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Abstract 

The thermodynamic properties of the LiF-NaF-KF system and its subsystems were reevaluated 

using the CALPHAD method, focusing on deviations from ideality in the heat capacity (𝐶𝑝(𝑇)) of 

mixtures, temperature-dependence of mixing enthalpies (∆𝑚𝑖𝑥𝐻), vapor pressures of mixtures, and 

enthalpies of fusion (∆𝐻𝑓𝑢𝑠) using reported values and new measurements. The results of this work 

confirmed a pseudo-ternary eutectic at 732.9 K and 46.5LiF-11.5NaF-42KF mol%, with calculated 

values of 𝐶𝑝(𝑇) and ∆𝐻𝑓𝑢𝑠 in good agreement to the experimental values. The accurate 

thermodynamic model can be used to find relevant excess thermochemical properties in the whole 

pseudo-ternary space. A detailed evaluation of select thermophysical properties was also 

conducted to determine recommended density, thermal diffusivity, thermal conductivity, and 

vapor pressures with calculated uncertainties over the temperature range of interest for FLiNaK-

salt energy applications. 

Keywords: FLiNaK, heat capacity, boiling point, vapor pressure, enthalpy of fusion, molten salts, 

thermal conductivity, phase diagrams. 

  

Page 2 of 33

ACS Paragon Plus Environment

ACS Applied Energy Materials

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



3 

1 Introduction 

Renewed interest in molten salt-fueled reactors is being seen after the initial successful in 

demonstration of the technology in the late 1960s and early 1970s1, and they are considered one 

of six concepts for generation IV of nuclear reactors2. For molten salt reactors (MSRs), the eutectic 

salt FLiNaK (46.5LiF-11.5NaF-42KF mol%) is a commonly proposed fuel solvent and/or 

secondary loop coolant3, with other applications including use as a solvent for nuclear fuel 

reprocessing4–6, as an energy storage medium for solar thermal power plants7,8 and as a heat 

exchange fluid due to its excellent thermophysical properties such as thermal stability, low vapor 

pressure, low melting point, large specific heat, and favorable hydrodynamic properties. 

Several studies have reviewed the thermophysical properties of molten salt coolants7,9–11, including 

FLiNaK, although for FLiNaK a significant variation is seen in reported values: (i) heat capacity 

(𝐶𝑝) ranging between 61.9 and 84.6 J.mol-1.K-1 12–21; (ii) enthalpy of fusion (∆𝐻𝑓𝑢𝑠) values between 

15,980 J.mol-1 (probably incorrectly noted in cal.g-1 in the original report22) and 18,275 J.mol-1 

12,13,15,16,19,22–25; and (iii) lack of experimental information for the boiling point with a single 

estimated temperature of 1,843 K assuming ideal mixing of the components3. Little information 

on compositions not proximate to the eutectic composition is reported, with an exception being 

the liquidus values for the LiF-NaF-KF system determined at 60 mol% KF by Thoma et al.26, 

although detailed compositions were not reported. The often-used eutectic temperature for 

FLiNaK has been 727.15 K since its determination by Bergmann and Dergunov27 in 194127. 

However, measurements in the intervening period now suggest a value of 735.2 ± 2 K.12,13 

The thermal properties of the FLiNaK unary component salts were critically reevaluated in 

previous work [finalized draft – it will be available during review28], including performance of 

new measurements. In the current effort, mixtures were investigated to generate thermodynamic 

descriptions using the CALPHAD method29–31 for the pseudo-ternary LiF-NaF-KF system and its 

subsystems. These have been incorporated in the open-source compendium of the Molten Salt 

Thermal Properties Database - Thermochemical (MSTDB-TC)32–35 for MSR applications that can 

be directly utilized in computing equilibrium states for complex salt systems. In addition, coupling 

the results with available thermophysical measurements of the eutectic (i.e., density and thermal 
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diffusivity) allowed the evaluation of available thermal conductivity descriptions to suggest the 

most accurate values over the temperature ranges of interest for energy applications. 

2 Background 

A brief overview is presented of the models representing the thermodynamic relations of mixtures, 

with a focus on heat of mixing (∆𝑚𝑖𝑥𝐻) and excess heat capacity (∆𝐶𝑝) 31,36.  

2.1 Excess Thermodynamic Properties 

For a given condensed phase solution the excess Gibbs energy of mixing (𝛥𝐺𝑥𝑠) is defined as 

𝛥𝐺𝑥𝑠 =  𝛥𝐺𝑚𝑖𝑥 − 𝛥𝐺𝑖𝑑   Eq. 1 

where 𝛥𝐺𝑚𝑖𝑥 is the total mixing energy and 𝛥𝐺𝑖𝑑 is the ideal mixing energy. Since the ideal 

enthalpy of mixing is zero, 𝛥𝐺𝑥𝑠 can be written as: 

𝛥𝐺𝑥𝑠(𝑇) = ∆𝑚𝑖𝑥𝐻(𝑇) −  𝑇𝛥𝑆𝑥𝑠(𝑇) Eq. 2 

where ∆𝑚𝑖𝑥𝐻(𝑇) is the enthalpy of mixing at temperature 𝑇 and 𝛥𝑆𝑥𝑠(𝑇) is the excess entropy. 

The 𝛥𝐶𝑝 is conveniently related to the enthalpy of mixing via 

∆𝐶𝑃 = (
∆𝑚𝑖𝑥𝐻

𝑑𝑇
)

𝑃
=  𝐶𝑃,𝑠𝑙𝑛 − ∑ 𝑥𝑛𝐶𝑃𝑛

 Eq. 3 

where 𝐶𝑃,𝑠𝑙𝑛 is the heat capacity of the solution, and 𝑥𝑛 and 𝐶𝑃𝑛
 are the molar fraction and the heat 

capacity of component 𝑛. 

2.2 Thermal Properties and Phase Equilibria 

Available measurements for ∆𝑚𝑖𝑥𝐻, ∆𝐶𝑃, ∆𝐻𝑓𝑢𝑠, and phase equilibria for the pseudo-binary 

systems LiF-NaF, LiF-KF, and NaF-KF as well as for the pseudo-ternary LiF-NaF-KF are listed 

in Table 1 and include error limits are listed when available. If error limits are not reported, such 

as is the case for the melting point of compounds, they were estimated from the maximum 

difference among those reported and those adopted in Schorne-Pinto et al.28. 
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Table 1: Reported ∆𝒎𝒊𝒙𝑯, ∆𝑪𝑷, and ∆𝑯𝒇𝒖𝒔 for LiF-NaF, LiF-KF, NaF-KF, and LiF-NaF-KF. 

