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Abstract. This paper presents a description of research works to determine the thermophysical
properties of a tin-lithium alloy with a different percentage of lithium and tin atoms in the alloy. The
method of differential scanning calorimetry (DSC) was used for the studies, by which the
thermophysical properties of the alloy (temperature of phase transition and enthalpy) were
determined. The work was carried out at the TiGrA experimental complex. Studies to determine the
enthalpy and temperature of phase transition of prototypes of tin-lithium alloy were carried out in
the temperature range from 150°C to 500°C at a heating rate of 10°C/min. The experiments were
carried out with a pristine sample of tin (reference) and prototypes of a tin-lithium alloy, the
percentage of lithium in which was 20, 25 and 27 at. %. As a result of the work performed, the
melting point of the prototypes was determined, which was 224°C and 218°C. The values of the
specific heat of fusion (enthalpy) of the investigated alloys were determined, which amounted to
76.5 J/g, 80.7 J/g and 86.3 J/g, respectively.
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1. Introduction
In the design and construction of future fusion plants, the primary engineering task is the selection of
plasma-facing materials (PFM) that operate steadily under high-energy loads. The studies carried out at
operating fusion facilities have shown the prospects of using liquid lithium as PFM [1-10]. However, there
are a number of problems, associated with the high evaporation rate of lithium in a vacuum at high
temperatures. An innovative solution to these problems is the use of tin-lithium eutectics as a plasma-facing
material [11-13], which has lower vaporization parameters in a vacuum. Due to the fact that tin-lithium
eutectic is a relatively new candidate material, there is a need to study of the properties of this material in
detail. One of the primary tasks of studying the properties of a new material is to determine, by calculation
and experimental means, the possibility of using liquid tin-lithium eutectic in fusion plants as PFM.
However, the available data on the thermophysical parameters of tin-lithium eutectics with different lithium
content in the alloy are quite limited and most of these data were obtained theoretically [14].

To confirm the data presented in the scientific literature on the properties of lithium-tin alloys of various
compositions, as well as to obtain new data, it was necessary to determine experimentally the
thermophysical properties, such as melting point and enthalpy of this material.

2. Experimental part

2.1. Test samples
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To determine the thermophysical properties of the tin-lithium alloy with different lithium and tin content
in the alloy, the prototypes were taken, manufactured using the developed experimental device.

The experimental device was a sealed pumped capsule made of 12Cr18Nil0Ti steel, at the bottom of
which a molybdenum crucible was installed, designed for mixing lithium and tin. The device was equipped
with an external ohmic heater, which allows mixing liquid metals (at temperatures of about
500°C - 550°C) in vacuum conditions, without breaching the capsule tightness.

Preliminarily, using calculation methods, the ratios of the amount of lithium and tin necessary for the
manufacture of the tin-lithium alloy with the specified parameters were determined. After the calculations,
weighed portions of these metals were loaded into the experimental device, and prototypes were
manufactured in accordance with the previously developed technological procedures [15]. In total, three
types of prototypes of a tin-lithium alloy with different contents of lithium atoms (20, 25, and
27 at. %) were manufactured. A change in lithium concentration with respect to tin leads to the changes in
alloy’s thermo-physical properties and a change in the vaporization parameters. It was assumed, that ratio
containing 20, 25 and 27 at.% of lithium, is optimal as for improving alloy’s thermo-physical properties
and reducing the pressure of saturated vapors in the liquid phase.

Figure 1. The appearance of test prototypes of a tin-lithium alloy

Figure 1 shows the appearance of one of the manufactured prototypes of a tin-lithium alloy in a
molybdenum crucible.

2.2. Experimental technique and research conditions

Study of thermophysical properties of tin-lithium alloys of various composition were carried out on the
TiGrA experimental complex [16, 17] under the following conditions: Temperature range of sample
heating: from 150 °C to 300 °C; Rate of linear heating of the sample: 10 °C/min; Gas medium composition
in the chamber — air. Figure 2 shows a general view of the TiGrA complex.
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Figure 2. General view of the TiGrA experimental complex
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The TIGrA experimental facility is a research complex, created based on a TGA/DSC 3+ (Mettler
Toledo) thermogravimetric analyzer with an integrated ThermoStar mass-spectrometric gas analyzer and
MHG humidity generator. The complex is also equipped with Mettler Toledo analytical scales, for
preliminary weighing of the test samples.

