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By now, a great deal of experimental data has been accumulated on the electrical conductivity and density
of molten salts [1]. However, most of this data was obtained for relatively narrow (100-200 K) temperature
ranges near the melting points of the salts due to the great experimental difficulties of conducting measurements
at high temperatures and/or high vapor pressures. We measured the specific electrical conductivity of a
number of salts: BeCl,, ZnCl,, SnCl,, PbCl,, CdCl,, InCl;, TeCl,, ZrCl,, HfCl,, etc. at elevated temperatures
and vapor pressures of up to several tens of atmospheres using an original quartz cell (see, for example,
[2, 3]). To calculate the molar electrical conductivity of these molten salts, data on their density is required,
which is not available for the high-temperature region. Density data are also of independent interest for the
development and proper organization of many high-temperature processes.

We have developed a technique for extrapolating the available data on melt density, obtained experimentally
at low temperatures, to a wide temperature range in which the density changes nonlinearly. For long-range
extrapolation of melt density, we have proposed using the Racket equation [4, 5]:

_(1— /
d=A-B (1 T/Tcr.)27’ (1)

here d is the density of the molten salt; 4, B are constants; 7 is the temperature, K; 7, is the critical
temperature, K.

The reliability of the extrapolation using this equation was tested for melts of several individual salts for
which density data are available at both low and high temperatures, in particular for estimating the density of
molten BiCl; (Fig. 1). The maximum difference from experimental data in this case reaches +3% (near the
critical temperature, 1178 K). At 7 < 1070 K the discrepancy becomes less than 1%, which does not exceed
the experimental accuracy of density determination.
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Fig. 1. Density of molten BiCl,.

Line — extrapolation of BiCl; density data measured at low temperatures to the high temperature region, up to the critical point.
[ - experimental points of Keneshea et al., A— Johnson et al.; extrapolation.




To calculate 4 and B coefficients in the Racket equation (1) using our method, only two known values
of the salt melt density in the low-temperature region are sufficient. Extrapolation using equation (1) allows
us to estimate the melt density at temperatures up to the critical temperature. The 7, values can be taken,
for example, from reference books [5, 6]. For salts with unknown values of critical temperatures, various
methods for their estimation are considered.

We have obtained equations for estimating the density of salt melts with a fairly high accuracy (error less
than 1-3%) in wide temperature ranges exceeding the boiling point of the salt, and even higher — up to the
critical point. For example:

2/7
d(InCly) =0.69936-0.200 ' T/M9™ g o3,
2/7
d(PbCly)=1.3234-0.22102 (T/20587 g o3,
2/7
d(ZnCl, ) =1.180874-0.423464 (710" g o3,

Conclusions. The molar conductivity of a number of molten salts was calculated in a wide temperature
range (7,,—T,, ). The Rackett equation was used to estimate their density.

References

1. Janz, G. J. Thermodynamic and transport properties for molten salts [Text] // J. Phys. Chem. Ref.
Data. — 1988. — 17, Supl. Ne 2. — P. 1-316.

2. Salyulev, A. B. Conductivity of some molten chlorides at elevated temperatures. I. Experimental and
calculation techniques for BeClI2, ZnCI2 and PbCI2 [Text] / A. B. Salyulev, A. M. Potapov // J. Chem. Eng.
Data. — 2015. — Vol. 60, No. 3. — P. 484-492.

3. Salyulev, A. B. Conductivity of some molten chlorides at elevated temperatures. II. Electrical conductivity
of molten chlorides (InCl;, ZrCl,, HfCl,) with negative temperature coefficients [Text] / A. B. Salyulev,
A. M. Potapov // J. Chem. Eng. Data. — 2021. — Vol. 66, No. 1. — P. 322-329.

4. Rackett, H. G. Equation of state for saturated liquids [Text] // J. Chem. Eng. Data. — 1970. — Vol. 15,
No. 4. —P. 514-517.

5. Morachevsky A. G. Physicochemical properties of molecular inorganic compounds [Text] / A. G. Mo-
rachevsky, 1. B. Sladkov. — St. Petersburg : Chemistry, 1996.

6. Yaws, C. L. Thermophysical properties of chemicals and hydrocarbons [Text]. — William Andrew :
Norwich, 2008.




