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A B S T R A C T

The SnLi alloy has good prospects to be used as a material of intra-chamber elements of fusion facilities, as it has 
a number of advantages over pure lithium. The results of a series of experiments on deuterium adsorption/ 
desorption by a Sn73Li27 alloy sample are presented. To prepare an alloy sample with the required tin and lithium 
content, a technique was developed and a special experimental device was constructed. An ampoule device was 
manufactured to conduct a series of experiments to study sample saturation with deuterium and desorption of 
deuterium and deuterium-containing molecules from it. Saturation was carried out at alloy temperatures of 650, 
600, 550, 500 and 450 ◦C. TDS experiments were carried out at 20 ◦C/min. The possible mechanism of deuterium 
dissolution and release from the tin-lithium alloy was considered and temperature dependences of the effective 
deuterium solubility constant KS in the tin-lithium alloy were calculated within the framework of the proposed 
mechanism. The temperature dependence of the Sieverts’ constant for the test sample in the temperature range of 

500–650 ◦C was determined as KS(T) = 3.6⋅106 • exp
(

−
32400(J)

RT

)

• Pa
1
2.

1. Introduction

Currently, many scientific organizations worldwide are conducting 
experimental work in the field of fusion energy, focusing on the use of 
liquid low-melting metals as functional and structural materials in 
fusion reactors [1–10]. A new concept for a fusion reactor divertor is 
being developed, proposing the replacement of traditional solid mate
rials with liquid low-melting metals [11–19] due to the limitations of the 
use of conventional structural materials. Thus, lithium, gallium, and tin 
are considered as a potential liquid metal components for fusion facil
ities. Among these, lithium is the most studied, especially regarding its 
properties relevant to plasma-facing materials and compatibility with 
structural materials. Although lithium has a number of advantages over 
other low-melting metals: low nuclear charge Z = 3; high specific heat of 
evaporation; ability to absorb hydrogen isotopes; re-emission of high 
energies on neutral lithium atoms.

It should be mentioned that there are other, not fully resolved 
problems associated with the possibility of tritium accumulation in 
lithium, as well as increased vapor pressure above the liquid lithium. 

Recent studies indicate that above 500 ◦C, lithium undergoes significant 
evaporation, and subsequently would condense on internal surfaces of 
the vacuum chamber of plasma-physical facilities [20–23]. Preventing 
the contamination of the vacuum chamber and all intra-chamber ele
ments, sealed leads and elements of gas-vacuum systems, dusting of 
diagnostic windows, capture and accumulation of tritium are crucial for 
ensuring the safety of the reactor and purity of fusion plasma. Therefore, 
attention has turned to lithium alloys with low-melting metals, char
acterized by low vaporization parameters and high heat capacity, for 
example tin-lithium alloy. Liquid tin has a low saturated vapor pressure, 
making it suitable for protecting the inner elements of fusion reactors 
from high-density energy and particle fluxes in the Sn-Li system with 
lithium content ranging from 20 to 30 at.% [24,25]. Figs. 1 and 2 show 
the temperature dependences of the vapor pressure and thermal con
ductivity of Li, Sn and Sn-Li alloy [26–31]. The low vapor pressure of Sn- 
Li raises the upper temperature limit of the alloy’s use higher than 
500 ◦C, compared to pure lithium [32–34]. The positive thing is that in 
the long term, a higher surface temperature of the intra-chamber com
ponents may lead to an increase in the coolant temperature, and to 

* Corresponding author at: Satbayev University, Almaty, Kazakhstan.
E-mail address: kenzhina@physics.kz (I. Kenzhina). 

Contents lists available at ScienceDirect

Nuclear Materials and Energy

journal homepage: www.elsevier.com/locate/nme

https://doi.org/10.1016/j.nme.2024.101825
Received 19 June 2024; Received in revised form 8 November 2024; Accepted 21 November 2024  

Nuclear Materials and Energy 41 (2024) 101825 

Available online 26 November 2024 
2352-1791/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC license ( http://creativecommons.org/licenses/by- 
nc/4.0/ ). 

mailto:kenzhina@physics.kz
www.sciencedirect.com/science/journal/23521791
https://www.elsevier.com/locate/nme
https://doi.org/10.1016/j.nme.2024.101825
https://doi.org/10.1016/j.nme.2024.101825
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nme.2024.101825&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


improve the energy efficiency parameters of the reactor as a whole. It is 
also found that in the temperature range of 500–800 ◦C, the vapor above 
the Sn-Li alloy mainly contains Li, and the vapor pressure of Sn-Li is at 
least three orders of magnitude lower than that of pure Li [32].

