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Objective: Characterization for Wall of Fusion Reactor
S. Takamura et al, Proc. 38t EPS Conf. on Plasma Phys. 01.302, 27t June ~ 15t July 2011, Strasbourgh.
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LaBg Cathode |Linear Motion| W Target
Gate Valve

Axial Magnetic Field Coil
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Plasma Density > 1 X 10 m3; lon Flux:1X 1022 m2s?
Electron Temperature : 4 eV with ~10% Hot component(40 eV) | prrrymrey
Deep Floating Voltage : 40 V

S. Takamura et al. : Plasma Fusion Res.1 (2006) 051.




Recovery of Tungsten Surface by Plasma Annealing

Recovery may be obtained with some bubbles —

remained underneath the surface! SN el el

L .

&y LB Lt

S. Takamura and T. Miyamoto :
Plasma Fusion Res. 6 (2010) 005.

Recovered target —> Cross Section

100 nm

1010 e e B s e e I 5 0K\ 4. 3mm x50.0k SE(M,LA20) 1.00um

into He plasma

/ Sheath voltage 5V ]

0 10 20 30 40 50 60 70 o
Time [min]

—_—
)
-
=

tungsten target

>, 1800f

g 1

= _

S 1700}

154 I

o

5 1600/

Photo of s [ |
nanostructured 8 Insertlon of nanostructlured W

S

fon]

=

w2

1400




Cooling associated by suppression of SEE
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Favorable Property #1: Surface Cooling

WEARDIZEELTTSA<gamA  Physical Mechanisms for Surface Cooling :
ERIMIZKENET HE. i . . )
(1) Increase in Radiation Emissivity (blackening)

Pplasma[\N] =&(T)oT 4[K]S[m2] (2) Deepening of Floating Potential
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Favorable Property #2: Suppression of SEE
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Plasma Fusion Res. 5 (2010) 039.

Deepening of floating potential

gives

a smaller energy transmission factor

through the sheath.

Energy Transmission for the Plasma with Hot Electron Component
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Favorable Property #2: Suppression of SEE (continued)
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Fig. 2 FElectron yield, which includes both BSEs and SEs, as a tfunction of (a) the electron temperature at the angle ¢ = 0°

and (b) the electron energy at normal incidence.

K. Imai, K. Ohya, G. kawamura, and Y. Tomita: Contrib. Plasma Phys. 50 (2010) 458-463.
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a fairly large SEE !
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BFFEaR 3 Monte Carlo Approach-to Secondary Electron Emission from Rough Surfaces of Beryllium
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Fig. 3 Variations of the secondary electron yield o with the ratio A (= H/ W) for surface roughness unaer suu-ev ana
1-keV electron bombardments. The data points are calculated by changing the depth H on condition of

constant widths W, the circles, triangles and squares correspond to the width W= 25, 100 and 250nm,

respectively. The dashed lines are the calculated o with a flat surface, and the shaded zones represent the
amplitude of scatter of data among different experiments [4-7].

J. Kawata and K. Ohya: J. Plasma Fusion Res. 70 (1994)84.



Favorable Property #2: Suppression of SEE (continued)

The effect of SEE is demonstrated in a different way . It is a kind of recovery process for a W plate with a
black surface by increasing the plasma electron heat flux obtained by approaching the biasing potential
to nearly O V. The surface temperature increases in time because the nano-fibers on the surface shrink
so that the emissivity decreases.

The remarkable phenomenon is a reductions of biasing electron current even under an almost a fixed or
even decreasing biasing voltage. It is believed that the reduction of biasing current is caused by a
recovery of SEE because the W surface is gradually smoothed in time. The incident energy of hot
electrons is larger than that in floating condition.

Insertion of nanostructured W to He plasma
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Favorable Property #2: Suppression of SEE (continued)

Suppression of SEE may quench the enormous influx
of electron heat load at the leading edge of ELM.
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Favorable Property #3: Suppression of Sputtering
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Favorable Property #3: Suppression of Sputtering

Why is there a minimum for the sputtering yield ?

SEM Images of Nanostructured W without any Sputtering
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Favorable Property #4 : Resistance against Cracking

_ (a).WHe F3 (w/o plasma gun shots) Rty
Fiber-form nanostructured surfaces possess e o A Rl e 2 *’%.: &

a good resistance to surface cracking !

Fig. 3. W surface cracking on WHe-B2 after 10 shots
with ~0.5 MJ/m? per shot.

Fig. 4. SEM images of fuzzy W surfaces (Lfuzz ~ 3 um).
D. Nishijima, Y. Kikuchi et al., 9t Int. Conf. on Tritium Science  (a) WHe-F3: without plasma gun shots. (b) WHe-F4:
& Technology, Nara, Japan Oct. 24-29, 2010, accepted for after 10 plasma gun shots with ~0.7 MJ/m? per shot.
publication in Fusion Science and Technology.



Arcing on Metal Surfaces
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B. Juttner: Plasmaphys. 19 (1979) 25

K. Jukba and B. Juttner: J. Nucl. Mater. 102 (1981) 259



Unfavorable Property : Unipolar Arc

Does nanostructure tend to trigger unipolar arc on the W surface ?

108
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Figure 4. (a)—(f) show the temporal evolution of the emission W1
(A = 429.5nm) at every 48 us from a cathode spot running on the
electrode, for the configuration for case (i). (g) and (h) are pictures
of the back (the non-laser-irradiated side) of the electrode surface
after the experiments with configurations (i) and (ii), respectively.

Nucl. Fusion 49 (2009) 032002
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Figure 3. The temporal evolution of the electrode potential. The
potential increase in response to the laser pulse irradiation indicates
the initiation of unipolar arcing. The potential increase continues for
approximately 2.8 ms, which is much longer than the laser pulse
width (~0.6 ms), indicating free-running unipolar arcing.

S. Kajita, S. Takamura et al.: Nucl. Fusion 49 (2009) 032002.
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