
Fig.1. (a) Long term tritium desorption measured by the 
tritium imaging plate technique. (b) Tritium desorption
after baking experiments. Four kinds of baking 
experiments were done at 368K, 423K, 573K and 773K 
after long-term exposure as shown in (a).
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Investigations on hydrogen isotope inventories in 
plasma facing walls are important with the view of controls 
of fuel recycling and in-vessel tritium inventories in fusion 
devices. But, removal processes of hydrogen isotopes have 
not been optimized yet and still serious problems in ITER 
and DEMO. In particular, retained hydrogen isotopes in 
deposition layers are higher than that in bulk materials.
Depth profiles in target materials are different between the 
retained hydrogen isotopes originating from energetic 
hydrogen isotopes during plasma discharges and the 
molecular hydrogen isotopes [1-2]. In tokamaks, high-level 
tritium retentions were observed under the dome regions 
and this phenomenon is the trappings of molecular hydrogen 
isotopes into deposition layers. Thus, investigations of the 
trapped molecular hydrogen isotopes are also required. In 
this study, the hydrogen isotope retentions by the energetic 
particles and the molecular gasses into the deposition layers 
are analyzed, and the removal methods for these hydrogen 
isotopes from the deposition layers are investigated. 

Two kinds of deposition layers, namely samples S2 and 
S3, were produced on stainless steel (SS) 316 target samples,
which were set near the graphite divertor targets during one 
experimental campaign in LHD [3]. On the sample S2, the 
thickness of deposition layer was 382 nm and the atomic 
concentrations were 80 %C, and 15 % Fe. On the sample S3, 
the thickness of deposition layer was 22 nm and the atomic 
concentrations were 60 %C, 25 %Fe and 5 %B. The 
retained hydrogen from the deposition layers were 
1.03x1022 mol./m2 on sample S2 and 1.10x1021 mol./m2

on sample S3, respectively The hydrogen was mainly 
trapped into the deposition layers through the main plasma 
discharges and the glow discharges in LHD. The hydrogen-
carbon (H/C) ratio for the samples 2 and 3 were 0.23 and 
0.55, respectively. The ratio of sp2/sp3 bonded carbon is
0.1-0.2 measured by X-ray photoelectron spectroscopy
(XPS). Three kinds of analytical parameters, H/C, sp2/sp3 
ratio and Raman spectroscopy [4], show that these carbon 
deposited layers have characterizations of hydrogenated 
amorphous carbon.

An advantage to use tritium gas is high-sensitivity 
detection. The tritium imaging plate technique is one of the 
useful tools for tritium measurement. The LHD deposition 
layer on sample S2 was exposed to 7% of tritium gasses at 
423K for 3 hours. After the tritium gas exposure, the 
amount of retained tritium into the deposition layer was
evaluated by -ray-induced X-ray spectrometry (BIXS). The 
detected tritium amount was 5.25x1017 mol./m2, and the 
molecular tritium was confirmed to be trapped near the 

surface of deposition layers. Figure 1 (a) shows the long-
term tritium desorption from the deposition layer after the 
tritium gas exposure measured by the tritium imaging plate 
technique. The target was kept at the room temperature in 
the air. The released tritium amount from the deposition 
layer was about 30% for 3 months. After that time to one 
year, the released tritium is negligible. After the observation 
of long-term tritium desorption, the baking experiments 
were done at 368K, 423K, 573K and 773K. As shown in 
Fig.1 (b), the effective temperature for the tritium removal is 
from 425 K to 573 K, and the amounts of tritium desorption 
reached a background level at 773K[5] . 
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It is of importance to clarify phenomena of 
implantation, retention, diffusion and permeation of tritium 
on surface of the armor materials of the first wall/blanket 
and the divertor from a viewpoint of precise control of fuel 
particles, reduction of tritium inventory and safe waste 
management of materials contaminated with tritium. In 
addition, it is well known that re-deposited layer, which 
includes the first wall components emitted by sputtering and 
residual gases such as oxygen, is formed. On the other hand, 
tungsten would be used as the armor material of the first 
wall and divetor in demo reactor. Therefore, clarification of 
behavior of tritium on surface exposed by plasma in all 
metallic first wall and divertor needs to be made. In the 
present work, tritium exposure experiments have been 
carried out for long term installed samples on first wall in 
spherical tokamak QUEST, which is an all metallic first 
wall device. 

