The series and parallel models of electrical conductivity
of molten salt mixtures
I. Binary mixtures with simple halide anions

P. FELLNER

Institute of Inorganic Chemistry, Centre for Chemical Research,
Slovak Academy of Sciences, CS-842 36 Bratislava

Received 23 December 1982

The series and parallel models of electrical conductivity of molten mixtures
are derived. It is shown that the parallel model is identical with the additive
model of molar electrical conductivity. The series model appears to be suitable
for definition of the ideal conductance of molten mixtures. Applying these
models conductivity of molten halide mixtures is calculated and compared with
experimental data.

IIpencraBneHs! rpynmoBas ¥ NapajieiabHas MOIENH 3JIEKTPONPOBOAHOCTH
pacmiaBieHHbIx cMecel. [Toka3aHo, 4yTo mapamnenbHass MOAeIb MIEHTHYHA
aJIUTUBHONW MOJENN MOJLHOH 3JIEKTPONpOBOAHOCTH. I'pymmoBas Mopelnb
OKa3bIBaeTCs MOAXOASAILEH IS OnpeaeieHUs] UNeaTbHOH IIPOBOAUMOCTH pac-
TUIaBJIEHHBIX CMeced. DT MOJIeNIN IPUMEHEHBI K PAacYEeTy 3JIEKTPONPOBOAHOC-
TEH pacliaBiIeHHbIX FaIOreHUIHbIX CMecel H pe3yJIbTaThl CPaBHEHBI C IKCIIe-
PHUMEHTANILHLIMH JaHHBLIMH.

Recently it has been shown that using a suitable model we can successfully
calculate the electrical conductivity of three component molten salt mixtures
[1—3]. The calculations were based on the assumption that the ideal conductance
behaviour can be represented by the additive model of molar conductivity of
electrolyte. The model was considered to be empirical.

In this paper we shall give a physical background to this model. We shall also
introduce a new model for electrical conductivity which appears to be more suitable
for definition of the ideal conductance of molten mixtures.

Let us assume that we have an amount of molten substance A, na, and amount of
molten substance B, ng. If we denote volume of these melts as V4 and Vg it holds

VA=nAMA/QA=nAVR VB=n3MB/QB=nBVg (1)

where M4 and Mg are the molar masses of substance A and B, respectively, ga, 08
are the densities of pure melts, and V3, V3 are the molar volumes of pure molten
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substances. We can imagine that these melts are placed in the conductivity cells
which have a shape of cuboid. Let us connect the two cells in series (Fig. 1). The
electrical resistance of the corresponding cell is given by the relationships

RA.s=xlA_AS RB.s=xIB—BS (2)
where x4 and xs are the conductivities of pure substances A and B and /4, I are the
lengths of the corresponding cells and S is the area of the base of the conductivity
cells.

As both cells are connected in series the total resistance of the system equals sum
of the resistances R and Rp;. Now we mix the melts of molten substances A and
B. According to the proposed series model we assume that resistance R, of the
new (mixed) system equals sum of the resistances of the original cells

Rmix.s = RA.s + RB,s (3)

ij _ VA+ VB (4)

ijx,s‘sz- %ASZ XBSZ

where %mi.s is the conductivity of molten mixture A + B (the index s denotes that
the conductivity was calculated according to the series model).

Since we deal with an ideal model we can assume in this approximation that also
the volume of the molten mixture behaves ideally. Then we readily obtain from eqn
(4) the final relationship

xAVR+xBVg_xAV,2+xBVg

(%)
Hmix,s KA Kp
A
A
B
B
Fig. 1. Scheme of the series connection of Fig. 2. Scheme of the parallel connection of
conductivity cells. conductivity cells.
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ELECTRICAL CONDUCTIVITY OF MOLTEN SALTS. I

Now we shall consider a parallel connection of both conductivity cells as it is
illustrated in Fig. 2. Let us assume that the base of the cells is a square. Then it
holds for resistance of each compartment (p denotes the parallel connection of the
cells as shown in Fig. 2)

S S
RA’p - XA VA Bp ™ XB Vs

(6)

Conductance of the system equals sum of the reciprocal values of resistances of
both cells. It follows

1 1 1
= + 7
Ruxs Rap  Rsp )
Hunirp* Vimix N Va % #8- Vs (8)

s S S
After introducing mole fractions into eqn (8) (we again assume a thermodynamic
ideal behaviour of the mixture) we obtain

%mix‘p(xA VR""‘XB Vg)=xA VR *®a+ XB Vg AB (9)

*mix.p 18 the conductivity calculated according to the parallel model. Because x4 VR
and g V3 are the molar conductivities of pure components it readily follows that
this model is identical with the additive model for the molar conductivity of
electrolyte.

