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“Directionality” is a key parameter to understame tmechanism of deposition layer
formation in fusion devices. To study directionatiff deposition layer, a simple new tool, a
directional material probe, was proposed [1]. Thebp consists of a flat disk and pin. If
deposits come to the probe with directionality, rmdow of the pin is formed on the
deposition layer on the disk. If no shadow appearthe deposition layer, it suggests that the
deposition layer was formed isotropically. The direnal material probe method has been
applied to deposition layer studies in the LargéddeDevice (LHD), and the results of the

analysis of the probes are shown in this contriputi

In fusion devices, plasma facing components ardegrty the interactions with plasma.
The eroded materials migrate and deposit on elsewlaad they form deposition layer.
Understandings of the properties of depositionrlayel mechanism of the formation are very
important for considering future fusion reactorgmgbion. Because such deposition layer can
be a source of dusts by peel-off of the layer, @ be a large sink of fueling particles, i.e.
deuterium and tritium [2]. Especially, tritium raten in plasma facing components is serious
problem in fusion reactors because tritium breedatg will be limited to be a little bit larger
than 1 [3]. From the point of view of safety, retioie of dusts is so important [4].

Directionalities have been observed in the demuslayer in fusion devices. For example,
in JT-60U, carbon deposition layer was formed andivertor tile in the inner divertor with
directionality [5]. Deposition layer with directiatity was also observed on the first wall in
LHD [6]. These directionalities showed the incidangle of the deposits, and the transport
mechanism was deduced from the angle. The mechasisansidered to have the position
dependence in devices. Therefore, the directignddita should be taken at various positions
in the vacuum vessel in fusion devices to undedsthe in-vessel material migration. In the
examples described above, the directionalities wamalyzed by scanning electron
microscopy (SEM) in JT-60U and transmission elattroicroscopy (TEM) in LHD,
respectively. The observations take time not oalytlie observation itself but also for the
fabrication of samples, such as focused ion bedmicttion [5]. Therefore, they are not
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necessarily suitable for many sample analyses fiogws directionality. On the other hand,
visible shadows on the deposition layer are fretjyenbserved on plasma-facing
components after plasma experiments. These shadwowscast by ledges onto the
plasma-facing components. At times, the incidergation of the deposits can be determined
by analyzing the shadows. However, it is diffictdt remove plasma-facing components
easily for detailed analysis with surface analgssgices.

The concept of the directional material probe (DN®Ylepicted in Fig. 1. The DMP
consists of a flat disk and shading pin. If deositrive at the DMP from a particular
direction, a shadow of the pin is formed on theod&mon layer on the disk. If deposits arrive
isotropically, no shadow is formed. Thus, the dim@lity can be analyzed much more
easily and quickly by visual observation and dimeetasurement than by SEM and/or TEM.
Thus, many DMPs installed at various positionggacuum vessel of a fusion device can
be analyzed to reveal material migration in theuuse vessel. In addition to simple analysis
with eyes and rulers, the DMP can be analyzedtaildesing SEM, TEM, and other surface

analysis methods, yielding a further understandintpe mechanism of the deposition layer

formation.
The DMPs were installed on the plasn .
1 1
facing surfaces in the LHD vacuum vess Shading § — Cg
. - - 'n
before the experiment campaign in 2010, 2C PI S disk
and 2012. In the LHD vacuum vessel, there

) ) ) . Fig. 1. Schematic of the directional material
two major plasma facing materials. The fir probe concept. The hatched parts represent the

wall panels are made of stainless st deposition Iaye_r. The arrows shovythe incident
angles and directions of deposits. The two

(SUS316L), and the divertor plates are made Lmagejs show different incident angles of
_ _ ) eposits.
isotropic graphite. In reference [1], results

the visual observations of two of the DMPs ¢ ¢ ‘f‘*\; £
7 DMP2 —

DMP1
N
shown. In Fig. 2, the two DMPs are show e RN~ /7;

plates ——‘{\\/V\(},,;
One of them (DMP1) was installed on the fir ~Q

N
wall near the divertor plates in th ‘% “
torus-inboard side, and the other (DMP2) w @ - - 4
installed on the first wall in a vertically Qi ‘p

elongated poloidal cross-section on tl Fig. 2. Positions and photos of the surfaces of
DMP1 and DMP2 after the experimental

mid-plane in the torus-outboard side. Tl campaign in 2010. The white arrows indicate
the direction of magnetic field lines at each
DMP’s position.

