resolved by scafiansition. This provides sufficient resolu-

ning the laser wavelength over the absorption lingion to resolve the natural splitting of the

References atomic line.

[1] G. Federici,et.al, Journal of Nuclear Materi-
als,313-316, 11-22 (2003).

[2] B. de Grootget.al Fusion Engineering and De-
sign74, 155-159 (2005).

Acknowledgement: This work is part of the research programme of the “Stichting voor Fun-

damenteel Onderzoek der Materie” (FOM), which is financially supported by the “Nederlandse
Organisatie voor Wetenschappelijk Onderzoek” (NWO). It is supported by the European Com-
munities under the contract of Association between EURATOM and FOM and carried out

within the framework of the European Fusion Programme.