Comparison of the experimentally determined conductivity and that calculated
according to the parallel and series models for some molten mixtures of alkali metal
halides and alkaline earth halides is presented in Table 1. The deviation of
experimental data from the model is expressed as

A/ % =100(Xexp — Keatc)/ Keate (10)

A, denotes deviation from the parallel model, A, the deviation from the series
model, and Ay deviation from Markov’s model [4]. According to the latter model it
holds (A denotes the ‘“equivalent” conductivity)

A,.,i.,M=x,§/\X+x§lg+2x,\xBAR (11)

AR<AB
Experimental data on conductivity of mixtures of molten fluorides and chlorides
are taken from [5, 6]. The data on conductivity of mixtures of molten bromides are

taken from [7]. From the comparison of fittness of different models to experimen-
tally determined conductivity at x, = 0.5 (which corresponds approximately to the
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Table 1

Comparison of the experimental conductivity and the conductivity calculated according to the parallel
and series models for some molten halide mixtures

. . " A%
System = =i = A% } xa=0.5
Scm Scm S cm Au/%

LiF—NaF 0.20 5.83 5.645 5.383

T=1300 K 0.40 5.95 6.360 5.868 -0.8
0.50 6.70 6.756 6.177 +8.5
0.62 7.04 7.271 6.630 +5.6
0.70 7.52 7.642 7.001
0.85 8.64 8.403 7.907

LiF—KF 0.20 3.72 4.311 4.012

T=1200K 0.35 3.69 4.812 4.267 -299
0.50 3.80 5.420 4.623 -17.8
0.70 4.59 6.471 5.402 -279
0.85 6.21 7.524 6.502

NaCl—KCl 0.20 2.40 2.525 2.452

T=1100K 0.41 2.60 2.774 2.643 -6.8
0.51 2.71 2.907 2.758 -1.7
0.65 2.93 3.101 2.945 -1.7
0.73 3.05 3.217 3.069
0.85 3.30 3.403 3.292

NaCl—BaCl, 0.16 2.29 2.394 2.311

T=1280K 0.32 2.59 2.613 2.451 -9.1
0.52 2.66 2.926 2.683 -0.9
0.87 3.36 3.666 3.460 -39

LiBr—CaBr, 0.25 1.772 2.192 1.783 -139

T=1073 K 0.50 2.557 2.970 2.128 +20.2
0.75 3.775 3.994 2.850 +2.3

NaBr—CaBr, 0.25 1.445 1.846 1.736 —-25.2

T=1073K 0.50 1.615 2.158 1.961 —-17.6
0.75 2.075 2.530 2.319 —18.6

KBr—CaBr, 0.25 1.219 1.742 1.736 -31.6

T=1073K 0.50 1.154 1.686 1.679 -31.3
0.75 1.357 1.742 1.736 -30.2

NaBr—SrBr, 0.25 1.358 1.604 1.450 —-18.3

T=1073 K 0.50 1.604 1.967 1.677 —44
0.75 2.082 2.415 2.078 —-10.2
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Table 1 (Continued)

N 5 u A%
System ey = — A/ % } xa=0.5
Scm Scm Scm Al%
NaBr—BaBr, 0.25 1.427 1.571 1.395 -15.5
T=1073 K 0.50 1.661 1.966 1.623 +2.3
0.75 2.128 2.466 2.050 -7.1
KBr—BaBr, 0.25 1.255 1.394 1.351 —-16.2
T=1153K 0.50 1.301 1.553 1.483 -12.3
0.75 1.488 1.732 1.665 —-11.5

maximum deviation) it follows that the Markov model and the series model give
rather similar results. They describe well conductivity of the systems which are
ideal from the thermodynamical point of view.

—
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