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INTRODUCTION

High-temperature molten salt composed of a eutectic
mixture of lithium chloride (LiCl) and potassium chloride
(KCI) is used as a pyroprocess medium, which is actively
under development in Korea, for the recycling of the nuclear
spent fuels'?. The physical properties of the molten salts are
important in the operation of the process and modeling®’.
Electrical conductivity is one of the most important physical
properties in the electrochemical pyroprocess®’. Electrical
conductivity gives information on the total ionic content. It is
also closely related to the transport properties such as the
mobility, diffusivity and viscosity as well as the current and
energy efficiencies of the electrolytic processes.

Electrical conductivity measurements of molten salts have
already been well documented for the harsh environments at
high-temperatures with corrosive molten salts under an
argon atmosphere without any moisture and oxygen to prevent
undesired chemical reactions in a molten salt medium®. Both
the AC and DC methods have been used to measure the
electrical conductivity of high-temperature molten salts”'’. For
the accurate conductivity measurement, an accurate cell constant
value should be first determined based on an accurate measu-
rement of the solution resistance of the conductivity standards
at a specific temperature. The accuracy and precision of the
cell constant depends strongly on the number and shape of
the electrodes as well as the power supply mode. In principle,
two, three, or four electrodes can be used with capillary or
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The electrical conductivity of molten salts was measured at various temperatures using a two-electrode AC impedance method. The |
conductivity of the LiCI-KCI molten salt was 1.87 + 0.01 S/cm at 773 K, which is the target temperature of the electrorefining process in |
the pyroprocess under development in Korea. The conductivity of the LiCI-KCl molten salt increased with an increase in temperature. All

conductivity data in the range between 650-850 K were consistent with the data predicted by the equation proposed in the literature. |

planar electrodes using an AC or DC supply. The high-tempe-
rature molten salt is a good example of a special application,
since it contains an extremely high concentration of ions in
the solutions. Due to the high conductivity of molten salts, a
capillary electrode should be used instead of the ordinary planar
electrode. Polarization is a major source of measurement error
in the conductivity measurements. A four-electrode cell has a
definite advantage over two- or three-electrode cells in terms
of the polarization effect’. In addition, in order to avoid the
polarization of the electrode in high-temperature and high-
conductivity molten salt, the AC method is known to be better
than the DC method”’. However, the reliability of the conduc-
tivity measurement method should be carefully examined in
any case through the verification with the molten salt with a
known conductivity value.

In this study, an AC impedance method with two capillary
electrodes has been employed for an accurate determination
of the resistance of the conductivity standard solutions and
molten salt samples. The effect of high temperature on the
cell constant, which is measured at much lower temperatures
and on the resistance of molten salts might be serious and
therefore, the conductivity values of LiCI-KClI eutectic molten
salts at 650 - 850 K has been compared with the literature
values for a verification of our present method.

EXPERIMENTAL

In the electrical conductivity measurement system for the
high-temperature molten salt, the furnace is attached to a dry
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argon-filled glove box (99.999 % Ar, both H,O and O, < 1
ppm) and the temperature of the molten salt in the furnace
was controlled using a K type thermocouple wire. A quartz
vessel was placed inside the furnace. Anhydrous lithium
chloride/potassium chloride (LiCI-KCI) eutectic mixture
powder (99.99 % purity, 58 mol % LiCl, Sigma-Aldrich) was
loaded into the quartz tube and melted at 650-850 K under an
argon atmosphere in the glove box.

For the measurement of the impedance of the solution,
the in-house prepared dip-type capillary electrodes (Fig. 1)
with two platinum wires were used with a Gamry potentiostat
(Reference 600, Gamry Instruments, USA) at 291 K in the
case of the conductivity standards and at 650 - 850 K for high-
temperature molten salts. A very small sinusoidal AC voltage
of 5 mV was applied to the electrochemical cell in a frequency
range of 50 Hz to 10,000 Hz.

Pt wire
Dia. 1 mm

N

Quartz tube
O.D.= 6 mm H
I.D.=4 mm

32cm

Capillary tube ’Jl 3cm
O.D.=6 mm
ID.=15mm
Fig. 1. Dip-type capillary electrode equipped with two platinum wires

In case of the determination of the cell constants, the
above-prepared dip cell with two platinum wires was placed
into the quartz vessel containing the conductivity standards.
Five conductivity standard solutions of 0.001, 0.01, 0.1, 1 and
3 M KCI solutions with known conductivities (Table-1) were
used as received from Fluka. The impedance of the five
conductivity standard solutions was measured at 291 K in a
water bath. For the conductivity measurement of molten salts,
the same dip cell used in the determination of the cell constants
was inserted into the quartz vessel containing the LiCI-KCI
molten salts.

