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In-situ mass measurement of dust particles generated due to interaction
between H; plasma and graphite wall
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We have studied wall-bias-voltage dependence of deposition rate of radicals and dust particles on the wall
using crystal microbalances (QCMs) equipped with a dust eliminating filter in a divertor simulator. By the
method, we have realized real time measurement of deposition rate of radicals and dust particles. The
deposition rate due to radicals is nearly constant regardless of bias voltage. The deposition rate due to
dust particles together with radicals on area exposed to H, plasma increases with increasing bias
voltage due to an increase in dust flux and a decrease in etching rate.

1. Introduction

Accumulation of dust particles in fusion
devices poses two potential problems, operational
issues and safety hazard, such as deterioration of
plasma confinement and accumulation of tritium
in fusion deices [1]. Development of a real time
dust monitoring method and reduction of dust
accumulation in fusion devices are important for
the realization of safe, long-term operation.

So far, DC biased local wall was found to be
useful for control of flux of dust particles from 50
to 1000 nm in size to the wall in Large Helical
Device (LHD) in National Institute for Fusion
Science, Japan and in a divertor simulator in our
laboratory [2,3]. In this paper, we report
experimental  results of  wall-bias-voltage
dependence of deposition rate of radicals and dust
particles measured using crystal microbalances
(QCMs) equipped with a dust eliminating filter in
a divertor simulator.

2. Experimental

The deposition measurement was conducted with
the divertor simulator equipped with QCMs with
the dust eliminating filter covered by DC biased

stainless steel mesh [3,4]. The bias voltage Vyiss Was
0, £50, £70 and +100 V. Dust particles and radicals
were generated due to interaction between pulsed
H, plasmas of 500 W and graphite target. Some of
them were transported toward the QCMs. The mass
loading Am and deposition rate DR on crystal
surface of QCMs were deduced from the resonance
frequency shift Af with the sauerbrey equation
given by Af = -C; x(Am/A), where C; is the
sensitivity of a QCM sensor and A mass loading
area of a crystal surface of a QCM [4]. The QCMs
were set on the vessel wall at 100 mm below the
target. Figure 1 shows the configuration of QCMs.
Channel 1 was used to measure DR due to dust
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Fig. 1 Configuration of three QCMs.



particles and radicals. Channel 2 was covered by
the dust eliminating filter. Almost all of dust
particles and some of radicals are eliminated by the
filter and we can obtain DR due to radicals.
Channel 3 was covered by stainless steel plate to
monitor effects of pressure and temperature on
QCM signals. H, emission intensity of the plasma
was measured by optical emission spectroscopy to
check the effect of DC bias voltage applied to the
mesh to the H, discharge plasma.

3. Results and Discussion

Figure 2 shows time evolution of resonance
frequency shift Af of the three QCMs and H,
emission intensity. H, pulse discharges plasma was
turned on att = 0 s. For ch. 1 and 2, Af’s increase
after the turning on the discharges due to
temperature  and/or  pressure  change, then
monotonically decrease due to deposition of
radicals for ch. 2 regardless of bias voltage. On the
other hand, for ch. 1, Af increases for Vyias= 0, +50,
+70 V and decreases for Vpias= +100 V. Af increase
means decrease of mass load on the sensor crystal
of ch. 1. During the measurement, hydrogen
plasmas are irradiated to deposits on the crystal
surface of ch. 1 so that the deposits might be etched
by hydrogen plasmas. Therfore, the frequency
shift for ch.1 is changed due to deposition of dust
particles and radicals and etching due to hydrogen
plasma irradiation.
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Fig. 2 Time evolution of resonance frequency shift of
QCMs and Ha emission intensity.

emission intensity of H (10* aub. units)

Figure 3 shows wasll-bias-voltage dependence of
deposition rate and H, emission intensity. The
deposition rate of ch. 2 due to radicals is nearly
constant for Vpias from -70 to +70 V. On the other
hand, that of ch. 2 has different value and H,
intensity is higher for Vpies= +100 V. This result
suggests the bias voltage affect the plasma for Vpias=

+100 V. The deposition rate of ch. 1 increases with
increasing the bias voltage. The increase of
deposition rate of ch. 1 with increasing bias voltage
is due to an increase in dust flux and a decrease ib
etching rate.
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Fig. 3 DC bias voltage dependence of DR and
emission intensity of He,

4. Conclusions

We have measured the deposition rate with and
without dust particles using three quartz crystal
microbalances equipped with the dust eliminating
filter covered by DC biased stainless steel mesh.

Deposition rate with dust particles and radicals

increase with increasing bias voltage due to an

increase in dust flux and a decrease in etching rate.

This result indicates that mass deposition rate in

fusion devices can be controlled by applying the

DC bias voltage.

Acknowledgments

This research was supported by JSPS KAKENHI

Grant Number 26246036 and General Coordinated

Research Grant from the National Institute for

Fusion Science Grant Numbers NIFS12KLPF020

and NIFS14KLPF033.

References

[1] S.I. Krasheninnikov, et al.: Plasma Phys. Control.
Fusion 50 (2008) 124054.

[2] K. Koga, K. Nishiyama, Y. Morita, G. Uchida, D.
Yamashita, K. Kamataki, H. Seo, N. It-agaki, M.
Shiratani, N. Ashikawa, S. Masuzaki, K. Nishimura,
A. Sagara, the LHD Experimental Group: J. Nucl.
Mater. 438 (2013) S727.

[3] K. Koga, M. Tateishi, K. Nishiyama, G.Uchida, K.
Kamataki, D. Yamashita, H. Seo, N. It-agaki, M.
Shiratani, N. Ashikawa, S. Masuzaki, K. Nishimura,
A. Sagara, the LHD Experimental Group: Jpn. J.
Appl. Phys. 52 (2013) 11NA0S.

[4] Y. Kim, K. Hatozaki, Y. Hashimoto, G. Uchida, K.
Kamataki, N. Itagaki, H. Seo, K. Koga, M. Shiratani:
Jpn. J. Appl. Phys. 52 (2013) 01ADO1.