System Exp. Temp. Mole fraction Data Error (σ) Type Reference 

 K  N° % or K   

LiF-NaF 1,281 [0.1-0.9] 9 N/A ∆𝑚𝑖𝑥𝐻 Holm and Kleppa37 

1,360 [0.106-0.86] 8 1 ∆𝑚𝑖𝑥𝐻 Hong and Kleppa38 

1,185 [0.175-0.801] 5 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,231 [0.175-0.621] 5 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,282 [0.175-0.801] 6 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,331 [0.175-0.801] 6 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,371 [0.176-0.801] 5 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

973 [0.4] 1 10 ∆𝐶𝑝 Cohen et al.40 

1,130-1,305 [0.2-0.8] 4 5-8 ∆𝐶𝑝 
¥ Filatov18 

1,200-1,350 [0.25-0.75] 3 170-190┼ ∆𝐶𝑝 Minchenko et al.17 

1,232-1,437 [0.2-0.8] 4 12.5-16 ∆𝐶𝑝 Beneš et al.41 

925 [0.4] 1 N/A ∆𝐻𝑓𝑢𝑠 Cohen et al.40 

925 [0.4] 1 N/A ∆𝐻𝑓𝑢𝑠 Eichelberger42 

925 [0.4] 1 N/A ∆𝐻𝑓𝑢𝑠 Phillips and Stears43 

925 [0.4] 1 1.1 ∆𝐻𝑓𝑢𝑠 Radionova et al.44 

- [0-1] 17 2.5 K§ P.E.# Bergmann and Dergunov27 

898 [0.08] & [0.015] 2 0.5-1 K§ P.E. Short and Roy45 

- [0-1] 25 1.5 K§ P.E. Holm46 

- [0-1] 72 2.5 K§ P.E. Malinovský and Gabčova47 

LiF-KF 1,121 [0.1901-0.9029] 9 18-35 ∆𝑚𝑖𝑥𝐻 Capelli et al 48 

1,148 [0.1-0.9] 8 1 ∆𝑚𝑖𝑥𝐻 Gilbert49 

1,171 [0.048-0.949] 14 2 ∆𝑚𝑖𝑥𝐻 Holm and Kleppa37 

1,176 [0.0622-0.9014] 7 1 ∆𝑚𝑖𝑥𝐻 Hong and Kleppa38 

1,360 [0.0642-0.8931] 9 3 ∆𝑚𝑖𝑥𝐻 Hong and Kleppa38 

973 [0.5] 1 10 ∆𝐶𝑝 Cohen et al.40 

1,080-1,225 [0.2-0.8] 4 5-8 ∆𝐶𝑝 
¥ Filatov18 

1,200-1,350 [0.25-0.75] 3 160-180┼ ∆𝐶𝑝 Minchenko et al.17 

884-1,344 [0.25-0.75] 3 6.7-7.5 ∆𝐶𝑝 Beilmann et al.50 

765 [0.5] 1 N/A ∆𝐻𝑓𝑢𝑠 Powers and Blalock19 

760.8 [0.5] 1 N/A ∆𝐻𝑓𝑢𝑠 Williams22 

766.5 [0.475] 1 N/A ∆𝐻𝑓𝑢𝑠 Heidenreich and Parekh25 

765 [0.5] 1 1.1 ∆𝐻𝑓𝑢𝑠 Radionova et al. 44 

- [0-1] 21 3 K§ P.E. Bergmann and Dergunov27 

- [0-1] 16 1 K§ P.E. Volkov and Dubinskaya51 

- [0-1] 13 2.5 K§ P.E. Aukrust et al.52 

- [0-1] 20 3 K§ P.E. Capelli53 

NaF-KF 1,360 [0.0801-0.9164] 5 3 ∆𝑚𝑖𝑥𝐻 Hong and Kleppa38 

1,275 [0.100-0.937] 10 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,338 [0.100-0.937] 10 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,375 [0.100-0.937] 10 N/A ∆𝑚𝑖𝑥𝐻 Macleod and Cleland39 

1,030-1,290 [0.2-0.8] 4 5-8 ∆𝐶𝑝 
¥ Filatov18 

1,200-1,350 [0.25-0.75] 3 180-320┼ ∆𝐶𝑝 Minchenko et al.17 

- [0.6] 1 5 ∆𝐶𝑝 Rudenko et al.54 

994 [0.6] 1 N/A ∆𝐻𝑓𝑢𝑠 Eichelberger42 

983 [0.6] 1 1.1 ∆𝐻𝑓𝑢𝑠 Radionova et al. 44 

- [0-1] 21 24 K§ P.E. Kurnakow and Żemcżużnyj55 

- [0-1] 13 2.5 K§ P.E. Bergmann and Dergunov27 

- [0.1-0.9] 9 N/A P.E. Platonov56 

- [0-1] 25 1.5 K§ P.E. Holm46 

LiF-NaF-KF 373-1,173 FLiNaK 9 5%? 𝐶𝑝 Naval Research Laboratory (NRL) 

listed by Powers and Blalock 19 
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773-1,173 FLiNaK 5 5%? 𝐶𝑝 National Bureau of Standards 

(NBS) listed by Powers and 

Blalock 19 

373-1,173 FLiNaK 9 5%? 𝐶𝑝 Powers and Blalock19 

748-863 46.6LiF-42NaF-11.4KF 14* 2 𝐶𝑝 Rogers et al.12 

792-1,073 FLiNaK 10 5-8 𝐶𝑝 
¥ Filatov18 

395-873 FLiNaK 8 N/A 𝐶𝑝 Kosaka et al.16 

- FLiNaK - 140-240┼ 𝐶𝑝 Minchenko et al.17 

1,066-1,240 FLiNaK 70 5 𝐶𝑝 Khokhlov et al.13 

353-953 FLiNaK 36 2.5 𝐶𝑝 Yin et al.15 

804-973 FLiNaK 34 4.3 𝐶𝑝 An et al.21 

788-913 FLiNaK - 2 𝐶𝑝 Lichtenstein et al.14 

773-1073 FLiNaK - N/A 𝐶𝑝 Bull Ezell et al.20 

773-973 FLiNaK - 5 𝐶𝑝 Rose et al.57 

308-773 FLiNaK 36 10 𝐶𝑝 Rudenko et al.58 

747-792 FLiNaK - N/A 𝐶𝑝 Ambrosek59 

- 6 isopleths - 2.5 K§ P.E. Bergmann and Dergunov27 

¥ Calculated from reported thermal conductivity, thermal diffusivity, and density. 

