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Fig. 1 Pictures of bottles with materials before a 
cocktail installation. Bottles are numbered 1 to 5 
from the right side. 

 

 
An investigation of retained tritium in plasma facing 

materials is important issues in ITER and DEMO. Reports 
of tritium and hydrogen isotope measurements in small dust 
particles collected in medium/large tokamaks are limited, 
and particularly quantitative measurement is required to 
extrapolate their data to the fusion reactor. Liquid 
scintillography counting (LSC) was applied to the 
quantitative analysis of tritium in a small amount of dust, 
and one of technical issues for LSC measurement, such as a 
selection of a cocktail and a wipe material, was investigated 
in this collaboration work. Experimental results of a 
solubility efficiency were reported. 

In JET-ILW (ITER like wall), dust particles were 
collected in 2012, just after the first operation period. A 
typical size of ILW dust particles was from 0.1 to 100 
microns and collected amounts were a little about 1 gram. 
For these particles, many kinds of analyses were planned, 
such as surface morphologies, compositions, nano-scale 
structures, amounts of hydrogen / deuterium / tritium, so on. 
Many dust particles were sticking at the inner surfaces of 
the glass bottles by the static charge. For the LSC analysis, 
we collected dust particles by wiping the inner surface of 
the sample bottles by different wiping materials. If the wipe 
material is remained in cocktails, a counting of liquid 
scintillography decreases due to absorption of beta-ray.  

Some combinations between a cocktail, which was 
made by PerkinElmer Corporation, and a material can be 
melting and the results were reported [1]. Hence, we 
selected five materials for a wiping off of dust particles in 
sample bottles. These materials are listed in Table 1 and a 
picture is shown in Fig.1. 

Important points of solubilization are a solubility and a 
transparency of mixed cocktail. Solubility efficiencies were 
evaluated and three levels are shown such as follow ; 1) A 
material was fully melted in level 1 ( ), which is not 
observed in this experiment, 2) a material was roughly 
melted and a cocktail was almost clear in level 2 ( ), 3) a 
material was remained and was not melted in a level 3 ( ). 
Finally, a polycarbonate type membrane filter was selected 
by the results of solubility efficiency in cocktail and 
unbreakable material during the wiping work (workability). 

Using polycarbonate membrane filters, ILW dust 
particles stored in glass bottles were caught out and put on 
Hionic-Fluor cocktail with Soluene-350, which is toluene 
base solution. Using this method, quantitative analysis of 
tritium measurement was successfully done for ILW dust 
particles. This work was supported by the NIFS budgets 
KEMF078 and the Broad Approach collaboration in JAEA. 

 
[1] J. Thompson, D.A. Burns, “LSC Sample Preparation by 

Solubilization”, Report in PerkinElmer Corp., (2014) 
 

 

Table 1: Solubility efficiency for different materials. Pictures of these bottles are shown in Fig.1 

 
Reduced Activation Ferritic/Martensitic (RAFM) 

steels, such as F82H and EUROFER, are candidate 
materials for fusion DEMO reactor. To understand bulk 
fuel retention and tritium inventories of plasma-facing 
materials in DEMO, analyses of samples exposed to 
deuterium plasmas are essential. In this study, RAFM steel 
samples are exposed to low energy deuterium plasmas and 
the effects of surface modifications on deuterium retention 
is elucidated. 

 RAFM steels, F82H (8Cr-2W) and EUROFER (9Cr-
1W), are bombarded with steady-state deuterium plasmas 
under conditions relevant to the first wall environment 
using the PlaQ facility [1]. The surface temperature of the 
samples during plasma exposure was measured by 
thermocouples and an infrared camera. It was set at 450 K. 
Target steels were exposed to helium pre-irradiation 
applied a DC-bias voltage of 200V and deuterium plasma 
bombardment applied a DC-bias voltage of 100V. Applied 
deuterium and helium fluences are 1 x 1024 D/m2 and of the 
order of 1024 He/m2, respectively. After the plasma 
exposures the samples were analyzed with nuclear reaction 
analysis (NRA), microbalance, Rutherford backscattering 
spectroscopy (RBS), field emission scanning electron 
microscopy (FE-SEM), X-ray photoelectron spectroscopy 
(XPS).  

Deuterium retention in the steels determined by NRA 
is shown in Fig.1. NRA was done using D (He3, p) 4He 
reaction at different energies, 690 keV, 1200 keV, 1800 
keV, 2400 keV, 3200keV and 4000 keV, respectively. 
Amounts of deuterium retention are of the order of 1018 to 
1019 D/m2 at the near top surface region using an energy of 
690 keV. Target samples with helium pre-irradiation show 
higher deuterium retentions to compare with without 
helium pre-irradiations. The difference between F82H and 
EUROFER is almost negligible. 

Figure 2 shows surface morphologies analyzed by FE-
SEM. After deuterium plasma bombardment, a smooth 
plane shown. From microbalance measurement, weight loss 
of 10 g per 1 cm2 was observed. But a surface on the 
target after helium pre-irradiation shows pinholder-like un-
uniform structures as shown in Fig.2 (b). A weight loss 
after helium irradiation is about 60 g per 1 cm2 and then 
an erosion rate by helium irradiation is higher than that 
after deuterium irradiation.  

Two kinds of damages by helium irradiations, such as 
a changing of surface morphologies and helium bubbles, 
are known on RAFMs. Such surface damages have an 
influence on increasing hydrogen/deuterium retentions on 
RAFMs. 

 
This work is supported by NIFS budget UFFF028, 

KEMF058 and SOKENDAI Young Researcher Overseas 
Visit Program. 

.  
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Figure 1 Deuterium retentions in F82H and 
EUROFER targets exposed to helium pre-
irradiation and deuterium-plasma bombardments 
in the Pla-Q dacility. Target temperatures are 450 
K.  

Figure 2 Surface morphologies of F82H 
measured by FE-SEM. (a) deuterium 
bombardment and (b) helium pre-irradiation 
and deuterium bombardment. 

D implantation : 1E24 D/m2, 450K, 100V bias

F82H 224 Pre He-irr.
Eurofer 9 Pre He-irr.
F82H 204
Eurofer 1

P
ro

to
n 

yi
el

d 
[C

ou
nt

s 
/ 

C
]

3He energy [keV]  

1 m 

   
 

 (a) (b) 

1 m 

311

§47.	 Hydrogen Retention of Low-activation 
Ferritic Steel Alloys Irradiated by Plasma

Isobe, K. (JAEA),  
Ashikawa, N.,  
Sugiyama, K., Manhard, A., Balden, M., Jacob, W.  
(Max-Planck-Institut für Plasmaphysik, Germany) 


