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The electrical conductivity of molten and solid (Li, K),SO, has been measured from 550 to
1086 °C. The electrical conductivity of the high temperature modification of lithium sulphate in-
creases when potassium and rubidium ions are added to the salt, but decreases when sodium ions
are added. An explanation of these changes is proposed.

Several investigations of solid and molten
(Li, K)5SO4 have been performed in this insti-
tute 173. In connection with these measurements we
have now measured the electrical conductivity of
solid and molten (Li, K),SO,. Since an irregular
behavior of the electrical conductivity of solid li-
thium sulphate with small quantities of potassium
sulphate was found, we have also measured the con-
ductivity of solid lithium sulphate with small quan-
tities of sodium sulphate and rubidium sulphate.

The experimental technique is described else-
where in detail*. All chemicals were commercial
reagent grade and were used without further purifi-
cation. Before pouring the salts into the cells of
pure quartz, they were dried at 180 °C and mixed
mechanically. The measurements were performed in
argon atmosphere, but to avoid small gas bubbles in
the cells, the pressure was lowered for a few minutes
before the measurements started.

A. The Molten State

The specific electrical conductivity of molten
(Li, K)»S0, is tabulated in Table 1. The conduc-
tivity of pure Li,SO, has recently been published
by the author 3. ArNDT ® has measured the electrical
conductivity of pure potassium sulphate and his re-
sults are about five per cent higher than the results
in this investigation.

It has been found by James and Liu7? that the
deviation from volumetric additivity for the
Li,SO, — K,SO, eutectic is small and it is thus pos-

1 V. Lsusivov and A. LunpEn, Z. Naturforschg., to be pub-
lished.

2 A. LuxpEx, B. Jonson, and B. Avucustsson, Z. Naturforschg.
21 a, 593 [1966].

3 A. LuxpEn and J.-E. Ovsson, unpublished.

4 A. Kvist and A. Ravpsaru, Z. Naturforschg., to be pub-
lished.

sible to calculate the density over the whole concen-
tration range from the densities of pure lithium
sulphate and potassium sulphate measured by Jak-
cEr and Kann 8.

Lyummov and LunpEn! have recently in electro-
migration experiments measured the relative mobi-
lity 4b of the lithium and potassium ions in molten
and solid (Li, K),SO, . From their and our data it
is possible to calculate the absolute mobilities of the
two cations relative the anion lattice from the re-
lations

Ab=0b; —b,,
A=Fb=F(xb;+ (1-1x) b,)

where F is the Farapay constant and b, and b, are
the mobilities of the two cations relative the anion
lattice.

In Fig.1 we have plotted by, b, and A/F as
functions of the potassium sulphate concentration at
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Fig. 1. The mobility of the potassium and the lithium ions
and the mean mobility of the cations relative the sulphate ions

at 750 °C.

5 A. Kvisr, Z. Naturforschg. 21 a, 487 [1966].

8 K. Arxpr, Z. Elektrochem. 12, 337 [1906].

7 D. W. James and C. H. Lw, J. Chem. Eng. Data 8, 469
[1963].

8 F. M. Jaecer and J. Kann, Koninkl. Ned. Akad. Weten-
schap. Proc. 19, 381 [1916].
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Table 1. The specific electrical conductivity of molten
(Li, K),SO, . The conductivity of pure lithium sulphate has
recently been published by the author 5.

A.KVIST

approximately 750 “C. The three curves intersect
at about 45 mole per cent potassium sulphate.
Since the melting point of potassium sulphate is
1068 °C, the conductivity of this salt was extra-
polated to 750 °C.
The excess conductivity 44 is defined from

44 = Aigea — 4,

where Aigesi=z 4+ (1 —2) 4,.

x is the equivalent fraction of component 1 and
A; is the conductivity of the pure salt.

The relative excess conductivity of (Li, K),SO,
is almost ten times the relative excess conductivity
of (Li, K)NO; (l. c. ?), but most salt mixtures con-
taining lithium ions show definite deviations from
additivity 9.