┼ Error reported for enthalpy increment in J.mol-1 

* Number of measurements  
§ Used to identify estimated errors when reported errors are not available 
# Phase equilibria 

3 Materials and methods 

3.1 Materials 

High purity anhydrous salts LiF (BeanTown Chemical, 99.99%), NaF (Sigma Aldrich, 99.99%) 

and KF (Sigma Aldrich, 99.9%) were used, with amounts weighed with an Ohaus PA84C scale 

(±0.1mg) to the desired molar ratios and ground in an agate mortar and pestle for ~ 10 min. 

Relatively large batches of 200 mg were used to reduce compositional errors associated with the 

weighing and grinding process. Sample preparation was conducted in an MBraun Unilab Pro 

glovebox under high purity argon (Linde, > 99.999%), with total O2 + H2O levels maintained 

below 5 ppm during regular use.  

The FLiNaK salt, noted in this work as “FLiNaK-a,” was received from ORNL for use in a thermal 

and physical property measurement round robin project under the ad hoc Molten Salt Thermal 

Properties Working Group. A previous FLiNaK sample also provided by ORNL was as well used 

in the current efforts and was designated “FLiNaK-b.” 
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3.2 Characterization  

3.2.1 Composition Analysis 

The molar ratio of the mixed salts was confirmed by analysis using inductively coupled plasma-

optical emission spectrometry (ICP-OES, Perkin-Elmer Avio 200). A solution of 5% v/v of HNO3 

(High-Purity Standards (HPS) Company) was used as a blank as well as a solvent for the samples 

which are prepared in a microwave digester (Titan MPS 16 Position) using Tmax = 448.1 K and 20 

atm pressure for 10 min. Disposable plastic vessels and a high precision pipettor (VWR® 

SignatureTM, listed accuracy ±1.6-0.6% and precision ≤ 0.4-0.15%) provided for repeatability and 

avoidance of sodium contamination. Calibrations for lithium and potassium used five different 

concentrations and a blank (0, 1, 2.5, 5, 7.5 and 10 ppm). Sodium was calibrated with three 

calibrants and a blank (0, 1, 2.5, and 5 ppm). 

In order to establish an uncertainty for the ICP-OES measurements, three different FLiNaK-a 

samples were analyzed and the results evaluated following the Guide to the Expression of 

Uncertainty of Measurement (GUM)60 with the standard uncertainty (𝑢) obtained from the 

experimental standard deviation (SD) of the data set. The student’s coverage factor (t(ν,p)) for a 

two-tailed t-distribution was used to obtain a 95% confidence level (𝑝) as described in Annex G 

of GUM60, which depends on the degree of freedom (𝜈 =  𝑁 − 1) for 𝑁 tests. 

Table 2: Elemental analysis of FLiNaK-a from ICP-OES. 

 LiF(mol%) NaF(mol%) KF(mol%) 

Sample#1 46.52 11.40 42.08 

Sample#2 46.35 11.65 42.00 

Sample#3 46.22 11.18 42.61 

Mean 46.36 11.41 42.23 

Exp. stand. deviation [SD] 0.15 0.23 0.33 

Stand. Uncertainty [u]¥ 0.09 0.14 0.19 

Student's coverage factor t(n,p)* 4.3 4.3 4.3 

Expanded uncertainty [U] 0.38 0.58 0.82 

[U] with usual coverage factor k = 2 0.18 0.28 0.38 

 ¥ u= SD /√N, N = 3 

* with ν = N-1 = 2 and p = 95% 

The expanded uncertainty [U] was assumed to represent the typical accuracy of measurements and 

found to equal 0.4 mol%, 0.6 mol%, and 0.8 mol% for lithium, sodium, and potassium, 

respectively. 
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3.2.2 Thermal Analysis 

A Netzsch-Gerätebau GmbH 404 F3 Pegasus® differential scanning calorimeter (DSC) with a 

zirconium sacrificial ring and flowing 99.999 % argon (70 ml.min-1, Linde) was used to identify 

thermal events in salt samples. Both heating and cooling effects were analyzed to establish melting 

and crystallization temperatures/behavior of the pseudo-binary and pseudo-ternary mixtures. 

Samples were prepared in the glovebox and consisted of 10-50 mg of material within individual 

custom nickel liners that were hermetically sealed in high-pressure, 100-µl chrome-nickel stainless 

steel crucibles as previously described61,62. Two DSC calibration methods were used: 

i. The suggested method of Netzsch-Gerätebau GmbH, which consists of heating the sample 

three times at the same heating rate (𝛽), where 𝛽 = 5 K.min-1, and then using the average 

values for the thermal effects of the second and third measurements. Sensitivity and 

temperature corrections were obtained from measurements with indium, lead, silver, CsCl, 

and NaCl standards. The resulting accuracy of measured temperatures obtained on heating 

was estimated to be ± 3 K. 

ii. The IUPAC 63 zero heating rate method that has been previously described in detail 28. The 

resulting accuracy of measured temperatures obtained on both heating and cooling was 

estimated to be ± 3 K (Fig. S1). 

The 𝐶𝑝 of FLiNaK was determined following a three-step (baseline, calibration, sample) method 

using the same sample crucible and reference nickel liner in the stainless-steel crucible. Each step 

was also repeated three times with the first not used. To minimize variations, the reference crucible 

was left undisturbed in the DSC for the duration of the measurements. The DSC was purged with 

20 ml.min-1 argon purge and utilized a heating rate of 4 K.min-1 followed by a stabilization period 

of 40 min after each temperature step. The sensitivity calibration was performed using values from 

the second determination with a single crystal sapphire calibrant (Netzsch-Gerätebau GmbH), and 

those of the third used to estimate the accuracy of the 𝐶𝑝 determination with respect to reference 

values similar to the method of Karlsson et al.64. 

3.2.3 Structural Analysis 

Powder x-ray diffraction (PXRD) in transmittance mode was carried out on a Rigaku 9kW 

Rotating Anode SmartLab X-ray Diffractometer (λMo Kα1 = 0.70926 Å and Kα2 = 0.71359 Å 

radiation, zirconium filter) with samples in sealed fused silica capillaries, with details provided in 
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Schorne-Pinto et al.28. Rietveld refinement using the Full Prof-Win Plot program65,66 was used to 

determine crystal structure. 

