
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). 

0

40

80

120

160

0.1 1 10 100 1000

Tr
iti

um
 D

es
or

pt
io

n 
(a

.u
.)

Long-term tritium desorption 

Number of days after tritium gas exposure

Deposition layer (S2)

Reference sample (SS316)

(a)
1 year

 

0

20

40

60

80

100

0 10 20 30 40 50 60 70 80
Baking time (h)

Tr
iti

um
 d

es
or

pt
io

n 
(a

.u
.)

423 K368 K 573 K 773 K
  1h

Tritium desorption after baking exp.
(b)

Reference sample (SS316)

Baked deposition layer 
             (S2-1)

Unbaked deposition layer
            (S2-2)

 

 
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] . 

This work was supported by the NIFS budgets 
KUHR010, ULFF004 and the JSPS-NRF-NSFC A3 
Foresight Program in the field of Plasma Physics (NSFC: 
No.11261140328).  
[1] J. Roth, et al., PPCF 50 (2008) 103001. 
[2] N. Ashikawa, et al.,FED 81(2006) 2831. 
[3] Y. Nobuta, et al., JNM 438 (2013) S1040. 
[4] Y. Hamaji, et al., FST 63 (2013) 371. 
[5] N. Ashikawa, et al., APFA conference (2013) 
 

     Tungsten (W) is one of the most important candidates 
as a plasma-facing material for the International 
Thermonuclear Experimental Reactor (ITER) because of its 
excellent material properties such as high melting point, 
high threshold energy for physical sputtering, and low 
retention of hydrogen isotopes. However, it is known that 
helium (He) holes/bubbles and fiberform nanostructure are 
formed on W surfaces by the exposure to He plasma even 
when the incident ion energy is less than the threshold 
energy of sputtering. It is important to clarify the effects of 
He on hydrogen isotope retention and surface damage in W 
from the viewpoint of hydrogen isotope retention and safety 
control of nuclear fusion reactor. Recently, it has been 
reported that tritium (T) retention of the nanostructured W 
(Nano W) surface was investigated by an imaging plate (IP) 

-ray induced X-ray spectrometry (BIXS) technique.1)

However, the full T retention in Nano W has not been
clarified. In this study, the retention of T in Nano W was
examined by the thermal desorption spectroscopy (TDS). 
     W samples were powder metallurgy W sheets (Nilaco. 
Co.) of 15×8×0.2 mm3. W sample was exposed to He 
plasma in the NAGDIS-II to various He ion fluence. The 
irradiation temperature and the incident ion energy were 
1550 K and 55 eV, respectively. The helium ion fluences 
was 5.0 × 1025 m 2. As reference, W sample with smooth 
surface (Polished-W) was also prepared by polishing W 
sheets with abrasive paper and alumina particulate 
suspension. After heating in vacuum at 600 oC for 1 h 30 
min, W samples of Nano W and Polished W were exposed 
to a D–T mixture gas (5 at.% T) at 300 oC and 1.2 kPa for 5 
h. The T release rate from samples was determined with a 
flow system operated at argon (Ar) stream (100 ccm)
comprising a quartz tube maintained at constant temperature
(25 oC) and a sequence water bubbler placed downstream.2)

Aliquots from the bubblers were taken from time to time 
and analyzed for T by liquid scintillation counting. After the 
end of T release from samples at 25 oC, T desorption 
behavior was investigated with TDS analysis. In the TDS 
analysis, samples were heated from room temperature to 
800 oC with a ramp rate of 0.5 oCs-1. In this analysis, those 
samples were heated in Ar stream and T desorption was 
measured using a proportional counter located downstream 
of the sample.
     Fig. 1 shows the T release rate into Ar stream at 25 oC
from Nano W and Polished W. The first plot obtained over a 
period adding up to almost 20 min showed that T is initially 
liberated rather rapidly at rates of nearly 3×105 Bqh-1. This 
rate drops to less than 4×104 Bqh-1 after about 1 h 20 min 
and continues to decrease further to even lower values after 

about 17 h 20 min. Those results shows that TDS result 
described below shows the release of T from stable trapping 
site into sample.
     Fig.2 shows TDS spectra of T in Nano W. T retained 
in Nano W started to desorb at around 100 oC and the major 
peak was seen at around 430 oC. On the other hand, the 
major peak of T retained in Polished W was seen at around 
500 oC. The total amount of retained T in Nano W were was 
about 6 times of it in Polished W. For future works, the 
behavior of hydrogen isotope into the bulk and fiberform 
nanostructure area will be investigate.

Fig. 1. The plot of the T release rate into an Ar stream 
at 25 oC from Nano W and Polished W.

Fig. 2. Thermal desorption spectra of T for Nano W.
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