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Measurement o f tritium solubility in lithium lead 
eutectic alloy (Li-Pb) has been performed under the 
Japan-US collaboration work o f ‘TITAN” .The present 
paper reports that results o f H and D solubility in Li-Pb 
which melted in an alumina tube determined by means 
o f a constant volume method, and also reports an 
experimental apparatus for measurement o f tritium 
solubility in Li-Pbin a tungsten crucible is improved 
and examined in the STAR facility o f the Idaho National 
Laboratory.lt was shown that H solubility in Li-Pb was 
easily influenced by impurities, interaction 
withsurrounding materials and evaporated Li-Pb. The 
influences were suggested to be caused by large 
scattering among the previously reported data on 
solubility o f hydrogen isotopes in Li-Pb.

I . 丨INTRODUCTION

Liquidlithium lead eutectic alloy (Li-Pb) is one of 
the most promising candidates for advanced tritium 
breeding materials. It is important to understand tritium 
transfer behavior in liquid Li-Pb in order to construct a 
system of tritium recovery from liquid Li-Pb blanket in 
a fusion reactor. Some data on mass transfer properties 
of tritium in Li-Pb are reported such as permeability, 
diffusivity and solubility of hydrogen isotopes [1-12].

However, there is a large scattering among the 
previously reported solubility of hydrogen (H) and 
deuterium(D) in Li-Pb. Especially, there is no reliable 
data for tritium (T). The previous data on H or D 
solubility were determined using a constant volume 
method [1-6] or a permeation method [9-12].In 
measurement of solubility of hydrogen isotopes, Li-Pb 
was melted in various crucibles such as iron, quartz 
glass, stainless steel and so on.The interaction between 
Li-Pb and surrounding materials should be discussed to 
clarify a cause of the scattering and to 
determinesolubility of hydrogen isotopes precisely.

Therefore, in order toobtaintritium solubility in 
Li-Pb, an experimental apparatus was improved and 
examined in the STAR facility of the Idaho National 
Laboratory under the Japan-US TITANcollaboration 
work. Solubility of hydrogen isotopes in Li-Pbwhich 
melted in an alumina tube or a W crucible was

measured by means of a constant volume method.

II. EXPERIMENTAL 

II.A. Preparation of Li-Pb

Hydrogen desorption test in Li-Pb (Li:Pb =15:85 
at.%) was carried out. The Li-Pb pieces prepared 
previously were added into alumina tube in air. The 
total weight of Li-Pbin the alumina tube was 131.37 g. 
The liquid volume was 13.85 cc at 300 °C, and the tube 
was filled with liquid which height of 38mm from the 
bottom. The alumina tube was installed in the solubility 
measurement system and it heated up to 150 °C with 
evacuating for baking. After leak checking from the 
alumina tube, Li-Pb was melted by heating alumina 
tube slowly up to 350 °C with evacuating.

II.B. Experimental setup of solubility of hydrogen 
isotopes measurement system

A schematic diagram of the experimental setup is 
shown in F ig .1 .The test section of the alumina tube 
was heated by a ceramic heater, and thermal insulations 
were put around the heater. Temperature of a bottom 
thermocouple (TC4) was differed from side TCs(TCl,2, 
3), and temperature shown by TC4 was much lower 
than the others. When the temperature of Li-Pb was 
measured during cooling down after heating up to 400 
°C, the eutectic temperature was confirmed.The 
temperature of Li-Pb was controlled by TC3 because it 
was shown the closest to eutectic temperature among 
the TCs. A line to a quadrupole mass spectrometer 
(QMS) was installed in order to investigate impurities 
leaking from air or in Li-Pb in the system. We 
conducted leakage checking in Vol1+Vol 2+Vol 3 
where charging helium (He) at 1.33 x 105Pa by a He leak 
tester, and confirmed no leakage. After that, air or 
carbon compounds peaks (Mass No.28, 32, 40, 44) 
were increased in QMS measurement when the TMP 
gate valve closed though they were a very small amount 
and there was no peak with evacuating by Turbo 
molecular pump (TMP). It was considered the 
impurities were included in Li-Pb and they were
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Fig. 3 H2 release rates at 400°C

