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Thermal trapping of tritium is possible in the carbon layer 
depositing on stainless steel SS316L during exposure of this 
material to LHD plasmas. The amount of trapped tritium in 
the deposited layer is about 40 times larger than that in the 
base metal SS316L. When the release rate of tritium from 
carbon deposited on SS316L is measured, the results 
comprise the release from SS316L and from the carbon 
deposit. Long-term release measurements provide the 
information needed to calculate the release rate from the 
carbon deposit. Measurements of the kind presented here may 
thus constitute in the future an indirect procedure to estimate 
carbon deposition buildup during operation of a fusion 
machine. 

With the objective of gaining more information on the 
retention properties of plasma-generated layers, an 
investigation on the release rate of tritium from carbon 
deposited on Ni was commenced in this work. Ni was chosen 
because a number of researchers has reported reliable data on 
the diffusivity and solubility of hydrogen isotopes in nickel. 
While the solubility of tritium in Ni is almost the same as that 
in SS316L, the diffusivity of tritium across Ni is ten time 
faster. 

Nickel specimens having dimensions of 10×5×0.1 mm3 
and a purity of 99 % were purchased from Nilaco, Co. Ltd., 
Japan and cleaned in an ultrasonic bath first three times in 
ion-exchanged water and then three times in acetone. Cleaned 
specimens introduced into the LHD at section 6.5 near of the 
graphite divertor were subjected to 5,131 H-H shots (numbers 
#112111 - # 117242). Exposure to LHD plasmas caused 
coverage of Ni specimens by a carbon layer. 

For a description of the experimental equipment and 
procedures used for sample loading and thermal release 
studies, several previous publications are available1). Briefly, 
single specimens inside of a quartz reactor are subjected to 
670 K for 3 hours under a vacuum better than 10-6 Pa. After 
completion of heating a deuterium-tritium mixture containing 
7.2%-T is fed into the quartz reactor. Loading takes place at 
a temperature of 523 K and a pressure of 1.2 kPa.  

Figure 1 shows a schematic diagram of the experimental 
setup used to investigate the release of tritium. The apparatus 
comprises a gas supply, a specimen tube, two water bubblers 
and a copper oxide reactor. All tubing and their connections 
are of stainless steel. During each run, they are trace heated 
at 400 K to minimize condensation and adsorption. The 
temperature of the specimen was controlled at (298 ± 2) K. 
With argon as carrier gas the released tritium was first passed 
through a bubbler in which HTO was retained, then through 
a copper oxide bed maintained at 800 K to oxidize molecular 
tritium and hydrocarbons into HTO and carbon oxides and 
finally through a second bubbler. By this procedure, it was 
possible to distinguish between released tritiated water and 
elemental tritium. The technique used to determine the 

amount of tritium retained in each bubbler is liquid 
scintillation counting. 

A comparison between the tritium content of the first 
bubbler with that retained downstream of the CuO bed in the 
second bubbler consistently showed that more than 99 % of 
the liberated tritium as of water, i.e. HTO. Surface reactions 
between tritium diffused to the surface and traces of moisture 
present in the carrier gas explain the formation of HTO1). 
Figure 2 compares the release rate of tritium at ambient 
temperature from pure Ni (solid line) with that from Ni (•) 
covered by a thin layer of deposited carbon as function of 
time after tritium loading. As further noticeable from Fig. 2 
the release rate of tritium from clean Ni drops sharply from 
initially 2×105 Bq/h down to 103 Bq/h after an ageing period 
of 24 hours and down to less than 1 kBq/h after elapsing of 
40 hours. A one-dimensional diffusion model2) simulates this 
behavior rather well. The release of tritium from nickel 
having a deposited carbon layer, on the other hand, was quite 
different. In this case, the release rate became less 10 Bq/h 
after an ageing period of more than 1,000 hours and slowly 
decreased to 4 Bq/h after an ageing period of 8,350 hours. 
Evidently, the release of tritium from the carbon deposit on 
the surface is much slower than that from the Ni metal bulk.  
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Fig.1. Experimental arrangement for the chronic release
studies.
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Fig. 2. Tritium release from carbon deposited Ni and
simulation result of tritium release from pure Ni.

  
  

In a helical fusion reactor, it is favorable to employ 
plasma facing walls with a thin thickness, in order to obtain 
a desirable magnetic configuration and easy access of 
plasma heating. 

 Tungsten has been regarded as candidate plasma 
facing material since the erosion yield owing to plasma 
sputtering is very small. In addition, the tritium inventory in 
the wall is low. However, the weight of tungsten is 
significantly large and the cost is expensive, if the bulk 
tungsten is used as the wall material. In the case of 
maintenance and replacement for cassettes of tungsten wall, 
it takes a time since the cassette is heavy. 

The cassette weight becomes significantly light if the 
tungsten coated ceramics material is employed. The cost of 
the plasma facing material also becomes inexpensive. As the 
candidate of ceramics, there may be carbon fiber composite 
(CFC) and SiC/SiC composite material. The thermal 
conductivity of CFC is highest among the plasma facing 
materials, so that we here consider the tungsten coated CFC. 

 Tungsten coatings on bulk graphite have been 
conducted so far by using vacuum plasma spray (VPS) and 
chemical vapor deposition (CVD). In the case of VPS, the 
bulk density of tungsten is not high, so that the thermal 
conductivity is low. In the case of CVD, the coating layer 
easily cracks owing to the difference of thermal expansion 
coefficient between the coating layer and the bulk graphite. 

Recently, spark plasma sintering (SPS) has been 
applied to prepare a thin and high density tungsten material, 
by Toyo Tanso Ltd. This tungsten was brazed on CFC by 
using hot pressing.  As the CFC, CX2002U was employed. 
Figure 1 shows the tungsten coated CFC. The tungsten 
layer has a quite large bulk density, 16.54 g/cm3, close to 
the pure tungsten density, 19.3 g/cm3. The estimated 
porosity is only 14.5 %. The thermal diffusion rate was 
measured as D = 0.74 cm2/s. The thermal conductivity was 
obtained from both the bulk density and the thermal 
diffusion rate. The thermal conductivity, k, is given by 

 
 

k = ρ C D ,                        (1) 
 
 
where ρ is the bulk density, C the specific heat and D the 
thermal diffusion rate. In the case that ρ = 16.5 x 103 kg/m3, 
C = 132 J/kg K and D = 7.4 x 105 m2/s, the thermal 
conductivity becomes k = 161 W/m K. This value is quite 
close to that of pure tungsten, 171 W/m K, and highest 
among the tungsten coating materials.  

The thickness of brazing layer is approximately 100 
μm. The density and the thermal conductivity in X direction 
of CX2002U are 1.65 g/cm3 and 422 W/mK at RT, 
respectively. As the thermal stress test, this tungsten coated 
CFC heated up to 1073 K was suddenly dropped to water, 
and after that the damage owing to the thermal stress was 
examined. No failure was observed for this test.  
     The above data show that the present tungstencoated 
CFC has a quite high potential on the thermal properties and 
then this material may be suitable for the plasma facing wall 
in both the helical and tokamak reactors. 
 
      Further investigations on the fuel hydrogen retention 
and the performance to the high heat load are required in 
order to design the plasma facing wall and the cassette 
structure. This brazing material at least has to endure to the 
heat flux of 10 MW/m2 without melting of tungsten layer. 
The tritium inventory of this brazing material has to be 
comparable with that of bulk tungsten even if the graphite is 
employed. The tritium inventory may be kept low, since the 
carbon dust1) is little produced. These issues will be 
continuously investigated. 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Tungstencoated CFC with high thermal 

conductivity. 
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