However, the use of tin (with a higher atomic number Z than lithium) 
also can cause plasma contamination and its maximum allowable con
centration in plasma should not exceed 0.1 % [35]. Corrosion activity of 
tin and its alloys is very high [36–38] therefore compatibility of SnLi 
with structural materials should be taken into account. Other important 
issues are the generation of tritium on lithium nuclei and its accumu
lation in the alloy during reactor operation, changes in the alloy prop
erties during long-term operation, as well as issues of working gas 
recirculation. Accordingly, the study of the interaction processes of the 
Sn-Li alloy with hydrogen isotopes in the range of alloy operating 
temperatures in fusion installations (about 450–600 ◦C) is an urgent task 
of modern research. This paper presents the results of a series of ex
periments on deuterium adsorption/desorption by a Sn73Li27 alloy 
sample.

2. Materials and Methods

2.1. Investigated material

A tin-lithium alloy containing 73 at. % tin and 27 at. % lithium was 
fabricated for experiments. The criterion for choosing a composition 
with such a ratio was that this alloy (with a melting point of about 
326 ◦C according to [39]) may be optimal in terms of improving its 
thermophysical properties, reducing the saturated vapor pressure in the 
liquid phase and the parameters of lithium depletion in the alloy during 
its operation at temperatures above 500 ◦C.

In order to obtain a tin-lithium alloy with a chosen percentage, a 
preliminary calculation of the amount of starting material was required. 
The calculation of the mass of the necessary components was carried out 
using the formula for determining mass fractions: 

ω(Sn) =
nSn • Aγ(Sn)

nSn • Aγ(Sn) + nLi • Aγ(Li)
(1) 

ω(Li) =
nLi • Aγ(Li)

nSn • Aγ(Sn) + nLi • Aγ(Li)
(2) 

where ω is the mass fraction of the element in the alloy;
Aγ is the relative atomic mass of the element,
n is the number of atoms.
For the alloy fabrication, lithium of LE-1 and tin of OVCh grades 

were used. The composition of metals is presented in Tables 1 and 2.

2.2. Test sample preparation

The Sn73Li27 alloy was prepared using a special experimental device 
shown in Fig. 3.

The device consisted of a capsule (1) made of 12Cr18Ni10T stainless 
steel, with a crucible (2) for lithium loading at the bottom of the capsule. 
To load tin into the device, a second crucible (3) of smaller diameter was 
provided, lowered to the bottom of the device using the vacuum feed
through of linear displacement. Both crucibles were made of MCH grade 
molybdenum, the small crucible had a perforated bottom. The melting 
of metals was achieved by means of an ohmic heater (4) mounted on the 
bottom of the device. In order to reduce heat losses of the heated part of 
the device there was a cover filled with mineral insulating material (5). 
The melt temperature was controlled by a Ch-Al-type thermocouple (6), 
tightly mounted on the bottom of the device. Vacuum pumping and 
subsequent supply of noble gas to the device was provided through a 
connector with a valve (7) located in the upper part of the device. The 
fabrication of tin-lithium alloy Sn73Li27 was performed at the experi
mental facility [40]. The alloy preparation scheme is shown in Fig. 4.

The manufacturing procedures were as follows. Initially, the volume 
of the device was pumped out by means of oil-free forevacuum pumping 
to a pressure of no more than 10 Pa. Then, using an ohmic heater, a large 
crucible with purified lithium was heated to a temperature of 350 ◦C and 
maintained for 30 min under continuous pumping conditions. Next, the 
pumping system was switched to a high-vacuum turbomolecular pump 
and the device was pumped out to a pressure of no more than 10− 3 Pa. In 
this mode, lithium was annealed for another 1 h. After this procedure, 
high-purity helium was introduced into the volume of the device to a 
pressure of about 5⋅103 Pa, and, using a sealed lead-in of motion, a small 
crucible with a perforated bottom and pure tin loaded into it, was 
immersed in liquid lithium and maintained in this position for 0.5 h.