3.2.4 Standard Deviation (𝑆𝐷) and Residual Standard Deviation (𝑅𝑆𝐷) 

The 𝑆𝐷 for ∆𝐻𝑓𝑢𝑠 was calculated using: 

𝑆𝐷 = √
1

𝑛 − 1
∑(𝑌𝑖 − 𝑌𝑚𝑜𝑑𝑒𝑙)2

𝑛

𝑖=1

 Eq. 4 

where 𝑌𝑖 is the experimental value, 𝑌𝑚𝑜𝑑𝑒𝑙 is the model (regression or correlation) output, and 𝑛 is 

the sample size. The 𝑅𝑆𝐷 was similarly determined to generate an uncertainty in the phase 

equilibria, and thermal and physical properties, and is defined as: 

𝑅𝑆𝐷(%) =  √
1

𝑛
∑ [

𝑌𝑚𝑜𝑑𝑒𝑙 − 𝑌𝑖

𝑌𝑖
]

2𝑛

𝑖=1

∙ 100 Eq. 5 

3.3 Thermodynamic Models 

The thermodynamic description of the LiF-NaF-KF system and its pseudo-binary subsystems were 

determined using the CALPHAD approach29–31, relating the Gibbs energy function of each 

component. All equilibrium calculations were performed using FactSage 8.2 software67. 

3.3.1 Liquid Phase 

The modified quasichemical model in the quadruplet approximation (MQMQA) was used to 

describe the liquid salt phase68–70. It assumes the presence of two sublattices, one each for the 

cations and the anions, and on which each separately mix. The Gibbs energy of a quadruplet for a 

salt with a common anion naturally simplifies to the pair approximation69. The model requires the 

choice of coordination numbers for first- and second-nearest neighbors allowing the model to 

represent the short-range ordering (SRO) noted in salt melts. The first-nearest-neighbor (FNN) 

coordination number (zi) was fixed at the commonly used value of 6 to maintain consistency with 

related systems in MSTDB-TC34. The value for the cation-cation, or second-nearest-neighbor 

(SNN) coordination number (Zi) was similarly fixed at 6, thus treating these systems as having 

their maximum SRO at equimolar compositions.  
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10 

3.3.2 Solid Solutions 

The limited solid solutions among the components in the LiF-NaF and NaF-KF systems were 

addressed using a two-sublattice polynomial model71. The compositional dependence of the 

𝛥𝐺𝑥𝑠 is represented by 

𝛥𝐺𝑥𝑠 = ∑ ∑ YA
i YB

j
Lij

j≥0i≥0

 Eq. 6 

where 𝑌𝐴 and 𝑌𝐵 are equivalent cation site fractions and 𝐿𝑖𝑗 are the optimized parameters, which 

can be temperature dependent. 

3.4 Quantum Chemistry Calculations 

Limited information is available for complex gas species formed in higher order salt systems. As 

a consequence, density functional theory (DFT) calculations were performed using the Q-Chem 

program72 for the heterodimers LiNaF2(g) and NaKF2(g) identified by Schoonmaker and 

Porter73,74. Other examples of heterocomplexes such as LiNa2K2F5(g) and Na3K3F6(g) were 

observed in mass spectrometric studies by Taira et al.75, but were not considered due to the limited 

available information and probable negligible influence on the system total pressure. To obtain 

Gibbs energy functions for the LiNaF2(g) and NaKF2(g) species, the hybrid B3LYP76 functional 

was employed in DFT calculations combined with the built-in triple 𝜁 basis set 6-311+G(d,p) for 

the elements of the present study. This theory/basis set combination has been shown to provide 

accurate geometries and thermochemical values77. The enthalpy of reaction of the complexes was 

calculated based on the reaction 

𝑁2𝐹2(𝑔) + 𝑀2𝐹2(𝑔) = 2𝑁𝑀𝐹2(𝑔) Eq. 7 

where N and M are the alkali elements.  

The entropy change for Eq. 7 for each of the systems was optimized to fit the experimentally-

determined equilibrium constant 73,74 (Fig. S2). The 𝛥𝐶𝑝 for Eq. 7 was assumed equal to the ideal 

gas law constant, thereby permitting the 𝐶𝑝 of the heterodimers to be derived from the 𝐶𝑝 relations 

for the dimers.  
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4 Results and discussion 

4.1 Experimental 

4.1.1 Structural Determination for Crystalline FLiNaK 

The refined unit cell parameters for the FLiNaK-a material (Table S1) determined in the current 

effort are in excellent agreement with reported values78. No additional peaks were observed in the 

diffraction pattern (e.g., those of hydrates or oxides) indicating the material was single-phase 

within the analytical limits. Rietveld analysis yielded a composition of 46.8 ± 2.1 mol% LiF, 10.6 

± 0.9 mol% NaF, and 42.6 ± 1.0 mol% KF, in good agreement with the ICP-OES results of Table 

2. The Rietveld-refined PXRD patterns are provided in Fig. S3 together with reference diffraction 

patterns. 

4.1.2 Phase Equilibria Determinations 

There are few reports of experimental studies in the LiF-NaF-KF system not proximate to the 

eutectic composition. The current effort similarly explored compositions near the eutectic at 

46.5LiF-11.5NaF-42KF mol% as well as the partial isopleth (39.5 LiF – 60.5 KF) – NaF from 0 

to 32 mol% NaF (Table 3). Both heating and cooling curves were used to identify the transitions 

despite the known issues related to using cooling curves for salt systems, such as undercooling79. 

In the current work, small thermal effects were identified on cooling that were not observed in the 

DSC heating curves for samples near the eutectic composition, e.g., for 48.5LiF-10.7NaF-40.8KF, 

where a single thermal event was seen on heating (Fig S4) whereas three thermal events were 

observed on cooling (Fig. S5). 

Table 3: Phase transitions based on DSC observations on heating and cooling. 

