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Abstract
Molten fluoride salts are under development for use as fuel coolant and thermal stor-
age in industrial nuclear energy production. This study focuses on the experimental 
and molecular dynamic investigation of thermal conductivity and ion diffusion in 
the eutectic molten salts of NaF–KF and NaF–KF–MgF2. Experimental and calcu-
lated data demonstrate that the temperature-dependent thermal conductivity can be 
accurately represented as a decaying linear function for both melts. The significant 
diffusion coefficient of fluorine ions in the NaF–KF molten system can be attrib-
uted to the considerable number of Coulomb repulsions among the abundant nega-
tive ions in the irregular system. The findings of this study provide insights into the 
behavior of NaF–KF and NaF–KF–MgF2 molten salt mixtures under operating con-
ditions in high-temperature power plants.

Keywords Diffusion coefficient · Molten fluoride salts · Molecular dynamics 
simulation · Laser flash method · Thermal conductivity · Thermal diffusivity

1 Introduction

Molten salts are utilized as coolants and working media that directly contain nuclear 
fuel in molten salt reactors (MSRs). MSRs can be classified into two types. The 
first type is a high-temperature fluoride reactor that utilizes molten salts as cool-
ants for heat removal from solid fuel. In the second type of reactor, molten salts are 
employed to dissolve fuel, facilitating the transformation of chemical elements in 
nuclear reaction within the molten salt medium. Molten salts are favored for their 
superior heat transfer properties, low vapor pressures, and minimal reactivity with 
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air and water. Due to fluorine’s lower thermal neutron cross section compared to 
other halides, fluoride salts are considered to be the perfect ones for the thermal 
spectrum of MSR. The utilization of molten salt mixtures instead of pure salts allows 
for a lower melting temperature of the system, enabling a reduction in the operating 
temperature of the MSR. Thermal conductivity, thermal diffusivity, and ion diffu-
sion, which influence the viscosity of molten salts, are significant kinetic properties 
for the design of nuclear power systems. Moreover, molten salts find application in 
high-temperature power generation, such as thermal energy storage systems, con-
centrating solar power plants, fusion reactors, and various industrial manufacturing 
processes. High-temperature liquids, including molten salts, employed in nuclear 
reactors, offer potential improvements in efficiency, safety, and reduced capital costs 
compared to existing water reactors [1]. However, limited data on the thermophysi-
cal properties of numerous candidate salts exist due to challenges associated with 
measuring these properties at sufficiently high temperatures (e.g., 720–1100 K) [2].

In MSR, fissile fluorides (e.g.,  UF4,  PuF3, and  ThF4) are present in the FLiNaK 
(46.5 LiF–11.5 NaF–42 KF mol %) and FLiBe (66 LiF-34  BeF2 mol %) molten 
salts. Hydrodynamic calculations have demonstrated that viscosity and thermal con-
ductivity play a crucial role in heat transfer when FLiNaK is utilized as the working 
fluid in MSR [3]. The thermal conductivity (λ) of the FLiNaK molten fluoride salt of 
eutectic composition was measured using the laser flash method within the tempera-
ture range of 773–973 K [4]. A linear increase in the λ(T) dependence was observed, 
while the calculation of the thermal conductivity of FLiNaK across a wider tem-
perature range using an empirical equation yielded a constant value of λ = 0.85 W/
(m K) with a probable deviation of 0.206 W/(m K) [5]. It should be noted that the 
estimated behavior of λ(T) provided in [5] serves solely as an approximate guideline 
for practical use and cannot be regarded as an accurate prediction. The presence of 
a highly light and non-polarizable lithium ion in FLiNaK results in overestimated 
calculated values of thermal conductivity when determined using the Green–Kubo 
formula [6]. In contrast to the trend observed in the λ(T) function in [4], both calcu-
lated and experimental data indicate a decrease in thermal conductivity with rising 
temperature within the range of 750–1300  K [6]. Through equilibrium molecular 
dynamics (MD) calculations, a linear decrease in the λ(T) dependence of FLiNaK 
thermal conductivity was observed at temperatures of 950 K, 1100 K, and 1250 K 
[7]. Additionally, Rudenko et al. [8] obtained thermal diffusivity using the laser flash 
method and measured heat capacity through the Differential Scanning Calorimetry 
(DSC) method, with all these results exhibiting relatively close values. Within the 
temperature range of 723–873 K, the thermal conductivity value varies from 0.7 to 
0.8 W/m K.