IV.Preliminary test for tritium solubility 
measurement of liquid Li-Pb

200min.
The comparisons of H solubility among reported 

values from referencesare shown in Fig. 4. The 
solubility obtained by adsorption tests is larger than that 
of desorption tests in the same experimental conditions 
because desorption period is not long enough. In the 
adsorption measurement process, it is required more 
measurement time to reach to steady state of H2 release. 
The solubility in tms work is larger than that in a 
previous work of TITAN09. Three reasons were 
considered as the differences. First, the estimated 
solubility is not taken into consideration background of 
H2 release from the alumina tube. Hydrogen is trapped 
in Kovar part of the alumina tube. Second, 
experimental conditions of heating and insulating are 
different. Third, operations of Li-Pb filling with a 
vessel were differed between a direct poured method 
(TITAN09) and a particle packing one (TITAN 11). 
There is a possibility that some impurities, spaces or 
bubbles are present in しi-Pb where a large amount of 
hydrogen is trapped.

released from the space of lead lithium. H2 was charged 
into Li-Pb at 625 Pa in order to remove the impurities. 
Leakage of He gas through the alumina tube, flange, 
joints and valves were checked by a leak tester after Vol 
1+Vol 2 was filled with high pressure He gas at 
1.33xl05 Pa. The alumina tube with a heater was 
covered with a plastic bag, where He leakage was 
checked. There was no leak through the alumina tube. 
Consequently, it was concluded that the impurities 
peaks were not leaked from Air to the experimental 
system but released from Li-Pb or other parts. We could 
treat the pressure increase in the system as background.

II. C. Measurement of H and D solubility in Li-Pb

An amount of hydrogen adsorbed or absorbed in 
しi-Pb was measured by two techniques of absorption 
and desorption. Adsorption and desorption test were 
performed at the temperature of 300, 350, 400 °C and 
under the pressure of 1330 P a .しow temperature and 
low pressure charging of hydrogen was effective.

III. Results and discussion

Fig. 2 shows the results of adsorption at 300 0C.In 
adsorption tests, the amount of H adsorbed and 
absorbed in Li-Pb is decided from difference between 
an initial pressure and an equilibrium pressure after H2 
charging. The initial pressure means an expanded 
pressure in vol 1+vol 2 for 30 sec after VI opened. In 
desorption tests, the amount of H2 release is measured 
by opening VI at intervals of 5 min. It confirmed that 
no impurity peaks were detected in desorption tests by 
QMS measurement, and H2 release rates were measured 
simultaneously by pressure gauge and QMS 
measurement.

Fig. 3 shows the comparisons of hydrogen release 
rate from Li-Pb with that from the blank tube. The 
release rate from Li-Pb is larger than that from the tube. 
It is estimated that the amount of H2 release from the 
tube is approximately 3% in that from Li-Pb for
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Fig. 6 Results of F^desorption test without しi-Pb.

IV.C. Preliminary tests of H adsorption and 
desorption in Li-Pb

Li-Pb was prepared as Li:Pb=15:8b in a melting

Fig. 5A schematic view of the experimental apparatus 
of T solubility.

IV.B. Blank test

H2 adsorption and desorption tests of the W 
crucible without Li-Pbwere performed in the 
experimental apparatus at the temperature of 500°C and 
the H2 charging pressure of 10-100Pa. Results of H2 
desorption test are shown in Fig.6.Regarding adsorption 
tests, pressure in voll+vol2 became steady state within 
15 min after charging 100PaH2 to voll while pressure 
was not changed after charging lOPa H2 to voll. 
Regarding desorption tests, H2 released rate decreased 
slowly. It is considered that H2 adsorbed in the walls of 
the W crucible and the quartz vessel was released. 
Therefore, the H2 release rate has to be considered as 
background.

3.0xl010

Preliminary experiment was conducted using by an 
experimental apparatus for measurement of T solubility 
in Li-Pb.

IV.A. Experimental setup for T solubility 
measurement

Fig.5 shows a schematic view of an experimental 
apparatus of tritium solubility measurement. Li-Pb is 
housed in a tungsten (W) crucible inside a quartz vessel 
and heated by induction coils. W crucible, which had a 
good compatibility with Li-Pb and low H solubility, 
was selected as a container of Li-Pb filling.A sealed 
part of the quartz vessel is cooling by a cold gun 
blowing N2 in order to avoid heating up the seal 
material. The W crucible is heated by an induction 
heater.Allthe valve operations, temperature, pressure 
and gas flow rates are controlled by the Labview on PC 
put on externally.

