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This research was performed mainly in the first half 
of the task 1-2 of TITAN project to investigate the 
interaction between hydrogen isotopes and liquid LiPb. 
Solubility of hydrogen in liquid LiPb was measured under 
a static condition. Kyoto University provided the first 
experimental apparatus shipped to Idaho, and Kyushu 
University succeeded the experiment and further 
improved. Obtained solubility generally agreed with 
some previous reports, bat varied orders of magnitudes 
suggesting influence of impurity or other chemical 
processes.

I. INTRODUCTION

In order to clarify the behavior of tritium in liquid 
blanket systems, interaction with breeder needs more 
understanding. Both solubility and diffusivity of tritium 
in liquid LiPb have been studied in the past, however 
approximately 4 orders of magnitude difference were 
found in previous reports. In the TITAN project that 
investigated overall phenomena of material-tritium 
interaction in the blanket systems, Task 1-2 on the 
Solubility Measurement with tritium was planned to be 
conducted in the STAR Facility in the Idaho National 
Laboratory. In the first half of the 6 years project,Kyoto 
University developed a pot experimental apparatus for the 
static measurement of solubility and difflisivity, shipped 
to the INL, for the tritium experiment. Kyushu University 
has ftirther continued the experiment and expand it to 
kinetic measurement based on it. This research report 
describes this initial part of the study.

II. DEVELOPMENT OF EXPERIMENTAL 
APPARATUS

The basic concept of the measurement is very simple. 
Known amount of hydrogen gas is repeatedly loaded on to 
the liquid LiPb by exposing and equilibrated in the static 
container for some extended period of time. When the 
pressure of the hydrogen is determined to be steady and 
equilibrated, another known amount of gas is loaded. The 
repeated procedure provides a Pressure-Composition 
Isotherm. Figure 1 shows the configuration of this

isotherm measurement. Sample is contained in the test 
section 1,and reservoirs of measured volumes are 8,9 and 
10.

The apparatus was designed to be compatible with the 
glovebox in INL for the tritium experiment to be finally 
conducted. For this purpose, all the fittings and valves 
were made of metals and no organic material was used.

measurement installed in the glovebox of STAR in 
TNL.
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Fig.5 Temperature dependence of the solubility of 
Deuterium in LiPb.

It agreed well with the previous measurement 
conducted in Kyoto university with the similar experiment 
that was tested to higher temperature range (〜900 degree 
C). It is also noted that the measurement by Fukada and 
Kyushu university team given a higher solubility value in 
the later experiments.
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pressure. No formation of stable hydrides were observed, 
however the error in the absolute value of the solubility 
should be considered, because the subtracted blank 
solubility (amount of gas absorbed by the apparatus) was 
15〜 30 % of recovered gas.
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Fig.4 Pressure dependence of the solubility of deuterium.

Temperature dependence of the solubility is shown in the 
figure 5. Observed enthalpy from the slope of the linear 
relation is rather small, and the absolute value is also 
small. Comparison with other reported data is also shown. 
In the wide range of the values previously published, this 
result was close to the Reiter's1, and two orders of 
magnitude lower than Aiello’s '

Vacuum pump was turbo-molecular pump with magnetic 
bearing.

Figure 2 shows the apparatus installed in the 
glovebox of the STAR facility in rNL. Effluent 
processing for tritiated exhaust from the vacuum pumping 
from the experiment was interfaced with the STAR 
facility.

Detail of the sample holder is shown in the flg.3. 
Sample container is heated with heater wire wound on the 
cupper heat block surrounding the crucible and contained 
in a vacuum chamber so that tritium permeation and heat 
load to the glovebox would be minimal. Material for the 
LiPb sample was alumina for early experiments and 
replaced with Mo later. Silica was also tried and found to 
react with LiPb. Alumina was also suspected to affect the 
result, and in a related experiment, formation of lithium 
aluminate was found, probably due to the reaction 
between oxide impurities in LiPb. Entire experimental 
apparatus was first heated and evacuated, and hydrogen 
isotopes gas was repeatedly equilibrated with the melt 
LiPb sample at a prescribed temperature. Apparent 
solubility of hydrogen, i.e. pressure drop contains 
dissolution into the materials consisting the apparatus 
such as sample container, and thus the result of blank 
measurement subtracted. Tested temperature was 300 to 
650 degree C, and the pressure was 1〜lOOkPa.

III.RESULTS AND DISCUSSION
An experimental result of the isotherm did not show 

any plateaus suggesting the formation of hydrides. When 
the amount of hydrogen isotope gas is proportional to the 
square root of the pressure, solubility can be determined 
as the Meverfs constant. Figure 4 shows the result of the 
solubility of deuterium measured in the experiments 
performed in 2009〜2009 fiscal year. Solubility was 
considerably small, however the obtained result clearly 
showed the dependence with the square root of the
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IV. CONCLUSION
As the cold test of the static measurement of 

hydrogen solubility in LiPb, the preparation and operation 
of the experiment in STAR facility of 1NL provided a 
sound basis for the subsequent experiments with tritium. 
The value of solubility obtained with deuterium was small, 
and proportional to the square root of pressure. 
Temperature dependence was small and slightly 
endothermic, indicating very week chemical affinity 
between them. Absolute value of solubility was lowest 
level among the previous reports or subsequent 
measurements by Kyushu University. One of the possible 
explanation is an effect of oxide impurity to be slowly 
formed even in a controlled environment of the glovebox. 
The result also suggests an insignificant impact on the 
total tritium inventory in fusion fuel cycle.
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