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Deuterium retention and desorption of tungsten with inert gas plasma
pre-exposure
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Tungsten samples were pre-exposed to inert gas plasma with fluence of 2 ~ 10 x 10 ions cm™ and
continuously exposed to deuterium gas plasma with fluence of 5 x 10* ions cm? with glow discharge
device. The amounts of retained D in samples were measured by thermal desorption spectroscopy. The
amount of retained D was larger than that without pre-exposure sample when the fluence of pre-exposure
was 10 x 10™ jons cm? in all inert gas cases. Different inert gas pre-exposure showed different
pre-exposure fluence dependence of the amount of D retention.

1. Introduction

Tungsten is one of candidate materials for
plasma-facing walls of fusion reactor because of
its high melting point and low-sputtering erosion
yield. The walls of fusion reactor will be received
particle loads such as neutron, helium ash and
hydrogen isotope during the operation and wall
conditionings such as glow discharge cleanings.
Understandings of hydrogen isotope behavior in
the wall materials are key issues for fuel density
control and safety operation of fusion reactors.
On the other hand, the particle loads during
would cause the change in the surface
characteristics such as distributions of atomic
composition and defects. These might lead to the
change in the hydrogen isotope behavior in the
wall materials.

However, these effects on the hydrogen
isotope behaviors have not been understood
sufficiently. The objective of the present study is
to investigate the effect of inert gas plasma
pre-exposure on deuterium retention and
desorption of tungsten by sequential exposures to
inert gas and deuterium plasmas.

2. Experiment

The sample used was powder-metallurgy
tungsten with 99.95 % purity manufactured by
Nilaco Corp. The sample size was 10 mm x 20
mm x 0.1mm. The samples were subjected to
mechanical polishing and ultrasonic cleaning in
ethanol.

The sample was exposed to He, Ne or Ar
plasma, and subsequently exposed to D, plasma
in the glow plasma discharge device [1] at room

temperature. Discharge gas was introduced using
mass flow meter. The discharge pressure was 8 Pa
and the discharge voltage was 300 V. The fluence
of the inert gas plasma pre-exposure were ranged
between 2-10 x 10 ions cm™. The fluence of the
deuterium plasma was 5 x 10 ions cm™. After
the deuterium plasma exposure, exposed, the
deuterium desorption/retention behavior was
evaluated by thermal desorption spectrometry
(TDS). In the TDS, the sample was heated from
room temperature to 1273 K with a heating rate
of 0.5 K/s and kept at 1273 K for 10 min. during
the heating, the desorption rate of deuterium from
the sample was quantitatively measured with a
quadruple mass spectrometer (QMS). To
distinguish helium from deuterium, a high
resolution QMS was also used when in the case of
He pre-exposure. Scanning electron microscopy
(SEM) and auger electron spectroscopy (AES)
were also carried out to observe surface
morphologies and  atomic  compositions,
respectively.

3. Results

Fig.1 shows the amounts of desorbed D, as
functions of pre-exposure fluence. The amount of
retained D was larger than that without
pre-exposure sample when the fluence of
pre-exposure was 10 x 10" ions cm™ in all inert
gas cases. In the He pre-exposed samples, the
desorption amount slightly decreased when the
fluence of pre-exposure was 2 x 10 ions cm?,
and then increasing with the He pre-exposure
fluence. In the Ne pre-exposed samples, the
desorption amount temporally decreased with the



increase of the pre-exposure fluence, and then
increased. In the Ar pre-exposed samples, the
decrease of the desorption amount by the
pre-exposure was larger than other inert gas cases
when the fluence of pre-exposure was 2 x 10
ions cm? and then increased with the
pre-exposure fluence.

Fig.2 shows thermal desorption spectra of D,
for all inert gases cases with 10 x 10* ions cm™
fluence pre-exposure. Desorption peaks from
tungsten and tungsten carbide [2] were observed
at around 450 K. In the He pre-exposure, the
desorption intensity around 500K was slightly
larger than other inert gas cases.

Fig.3, 4 show the depth profiles of atomic
compositions for W with the He and the Ar
plasma exposure, respectively. The pre-exposure
fluence was 5 x 10*° ions cm™. According to the
TRIM calculation [2], the Ar ions irradiated to W
could be implanted to a depth of a few nm, and
cause elastic collision and irradiation damages. In
the Ar pre-exposed sample, carbon impurities
slightly decreased in a few nm from the top
surface. This result would be the reason why the
result in the Fig.2 was caused. Also this result
would indicate that the amount of desorbed D,
with the Ar pre-exposure could increase with
pre-exposure fluence.

In this experiment, no irradiation damage was
observed at the top surface from SEM images.
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Fig. 1. Amount of desorbed D,
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Fig.2. Thermal desorption spectra of D,
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Fig.3. Atomic Composition of W with the He plasma
exposure

Atomic Composition

Depth [nm]

Fig. 4. Atomic composition of W with the Ar plasma
exposure
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