Composition (mol%)  Temperature of Observed Thermal 

Event (K) 

Method 

Sample name based on 

masses mixed 

From ICP-OES analysis 

 
Li(±0.4) Na(±0.6) K(±0.8) Heating(±3K) Cooling(±3K) 

 

FLiNaK-a (sample#1) 46.36 11.41 42.23 733.7 undercooling ZHR -10/5/3/1 

FLiNaK-a (sample#2) 46.36 11.41 42.23 731.7 undercooling ZHR -10/5/3/1 

FLiNaK-a (sample#3) 46.36 11.41 42.23 732.3 NC CR - 4 

FLiNaK-b 46.19 11.17 42.64 734.3 NC CR - 5 

47.7LiF-10.5NaF-41.8KF 47.37 10.41 42.22 734.7 732.3/738.7/744.0 ZHR -10/5/3/1 

48.5LiF-10.7NaF-40.8KF 48.63 10.42 40.95 733.3 731.9/737.5/759.0 ZHR -10/5/3/1 

39.5LiF-60.5KF 39.44 0.00 60.56 764.7/897.0 765.1/896.9 ZHR-20/10/5/2 

35.95LiF-8.95NaF-55.1KF 35.98 8.48 55.53 733.9/874.5 730.7/738.0/877.3 ZHR-20/10/5/2 

34.7LiF-12.2NaF-53.1KF 34.66 11.61 53.73 733.6/872.4 726.3/750.4/866.4 ZHR-20/10/5/2 

29.0LiF-26.6NaF-44.4KF 29.16 26.20 44.63 734.2/855.0 734.1/850.4/894.7 ZHR-20/10/5/2 
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12 

26.9LiF-32.0NaF-42.1KF 27.21 31.51 41.28 734.7/858.6/941.0 734.7/852.1/939.7 ZHR-20/10/5/2 

68.7NaF-31.3KF 0.00 69.03 30.97 992.0/1,139.6 994.4/undercooling ZHR-20/10/5 

NC = not calibrated; ZHR = zero heating method; CR = constant rate method, No are the rates in K.min-1, e.g., ZHR - 10/5/3/1 

indicates zero heating method using 10, 5, 3, and 1 K.min-1 rate in heating and cooling. 

ICP-OES: [U] of three measurements for FLiNaK-a. 

4.1.3 Melting Temperature and ∆𝐻𝑓𝑢𝑠 

Averaging the results of the multiple measurements of Table 3 yields melting temperatures of 

733.8 ± 2.3 K (N = 10) and 731.7 ± 4.1 K (N = 6) on heating and cooling, respectively. 

(Measurements of samples that exhibited likely undercooling were not considered). The values are 

in good agreement with those of Rogers12 and Khokhlov et al.13, although higher than proposed 

by Bergmann and Dergunov27.  

A value of ∆𝐻𝑓𝑢𝑠 was obtained using multiple heating rates (5, 4, 3, and 1 K/min) for eight 

measurements on each of three samples of FLiNaK-a with excellent reproducibility (Table S2) 

yielding an average value of 18,180 ± 630 J.mol-1. 

4.1.4 Heat Capacity 

The 𝐶𝑝 of the FLiNaK-a melt was measured using the three-step method, yielding an average value 

of 73.75 J.mol-1.K-1, i.e., specific heat (𝑐𝑝) of 1.786 J.g-1.K-1, for two measurements over 785 ≤ T 

≤ 835 K with an error limit of 5% estimated from the measured variance observed for the sapphire 

standard in comparison with NIST80 reference values (Figure 1).  

 

Figure 1: DSC heat flow for three-step measurements and cp of FLiNaK-a (linear fit of two datasets) and the sapphire standard 

of this work and NIST80 reference values. 
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4.2 Thermodynamic optimization 

4.2.1 LiF-NaF system 

The LiF-NaF system optimization is based on reported phase equilibria27,46,47, with a eutectic 

temperature ranging from 922.1 to 932.1 K and NaF mole fraction (𝑥𝑁𝑎𝐹) from 39 to 40 mol%. 

The extent of endmember pseudo-binary solid solutions reported by Short and Roy45 based on their 

diffusion studies at 898.1 K were used (8 ± 1 mol% solubility of LiF in NaF and 1.5 ± 0.5 mol % 

solubility of NaF in LiF) as well as the ∆𝑚𝑖𝑥𝐻 values of Holm and Kleppa37 and Hong and Kleppa38 

(Figure 2a). Values of ∆𝑚𝑖𝑥𝐻 determined by drop-calorimetry by Macleod and Cleland39 were not 

considered as they are considerably more negative than elsewhere reported37,38. A value of 𝛥𝐶𝑝= 

2.4 J.mol-1.K-1 was derived from the ∆𝑚𝑖𝑥𝐻 for an equimolar mixture (Figure 2b) via Eq. 3, the 

value for which is in good agreement with that of other determinations17,18,40,41. 

The relation for the optimized Gibbs energy contribution of the LiNa/F interaction in the liquid 

phase includes a 𝑇𝑙𝑛(𝑇) term to allow the simultaneous optimization of ∆𝑚𝑖𝑥𝐻 and 𝛥𝐶𝑝 as these 

require computing second derivatives, and they thus yield 

∆𝐺𝐿𝑖𝑁𝑎/𝐹(𝐽/𝑚𝑜𝑙)

= −6,010.3 + 22.27𝑇(𝐾) − 2.609𝑇𝑙𝑛(𝑇(𝐾)) + (−81.4)𝑋𝐿𝑖𝑁𝑎/𝐹

+ (141.9)𝑋𝑁𝑎𝐿𝑖/𝐹 

Eq. 8 

A two-sublattice model for the solid solutions is used with the relation for ∆𝐺𝑒𝑥 described by a fit 

of the phase equilibria to a polynomial yielding 

∆𝐺𝑒𝑥(𝐽/𝑚𝑜𝑙) = (22,000) ∙ 𝑌𝐿𝑖 ∙ 𝑌𝑁𝑎 + (10,200) ∙ 𝑌𝐿𝑖
3 ∙ 𝑌𝑁𝑎 Eq. 9 

The model is seen to well-reproduce solubilities within the limits proposed by Short and Roy45 

(Figure 2c) with a eutectic at 𝑥𝑁𝑎𝐹 = 39.5 mol% and 922.5 K.  