A weak negative dependence of thermal conductivity on temperature was 
observed through equilibrium MD simulation in the microcanonical ensemble for 
molten NaCl and KCl [9]. Ishii et  al. [10] employed the MD method with poten-
tials incorporating the polarization of ions to establish the dependencies of λ on the 
density of the system for both pure liquid LiF (KF) and their molten equimolecu-
lar mixture LiF–KF. In all cases, a linear increase in the coefficient λ was observed 
with an increase in the system’s density. The work extensively discusses the factors 
influencing the heat transfer process in molten systems; however, experimental data 
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for the simulated systems are not provided. The thermal conductivity of the molten 
NaF–KF eutectic mixture was investigated by Smirnov et  al. [11] within the tem-
perature range of 1160–1250 K. According to the temperature dependence equation, 
λ was determined to be 0.63 W/m K near the melting point.

Recently, an experimental study on the thermal conductivity of the 
NaF–KF–MgF2 (34.5–59.0–6.5  mol%) molten salt mixture was conducted using 
a needle probe within a narrow temperature range of 900–1100  K [12]. The data 
obtained exhibited a relatively significant temperature dependence of the λ coeffi-
cient. Similarly, for the FLiNaK and LiCl–KCl systems, a negative slope of the lin-
ear fitting for λ(T) was observed.

Therefore, it can be noted that today there is uncertainty in measuring the ther-
mal conductivity of halide melts. Experimental determination is complicated by 
the presence of high temperatures in such systems and the presence of aggressive 
and radioactive additives. In turn, theoretical models have a number of limitations 
associated with the method applied [13, 14]. Therefore, for matters concerning heat 
transfer in salt systems, it is necessary to develop an integrated approach that com-
bines experimental and theoretical methods. This approach will not only serve to 
validate the obtained data from both modeling and experiment but also contribute 
to a deeper understanding of heat transfer mechanisms in high-temperature molten 
systems.

The objective of this research is to experimentally determine the kinetic prop-
erties of NaF–KF and NaF–KF–MgF2 molten salts, as well as the qualitative and 
quantitative verification of the obtained dependencies within the developed molecu-
lar dynamics model.

2  Materials and Methods

2.1  Laser Flash Method

Thermal diffusivity was determined using an original technique specifically 
designed for molten media [15–17]. A small sample of the salt mixture was placed 
in a dedicated cell made of NP2 alloy and melted here and covered by metallic cap. 
After cooling the cap was welded to cell and the cell was covered by graphite. By 
employing this approach, the potential influence of graphite spray on the salt sample 
and its impact on melt properties were eliminated. Notably, our results for molten 
FLiNaK [8] exhibit agreement within 5% with data obtained through other measure-
ment techniques.

The cell was then positioned within a holder inside a high-temperature electric 
furnace. For every molten salt sample two runs (Run I, Run II) were executed for 
statistics. Throughout the high-temperature measurements, it was observed that the 
NP2 alloy maintained a vibrant metallic luster and did not darken, even after exten-
sive long-duration experiments. To enhance the blackness of the surfaces,  the sam-
ple cell was treated with emery paper and coated with a thin layer (~ 5 μm) of graph-
ite spray. After the experiment, the graphite layer could be easily removed using 
alcohol, and there was no interaction between the NP2 material and carbon. The 
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shape of the cell remained unaltered following the high-temperature experiments. 
Further details of the precise experimental technique can be found in [8].

2.2  Heat Capacity Measurements

The heat capacity was studied using a STA 449F1 Jupiter synchronous thermal ana-
lyzer (NETZSCH, Germany). This device enables simultaneous recording of both 
the sample mass changes and the Differential Scanning Calorimetry (DSC) curve. 
The experimental equipment ensures precise measurement accuracy for the speci-
fied parameters: temperature (± 1.5  K), mass (< 10–6  g), baseline reproducibility 
(± 2.5 mW), and enthalpy (± 3%). Further information regarding the experimental 
technique can be found in our previous paper [18].

2.3  Sample Preparation

To prepare the FMgNaK (NaF–KF–MgF2) and NaF–KF molten salt mixtures, the 
following components were used: commercial extra pure magnesium fluoride (JSC 
REAHIM Ltd., Moscow, Russia); commercial extra pure sodium fluoride NaF (JSC 
Halogen, Perm, Russia); and commercial extra pure potassium hydrofluoride KF·HF 
(JSC REAHIM Ltd., Moscow, Russia). Each container with KF·HF was analyzed 
according to GOST 10067-80 for the HF content, which averaged 25.84 ± 0.07 wt%. 
The starting components were melted in ambient air using a glassy carbon crucible 
positioned within a protective alundum vessel. Graphite chips were inserted between 
the crucibles to prevent the glassy carbon from burning. The KF component, known 
for its high hygroscopicity, was added in the form of KF·HF, which decomposes into 
KF and HF within the temperature range of 673–773 K. This decomposition process 
fluorinates the oxygen-containing impurities (Table 1).