TABLE-1
CONDUCTIVITIES OF THE AQUEOUS KCL
SOLUTIONS AT 291 K

KCl Concentration (M) Conductivity (i S/cm)
0.001 127.3
0.01 1220.5
0.1 11167
1 97838
3 266700
RESULTS AND DISCUSSION

Theoretical background of the AC impedance method:
The resistance of an ionic solution depends on the ionic

concentration, type of ions, temperature and the geometry of
the electrochemical cell by the following relation.
=l=£xi=Cxi (1)
p A R R
where k is the solution conductivity (S/cm), p is the solution
resistivity, A is the area (cm?) of each of the parallel electrodes,
L is the distance (cm) between two electrodes and C is the cell
constant (cm™). An accurate measurement of the solution
resistance is a key to an accurate determination of the cell
constant and consequently the accuracy of the solution
conductivity. The cell constant is determined directly by
measuring the geometrical dimensions of the cell or by
employing the conductivity standard solutions in the cell.

As with the resistance governed by the famous Ohm's
law, impedance is a measure of the ability of a circuit to resist
the flow of electrical current when a sinusoidal AC voltage
is applied. The impedance of the electrochemical cell is
represented as a complex number by the following equation
analogous to Ohm's Law.

E_ E,sin(ot) sin(mt)
i ijsin(@t+¢)  °sin(ot+0)
=Z,(cosO+jsind) =27, +Zg.

Z(w) =

@)

where Z is the magnitude and ¢ is a phase shift. In a Nyquist
plot, Zg., a real part of Z(®) is plotted on the x-axis against an
imaginary part (Zi») in the y-axis.

Many electrochemical cells can be represented by an
equivalent electrical circuit that consists of the circuit elements
such as resistors, capacitors and inductors in series and/or in
parallel. In a Nyquist plot, the polarization correction is made
by extrapolating to Z;, — 0 and the intercept of the curve with
the real axis at the high-frequency region gives an estimate of
the solution resistance.

Cell constants of capillary electrodes: In an AC conduc-
tivity measurement, the impedance is not purely resistive and
other sources of impedance such as the Parker effect and the
effect of a conducting thermostat medium should be considered
on a top of the polarization correction''.

Fig. 2 is the Nyquist plot for 3 M KCl standard solution
as a representative example. Zi, and Zg. for four conductivity
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Fig. 2. A representative Nyquist plot for 3 M KClI solution at 291 K
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standards (0.01, 0.1, 1 and 3 M KClI solutions) show a linear
correlation with the frequencies. For the 0.001 M KCl solutions,
the solution resisivity is too high and therefore the solution
resistance cannot be determined reliably as shown in Fig. 3.
In such a case, the cell constant is too high to apply to the low-
conductivity solution and the electrochemical cell should be
re-designed in the direction to reduce the cell constant.
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Fig. 3. Nyquist plot for 0.001 M KCI solution at 291 K

Actually, the cell constant should remain constant regard-
less of the conductivities. However, in reality, it frequently
does not remain constant owing to a variety of interferences.
In particular, the molten salt contains lots of ions under high-
temperature conditions and therefore there might be an effect
of temperature or high concentration of ions on the cell constant.
Fig. 4 shows that the cell constants of 0.01, 0.1, 1 and 3 M
KCI solutions measured at 291 K were 304.9 £ 0.3, 311.3 +
0.9,309.5+0.4 and 313.6 £ 0.2 cm™, respectively. It remained
almost constant. The standard deviation among the test stan-
dard samples was only 4 cm™ with an average cell constant of
310 cm™.

Electrical conductivity of molten salts: In the experi-
ment with the conductivity standards at 291 K, the cell con-
stant was not changed with the concentration of the ions, in
other words, the conductivity of the ions in the solutions.
However, the cell constant may change to a great extent with
a large temperature variation. There is no primary standard
for high-temperature molten salts. However, there are some

600 —
500 —
(\E) 400 —
§ 300 9o — 90— &
172}
c
Q
S 200
©
3 ]
100
0 T IIIIII| T IIIIII| T IIIIIII| T IIIIIII| T TTTITIm
10° 10° 10" 10° 10 10
KCI concentration (M)
Fig. 4. Effect of the concentration of the conductivity standards on the

cell constants

conductivity data and the temperature-dependent equation is
proposed as''.

k=a+bT+cT? 3)
where a=-5.6492,b=1.3732x 102, c=-5.1788 x 10%and T
is the temperature at the Kelvin scale for the eutectic containing
58.8 mol % LiCl. Fig. 5 shows that the conductivity of LiCl-
KCI molten salt is consistent with the data predicted by eqn.
(3) over a wide range of temperatures.
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Fig. 5. Conductivity of LiCI-KCl eutectic molten salts at various temperatures

Conclusion

The cell constant of the in-house prepared capillary cell
was determined accurately as 310 + 4 cm™. The accuracy of
the cell constant determined using the conductivity standards
was verified with LiCl-KCI eutectic molten salt with known
conductivity in a temperature range of 600-800 K.
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