After heating the mixture of liquid metals to 700 ◦C, the small cru
cible was brought to the upper position and lowered to the bottom of the 
device about 7–8 times to mix the alloy. In this mode (in an inert 
environment, the small crucible in the upper position), to achieve the 
best homogeneity of the alloy, the system was maintained for 24 h. After 
the heating stopped, the manufactured alloy cooled naturally. A frag
ment of the tin-lithium alloy sample is shown in Fig. 5. The total mass of 
the test sample of Sn73Li27 alloy was about 6 g.

Fig. 1. Temperature dependence of the vapor pressure of Li, Sn and Li-Sn.
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Fig. 2. Temperature dependence of thermal conductivity of Li, Sn and Sn-Li.
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2.3. Characterization of the test sample of Sn73Li27

After the alloy was manufactured, it was characterized using electron 
microscopy, EDS analysis, X-ray phase analysis, and differential scan
ning calorimetry. The results of the characterization are shown in the 
Figs. 6-9 [37].

The XRD analysis was performed using an Panalytical “Empyrean” 
diffractometer with a PIXcel1D detector, whose sensitivity range starts 
at 12 a.m.u. (carbon), and therefore it was not possible to detect lithium 

in its pure form. The diffraction patterns clearly showed peaks of the 
β-Sn phase. The precise identification of these peaks is challenging due 
to their low intensity (approximately 30 times weaker than the β-tin 
peaks). However, the candidate phases include those containing (Sn, Li), 
specifically Li2Sn5 (tetragonal symmetry, space group P4/mbm) and 
Li5Sn2 (rhombohedral symmetry, space group R-3 m). While lithium is 
observed in the alloys, the precise determination of the lithium-to-tin 
ratio is challenging due to the highly structured surface.

Data analysis revealed that the quantitative content of the primary 
elements in the alloy is tin and oxygen, 72.47 % and 19.64 % by mass, 
respectively (Fig. 7). Carbon was also detected at 7.69 % by mass, along 

Table 1 
Composition of Lithium (LE-1 Grade) (in mass fraction).

Fe Mn N Al Ca Mg Na Li

up to 0,005 up to 0,001 up to 0,050 up to 0,003 up to 0,030 up to 0,020 up to 0,040 up to 99,90

Table 2 
Composition of Tin (OVCh Grade) (in mass fraction).

Sn As Fe Cu Pb Bi Sb Zn Al Ga Ag Au Co Ni In

99,999 1⋅10− 4 1⋅10− 4 1⋅10− 5 1⋅10− 5 5⋅10− 6 5⋅10− 5 3⋅10− 5 1⋅10− 4 5⋅10− 5 5⋅10− 6 1⋅10− 5 1⋅10− 5 1⋅10− 6 1⋅10− 5

Fig. 3. Device for Sn73Li27 alloy fabrication.

Fig. 4. Sn73Li27 alloy preparation scheme [41].

Fig. 5. Sn73Li27 alloy fragment.
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with a small amount of sodium (0.20 %), which is likely related to im
purities in lithium. It should be noted that elemental composition 
analysis starts from the element beryllium (Be), which is why lithium 
does not appear in the results.

The microstructure of the Sn73Li23 alloy sample surface was carried 
out using a Tescan Vega 3 scanning electron microscope in secondary 
electron (SE) and back-scattered electron (BSE) modes. Elemental 
mapping of the sample was performed with an Oxford Inca X-Act 
energy-dispersive spectrometer. From the microstructural image and 
elemental EDS mapping of the Sn73Li23 sample (Fig. 8), it is clear that the 
alloy is characterized by the predominance of pure tin and the presence 
of a needle-like structure, clearly distinguishable in both topographic 
contrast (SE) and compositional contrast (BSE) modes. This structure is 
presumed to correspond to the Li2Sn5 phase, which actively interacts 
with atmospheric gases, particularly oxygen and carbon dioxide. Such 
reactions result in the formation of lithium oxide (Li2O) and lithium 
carbonate (Li2CO3), leading to increased carbon and oxygen content in 
this region.

Differential scanning calorimetry (DSC) studies were conducted to 
determine the melting temperature and enthalpy of the Sn73Li23 alloy. 
The sample was heated from 100 ◦C to 600 ◦C at a linear rate of 10 ◦C/ 
min. Analysis of the heat flux curve (Fig. 9) obtained from the Sn73Li23 
sample revealed a melting point of 228.87 ◦C and an enthalpy of 34.65 
J/g, suggesting the presence of the Li2Sn5 phase in the alloy. This DSC 
curve aligns well with previous data [37] and corresponds to the binary 
Sn-Li phase diagram [25].