This complex allows you to implement different research methods simultaneously, i.e., using a reaction
chamber with one loaded sample; you can apply three analytical methods simultaneously:
thermogravimetry, differential scanning calorimetry and mass-spectrometry of the gas phase during heating
of the test sample in the temperature range from 22°C to 1600°C. In this case, the programmed heating rate
of the test sample can be set in the range from 0.02°C/min to 100°C/min, in increments of not more than
0.01°C/min. Integrated DTA analyzer and ultramicrobalance in the TGA sensor analyzer carried out
registration of changes in heat flux and mass of the test sample during the experiment. TGA sensor
resolution is about 0.1 micrograms and measuring accuracy of 0.005% over the entire weighing range [18].
Changes in the composition of the gas medium above the test sample were carried out by the ThermoStar
quadrupole mass spectrometer. The Quadera (mass spectrometer) licensed software allows qualitative and
quantitative analysis of 128 molecular compounds simultaneously, with monitoring of various mass
numbers set by the experiment program,, in the range from 1 a.m.u. up to 200 a.m.u. [19]. A combination
of a thermogravimetric and calorimetric analyzers allows recording the change in heat flux and mass of the
test sample which gives qualitative information about phase transitions in the investigated materials. In
addition, this complex simultaneously with TGA and DSC analysis, using an integrated mass-spectrometer
allows to receive and record information about the released gaseous products, formed as a result of phase
transformations.

In our case, in experiments with prototypes of tin-lithium alloys and pristine tin sample, only the DSC
method was used.

2.3. Procedure of conducting experiments on the study of thermophysical properties of tin-lithium alloy
All experiments on the study of samples of tin-lithium alloy of different composition were carried out by
differential scanning calorimetry method [20, 21], in accordance with the general scheme of the experiment,
shown in Figure 3.

Figure 3. General scheme of experiments with tin-lithium alloy samples at the TiGrA experimental
complex

The procedure for conducting experiments corresponded to the scheme presented in Figure 4 and
consisted as follows:
1) test sample preparation. Preparation consists in cutting micro-samples from a pristine tin and
manufactured tin-lithium alloys, the mass of the samples varied within 35 mg + 4 mg, one of the micro-
samples with a ceramic crucible made of Al,O3 is shown in Figure 4;
2) control measurements of the mass of the test sample;
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Figure 4. A general view of the test sample and the crucible for sample loading

3) the crucible with the sample is mounted on the platinum base of the TGA SDTA ceramic sensor,
installed in the TGA-DSC 3+ analytical tool (Figure 5);

Figure 5. Photo of uploaded and installed sample

4) creating a dynamic heating mode using the StarE software;

5) sample measurement process — registration of the change in the mass of the sample, the heat flux
incoming the sample and the change in temperature of the sample during linear heating;

6) processing and analysis of the results.

3. Results of the experiments on studying of thermophysical properties of tin-lithium alloy
Verification of the method of determining thermophysical properties of test samples by the DSC method
was carried out, initially, on a pristine tin sample. As a result, the heat flux curve (Figure 6) recorded in
experiments with a pristine tin sample was obtained. The values of melting temperatures and enthalpy of a
pristine tin sample, obtained as a result of heat flux curve processing were recorded in Table 1.
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Figure 6. Dependence of the heat flux on the sample temperature during linear heating of a pristine tin
sample
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Figure 8. Dependence of the heat flux on the sample temperature during linear heating of a Snys-Liss
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A series of DSC experiments with tin-lithium alloys were also performed, similar to the previous (with
a pristine tin sample) one. Figure 7-9 shows the time dependences of the change in the heat flux on the test
samples during the DSC experiments with tin-lithium alloys of various compositions. Based on the
experimental data obtained, using the thermogram handler, equipped into the licensed Mettler Toledo
software, the thermophysical properties of test samples with different lithium content in the tin-lithium
alloys, such as the melting point and enthalpy were determined (Table 1).

