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Plasma driven permeation (PDP) of deuterium through a tungsten sample under the condition of low 

energy and high flux plasma exposure was carried out in the compact PWI simulator APSEDAS. As the 

sample temperature increased, the permeation flux increased as well. At 630K and 670K, the permeation 

flux is constant in steady state, whereas, at 700K, 740K, and 780K, we can observe decreasing of the 

permeation flux in a steady state regime. 

 

 

1. Introduction 
Hydrogen isotope implanted into a plasma 

facing component is either reemitted into the 

plasma, or retained in or permeated through a 

plasma facing component to the backside. In the 

view point of safety of the fusion reactor, it is 

important to understand hydrogen isotope 

permeation behavior through a plasma facing 

component. Various experiments of plasma 

driven permeation (PDP) and ion driven 

permeation (IDP) have been performed [for 

example: 1-4]. 

In this study, PDP flux through a tungsten thin 

disk, which was exposed to the low energy and 

high flux deuterium plasma, was investigated in 

the compact PWI simulator APSEDAS. The flux 

of gas permeated through the tungsten sample 

was measured by a quadrupole mass spectrometer 

(QMS).  

 

2. Experimental 
A schematic diagram of the experimental 

apparatus is shown in Fig. 1. A plasma column is 

 
 

Fig. 1. Schematic diagram of the PWI simulator 

APSEDAS 
  

 
 

Fig. 2. Schematic diagram of the sample holder 
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sustained by 13.56 MHz RF field and its diameter is 

about 50mm. The sample was pinched by stainless 

steel flange and Cu normal gasket as shown in Fig. 

2. The irradiated area was φ16mm. The sample 

temperature was measured by a thermocouple 

contacted with the backside of the sample. The 

plasma parameters were measured by a Langmuir 

probe. The permeation flux was measured by QMS, 

which was installed at the upper of the pump. 

Several masses including HD and D2 were 

monitored. QMS signals were calibrated by using a 

standard helium leak bottle. HD calibration factor 

was assumed to be the same as that of D2. The 

pressure of deuterium gas in the upstream chamber 

during exposure was maintained at about 2.0×10
-2

 

Torr and the base pressure of the downstream 

(permeation) side was kept at about 1.5×10
-7

 Torr.  

The tungsten disk sample (φ20mm×1mm) used 

in this study was produced by A.L.M.T. Corp. The 

sample was polished both sides mechanically and 

ultrasonically cleaned in acetone and ethanol, and 

annealed in vacuum at 1173K for 1 hour before 

experiments. 

 

3. Results and discussion 

The tungsten sample was exposed to the low 

energy plasma (6~9.7eV) of which flux was about 

2.1~4.0×10
21

D/m
2
s. 

The time evolutions of permeation fluxes of HD, 

D2 and the sample temperature are shown in Fig. 

3(a), where the sample temperature was changed by 

RF power step by step. The time evolutions of 

permeation fluxes of HD, D2 and the sample 

temperature until 2 hours from the start of the 

plasma exposure are also shown in Fig. 3(b). The 

permeation flux was observed just after the start of 

the plasma exposure. The permeation flux 

decreased as soon as the plasma exposure was 

stopped. It took long time to reach steady state at 

first. As the sample temperature increased, the 

permeation flux increased as well. The increase in 

the permeation flux is attributed to the increase in 

the diffusion coefficient due to the sample 

temperature increase. At 630K and 670K, the 

permeation flux is constant in the steady state, 

whereas, at 700K, 740K, and 780K, we can observe 

decreasing of the permeation flux in the steady state 

regime. When the sample temperature decreased to 

~630K again, the permeation flux was reduced to a 

little higher level as the first steady state at 630K. 

 

4. Summary 

To investigate behavior of deuterium permeation, 

Plasma driven permeation of deuterium through the 

tungsten sample was carried out in the compact 

PWI simulator APSEDAS. The permeation flux 

began to increase as soon as the plasma exposure 

started, and began to decrease when the exposure 

was stopped. As the sample temperature increased, 

the permeation flux also increased because of a 

diffusion coefficient rising. However, the 

permeation flux gradually decreased in the steady 

state regime at high temperature. 

 To investigate the behavior of permeation in more 

detail, we will simulate using the simulation code 

TMAP 7 and compare to experimental results. 

 

 
 

Fig. 3(a). The time evolutions of permeation fluxes of 

HD, D2 and the sample temperature 

 

 
 

Fig. 3(b). The time evolutions of permeation fluxes of 

HD, D2 and the sample temperature (~2h) 
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