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Short Communication

High Temperature Batteries with a Solid Sulphate Electrolyte

B. HEED* and A. LUNDEN
Department of Physics, Chalmers University of Technology, S-412 96 Gdteborg (Sweden)
(Received October 9, 1982)

Many sulphate mixtures are suitable as electrolytes for high temper-
ature all-solid batteries, and it is possible to use easily available metals such
as magnesium, calcium or zinc as the anode. We have previously shown that
not only the theoretical energy density, but also the obtained power density,
can be high for cells where divalent cations are added to cubic phases of
Li,SO, or LiNaSO, [1 - 5], which have a very high electrical conductivity.
We have also reported on cells where divalent sulphates have been added to
hexagonal Na,SO,, a phase for which the conductivity can be strongly en-
hanced by introducing other cations [5 - 7]. We are now taking up a third
possibility, namely, where a divalent sulphate, such as CaSO,, MgSO,4 or
ZnS0,, is the main constituent. Li,SO, was chosen as the dopant, since the
phase diagrams Li,SO,~CaSO, and Li,SO,~MgSO, have been determined by
Ljungmark [4, 8] and Li,S0,~ZnS0O, by Schroeder [2 - 4, 9].

The cells were prepared and tested according to the procedure used for
the two other types of cells [1 - 5]. In Table 1 the results for some cells with

TABLE 1

Experimental results for some cells with a solid sulphate electrolyte

Cells with a low content of monovalent cation, Nos. 9 - 13, are compared with two cells,
Nos. 1 and 5, where the monovalent cation is abundant [1 - 5]. In all cases the cathode
consisted of a mixture of manganese dioxide and carbon. The cell diameter was 20 mm
and the electrolyte thickness was about 1 mm.

Cell Anode Cathode  Electrolyte Temperature E.m.f. Internal
no. material material composition °C) (V) resistance
(2)
9 Mg MnO, Lig 70Mgo 65504 610 2.3 30
10 Zn MnOz Lio.sozn0'15804 485 1.2 10
11 Zn MnOz Uo}ozno_sss()‘t 483 1.2 20
12 Zn MnOz Lio.lozno.95804 481 1.2 45
13 Zn MnO; Li0_06zn0.97804 484 1.2 105
1 Mg MnO, Liy 76Mg0.12804 745 2.3 14
1.2 50

5 Zn Ml‘l02 NaLGZno .2804 380

*Present address: Department of Energy Conversion, Chalmers University of Tech-
nology, S-412 96 Goteborg, Sweden.
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a high content of divalent sulphate are compared with two cells where either
Li* or Na' is the abundant cation. For each of the cells 9-13, the elec-

trolyte has a composition corresponding to a two-phase region in the phase

diagram, and the concentration of the non-conducting compound (Lig ¢6-
Mo QN Ar 7O ) ic larcoar than that Af tha camnaimAd with o hich san.

WAH),67VWVG Vi 4UIJU4) 0 IALRTL Uidll Widb Ul wiC LULLPUUIIU Wil @ Lsigil Lus

ductivity. As expected, the internal resistance is much higher for the cells
where a divalent cation is abundant than it is for the ones with a high con-
centration of lithium, while they are comparable with cells where sodium
is the most common cation.

This investigation has been supporied by the Swedish Board of Tech-
nical Development.
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