2.4. Experimental setup and Methodology

The experimental setup [42] consisted of a vacuum post, quadrupole 
mass spectrometer RGA-100, pressure sensors, and vacuum fittings, as 
shown in Fig. 10.

Before conducting a series of experiments, a tin-lithium alloy was 
loaded into the experimental device shown in Fig. 11. Then the device 
was evacuated to a pressure of no more than 10− 3 Pa, and, using a 
heater, the sample was annealed at a temperature of 700 ◦C for 1 h under 
continuous vacuum evacuation.

During the development of the experimental technique, a sample 
heating–cooling procedure was carried out, as a result of which the error 
between the thermocouple readings and the actual temperature of the 
alloy was determined by the crystallization temperature of the alloy, 
which was no more than 3–5 ◦C.

The adsorption method and the method of Thermal Desorption 
Spectrometry (TDS) were used for experiments with Sn73Li27 sample. 
The essence of the adsorption method was as follows. After pumping out 
the ampoule with the test sample to a pressure of no more than 10− 3 Pa, 
a known amount of deuterium was introduced and the sample was 
saturated from the gas phase at the chosen temperature. Throughout the 
experiment, a continuous recording of the gas pressure change in the 
ampoule was maintained. The adsorption method was used to study the 
patterns of deuterium absorption by the liquid tin-lithium alloy at 
various temperatures using an absolute pressure sensor.

The TDS method involved measuring the gas flows released from the 
tin-lithium alloy into the evacuated chamber under conditions of linear 

Fig. 6. Alloy diffraction pattern.

Fig. 7. Summary spectrum of the EDS map.
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heating. This method was applied to obtain time dependencies of the 
release of deuterium and deuterium-containing molecules from the 
Sn73Li27 alloy as a function of the sample temperature using the RGA- 
100 QMS.

Experiments on deuterium sorption/desorption by Sn73Li27 alloy 
were conducted on the same sample. The device shown in Fig. 11 was 
designed in such a way that the sample was located directly on its bot
tom and sample replacement was impossible. In order to extract the 
sample for post-experimental studies to determine the degree of lithium 
depletion in the alloy, it would be necessary to completely destroy the 
experimental device. However, as the authors believe, such experi
mental conditions are close to the operating modes of Sn73Li27 in a 
fusion reactor, where the alloy operates without replacement for many 

heating–cooling cycles and without opening to the atmosphere. The 
authors would like to note that in these experiments, under conditions of 
indirect heating and a relatively small number of cycles, changes in the 
sample structure were negligible and will insignificantly affect the 
change in its sorption properties.

3. Results of series of sorption/desorption experiments

The experiments with the test sample were carried out in series. The 
series was carried out in the saturation temperature (Tsat) range of 
450–650 ◦C, which is close to the operating modes of the alloy in the 
fusion reactor, without critical loads arising during plasma disruptions 
and ELMs; a similar conditions of TDS experiments were performed in 

Fig. 8. Micrographs and elemental EMF mapping of the Sn73Li27 sample.

Fig. 9. Typical thermogram of the Sn73Li27 alloy.
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[16]. The sample was saturated at a chosen temperature, then followed 
by a thermal desorption experiment. Tsat changed from higher (650 ◦C) 
to lower (450 ◦C), with an interval of 50 ◦C. The temperature reduction 
mode was chosen due to the features of the system of temperature 
registration and control, which had some response time delay.

The conditions, modes and summarized data of the adsorption and 
desorption experiments are presented in Table 3 and Figs. 12 – 17. 
Fig. 12 shows the time dependences of the change in deuterium pressure 
during saturation of the Sn73Li27 sample. Figs. 13–17 show the tem
perature dependences of the change in partial pressures of deuterium 
and deuterium-containing molecules recorded in the chamber during 
linear heating of the saturated Sn73Li27 sample. Recording was carried 
out in real time using an RGA-100 quadrupole mass spectrometer 
(Stanford Research Systems) pre-calibrated using pure gases (H2, D2 and 
He).

It is worth noting some features of the experiments: 

– in the 2nd experiment the TDS peak of D2 was observed after heating 
on a plateau of 875 ◦C for 500 s;

– in the 3rd experiment the TDS peak of D2 was observed on the 
plateau ~ 890 ◦C.

– in the 4th experiment saturation ceased after about 2000 s.
– in the 5th experiment saturation ceased after approximately 1200 s. 

