
 
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), were bombarded with steady-state deuterium plasmas 
under conditions relevant to the first wall environment 
using the PlaQ facility [1]. The ion bombarding energy was 
set to 115 eV by applying a negative DC-bias onto the 
target assembly. The surface temperature of the samples 
during plasma exposure was measured by thermocouples 
and an infrared camera. It was set at 450 K. Applied 
deuterium fluences ranged from about 1023 to 1025 D/m2. 
After the plasma exposures the samples were analyzed with 
nuclear reaction analysis (NRA), 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. 
Sufficient intensities of deuterium retentions in the steels 
are only observed at 690 keV by NRA and mainly 
deuterium retentions are observed at the surface and further 
below the surface retention is very low or below the 
detection limit, respectively. Deuterium retention is of the 
order of 1018 to 1019 D/m2 and the difference between F82H 
and EUROFER is almost negligible. Surprisingly the 
fluence dependence shows that deuterium retention at a D 
fluence of 1023 D/m2 is higher than that above 1024 D/m2. 
Surface morphology is clearly changed with increasing D 
fluence, e.g., grain-boundaries become more clearly visible 
due to erosion by ion bombardment as shown in Figs. 2. 
Also the surface composition changed after low energy 
deuterium plasmas exposures, e.g., the W concentration is 
enriched in comparison with that of the original ferritic 
steels as shown in Fig.3. Because the D retention in these 
samples happens dominantly at the surface in a depth of 
much less than 1 m, we conclude that D retention in F82H 

and EUROFER is related to such surface modifications 
occurring under low energy plasma exposure.  
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Figure 1 Fluence dependence of deuterium 
retention in F82H and EUROFER targets after 
deuterium-plasma bombardments in the Pla-Q 
Facility. Target temperatures are 450 K.  

Figure 2 Surface morphologies of EUROFER 
measured by SEM. (a) deuterium fluence of 1023 
D/m2 and (b) deuterium fluence of 1025 D/m2. 
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Figure 3. Surface composition on F82H targets 
analyzed by RBS.  
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Fusion material researches for liquid breeding 
materials, such as hydrogen recovery process, corrosion of 
structure materials, and function of ceramic coatings have 
been widely performed so far. However experiments 
performed in the enough flowing condition with the 
temperature difference in the system -they are appreciated 
from a practical point of view- are very few because 
experimental system which can achieve the condition is 
usually very large and expensive. 

In this this study, we fabricated a new small liquid 
loop driven by a static gas pressure difference whose 
schematic is shown in Fig.1 Using water and molten salt 
FLiNaK as the fluid, circulating tests (bypassing “Test 
section” and “Heat exchanger” which will be completed in 
the next fiscal year) were performed in this fiscal year. In 
case of FLiNaK, the operating temperature was above 800K. 

 
The water flowing experiment at room temperature, 

pressure difference of 20 kPa was applied to achieve 2 cc/s 
of flow rate. It was shown that the system worked as 
designed, while a position of one pressure gauge and control 
program were found to need revision. 

 Flowing experiment with molten salt FLiNaK was 
followed to the attachment of heater components, sheathed 
thermos-couples and thermal insulator (Fig. 2). FLiNaK salt 
was prepared from raw fluoride salt (LiF, NaF and KF), 
whose compositions were 46.5, 11.5, 42 mol % respectively. 
The raw salt was evacuated and dried at around 600 K 
followed by the melting and mixing at 800 K. Appling the 
pressure difference in the system (50 kPa to achieve 2 cc/s 
of flow rate) and heating the bypass channel correspond to 
the test section and heat exchanger, FLiNaK was 
successfully circulated. Liquid circulation enhanced the 

temperature uniformity through the loop as shown in Fig. 3. 
Temperature spikes in Fig.3 (one per 2 minutes) is 
corresponds to the gas pressure control frequency. 

In addition to the experiments, applicability of this 
system as a back-up pump in molten salt cooling fusion 
reactor was simply discussed. Supposing the required flow 
rate and pumping pressure as 0.22 m3/s and 0.1 MPa, pump 
system (three tanks are stacked directly to be 3 m-diameter 
and 3 m-height) requires 10m3 per one minute and only a 
small amount of electricity to operate solenoid valves. It is 
concluded that this system can be a candidate back-up pump. 

These results have been presented in the conference 1). 
Upgrading of the pneumatic valve for high temperature 
operation, completion of “Test section” and “Heat 
exchanger”, start of the corrosion experiment, and applying 
for the lead-lithium liquid metal will be done in FY2015. 
 
1) J. Yagi et at.: 2015 Spring Meeting, Atomic Energy 
Society of Japan, (2015) 

 

Fig. 1. Schematic of the loop system. 

 
Fig. 2. View of the loop.  

(Gas and heater control systems are not included) 
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Fig. 3. Temperature transient by the start of flowing. 

297

§6. Effects of Surface Modifications on 
Deuterium Retention in F82H and 
EUROFER Exposed to Low Energy 
Deuterium Plasmas

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


