
 
  Molten salt Flibe (2LiF+BeF2 mixture) has promising 
properties as a tritium breeder or self-coolant for 
helical-type fusion reactor of FFHR, which are high 
TBR, low tritium solubility resulting in easy tritium 
recovery, low electric conductivity leading to small 
MHD effect, low vapor pressure and less reactivity with 
H2O or O2. Disadvantages, on the other hand, are higher 
melting temperature (459oC) and corrosive TF 
generation after neutron irradiation. The latter will be 
resolved by means of conversion to T2 using the 
redox-control reaction with Be, which is described as 
Be+2TF=BeF2+T2. Although it was reported that the 
first disadvantage might be mitigated by using a new 
candidate of Flinabe (LiF+NaF+BeF2 mixture) in place 
of Flibe, there were less experimental trial or 
information on interaction with T2 or hydrogen isotopes. 
In the present study, H transfer properties such as 
solubility, diffusivity and permeability of Flinabe are 
experimentally determined using a tertiary cylindrical 
tube system set up in our laboratory this year. 
   Flinabe was melted in a Ni crucible to perform H2 
permeation experiment using the new molten salt. An 
equi-molar mixture of LiF+NaF+BeF2 was melted 
around at 300-400oC and purified using 1000ppm 
HF+inert gas mixture. The reaction progress as time 
elapsing is shown in Fig. 1. The following reaction may 
occur in the molten salt including BeO impurities: 
  BeO+2HF=BeF2+H2O 
HF introduced at earlier time is consumed by the above 
reaction and the area amounts to 3.05x10-6 mol, which 
corresponds to 4 ppm impurity. Judging from the 
thermodynamic data of each component appearing in the 
above reaction, it is considered that BeO is not present in 
the purified Flinabe. 
  A tertiary cylindrical tubes system composed of 
monel-400 Ni-Cu alloy and sus316 alloy is set up. H2-Ar 
gas mixture or pure H2 is supplied in the inside 
cylindrical tube, and H2 permeates through the dual 
cylindrical tube of the middle part. Finally H2 permeates 
in the outer cylindrical tube and permeated H2 is purged 
out by Ar. The H2 concentration in Ar purge is detected 
by gas chromatography. At the same time transient H2 
diffusion behavior is analyzed solving the transient 
diffusion equation. As seen in Fig. 2, good fitting is 
obtained between calculations and transient 
experimental effluent curves, and the comparison gives a 
set of diffusivity and solubility. After confirming the 
steady-state permeation rate, the experiment is 
terminated, the H2 gas line is changed to Ar purge line 
and then experiment is moved into the next condition. 
	
 As seen in Fig. 3, the steady-state H2 permeation rate 
is in proportion to the up-stream H2 pressure, and 
therefore H2 is present as the molecular form in the 
molten salt and diffuses inside Flinabe. The absolute 
value of H2 permeability is the maximum position 

among Flibe, Flinak and Fnabe. The permeability and 
diffusivity is closely related with viscosity of each 
molten salt. Experiment is now continued. 

Fig. 1 Experiment to remove O from Flinabe using HF 
 

Fig. 2 Transient H2 permeation curve of experiment and 
calculation for Flinabe 

 
Fig. 3 Steady-state H2 permeation rate as a function of 
the upstream H2 partial pressure 

0.0E+00

2.0E-06

4.0E-06

6.0E-06

8.0E-06

1.0E-05

1.2E-05

1.4E-05

1.6E-05

0 2 4 6 8 10

Pe
rm

ea
tio

n 
flu

x 
of

 F
lin

ab
e,

 j H
2

[m
ol

/(m
2 s

)]

Time [hr]

550℃
500℃
450℃
400℃
Analytical Curve

LFlinabe: 3.76mm, pH2,up: 0.3 MPa

 
 
1. Introduction 

The solution hardening strengthening and 
dispersion strengthening are effective to improve the 
mechanical properties of tungsten for plasma facing material. 
However, degradation of the thermal properties occurs due 
to these strengthening treatments. Therefore, the balancing 
between the improvement and degradation of these 
properties is essential for the optimum material design as the 
plasma facing material.  

The numerical simulation of the plasma facing 
component considering the actual structure and loadings is 
considered to be one of the solutions for this issue. The 
objective of this study is the optimum material design of the 
tungsten and its alloys by those strengthening methods based 
on the numerical structural simulation of the plasma facing 
component by using the material database developed by 
Tohoku University. 

 
2. Numerical simulation procedures 

The finite element analysis of the ITER divertor 
was carried out using the mechanical and thermal properties 
experimental database of the pure tungsten (PW), 
potassium-doped tungsten (KW) and potassium -doped 
tungsten containing 3% rhenium (KW3R). 

The solver for the finite element analysis was the 
ANSYS v.15.0. The bullet perfectly plastic behavior after 
the yield point was assumed for the tungsten body and the 
piping component fabricated by the CuCrZr and OFHC-Cu. 
The heat load up to 10~20 MW/m2 for 10 s was inputted to 
the divertor top surface. The heat loading and cooling times 
were 10 s and 20 s, respectively. The temperature and 
pressure of the cooling water were 25oC and 2 MPa, 
respectively1). 

 

3. Results and discussion 
Fig. 1 shows the temperature distributions during 

heat loading up to 10 MW/m2. The maximum temperature 
was observed not at the center but at the edge of the top 
surface of the divertor regardless of the material. Because 
the temperature dependence of the thermal conductivity of 
the PW and KW was very similar, almost no difference of 
the temperature distribution was observed between the PW 
and KW. On the other hand, the higher temperature was 
observed in the KW3R divertor. The maximum temperature 
was 2400oC for the KW3R divertor, which was 
approximately 200oC higher than that of the PW and KW 
diverters. The rhenium addition induces the reduction of the 
thermal conductivity of the tungsten, especially at the lower 
temperature range. Therefore the higher temperature of the 
KW3R divertor might occur due to this lower thermal 
conductivity of this material. 

Fig. 2 shows the recrystallized area distribution 
during heat loading up to 20 MW/m2. The recrystallization 
temperature was 1100oC, 1300oC and 1800oC for the PW, 
KW and KW3R, respectively, which were determined by the 
hardness and grain structure change due to the heat 
treatment. The maximum depth of the recrystallized area for 
the PW divertor was approximately 8 mm from the top 
surface. On the other hand, that for the KW divertor was 
smaller (~6 mm), which showed the similar temperature 
distribution as the PW one, because of the higher 
recrystallization temperature than the PW. In the case of the 
KW3R divertor, the maximum depth of the recrystallized 
area was much smaller (~3 mm) because of the much higher 
recrystallization temperature than the PW and KW though 
the maximum temperature was higher than them. Based on 
these analysis results, the effect of the improving the 
recrystallization temperature by the rhenium addition had 
much more impact than the effect of the degradation of the 
thermal conductivity by that in the tungsten divertor. 
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