
 
 

From viewpoints of not only recycling in the reactor core 
but also safety and economy of tritium, reduction of tritium 
retention in the plasma-facing materials (PFMs) is one of 
great important issues. The surface of PFMs is eroded by 
chemical and physical sputtering due to bombardments by 
high energy fuel particles, and consequently results in for-
mation of deposition layers on different surface of PFMs. 
For this reason, surface properties of the PFMs have been 
changed, and the trapping/release behavior of tritium in/from 
the PFMs should be varied with a long operation. Namely, it 
is important to study the effects of a long exposure to plas-
mas for tritium retention. 

Stainless steel type 316L (SS316L) was used as a model 
sample, which was exposed to the plasmas in QUEST. After 
plasma exposure, the sample was transferred to the Univer-
sity of Toyama by using a special sample container to ex-
pose to tritium gas. Color change of the sample surface has 
been observed after exposing to plasmas. This may be due to 
the deposition of inner materials in the device and surface 
oxidation by impurities in the plasmas. 

Figure 1 shows the X-ray spectrum observed after expo-
sure to tritium gas at 393 K for 4 hours in the tritium expo-
sure device which has been operated in the tritium laborato-
ry of the University of Toyama. Very weak characteristic 
X-ray peak of Ar(K ) was only observed in the spectrum. 
Ar(K ) peak is responsible for usage of argon gas as a 
working gas of -ray-induced X-ray spectrometry (BIXS) to 

evaluate of tritium retention on the surface and near surface 
layers. This X-ray spectrum indicates that very small 
amount of tritium is retained on surface of the sample be-
cause Ar(K ) peak is basically induced by -rays emitted 
from tritium nuclei on the surface. 

Figure 2 shows a similar X-ray spectrum observed for 
the second experiment of tritium exposure for the same 
sample. The enlargement of Fig. 2 is shown in Fig. 3. The 
sample was heated at 673 K in the vacuum device after the 
first experiment, and it was again exposed to tritium gas at 
623 K for 4 hours. About 10 times higher concentration of 
tritium gas was applied in this experiment. As clearly seen, 
plural characteristic X-ray peaks were observed: one is 
Ar(K ) and the others are due to the components of SS316L. 
The intnsity of Ar(K ) peak was about 100 times in 
comparison with the result of Fig. 1. In addition to this, 
broad X-ray peak appeared in the region of higher than 
energy of 3.5 keV. This indicates that a part of tritium gas 
exposed is dissolved into bulk of the SS316L sample. It is 
considered that such a change in the X-ray spectrum is due 
to the cleaning of surface by heating at high tempearture in 
vacuum. It is suggested, therefore, that tritium retention is 
strongly dependent of chemical state of surface of the PFMs, 
and non-uniform distribution of tritiuim retention shall be 
formed in the plasama-faced surface of QUEST. 

To investigate the desorption behavior of tritium dis-
solved into the bulk, the sample was heated stepwise after 
the second experiment, and the remaining tritium was 
measured by BIXS after heating at each temperature. As a 
result, linear decrease of the intensity of Ar(K ) was ob-
served, which was similar to the desorption behavior for the 
sample of tritium ion irradiation. Other characteristic X-ray 
peaks also decreased about 1/3 by heating at 673 K. How-
ever, this is not sufficient from view point of decontamina-
tion. Further investigations are required for the detailed dis-
cussion of trapping and release behavior of tritium. 

0 2 4 6 8 10 12 14 16 18
0.00

0.01

0.02

0.03

0.04
Sample: QUEST Plasma Exposure
Tritium Exposure Conditions:
   Exposure temperature: 393 K
   Pressure of tritium gas: 1.3 kPa
   Exposure time: 4 hr
   Tritium Concentration: 0.5%-T
Measurement Time: 100 hr

C
ou

nt
in

g 
ra

te
, N

 / 
co

un
ts

 m
in

-1
 (

E)
-1

Energy of X-rays, E / keV

Ar(K )

0 2 4 6 8 10 12 14 16 18
0.0

1.0

2.0

3.0

4.0

5.0

Fe(K )