The TDS peak of D2 was observed after heating on a plateau of 855 ◦C 
for 250 s.

4. Discussion

4.1. Deuterium saturation kinetics of the Sn73Li27 sample

As can be seen from the Fig. 11 the kinetics of deuterium sorption 
had a similar form for saturation at temperatures of 650, 600 and 550 ◦C. 
At temperatures of 500 and 450 ◦C the saturation rate reached a quasi- 
equilibrium level of stable pressure reduction faster than at higher 

Fig. 10. The diagram of the experimental facility based on a portable vac
uum post.

Fig. 11. Experimental ampoule device for study deuterium adsorption/sorption processes of Sn73Li27 alloy [41].
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temperatures. This may be due to a significant change in the parameters 
of the deuterium dissolution rate in the alloy, as well as the rates of 
formation/decomposition of deuteride phases.

The saturation experiment at 500 ◦C differed significantly from the 
first three: the equilibrium state was reached quickly. This was possibly 
due to the complex relationship between the saturation rate and the 
dissolution rate of mobile deuterium atoms (which in turn depends on 
the processes of interaction of these atoms with traps in the alloy).

The last cycle of experiments at the lowest temperature of 450 ◦C was 
carried out at a significantly lower pressure and a short saturation time. 
The lower saturation pressure of deuterium was due to the fact that 
deuterium for this experiment underwent additional purification 
(through a palladium-silver filter), which greatly affected the time it 

took for deuterium to enter the buffer tank and did not allow the pres
sure values to be reached as in previous experiments.

4.2. Deuterium release in TDS experiments

Unlike the experiments on deuterium sorption by the sample, that 
share a similar general trend, a significant difference was noted in the 
series of desorption experiments.

Let us consider the TDS experiment No 1 (saturation at 650 ◦C 
(Figs. 13 and 18)). Unlike other experiments, here a significant release of 
hydrogen (M2 on Figs. 13-17) was observed, which occurred mainly 
when heated above 700 ◦C. Such hydrogen release is most likely due to 
the fact that some hydrogen was present in the sample before the 
sorption and was not released as a result of preliminary vacuum 

Table 3 
Parameters of adsorption/desorption experiments.

Exp. 
No

Adsorption Desorption

Saturation temperature, 
◦C

D2 pressure, 
Pa

Saturation time, 
s

Heating rate, ◦C/ 
min

T of D2 release start, 
◦C

Temperature of the maximum peak of D2 release, 
◦C

1 650 136,7⋅102 3300 20 300–350 845
2 600 133⋅102 5200 350 875
3 550 137⋅102 8600 500–550 890
4 500 136.9⋅102 5300 500 600–875
5 450 28.9⋅102 2900 500 855
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Fig. 12. Results of adsorption experiments with Sn73Li27 sample.
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Fig. 14. Results of TDS experiment No 2.
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Fig. 15. Results of TDS experiment No 3.
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annealing of the sample (which was carried out before the saturation). 
This circumstance significantly affected the proportion of D in the 
sample: the amount of deuterium released in the form of the HD mole
cule was about 28 % of its total release and the amount of deuterium 
released in the form of the D2 molecule was 72 %, respectively. The 
peaks corresponding to the desorption of hydrogen (M2) and to the 
desorption of deuterium (evaluated as 2D2 + HD) occurred at different 

temperatures: the hydrogen peak was observed at 892 ◦C and the 
deuterium peak – at 840 ◦C. This can be explained by the fact that either 
hydrogen was in the alloy in a trapping site, presumably in the form of 
lithium hydride, and deuterium was in a mobile state. Or, if both 
deuterium and hydrogen were in bound states, then the decomposition 
of lithium deuteride occurred at a lower temperature than lithium hy
dride. However, the authors believe that it is more likely that deuterium 
was mainly in a mobile state in the alloy, since the peak of deuterium 
release was significantly broader than the hydrogen peak.

It should be noted, that in the other experiments the release of 
hydrogen was significantly lower, and the contribution to the total 
release of deuterium due to the HD molecule, according to calculations, 
was about 7–13 % (for different experiments). In addition, the HD and 
D2 release shared similar shapes for experiments 2 to 5 (Figs. 13-17). 
Further analysis of the TDS dependences obtained in the experiment was 
carried out on the basis of possible mechanisms of deuterium interaction 
with a sample of tin-lithium alloy.