The r  solubility measurement system has three 
volumes of voll, vo!2 and vol3. The volumes in the 
measurementsystem were calibrated using by a 
calibrated volume.

Leak rates in the volumes of voll, vol2 and vol3 
were measured at room temperature of 22°C on average. 
Pressure increase in voll+vol2 and vol Rvol2+vol3 for 
5 min was measured with closing each valve. The leak 
rates confirmed to be small at room temperature.

Heating tests of a W crucible were conducted by 
an induction heater. Temperature of the W crucible is 
controlled by output power of the induction heater. 
Thermocouples are placed in a side wall of the W 
crucible, bottom of the quartz vessel, outside of vol2 
and the seal part surrounding an O-ring. In addition, 
temperature of the W crucible is also measured by a 
pyrometer (Ircon infrared thermometer) which 
temperature range is 350-700°C. The pyrometer was 
calibrated by the thermocouple which contacted with 
the W crucible. Temperature of the W crucible indicated 
by the thermocouple agrees well with that by the
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pyrometer in the temperature range of 400-600 C. 
Temperature distribution in the W crucible was also 
observed.
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pot in a glove box of He atmosphere. Li-Pb of 68g was 
put in the W crucible in a tritium-handling glove box 
(GB104-N). The W crucible with Li-Pb housed in 
aquartz vessel was evacuated to remove air. After the 
pressure in voll+vol2+vol3 decrease lower than 0.001 
Pa at room temperature and a leak rate is 4><10*5 Pa/s, 
the W crucible with Li-Pb was heated up to 
150°Cslowly for baking. Li-Pbwas meltedat 250°C 
overnight after confirmed that pressure in the quartz 
vessel was lower than 0.001 Pa. Since the Li-Pb was 
melted, it was heated up to 500°C. Although the quartz 
vessel was clear before heating up the Li-Pb, the vessel 
turned black gradually as seen in Fig.7. This is because 
Li or Li-Pb vaporized and covered inside the vessel, 
and they reacted with a very small amount of impurities 
such as nitrogen, oxygen or water at high temperature. 
A leak rate in voll+vol2+vol3 at 500°C is 2.9><1 O'4 Pa/s 
after evacuating overnight at 500°C.The leak rate was 
small judging from the leak rate at room temperature 
and at 500°C.

Fig. 70bservation of a quartz vessel which enclose W 
crucible with Li-Pb before heating (left) and after 

heating (right).

Preliminary tests were carried out in the conditions 
of H2 charging pressure of lOOPa and 300Pa and the 
temperature of 500°C.

At first, H2 adsorption experiment was conducted. 
V1 was opened after charging H2 in vol2, and pressure 
decrease with H absorption into Li-Pb in voll+vo!2 was 
measured. The amount of H dissolution in Li-Pb was 
calculated from difference between H2 pressure after 
VI opening and equilibrium pressure.

After H2 adsorption,H desorption rate was 
measured. H2 release rates from Li-Pb were measured 
as rates of pressure change in voll+vol2 for 5minafter 
evacuating H2 gas in voll instantly. Fig. 8 shows time 
variations of H2 release rate from Li-Pb. The H release 
rate from Li-Pb was higher than that from background.

H solubility in Li-Pbwas calculated roughly in this 
experiment. The solubility was 10 times larger than 
values obtained from other experiments using by the 
alumina tube. This is considered the amount of H 
absorption increases because H2 release from the Li-Pb 
evaporated which covers with a quartz vessel. Since the 
evaporated Li-Pb was suspected to be caused by 
scattering among reported values, the amount of

adsorption in evaporated Li-Pb was necessary to be 
estimated to obtain solubility of tritium precisely.

0.01—— .—— 1---------1— .—— 1—— .—— 1— .—— «—— .—
0 50 100 150 200 250 300

Time (min)
Fig. 8 H desorption from Li-Pb.

V. Conclusions

H and Dsolubility in Li-Pb were measured by two 
kinds of techniques of absorption and desorption at the 
temperature of 300, 350, 400 °C and under the pressure 
of 1330 Pa.Solubility of hydrogen isotopes was 
changed by difference of Li-Pb filling methods. A black 
material in a quartz vessel enclosed W crucible with 
Li-Pb was observed by heating up to 500 °C. The black 
one was supposed asevaporated Li-Pb. H2 adsorption in 
or desorption from the evaporated Li-Pbwas suggested 
to be caused by scattering among the 
previouslyreported data.
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