C
ou

nt
in

g 
ra

te
, N

 / 
co

un
ts

 m
in

-1
 (

E)
-1

Energy of X-rays, E / keV

Sample: Plasma exposure in QUEST
Tritium Exposure Conditions:
   Exposure temperature: 623 K
   Pressure of tritium gas: 1.3 kPa
   Exposure time: 4 hr
Measurement Time: 60 hr

Ar(K )

Cr(K )
Ni(K )

0 2 4 6 8 10 12 14
0.00

0.10

0.20

0.30
Mo(L )

Si(K )

Ni(K )

Fe(K )

C
ou

nt
in

g 
ra

te
, N

 / 
co

un
ts

 m
in

-1
 (

E)
-1

Energy of X-rays, E / keV

Sample: Plasma-exposed
              SS316L in QUEST

Cr(K )

Ni(K )

Fig. 1 X-ray spectrum observed by BIXS after the 
first experiment of tritium exposure.   

Fig. 2 X-ray spectrum observed by BIXS 
after second experiment. 

Fig. 3 Enlargement of Fig. 2. 

  
In our previous study, first wall particle flux 

measurements in the QUEST spherical tokamak have been 
conducted, using a permeation probe that employs a first 
wall candidate ferritic steel F82H as the membrane [1]. The 
measurement results have been compared to the data taken 
from a laboratory-scale linear plasma device VEHICLE-1. It 
has been found that even for a 5 mm F82H membrane, the 
hydrogen permeation fluxes by plasma-driven permeation 
(PDP) and gas-driven permeation (GDP) can be as large as 
8.0 x 1012 and 8.4 x 1014 H/cm2/s at ~500 ℃ [2], which is 
undesirable from the viewpoint of achieving high-
confinement via plasma-wall boundary control. Therefore, 
there is a need for surface coating as a hydrogen permeation 
barrier. Tungsten has been proposed as a candidate plasma-
facing material for future fusion devices because of its 
beneficial properties, including high melting point, low 
sputtering yield and low hydrogen retention. In the present 
work, hydrogen PDP experiments through vacuum plasma-
sprayed tungsten (VPS-W) coated F82H have been 
conducted in both QUEST and VEHICLE-1.  

Fig. 1 shows a SEM image of VPS-W coating surface. 
The W coatings are deposited at ~600℃ and blast treatment 
has been carried out for the F82H steel surface before VPS 
process. The average size of W powder particles is ~25 µm. 
It is shown that VPS-W coating has an inhomogeneous 
microstructure, i.e., a mixture of disorganized areas 
composed of large unmelted W particles, fine randomly 
melted W areas and void regions (or porosity). Void regions 
or pores are observed primarily next to the unmelted 
particles. The average density of VPS-W coatings is ~90% 
of bulk W.     

Shown in Fig. 2 (a) is the hydrogen PDP fluxes 
through a VPS-W coated F82H membrane and a bare F82H 
membrane measured in VEHICLE-1. At ~500℃, the steady 
state hydrogen PDP fluxes have been measured to be ~5.8×
1012 H/cm2/s and ~1.6 x 1014 H/cm2/s, respectively. Fig. 2 
(b) shows that the tungsten coating decreases the hydrogen 
PDP fluxes by more than one order of magnitude at a 
temperature range of 250-550℃.  

However, hydrogen permeation was not detectable 
during the discharge cleaning in the QUEST spherical 
tokamak at a membrane temperature of ~300℃ (Fig. 3). 
This is believed to be due to the low plasma density and the 
low probe temperature. 

In the 2016 QUEST campaign, a thin film sputtering-
deposited W coated F82H membrane will be used to 
continue PDP measurements for high temperature, high 
density plasmas in confinement experiments. 
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Fig. 1 SEM image of VPS-W coating surface. 

 

Fig. 2 Hydrogen PDP experiments in 
VEHICLE-1: (a) Hydrogen PDP breakthrough 
curves at ~500℃; (b) temperature dependence 
of hydrogen permeation fluxes through bare 
F82H and VPS-W coated F82H membranes. 

 

Fig. 3 Hydrogen PDP experiments in QUEST 
under plasma bombardment: net implantation 
flux ~1013 H/cm2/s. 
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