The authors assume that there is a single deuterium trapping site in 
tin-lithium alloy, possibly lithium deuteride [43]. At lower tempera
tures, hydrogen isotopes tend to be in trapping sites, and they are 
released at higher temperatures.

At the qualitative level, the obtained series of experiments can be 
explained as shown in Fig. 19.

The rate of onset of the quasi-equilibrium state at saturation is 
characterized by stabilization of the pressure in the chamber, and 
accordingly, the achievement of quasi-equilibrium concentrations of 
mobile Cm and trapped in the LiD Ct deuterium atoms. It apparently 
depends significantly on a large number of factors: sample temperature, 
deuterium pressure above the sample, deuterium solubility parameters 
in the sample (KS(T) – Sievert’s constant), capture constant (Kcap(T)), 
release of deuterium from trapping sites in the sample (Krel(T)), which 
have an Arrhenius dependence. For the equilibrium state inside the 
alloy, the following expression is valid [44,45]: 

Cm(T) • Kcap(T) = Ct(T) • Krel(T) (3) 

Cm(T)+Ct(T) =
P

1
2

KS(T)
(4) 

It should be noted here that due to the fact that the process of 
deuterium dissolution is complex and depends not only on the processes 
of dissolution and release at the boundary of the alloy and the gas phase, 
but also on the processes of its capture and release from traps in the 
volume, the Sieverts constant is estimated taking into account all the 
deuterium absorbed by the sample (which is in a free and captured 
state). In this regard, it is more correct to call the calculated constant the 
effective Sieverts constant.

At the highest saturation temperature of 650 ◦C, deuterium dissolved 
in the alloy was mainly in a mobile state.. At a lower saturation tem
perature of 600 ◦C, deuterium was present in both dissolved form and 
trapping sites in the sample. Therefore, the desorption peak was a su
perposition of the peak caused by the diffusion of deuterium atoms and 
the peak caused by the transfer of deuterium released from trapping sites 
(due to activation mechanism during heating). The initial stage of 
deuterium release coincides in shape with the TDS curve at Tsat =

650 ◦C. At an even lower saturation temperature of 550 ◦C, deuterium 
was mainly in trapping sites in the sample. Accordingly, the release peak 
during heating is largely determined by the release of deuterium from 
the trapping sites, having a symmetrical shape and shifted to the right on 
the temperature scale (compared to the diffusion peak). This was also 
evidenced by the significant shift of the beginning of deuterium release 
towards high temperatures.

In the experiment on thermal desorption of a sample saturated at 
500 ◦C, the beginning of deuterium release was also shifted towards 
higher temperatures. The peak of release differed significantly from the 
previous ones since the sample contained a significantly smaller amount 

Fig. 16. Results of TDS experiment No 4.

Fig. 17. Results of TDS experiment No 5.
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Fig. 18. Change in the release of hydrogen and deuterium-containing mole
cules in the first TDS experiment (Tsat = 650 ◦C).
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of deuterium after saturation. Deuterium desorption from the sample 
saturated at 450 ◦C looked like a superposition of two deuterium release 
peaks from two different bound states, which may presumably indicate 
deuterium was in two types of trapping sites.

4.3. Calculation of the Sieverts’ constant for deuterium in a tin-lithium 
alloy

The Sieverts’ constant KS(T) at the saturation temperature Tsat(K) 
was calculated using the formula: 

KS(T) =
̅̅̅
P

√

XD
, (5) 

where P is the pressure of deuterium in the gas phase at saturation, 
Pa; XD is the molar fraction of saturated deuterium in the alloy.

The calculation was based on both sorption and desorption experi
ments. The integral amount of absorbed (released) deuterium was 
determined for each saturation temperature. The amount of absorbed 
deuterium Qads(T) obtained from adsorption experiments was deter
mined by the change in pressure in the saturation chamber according to 
equation: 

Qads(T) = ΔP •
Vc

R • Troom
, (6) 

where ΔP is the change in pressure in the saturation chamber, Pa; Vc 

is the volume of the saturation chamber; R = 8.31 J/(mole•K) – uni
versal gas constant; Troom – room temperature (~293 K). The area of the 
heated region of the saturation chamber was more than 100 times 
smaller than the area of the saturation chamber itself, so no corrections 
were made for the average gas temperature in the saturation chamber.