During melting of the initial components in ambient air, the resistance furnace 
was incrementally heated as follows: 1) initially, the temperature was raised to 673 K 
and held for 120 min. This step aimed to eliminate any moisture present and initiate 

Table 1  Summary of sample descriptions

a Mass fraction purity
b Mole fraction purity
*Purity according to chemical analysis

Chemical Name Formula Source Purity according 
to supplier, %

Eutectic mixture NaF–KF NaF–KF Prepared here 99.0⃰
Sodium fluoride NaF Vekton 99.8a

Potassium bifluoride KF·HF Vekton 99.5a

Magnesium fluoride MgF2 JSC REAHIM 99.99a

Argon Ar Uralkriogas 99.993b

Eutectic mixture NaF–KF–MgF2 NaF–KF–MgF2 Prepared here 99.0*
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the decomposition of KF·HF, resulting in the release of HF; 2) subsequently, the 
temperature was further increased from 673 to 773 K and maintained for 120 min. 
During this phase, the majority of the HF was decomposed, and the salt mixture 
began to melt. Once the temperature of 773 K was attained, the melt was stirred to 
eliminate HF from the crucible walls; and (3) the temperature was increased from 
773 K to 973–993 K and maintained for 60 min. Following this, the temperature was 
held steady at 973–993 K for 90 min, continuing the periodic stirring with the glassy 
carbon rod. This process ensured the removal of all remaining HF from the melt. 
The crucible containing the prepared molten salt was removed from the furnace and 
allowed to cool in ambient air until reaching a temperature of 623 K. Subsequently, 
it was transferred to a glove-box filled with an inert argon atmosphere, where the 
salt further cooled under vacuum conditions. Once the melt was fully cooled, it was 
weighed and sampled for chemical analysis within the glove-box. The solidified salt 
was then milled for subsequent utilization.

Following solidification, the individual sample pieces weighed approximately 
0.4–0.7 g. In order to achieve a total weight close to 1.5 g, several samples were 
placed in a nickel container and then heated in a furnace above the melting point. 
During this process, the absence of gas bubbles at the bottom of the container 
was visually monitored. If any gas bubbles were present, they were eliminated by 
mechanically stirring the melt with a nickel wire. Following the heating process, 
the container was removed from the furnace and promptly sealed with a lid while 
still hot. The entire container assembly was then reheated to a temperature above 
the melting point. Once cooled, the samples were extracted from the glove-box in a 
tightly sealed container and removed from the container just prior to welding.

Following welding using an argon-arc apparatus, the samples were put again into 
the glove-box and heated above the melting point. Subsequently, they were cooled, 
labeled, and packaged into containers. After preparation, the samples were subjected 
to the thermal analysis using the DSC method. The results obtained are presented in 
Figs. 1 and 2. The NaF–KF mixture exhibited a melting point of 989 K, while the 
FMgNaK mixture had a melting point of 960 K, which corresponds to literature data 
[19, 20].

2.4  Molecular Dynamics Simulation Model

Computer simulation methods are commonly employed to refine experimental data 
and evaluate scientific hypotheses. In the study of complex chemical systems like 
high-temperature molten salts, the molecular dynamics (MD) method is traditionally 
used [21]. With this method, it becomes possible to investigate substance structures 
[22], obtain qualitative and quantitative results through modeling physicochemical 
processes, and determine their properties with accuracy [7, 23].

In order to simulate the NaF–KF eutectic molten salt, an MD model was constructed 
with a total of 3750 atoms. The ratio of components in the model corresponded to the 
experimental data, with 40-mol% NaF (1500 atoms) and 60-mol% KF (2250 atoms). 
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Two crystals were positioned in the rectangular simulation cell, each with a face-cen-
tered cubic lattice. The lattice parameter used for NaF was a = 0.46344 nm and for KF, 
a = 0.534 nm. Figure 3a provides an overview of the system at the initial time moment 
(t = 0 ps), illustrating the geometric dimensions of the simulation cell. Prior to the main 
MD calculation, a geometric optimization of the system was performed. Subsequently, 
the system was heated to a temperature of 1300 K and maintained at this temperature 
for 1.2 ns within the NVT ensemble [24]. Subsequently, the system was cooled down to 