Samples have been installed on vacuum chamber 
of spherical tokamak QUEST at Kyushu University. The 
vacuum vessel, and an armor of divertor and center stack of 
QUEST are made of SUS316L and tungsten, respectively. 
After the plasma discharge experiments, the samples have 
been examined using XPS, RBS and ERD. In addition, 
tritium exposure experiments have been carried out using a 
tritium (T) exposure device at University of Toyama. 
Pressure of the T gas was 1.3 kPa and T exposure was kept 
for 4 h in all examinations. T concentration in the gas was 
about 5 %. After thermal exposure to T gas, T amount 
retained in surface layers of the sample was evaluated by -
ray-induced X-ray spectrometry (BIXS) and imaging plate 
(IP) measurements. In this fiscal year, T exposure 
experiments on sample which was exposed by 7th cycle 
under the condition which temperatures of pre-heating and 
T exposures were 400 oC and 350 oC, respectively has been 
carried out. In addition, T exposure experiments on sample 
which was exposed by 9th cycle under the condition which 
temperatures of pre-heating and T exposures were 100 oC 
and 100 oC, respectively have been also performed.  

Figure 1 shows result from XPS analyses on the 
SUS316L sample which was installed in the 9th cycle (from 
2012/11 to 2013/3). Re-deposited layer which main 
composition are Fe, O, W, C and Cr, was formed on the 
SUS316L surface. The composition is different from that of 
the past samples and a thickness of deposited layer was 6 
times larger than that of the sample, exposed at 7th cycles, 

which main composition of re-deposited layer was Fe. Re-
deposited layer on W sample was also formed, however, 
depth profile and composition were different from that of 
the SUS316L. This is considered to indicate that deposition 
and reflection of atom on the sample surface is depend on 
the composition of the sample surface. In addition, thickness 
and composition of these re-deposited layers are considered 
to be different in a strong refection of plasma parameters, 
components inside the vacuum vessel and the surface of the 
vacuum vessel depending on the cycles of plasma 
confinement experiment.  

Figure 2 shows result of IP measurement of the 
SUS316L and W which were installed in the 9th cycle (from 
2012/11 to 2013/3). IP measurement indicated that amount 
of T on the SUS316L installed in the 9th cycle (from 
2012/11 to 2013/3) which temperatures of pre-heating and T 
exposures were both 100 oC (same temperature of wall 
during plasma discharge experiment in QUEST) was 4.4 
times higher than that of non-exposure sample. On the other 
hand, in the case of W, amount of T on the re-deposited 
sample measured by IP method was 1.1 times higher than 
that of non-exposure sample in QUEST. This indicates that 
amount of T of surface layer of the W before and after the 
plasma exposure is almost same. Distribution of T from IP 
on the non-exposed W was not uniform and large T amount 
area exists spotty, however, distribution of T on the exposed 
W was almost uniform. In the case of W used, W was 
strongly rolled because a thickness of W used was 0.1mm. 
This resulted in slightly uneven surface. As a result, non-
uniform T distribution is considered to be formed. On the 
other hand, in the case of the W sample which re-deposited 
layer was formed, T is considered to be retained uniformly 
in the re-deposited layer. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Depth profile of SUS316L installed in 9 cycle in 
QUEST 
 
 

 
 
 
 

 
 
 
 
Fig. 2. Tritium images of samples exposed to T gas at 100 
oC. 
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