Table 1. Samples parameters obtained as a result of experiments

Sample Mass, mg Melting point, °C Enthalpy, J/g
Sn 36.94 231.80 66.11
Sngo-Lizo 37.20 224.87 76.52
Sn7s- Lizs 34.17 218.15 80.73
Snz3-Liyy 31.37 218.57 86.34

4. An analysis of obtained results

Analysis of the experimental data obtained showed that the melting temperature of a pristine tin sample
was about 231.8 °C and the specific heat of fusion (enthalpy) was 66.11 J/g, which almost coincided with
the tabular data [22]. This fact indicates the reliability of the differential scanning calorimetry method for
determining phase transitions in metals, as well as determining the specific heat of fusion (enthalpy) during
experiments at the TiGrA experimental complex. Experiments with prototypes of tin-lithium alloys showed
an increase in enthalpy values in the alloy by almost 15 - 19%, which was about 77 - 87 J/g, respectively.
The revealed effect is associated with the value of the specific heat of lithium melting, which is much higher
than that of tin and this effect is apparently is explained by an increase in the concentration of lithium atoms
in the alloy. Besides, a shift in the melting temperature of the alloys in comparison with the melting
temperature of tin was noticed. The shift occurred from a temperature of 231°C to the region from 224°C
to 218°C, which, according to the Li-Sn phase diagram [23] corresponds to the presence of the physical
mixing phase Li + Sn (alloy). As can be seen from the thermograms, it indicates an almost complete absence
of eutectic phases (LiSn,, LiSn, and Li,Sns) in the alloys, which melting point is about 320°C and higher.
The effects identified during the investigations, can be evaluated as one of a positive property of this
candidate material in terms of applicability and relevance of the tin-lithium alloys as PFM, for the
fabrication of in-chamber devices in future fusion plants.

Conclusion
Ultimately, the technique was fulfilled and experiments were carried out with one pristine tin sample and
three prototypes of the tin-lithium alloy. The lithium content in the test samples of the tin-lithium alloyss
corresponded to 20, 25 and 27 at. %. The main result of the conducted research was obtaining new
experimental data on the thermophysical properties of a tin-lithium alloy with a different ratio of lithium
and tin. This alloy is supposed to be used as a PFM in future fusion plants. Thus, as a result of the conducted
research, the verification of the method of manufacturing a tin-lithium alloy with a given ratio of tin and
lithium was confirmed.

Further, using the developed methods, investigation the process of interaction of tin-lithium alloys with
hydrogen isotopes under conditions of high thermal and radiation loads is planned.

Acknowledgement

This work was supported by the Ministry of Energy of the Republic of Kazakhstan (Program “Atomic
power development in the Republic of Kazakhstan for the 2021-2023 years” within the theme “Study of
the properties of tin-lithium eutectic in justification of tritium safety”)

References

[1] Tazhibayeva I, Kenzhin E, Shestakov V, Chikhray Y, Kulsartov T, Azizov E, Filatov O and
Chernov V. (2009) Material science activities for fusion reactors in Kazakhstan. J. Nucl. Mater,



ISFNST 2021 IOP Publishing
Journal of Physics: Conference Series 2155(2022) 012016  doi:10.1088/1742-6596/2155/1/012016

386-388, 15-18, DOI: 10.1016/j.jnucmat.2008.12.050

[2] Budaev V et al (2020) High-heat flux tests of fusion materials with stationary plasma in the PLM
device. Fusion Eng. Des, 155, 111694

[3] Dejarnac R et al (2020) Overview of power exhaust experiments in the COMPASS divertor with
liquid metals. J. Nucl. Mater, 25, 100801

[4] Horacek J et al (2021) Predictive modelling of liquid metal divertor: from COMPASS tokamak
towards Upgrade Phys. Scr., 96, 124013D

[51 Horacek J et al (2020) Modeling of COMPASS tokamak divertor liquid metal experiments. J. Nucl.
Mater, 25, 100860

[6] LyublinskiI et al (2019) Lithium divertor of KTM tokamak. J. Phys.: Conf. Ser., 1370, 012062

[71  Vertkov A et al. (2019) Modern Diagnostics for Investigation of Lithium Element Behavior in
Tokamaks. Phys. Atom. Nuclei, 82, 991-995.