Fig. 1  Thermal analysis of NaF–KF by DSC

Fig. 2  Thermal analysis of NaF–KF–MgF2 by DSC
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the operating temperature (998, 1023, 1048, 1073, 1098, and 1123 K) over a period of 
1 ns under the NPT ensemble. Figure 3b illustrates a well-mixed system after relaxation 
at the operating temperature, specifically at 2.2 ns. The inset graph depicts the tempera-
ture dependence of the internal energy per atom  (Eint/atom), with the red region repre-
senting the calculated range for the melting temperature of the system (950–1010 K). 
It is worth noting that the experimental liquidus temperature for the considered system 
was determined to be 994 K [19]. Once the system reached a state of complete equi-
librium, the thermal conductivity calculation was performed using the Green–Kubo 
method within the NVE ensemble. To maintain a constant simulated temperature, the 
Nose–Hoover thermostat was employed. Periodic boundary conditions were applied 

Fig. 3  a General view of the 40-mol% NaF–60-mol% KF system at the initial time moment of the simu-
lation; b well-mixed molten system of  Na+,  K+,  F− ions at the operating temperature (1123 K); the inset 
graph depicts a curve describing the change in the specific internal energy  Eint/atom of the system with 
temperature, and the melting range of 950–1010 K is highlighted by the red color
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throughout the calculations. Long-range interactions were handled using the PPPM 
(a Particle–Particle Particle–Mesh) summation method. The Verlet algorithm was 
used to solve Newton’s equations of motion with a time step of ∆t =  10–15 s [25]. In 
order to simulate the interatomic interactions within the NaF–KF molten system, the 
Born–Huggins–Mayer potential was employed, with the parameters specified in [25].

The diffusion coefficients of the individual components of the investigated molten 
salt depending on the temperature were calculated in the model using the Einstein rela-
tion through the slope to the time axis of the mean square displacement Δr2 of the 
center of mass of similar atoms:

2.5  Thermal Conductivity Calculation

In the MD model, the thermal conductivity � of the molten salt can be calculated using 
the equilibrium Green–Kubo formalism through the auto-correlation function of the 
heat flux J

where V  is the volume of the simulation cell, kB is the Boltzmann constant, and T  is 
the calculation temperature.

The heat flux is defined through the per-atom stress tensor Si as

where ei is the per-atom energy (potential and kinetic), �i , �j are the 3 × 3 velocity 
matrix vectors of i and j particles, Fij is the force acting between i and j particles, 
and rij is the distance between i and j ions in the molten salt [10].

All calculations were performed using the open-source program code for MD simu-
lation LAMMPS [26] on the URAN cluster-type hybrid computer at the N.N. Krasovs-
kii Institute of Mathematics and Mechanics UB RAS.

3  Results

3.1  Heat Capacity

The obtained data of heat capacity for the melts under investigation together with 
standard uncertainties are summarized in Table 2.
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4  Thermal Diffusivity

4.1  Eutectic Mixture NaF–KF

Thermal diffusivity α of the NaF–KF eutectic mixture (0.6KF-0.4NaF) was meas-
ured at temperatures above the melting point. The results obtained are presented in 
Table 3 and Fig. 4.

Thermal diffusivity values α range from 0.2 to 0.3  cm2/s in the molten state. To 
determine the thermal conductivity λ, knowledge of the density ρ and heat capacity Cp 

Table 2  Heat capacity (Cp) for 
(60 ± 1 mol%) KF–(40 ± 1 mol% 
NaF) and NaF–KF–MgF2 at 
pressure p = 0.1 MPa

a Standard uncertainties u are u(Cp) = 0.04 J  g−1  K−1 and u(T) = 1.5 K

NaF–KF NaF–KF–MgF2

T, K Cp, J  g−1  K−1 T, K Cp, J  g−1  K−1

1003 1.35 994 1.37
1008 1.38 999 1.36
1013 1.35 1004 1.37
1018 1.36 1009 1.34
1023 1.39 1014 1.33
1028 1.39 1019 1.32
1033 1.4 1024 1.37
1038 1.38 1029 1.37
1043 1.38 1034 1.39

1039 1.39
1044 1.4

Fig. 4  Thermal diffusivity of the molten KF–NaF mixture
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values is required. The heat capacity was measured experimentally, while the density 
was referenced from the Janz handbook [27]. The obtained results for the calculated 
thermal conductivity λ values are presented in Table 1. The thermal diffusivity α of 
molten NaF–KF is comparable to that of FLiNaK. However, the thermal conductivity λ 
is lower in NaF–KF system due to its lower heat capacity.