The model-computed 𝛥𝐶𝑝 of 2.10 J.mol-1.K-1 at 1321 K (average 𝑇 of the ∆𝑚𝑖𝑥𝐻 measurements) 

for an equimolar composition agrees very well with the interpolated values of Beneš et al.41 and 

of Filatov18. Additionally, the calculated ∆𝐻𝑓𝑢𝑠 for a 60LiF-40NaF molar mixture of 25,010 J.mol-

1 approaches the values of Cohen et al.40 (23,020 J.mol-1), Radionova et al. 44 (26,700 J.mol-1), 

Phillips and Stears43 (26,400 J.mol-1) and Eichelberger42 (25,980 J.mol-1). This agreement is 

particularly striking in that these observed ∆𝐻𝑓𝑢𝑠 values were not used in the system optimization 
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and yet the models return similar quantities, thus providing confidence in the thermodynamic 

representation. In addition, excellent overall agreement between computed and observed phase 

equilibria is evidenced in the phase diagram of Figure 2c. 

4.2.2 LiF-KF system 

The LiF-KF system optimization utilized a number of studies27,51–53 reporting eutectic 

temperatures ranging from 745.9 to 766.1 K and 𝑥𝐾𝐹 ranging from 48 to 50 mol%. No solid 

solubility between LiF and KF has been observed. The of ∆𝑚𝑖𝑥𝐻 of the melt of Gilbert49 at 1148 

K and of Hong and Kleppa38 at 1360 K (Figure 2d) were used  to compute a 𝛥𝐶𝑝 that is in excellent 

agreement with that measured by Minchenko et al.17 at an equimolar composition (Figure 2e). 

Again, ∆𝑚𝑖𝑥𝐻 values of Macleod and Cleland39 were not considered due to the large difference 

between their values and those of others37,38,48,49. A relation for ∆𝐺𝑒𝑥 for the melt was obtained 

from an optimization that utilized phase equilibria, 𝛥𝐶𝑝, and ∆𝑚𝑖𝑥𝐻 yielding the interaction 

parameter relation  

∆𝐺𝐿𝑖𝐾/𝐹(𝐽/𝑚𝑜𝑙)

= −12,197.3 + 45.08𝑇(𝐾) − 5.337𝑇𝑙𝑛(𝑇(𝐾)) + (−366.7)𝑋𝐿𝑖𝐾/𝐹

+ (211)𝑋𝐾𝐿𝑖/𝐹 

Eq. 10 

Although no solid solutions were considered, two-sublattice models for the phases were generated 

to allow eventual extrapolation to higher order systems where multi-cation solutions may be stable, 

and thus a ∆𝐺𝑒𝑥 expression having a large positive interaction energy (Eq. 11) preventing the 

computing of finite intersolubility in the phase was included, as is common practice for such 

systems81.  

∆𝐺𝑒𝑥(𝐽/𝑚𝑜𝑙) = (50,000) ∙ 𝑌𝐿𝑖𝐹 ∙ 𝑌𝐾𝐹 Eq. 11 

The model-calculated ∆𝐻𝑓𝑢𝑠 of 17,460 J.mol-1 at the equimolar composition agrees reasonably 

with the those measured by Heidenreich and Parekh25 (18,900 ± 945 J.mol-1) for a 52.4LiF-47.6KF 

mol% mixture and the equimolar composition values of Williams22 (15,841 J.mol-1), Powers and 

Blalock19 (16,349 J.mol-1), and Radionova et al.44 (16,000 J/mol-1). Overall, the system 

optimization yields a good fit to reported phase equilibria and thermal properties. 
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4.2.3 NaF-KF system  

There is significant disagreement among reported phase equilibria and thermal properties for the 

NaF-KF system. A wide range of eutectic temperatures is seen where Kurnakow and Żemcżużnyj55 

suggested 972.1 K, Bergmann and Dergunov27 proposed 983.1 K, and Holm46 obtained 994.1 K. 

Aiming to determine the most reliable value, a single composition was investigated where eutectic 

temperatures of 992.0 ± 3 K (heating) and 994.4 ± 3 K (cooling) were obtained which are in 

excellent agreement with that of Holm46 (Table 3). Their reported maximum solid solubility of 

NaF in KF of 5 ± 0.5 mol% was also utilized in the optimization for the system together with the 

∆𝑚𝑖𝑥𝐻 values of Hong and Kleppa38 (Figure 2g), with the values of Macleod39 again found to lie 

outside the range of others and not included. The reported small values for 𝛥𝐶𝑝
54,62,82 for the melt 

(Figure 2h), allowed the assumption of 𝛥𝐶𝑝 = 0. The resulting optimization yielded an MQMQA 

interaction parameter of 

∆𝐺𝑁𝑎𝐾/𝐹(𝐽/𝑚𝑜𝑙) = −137 + 0.97𝑇(𝐾) + (53 − 0.81𝑇)𝑋𝑁𝑎𝐾/𝐹 Eq. 12 

with ∆𝐺𝑒𝑥 a two-sublattice model of the solid solution is  

∆𝐺𝑒𝑥(𝐽/𝑚𝑜𝑙) = (26,750) ∙ 𝑌𝑁𝑎 ∙ 𝑌𝐾 + (20,000) ∙ 𝑌𝑁𝑎
3 ∙ 𝑌𝐾 Eq. 13 

The resulting computed phase equilibria agrees well with that obtained in this work (Figure 2i) 

and the computed ∆𝐻𝑓𝑢𝑠 for a 40.5NaF-59.5KF mixture of 28,420 J.mol-1 is seen to lie between 

the values of Heidenreich and Parekh25 (30,210 J.mol-1)42 and of Radionova et al.44 (26,700 J/mol-

1).
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Figure 2: a) Computed and measured ∆𝒎𝒊𝒙𝑯 for LiF-NaF melt. b) Computed and measured values of 𝜟𝑪𝒑 for LiF-NaF melt c) Calculated LiF-NaF phase diagram together with 

measured phase equilibria. d) Computed and measured ∆𝒎𝒊𝒙𝑯 for LiF-KF melt. e) Computed and measured values of 𝜟𝑪𝒑 for LiF-KF melt. f) Calculated LiF-KF phase diagram 

together with measured phase equilibria. g) Computed and measured ∆𝒎𝒊𝒙𝑯 for NaF-KF melt. h) Computed and measured values of 𝜟𝑪𝒑 for NaF-KF melt. i) Calculated NaF-KF 

phase diagram together with measured phase equilibria. 
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4.2.4 LiF-NaF-KF system 

To best reproduce the phase equilibria determinations of the current effort (Table 3) and the recent 

measurements of Dawar et al.83 of the melt dissolution enthalpy (∆𝑠𝑜𝑙𝐻𝑚) for LiF, NaF and KF in 