/S y,
X

¢ 7

diameter of the disk and the shading pin of t



40" EPS Conference on Plasma Physics P2.124
DMP were 30 mm and 5 mm, respectively, a 250 DWTU??-S‘“”T‘&‘ 1000 PMP2 r=8mm
o
they were made of titanium. 2oox c | | soop Fe
\ ? A N
. . \ f @ 2 L B2tee &
On DMP1, deposition layer with a shado  ,150- « ¢ o 00f4t ® AN T,
was formed. Comparison of this result and t 5100 '\w’ © 400
C
. . . F
previous material probe analysis results sugge 50 -f..‘ i 20T
e’
that the source of deposits is the divertor pla 0080 160 240 320 0080 160 240 320
@(degree) @(degree)

near the probes, and deposits directly came
the probes without ionization. [1, 6, 7]. On tt
other hand, no clear shadow can be observec
the surface of DMP2. It suggests the depo:
came to DMP2 isotropically.

Deposits components distributions on tl
DMPs were analysed by usin
Energy-dispersive X-ray spectroscopy (EDX
Figure 3 shows the angular distributions
carbon and iron on DMP1 and DMP2. Tf
vertical axis is total counts of the signal frol
carbon and iron, respectively. In the DMP2 ce
both distributions of carbon and iron are almc
flat as same as visual observation, and t

suggests carbon and iron came to the DI

Fig. 3. Angular distributions of carbon and
iron on DMP1 and DMP2. The vertical axis is
total counts of the signal from carbon and
iron, respectively. The definition of the
horizontal axisg andr is shown in Fig. 2.
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Fig. 4. Positions and photos of the surfaces of
DMP3 after the experimental campaign in
2011. The white arrows indicate the direction
of magnetic field lines at the DMP’s position.
The graph is the angular distributions of
carbon and iron on DMP3. The definition of
the horizontal axisg andr is shown in Fig. 2.

isotropically. In the DMP1 case, both distributicar® similar. They have their minimum

aroundg= 160°, and the angle is almost same as the @ishdow direction. In the visual

observation, the shape of the shadow seems toapp. ut the EDX analysis revealed that

the shape is broad. Also the angular distributisunggest that the source and transport of

carbon and iron from their sources to the DMP armees This result is interesting because the

divertor plates and the first wall were considetedbe the source of carbon and iron,

respectively, and their angular distributions on ®khould be different. The mechanism of

that is considered as below: During glow dischatganing, iron atoms were sputtered from

the first wall and were deposited on the divertatgs, and they formed the mixed-material

deposition layer with carbon [8]. During confineldgma experiments, the deposition layer

including both carbon and iron was sputtered bybthrabardment of the ions in the divertor

plasma. At last, carbon and iron deposited withilamangular distribution on the DMP.
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On the DMP installed in the torus outboard privagion, two shadows were formed as
shown in Fig. 4. The ends of the shadows were @eitsie DMP, and it suggests the incident
angle of deposits were shallow. The angle of thgmatc field lines across the DMP is much
steeper than the incident angles of deposits. Toreréhe shadow is considered to be not
related to the magnetic field lines, thus to thaspia flow. On the DMP3, angular
distributions of carbon and iron are different. Ti&ribution of carbon has negative peaks at
the angle of the shadows. Therefore carbon depositaused the shadows. But the
mechanism of the two shadows formation has notnsioled at this stage.

Summary of this contribution is as below:
- A simple new tool for deposition layer studiesdsed on the directionality, a Directional
Material Probe (DMP), was proposed and was appli¢e\VI studies in LHD.
- DMPs were installed on several positions on its¢ Wall in recent experimental campaigns
in LHD, and both macro- and micro-scopic analydet® DMPs were carried out.
- Position-dependent variations in the directidgalf deposition layer formation were found.
Directionality of each deposit element was analyzed

- Mapping of the directionality of deposition layarthe LHD vacuum vessel is in progress.
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