4.2  Eutectic Mixture NaF–KF–MgF2

Thermal diffusivity α of the NaF–KF–MgF2 eutectic mixture was measured at temper-
atures exceeding the melting point. The thermal properties are shown in Table 4, and 
the temperature dependence of thermal diffusivity α(T) is illustrated in Fig. 5.

Standard uncertainties u are u(α) = 0.02  mm2s−1, u(ρ) = 0.014  g   cm−3, 
u(Cp) = 0.04 J  g−1  K−1, u(λ) = 0.04 W  m−1  K−1, and u(T) = 0.5 K.

Thermal diffusivity of the NaF–KF–MgF2 eutectic mixture varies from 
0.255 to 0.275  cm2/s within the temperature range of 990–1060 K. The density 
values, as shown in Table  4, were obtained from [28]. Thermal conductivity 
was observed to decrease with temperature as depicted in Fig. 6. However, our 
findings indicate a more moderate decline in thermal conductivity compared to 
the results reported by Merrit et al. [12]. The predictive values of thermal con-
ductivity by Yang et al. are also shown in Fig. 6 [29].

Table 3  Thermal diffusivity (α), 
density (ρ), heat capacity (Cp), 
and thermal conductivity (λ) for 
(60 ± 1 mol%) KF–(40 ± 1 mol% 
NaF) mixture at pressure 
p = 0.1 MPa

Standard uncertainties u are u(α) = 0.02  mm2s−1, 
u(ρ) = 0.014 g  cm−3, u(Cp) = 0.04 J  g−1  K−1, u(λ) = 0.04 W  m−1  K−1, 
and u(T) = 0.5 K

T, K α,  cm2/s Cp, J/g∙K ρ, g/cm3 λ, W/m∙K

Run I
1123

0.240 1.38 1.90 0.63

1098 0.250 1.38 1.91 0.66
1073 0.245 1.38 1.93 0.65
1048 0.258 1.38 1.94 0.69
1023 0.260 1.38 1.96 0.70
998 0.260 1.38 1.97 0.71
Run II
1123

0.250 1.38 1.90 0.65

1098 0.260 1.38 1.91 0.69
1073 0.261 1.38 1.93 0.69
1048 0.257 1.38 1.94 0.69
1023 0.238 1.38 1.96 0.64
998 0.270 1.38 1.97 0.73
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4.3  Computer Simulation Data

The diffusion coefficients of the individual components  Na+,  K+, and  F− in the 
investigated molten salt NaF–KF are represented in Fig. 7. The  F− ions exhibit the 
highest diffusion coefficient, reaching a value of 9⋅10–5  cm2/s. Additionally, there is 
a noticeable upward trend in the D(T) dependencies for  Na+ and  K+ ions. The aver-
age diffusion coefficient for  Na+ ions is approximately 5% higher than that of  K+ 
ones.

Figure 8 presents the thermal conductivity values obtained from our experimental 
measurements (blue circles) and the MD simulation (red diamonds). The figure also 
includes the linear fitting of the obtained results (solid and dashed lines), as well as 
analytical dependencies for λ(T). Both the experimental and simulated data exhibit a 

Fig. 5  Thermal diffusivity of the molten  NaF–KF–MgF2

Table 4  Thermal diffusivity 
(α), density (ρ), heat capacity 
(Cp), and thermal conductivity 
(λ)  for (59.0 mol%±1 mol%) 
KF–(34.5±1 mol%  NaF)–
(6.5±1 mol%  MgF2) mixture at 
pressure p = 0.1 MPa

T, K α,  cm2/s Cp, J/g∙K ρ, g/cm3 λ, W/m∙K

Run I
1033

0.262 1.35 2.05 0.72

1013 0.276 1.35 2.06 0.77
993 0.255 1.35 2.07 0.71
Run II
1053

0.265 1.35 2.04 0.73

1033 0.257 1.35 2.05 0.71
1013 0.273 1.35 2.06 0.76
993 0.275 1.35 2.07 0.77
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decreasing trend with increasing temperature. The values obtained in the MD model 
were found to be slightly higher than the experimental data, but the discrepancy did not 

Fig. 6  Thermal conductivity of the molten KF–NaF–MgF2 mixture

Fig. 7  The temperature dependence of the diffusion coefficients for the components of the 40-mol% 
NaF–60-mol% KF molten system obtained through the MD model
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exceed 10%. Figure 8 also includes the data obtained in [10], which shows good agree-
ment with the values calculated in this study.