FLiNaK (41,930 ± 170, 49,920 ± 160 and 42,800 ± 340 J.mol-1, respectively), required use of the 

two ternary excess Gibbs energy parameters of Eqs. 14 and 15 with the interpolated pseudo-binary 

systems 

𝛥𝐺𝐿𝑖𝐾(𝑁𝑎)/𝐹
011 (𝐽/𝑚𝑜𝑙) = −5,050 Eq. 14 

𝛥𝐺𝐿𝑖𝐾(𝑁𝑎)/𝐹
111 (𝐽/𝑚𝑜𝑙) = −3,600 Eq. 15 

The resulting calculated ∆𝑠𝑜𝑙𝐻𝑚 values for LiF, NaF, and KF are 42,360, 53,640, and 41,970 J.mol-

1, respectively, exhibiting satisfactory agreement with Dawar et al.83 and capturing the phase 

behavior in the isopleth of Figure 3a. They, as well, allow reproduction of the phase equilibria 

proximate to the eutectic composition of the LiF-NaF-KF system (Figure 3b). 

 

Figure 3: a) Computed isopleth for (39.5LiF−60.5KF)-NaF and the measured values of the current effort. b) Expanded computed 

liquidus projection near the eutectic at 46.5 LiF – 11.5 NaF – 42 KF at 732.9 K together with three original measurements.  

A computed liquidus projection of the system is shown in Figure 4 with a eutectic composition of 

46.5 LiF – 11.5 NaF – 42 KF and at 732.9 K. Comparison with computed liquidus projection and 

experimental liquidus lines from Bergmann and Dergunov27 can be found in the supplementary 

material (Fig. S7). 
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Figure 4: Computed liquidus projection for the LiF−NaF−KF system. 

4.3 Thermophysical properties of FLiNaK  

4.3.1 Enthalpy of Fusion 

The ∆𝐻𝑓𝑢𝑠 of the eutectic was computed to equal 18,051 J.mol-1, which favorably compares to that 

measured in the current work as well as that of Kondo et al.23 and Heidenreich and Parekh25 (Table 

4). 

Table 4: Reported and current measurements for the melting point and ∆𝒇𝒖𝒔𝑯 for FLiNaK. 

𝑻𝒇𝒖𝒔 ∆𝒇𝒖𝒔𝑯  Error  Data 

points 

Comments Reference 

/K [J.mol-1] [%]   

735 16,646 2 27* 46.6LiF-11.4NaF-42KF, DSC Rogers et al.12 

730.6 16,318 1 3 FLiNaK, DSC Yin et al.15 

737.6 18,275 N/A 1 FLiNaK, DSC Kondo et al.23 

727 16,483 5 - FLiNaK, drop-calorimetry Powers and Blalock19 
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725 17,099 - - FLiNaK Kosaka et al.16 

730.8 15,980 N/A 1 FLiNaK, DSC Williams22 

735 16,673 3 14* FLiNaK, DSC Khokholov et al.13 

739 17,610 0.8 3 42LiF-11.8NaF-46.2KF, DSC, average of 3 

values 

Chapdelaine24 

736 18,268 N/A 1 46.2LiF-11.8NaF-42KF, method unknown Heidenreich and Parekh25 

733.8 18,180 3.5% 8 FLiNaK, DSC This work 

 17,153 SD = 868 J  Average  

 

4.3.2 Heat Capacity 

A compilation of 21 enthalpy increment (𝐻 − 𝐻298.15) measurements (Figure 5a) and 608 

reported/extracted 𝐶𝑝 values for FLiNaK (Figure 5b) have been evaluated yielding a mean value 

of 𝐶𝑝 = 71.93 J.mol-1.K-1 with a 𝑅𝑆𝐷 = 8.89%. To generate an interval of probable 𝐶𝑝 values, the 

influence of the SD of ∆𝐻𝑓𝑢𝑠 (Table 4) on 𝐶𝑝 was determined utilizing 𝐻 − 𝐻298.15 for the solid 

phases and the methodology of Schorne-Pinto et al.28 where the values for the solid phases are 

considered error-free. Weighting of the utilized drop-calorimetry values of Minchenko et al.17,19 

was based on the reported or estimated error limits for similarly obtained values in Table 1. Of the 

608 𝐶𝑝 measurements, 428 fell outside the error limit (68.82-77.76 J.mol-1.K-1), and thus they were 

not considered. The resulting calculated mean value for 𝐶𝑝 = 73.21 J.mol-1.K-1 with a 𝑅𝑆𝐷 = 

4.07%. 

The measured and calculated values for 𝐶𝑝 shown in  Figure 5b include that from application of 

the simple Neumann−Kopp additivity rule84 (NKR) (67.85 J.mol-1.K-1) and from the Dulong−Petit 

limit85 (66.86 J.mol-1.K-1) for comparison. The 𝐶𝑝 of the FLiNaK mixture appears to be best 

represented by the relation of Eq. 16 derived in this thermodynamic modeling work (Figure 5b) 

with an 𝑅𝑆𝐷 = 4.4%.  

𝐶𝑝(𝐽/𝑚𝑜𝑙. 𝐾)𝐹𝐿𝑖𝑁𝑎𝐾(𝑙) = 69.822 + 0.000679𝑇 + 2,137,152𝑇−2 Eq. 16 

Given the small values of 𝑪𝒑 it can be reasonably approximated by a constant value of 3.21 J.mol-

1.K-1 over the general temperature range of interest.  
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Figure 5: a) Plots of the measured and calculated enthalpy increment and their residuals. b) Reported and currently measured 𝑪𝒑 
values for FLiNaK together with those from NKR and Dulong−Petit limit relations and their residuals. Mp = melting point. 

The computed ∆𝐶𝑝 in pseudo-ternary system is shown in Figure 6 at 1300 K, highlighting the 

FLiNaK composition. 

 

Figure 6: Pseudo-ternary plot of constant ∆𝑪𝒑 (J/mol.K) profiles for LiF-NaF-KF at 1300 K. 

4.3.3 Vapor Pressures 

The equilibrium partial and total vapor pressures over the FLiNaK melt computed from the 

thermodynamic functions tabulated in Table S.3 and the MQMQA model are plotted in Figure 7. 
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The major vapor species is KF(g), which agrees with McMurray et al.86, and the Ptotal agrees very 

well with Park et al.87 and reasonably with Williams3 and Sekiguchi et al.88, and lying between the 

Knudsen effusion mass spectrometry (KEMS) and Langmuir method-determined values of 

Vasilev89. The partial pressures of Li(g), Li2(g), Na(g), Na2(g), K(g), K2(g), F(g) and F2(g) are not 

shown as they are observed to be negligible. 