The amount of deuterium Qdes(T) obtained from desorption experi
ments was determined by integrating the area under the experimental 
curve of deuterium atom (2⋅D2 + HD) release, after that it was multi
plied by the calibration coefficients and divided by 2 to bring the total 
number of deuterium atoms to the amount of D2 gas. The calculation 
results summarized in Table 4.

As seen in the Table 4, there is a good match between the solubility 
values calculated from different experiments. Fig. 20 shows the tem
perature dependence of the Sieverts’ constant for the test sample of 
Sn73Li27 in comparison with a number of literature data for tin-lithium 
alloys. It is clear that the Sieverts’ constant for deuterium in the 
Sn73Li27 alloy agrees well with the calculated values for hydrogen in the 
Sn70Li30. According to the calculated estimates given in [46], the values 

of the derivative function dln(KS)

d

(

1
T

) (where KS is Sieverts’ constant for 

hydrogen) in the SnLi undergo changes from negative to positive values 
depending on the lithium content. It was found that at 800 ◦C near XSn ~ 
0.68, the nature of the hydrogen absorption reaction for the alloys 
should change from exothermic at XSn < 0.68 to endothermic at XSn >

0.68. In addition, the results given in [47] for thermodynamic data 
indicate that the value of lithium activity in the Li–Sn system changes 
significantly with a change in the alloy temperature. Apparently, this is 
associated with a change in the concentration on boundary separating 
the regions of exothermic and endothermic reactions. Calculations car
ried out for temperature of alloy of 500 ◦C showed that the value of the 

Fig. 19. Diffusion mechanism of deuterium release from the sample in the presence of sources of deuterium detrapping: a) – all D is mobile (dissolved); b) – mix of 
mobile + trapped D; c) – all D is trapped.

Table 4 
The calculated amount of deuterium Q(T) obtained from absorption/desorption 
experiments.

Exp. No 1 2 3 4 5

Tsat, ◦C 650 600 550 500 450
Qads(T), mole 7.38⋅10− 5 1.13⋅10− 4 1.28⋅10− 4 1.66⋅10− 4 2.49⋅10− 5

Qdes(T), mole 6.99⋅10− 5 1.20⋅10− 4 1.15⋅10− 4 1.46⋅10− 4 2.41⋅10− 5

Fig. 20. Temperature dependence of Sieverts’ constant [43, 46, 48-49].
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concentration on boundary separating the two regions shifted to the 
region of higher values (XSn = 0.88).

Thus, the obtained Sieverts’ constants for deuterium in the Sn73Li27 
alloy lie in the region of the transition boundary between the endo
thermic and exothermic reactions of deuterium absorption by the alloy, 
and, apparently, there is an effect of changing this boundary at different 
sample temperatures.

The temperature dependence of the Sieverts’ constant for the test 
sample in the temperature range of 500–650 ◦C was determined as: 

KS(T) = 3.6⋅106 • exp
(

−
32400(J)

RT

)

• Pa
1
2. (7) 

5. Conclusion

This paper presents the results of a series of experiments on deute
rium adsorption/desorption by a Sn73Li27 alloy sample. To prepare an 
alloy sample with the required tin and lithium content, a technique was 
developed and a special experimental device was constructed. An 
ampoule device was manufactured to conduct a series of experiments to 
study sample saturation with deuterium and desorption of deuterium 
and deuterium-containing molecules from it. Saturation was carried out 
at alloy temperatures of 650, 600, 550, 500 and 450 ◦C. Sample heating 
during TDS experiments was 20 ◦C/min.

The possible mechanism of deuterium dissolution and release from 
the tin-lithium alloy was considered and temperature dependences of 
the effective deuterium solubility constant KS in the tin-lithium alloy 
were calculated within the framework of the proposed mechanism. The 
temperature dependence of the Sieverts’ constant for the test sample in 
the temperature range of 500–650 ◦C was determined as KS(T) =

exp
(

(15.1 ± 0.9) − 3900±700
T

)

• (105Pa)
1
2. Since the nature of the reac

tion of deuterium absorption by the sample apparently changes in the 
studied temperature range, the estimates obtained in the work for 
expressing the Sieverts constant should be considered as evaluative 
(effective), and the analysis carried out in this work is not final. In the 
future, it is planned to conduct research on computer modeling of the 
results of these experiments, within the framework of hypotheses on the 
identified mechanisms and processes. A number of additional experi
ments are also planned to study the interaction of hydrogen isotopes 
with tin-lithium alloys under conditions of high plasma loads and under 
conditions of high-density neutron irradiation.
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