5  Discussion

The thermal diffusivity of fluoride and chlorides mixtures shows similar values with 
weak dependence on temperature. DiGillio and Teja [30] observed that most of the 
results on the thermal conductivity of  KNO3 obtained before 1980 exhibited a posi-
tive temperature dependence. The negative thermal conductivity temperature coef-
ficient was obtained by Nagasaka for molten halides [31–33]. And recent investiga-
tions have also revealed negative temperature dependencies for fluorides. Currently, 
there are no established criteria to justify the reliability of thermal conductivity 
results. However, the majority of theoretical studies have reported negative tempera-
ture dependencies [7, 10]. The models proposed by Ohtori [34] derived the negative 
temperature dependence on density for molten alkali halides.

The influence of magnesium fluoride on the thermal conductivity of alkali fluo-
ride mixtures is highly debated. There is a possibility that the number of particles in 
a molecule can impact the thermal conductivity values [35]. Therefore, the addition 
of  MgF2 can potentially increase the thermal conductivity. However, this effect is 
expected to be significant only at higher concentrations of magnesium fluoride.

Determining the thermophysical properties of binary and ternary molten salt sys-
tems is challenging due to the high temperature required for experiments and the 
complexity arising from the interaction between high-temperature molten salts and 
construction materials. Furthermore, conducting such experiments incurs significant 

Fig. 8  Thermal conductivity of the 40-mol% NaF–60-mol% KF molten system as a function of tempera-
ture; the experimental data are represented by blue circles; the MD data are shown as red diamonds; 
solid and dashed lines correspond to the linear fitting of the obtained data; the analytical expressions for 
λ corresponding to the linear approximation are also displayed
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costs. However, knowledge of thermophysical properties is crucial for accurate and 
optimal technological design. In many ways, these difficulties can be overcome with 
the help of MD simulation. Our MD calculations showed that the thermal conductiv-
ity of the NaF–KF molten system exhibits a decaying trend with temperature, which 
is also confirmed experimentally. Additionally, the difference between the simulated 
and experimental data is no more than 10%.

Among other fluoride eutectics, the NaF–KF molten system exhibits one of the 
highest thermal conductivities. The total mass of positively charged ions in the 
NaF–KF eutectic is 1.7 times greater than that of negatively charged ions. However, 
this is not the main reason for the significantly higher diffusion coefficient of  F− ions 
compared to the diffusion coefficients of the positively charged ions  (Na+ and  K+). 
The Coulomb interaction between ions plays a crucial role in molten salt. In this 
case, the number of negatively charged  F− ions exceeds both the number of  Na+ and 
 K+ ions. The absence of local compensation of positive and negative ions in molten 
salt results in repulsive interactions between ions of the same charge. Due to their 
different ionic radii, the heavier positive ions experience greater resistance to move-
ment during these collisions compared to the negative ions. Consequently, the diffu-
sion coefficient of  F− ions is high. Similar higher values of the diffusion coefficient 
of  F− ions compared to the diffusion coefficients of positive ions are also observed 
in the eutectic FLiNaK melt [36]. Additionally,  Na+ ions are 1.4 times smaller in 
size compared to  K+ ions and they are 1.7 times lighter. These factors contribute 
to a slight (5%) advantage in the diffusion of  Na+ ions over  K+ ions in the NaF–KF 
molten system.

6  Conclusion

In this study, the kinetic characteristics of the NaF–KF and NaF–KF–MgF2 eutectic 
molten salts are determined experimentally and using molecular dynamics methods 
within the operating temperature range of power plants. The results indicate that the 
temperature dependences of thermal conductivity and diffusion coefficients of the 
same type of ions in the NaF–KF molten salt can be accurately described by linear 
dependences. Furthermore, in both cases, the thermal conductivity demonstrates a 
decreasing trend with rising temperature, while the diffusion coefficients show an 
increasing trend. The abundance of  F− ions in the NaF–KF melts leads to stronger 
Coulomb repulsion between them. Consequently, these ions exhibit the highest 
mobility in the molten salt.

The findings from this study will aid in the evaluation of molten salts as suitable 
working fluids for high-temperature power plants. Understanding the energy char-
acteristics of molten salts enables improved power plant efficiency and the develop-
ment of safety measures to ensure their secure operation.
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