B. The Solid State

X-ray measurements have shown that the structure
of a-Li,SO, is cubic face-centered with unit cell
edge 7.07 A 1. The cations can move rather freely
in the lattice and the electrical conductivity of the
high temperature modification is almost the same
as the conductivity of the melt % 12,

In Fig.2 we have plotted the specific electrical
conductivity # of a-Li,SO4 with 3.00 mole per cent
potassium sulphate. In the melt the conductivity
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Fig. 2. The specific electrical conductivity of solid and molten
Li,SO, with 3.00 mole per cent K,SO,. x: decreasing tem-
perature; O: increasing temperature.

9 B. pE Noower, Theses, Amsterdam 1965.

10 E. R. vay Artspareny and I. S. Yarrg, J. Phys. Chem. 59,
118 [1955].

11 T, Ferrano and J. Krocu-Mok, Acta Chem. Scand. 11, 565
[1957].

12 A, Kvist and A. LunpEx, Z. Naturforschg. 20 a, 235 [1965].
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(>¢1) is lower in the mixture than in the pure salt,
but in the solid high temperature modification it
(%) is highest in the mixture. %, is however higher
when the temperature is lowered than when it is
raised. This effect seems to increase with increasing
concentration of potassium ions. A slight time de-
pendence of #; at constant temperature was also
found.

LunpEN, Jonson, and AvucustssoN 2 have found
that also the rheological properties of solid
(Li, K),SO, are dependent on the pretreatment of
the salt.

In order to investigate the influence on the elec-
trical conductivity from foreign univalent ions we
have also used sodium and rubidium ions as im-
purities. The radius of the sodium ion is only
0.98 A, but the rubidium ion is somewhat greater
than the potassium ion.

Fig. 3 shows the electrical conductivity of
(Li, Na) ,SO, with 4.89 mole per cent sodium sul-
phate. The conductivity is lower in the mixture than
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Fig. 3. The specific electrical conductivity of solid and molten
Li,SO, with 4.89 mole per cent Na,SO,. x: decreasing tem-
perature; O: increasing temperature.

in the pure salt and it is not affected by the pre-
treatment. (Li, Rb),SO, with 2.00 mole per cent ru-
bidium sulphate behaves almost like (Li, K),SO,
(Fig. 4).

LunpEx and Ovusson® have in thermal diffusion
experiments found a considerable enrichment of the
heavy cations in solid (Li, K),SO, and (Li, Rb),SO,
at the hot side, but in solid (Li, Na),SO, the en-

richment was insignificant.
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Fig. 4. The specific electrical conductivity of solid and molten
Li,SO, with 2.00 mole per cent rubidium sulphate.
x: decreasing temperature; O: increasing temperature.

In the sulphate lattice there are two positions
with different sizes for the cations. The free spaces
of these positions are 1.42 A and 2.76 A, respec-
tively 13. Both positions are however too small for a
potassium or a rubidium ion and it is therefore
probable that these ions are attracted by dislocations
in the salt. They will then be very mobile along the
grain boundaries and electromigration experiments
have shown ! that the mobility of the potassium ion
even exceeds the mobility of the lithium ion.

According to the X-ray measurements 3 the so-
dium ions are small enough to replace lithium ions
in the lattice, but since only the positions with the
biggest free space are available for them, their mo-
bility should be lower than the mobility of the li-
thium ions and this will cause the observed decrease
in the conductivity.

In solid (Li, Ag),SO, with small quantities of
silver sulphate an X-ray reflection which should not
appear for a cubic face-centered structure has been
found by Oye 13 and he has suggested as a possible
explanation that the formation of the cubic lattice is
incomplete.

It was not possible to measure the electrical con-
ductivity of solid potassium sulphate in this investi-
gation since its structure is hexagonal and thus does
not exhibit rotational symmetry.

This work has been supported by Chalmerska Forsk-
ningsfonden.

13 H. A. Oye, Theses, Trondheim 1963.