 

Figure 7. Total pressure and partial pressures of monomer, dimer, trimer, and heterodimers gas species over FLiNaK plotted versus 

reciprocal temperature.  

The computed vapor pressures for the species were summed to obtain values for the total vapor 

pressure over FLiNaK as a function of temperature and fitted to get the relation 

𝑙𝑜𝑔10(P/atm)  = –  12,450.5/𝑇(K) − 3.619log10(T/K) +  18.322 Eq. 17 

The determined vapor pressures also allowed calculation of activity coefficient (γ) values for the 

component salts and these are compared in Fig. S8 with those from the measurements of Dawar 
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et al.83, Merril et al.90, and McMurray et al.86 indicating a deviation from ideality for the three 

alkali salt components that is captured by the thermodynamic model. However, the apparent 

disparities among the observations would require further high accuracy measurements to resolve. 

Extrapolation of the calculated total vapor pressure yields a boiling point of 1975 K with a 

conservative estimate of the error of ± 100 K. 

4.3.4 Density 

There are numerous reports of Archimedean measurements15,21,24,91–100 of the density (𝜌) of 

FLiNaK melt, where the correction for surface tension (ϵ) is recognized as important factor for 

achieving accuracy in 𝜌(𝑇) measurements 91,94. However, not all datasets that included a correction 

for ϵ21,24,91,93,94 are in agreement (Figure 8a). Datasets from Cheng et al.93, Rose et al.94, Gallagher 

et al.91 and Cohen and Jones92 were selected in this effort for fitting a 𝜌(𝑇) function. These yielded  

𝜌(𝑘𝑔/𝑚3)𝐹𝐿𝑖𝑁𝑎𝐾(𝑙) = 2680.5 − 0.6826𝑇(𝐾) Eq. 18 

for 740-1175 K with an uncertainty of 0.43% (Figure 8a) and thus a volumetric thermal expansion 

coefficient of 3.14 ± 17x10-4 K-1.  

4.3.5 Thermal Diffusivity and Thermal Conductivity  

The first measurements of thermal diffusivity (𝐷) for the FLiNaK eutectic were in the 1980s18,101 

with the current increased interest resulting in a series of more recent measurements15,57,58,102,103 

(Figure 8b). Among these, several appear to provide reliable values, with the results from 

Robertson et al.103 in excellent agreement with the improved ceramic cell results of Kato et al.101 

and with those of Rudenko et al.58, with both latter studies showing a small positive temperature 

coefficient. Other datasets15,57,102 exhibit less coherent results, presenting large positive 

temperature dependencies which contradicts the existing understanding of the behavior of the 

related thermal conductivity (𝜅 = 𝐷𝜌𝐶𝑝 ) in molten salts based on molecular dynamics 

simulations, kinetic theory models, and well-validated and referenced experimental studies91,103–

107.  

Using the 𝐶𝑝 and 𝜌 values described above, both having a negative temperature dependence, the 

𝜅 of FLiNaK was calculated for all reported measurements of 𝐷 along with direct measurements 

of 𝜅 (Figure 8c). Datasets with a large positive temperature coefficient for 𝜅 were considered 
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inaccurate105,108,109 and not included. The values of Ueki et al.110 (0.22 W/m.K), Cooper and 

Claiborne111 (4.3 to 5 W/m.K), and Ewing et al.112 (𝜅 ≥ 2.5 W/m.K) were as well excluded due to 

their wide disagreement with those considered more accurate, falling in the expected range for 𝜅. 

The values utilized were obtained using a variety of experimental methods, thus also providing for 

cross-validation and significantly reducing the likelihood of common-cause error. The current 

evaluation yields the recommended relation  

𝜅(𝑊/𝑚. 𝐾) = 1.236 − 5.397 10−4𝑇(𝐾) Eq. 19 

with a confidence interval (𝐶𝐼) of ± 11.42% (Figure 8c) from the melting temperature to 1025 K, 

the upper temperature limit for reliable measurements. Additionally, using calculated values of the 

𝐶𝐼 for 𝜅, 𝐶𝑝, and 𝜌, it was possible to propagate uncertainties and calculate error limits for 

predicted values of 𝐷, and that appears as the highlighted area in Figure 8b.  
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Figure 8: a) Selected measured and computed density values for FLiNaK. b) Selected measurements of the thermal diffusivity of 

FLiNaK. c) Measured and computed thermal conductivity values for FLiNaK with 𝑹𝑺𝑫 = 5.71% and 𝑪𝑰 = ± 11.42%. Values not 

utilized in the evaluations are indicated in red with confidence ranges indicated as shaded areas. 

5 Conclusions 

Reliable thermochemical and thermophysical representations of basic salt systems are a key 

requirement for representing their behavior in MSR systems and for multi-physics modeling and 

simulation to predict heat transfer, thermomechanical stress, fluid dynamics, corrosion, and 

precipitation as well as the performance of accident analysis. The eutectic composition of FLiNaK 

is a well-described salt used as a heat transfer medium and potentially a nuclear fuel solvent salt, 

and often used as a benchmark for theoretical or experimental evaluations. In this effort, the LiF-

NaF-KF system and its subsystems were subjected to a critical evaluation and reliable 
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thermochemical models were affirmed, modified, or newly generated as necessary using the 

CALPHAD approach.  

In assessing the available thermodynamic information for FLiNaK there were apparent 

discrepancies among determinations of melting temperature, 𝐶𝑝, ∆𝐻𝑓𝑢𝑠, and vapor pressures. 

These have been addressed in the current work by performing additional measurements and 

critically evaluating relevant information for LiF-NaF-KF and its subsystems. The resulting 

analysis has yielded an accurate, self-consistent description of the pseudo-ternary and its 

subsystems able to reproduce the observed 𝐶𝑝, the temperature-dependent ΔmixH for the eutectic, 

and vapor pressures for the pseudo-ternary and constituent pseudo-binary systems. The set of 

relations and properties determined in this work have been incorporated in the MSTDB-TC, and -

TP databases to now allow the accurate calculation of the properties of the LiF-NaF-KF pseudo-

ternary and subsystem compositions over a wide temperature range. 
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