[8] Vertkov A, Lyublinski I. (2018) Experience in the Development of Liquid Metal Plasma Facing
Elements Based on Capillary-Porous Structures for a Steady-State Tokamak (Survey). Phys.
Atom. Nuclei, 81, 1000-1007.

[91] Zaurbekova Zh. et al. (2018) Study of tritium and helium generation in lithium-containing materials
and their release (Review). Problems of Atomic Science and Technology, Ser. Thermonuclear
Fusion. 41, 14-25, DOI: 10.21517/0202-3822-2018-41-4-14-25

[10] Tazhibayeva I, Ponkratov Y, Kulsartov T, Gordienko Y, Skakov M, Zaurbekova Zh, Lyublinski I,
Vertkov A and Mazzitelli G. (2017) Results of neutron irradiation of liquid lithium saturated with
deuterium. Fusion Eng. Des, 117, 194-198, DOI: 10.1016/j.fusengdes.2016.06.057

[11] Vertkov A et al. Liquid tin limiter for FTU tokamak. Fusion Eng. Des, 117, 130-134.

[12] Budaev V et al. (2020) Impact of liquid metal surface on plasma-surface interaction in experiments
with lithium and tin capillary porous systems. Nucl. Mater. Energy. 25, 100834

[13] Budaev V etal (2019) Experiments with tin liquid-metal capillary porous system in the PLM device.
J. Phys.: Conf. Ser., 1370, 012042

[14] Krasin V, Soyustova S. (2018) Quantitative evaluation of thermodynamic parameters of Li-Sn alloys
related to their use in fusion reactor J. Nucl. Mater, 505, 193-199.

[15] Ponkratov Y, Bochkov V, Samarkhanov K, Karambayeva I and Askerbekov S. (2019) Methodology
of Corrosion Testing of Nuclear and Fusion Reactors Materials Using TGA/DSC and MS
Complex Techniques. Eurasian Chem.-Technol. J., 21, 35-40. DOIL: 10.18321/ectj787

[16] Chikhray Y., Askerbekov S, Kenzhina I, Gordienko Yu, Bochkov V, Nesterov E and Varlamov N.
(2019). Hydrogen isotopic effect during the graphite high-temperature corrosion in water vapours.
Int. J. Hydrog. Energy. 44, 29365-29370, DOI: 10.1016/j.ijhydene.2019.03.013

[17] Gordienko Yu, Ponkratov Yu., Kulsartov T., Tazhibayeva I., Zaurbekova Zh, Koyanbayev Ye.,
Chikhray Ye and Kenzhina I. (2020) Research Facilities of IAE NNC RK (Kurchatov) for
Investigations of Tritium Interaction with Structural Materials of Fusion Reactors. Fusion Sci.
Technol, 76, 703-709, DOI: 10.1080/15361055.2020.1777667

[18] Wagner, M. (2013) Thermal analysis in practice: collected applications, 327. Mettler Toledo AG,
Analytical. Switzerland.

[19] OmniSTAR ThermoSTAR GSD 320 Gas Analysis System (2016) Operating instructions, 97.
Pfeiffer Vacuum

[20] Hoéhne G.W.H., Hemminger W., Flammersheim HJ. (1996) The DSC Curve. In: Differential
Scanning Calorimetry. Springer, Berlin, Heidelberg. DOI: 10.1007/978-3-662-03302-9 5

[21] Quick C.R, Schawe J.E.K., Uggowitzer P.J. and Pogatscher S. (2019). Measurement of specific heat
capacity via fast scanning calorimetry—Accuracy and loss corrections. Thermochim. Acta, 677,
12-20.

[22] Callanan] E.; Sullivan S A.; Vecchia D F., Feasibility Study for the Development of Standards Using
Differential Scanning Calorimetry, Natl. Bur. Stand. Spec. Publ. 260-99 1985, 1985

[23] Sangster J, Bale C. (1998). The Li-Sn (Lithium-Tin) System. J Phs Eqil and Diff 19, 70-75.


https://www.researchgate.net/publication/357759255

