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The sodium/nickel chloride cdl coupe
isavery promising sodium/beta-alumina battery
coude (1-4). The high theoretical specific
energy (790 Wh/kg), high cdl voltage (2.59V),
wide temperature range, cdl failure mode, and
good cycling characteristics of this battery
systems have made it a viable candidate for
eledric vehicle propusion. The Na/NiCl, cdl is
similar to the Na/S cdl in that it uses much of
the same tedcndogy. For instance the
Na/NiCl, cdl, like the Na/S, uses a liquid
sodium negative dectrode and the 3”-aumina
solid eledrolyte. However, unlike the
sodium/sulfur cdl, it uses a sewmndary
eledrolyte of molten sodium
tetrachloroaluminate (NaAICl,]) in the positive
eledrode and a nickel chloride & the adive
material. The NaAICl,] eledrolyte cnducts
sodium ions from the 3”-Al,O3 eledrolyte to the
nickel chloride dedrode readion sites. The cél
readionis

2Na +NiCl, = 2NaCl + Ni

Eledrochemica Behavior of the pasitive
eledrode Ni/NiCl, in the Na/NiCl, cdl was
studied using Al/ Na[AlCl4] -NaCl/NiCl,/Ni cdl
in which the caadties of the cdl were limited
by the Ni/NiCl, eledrode. The Ilimiting
mechanism of the dedrode is asciated with
the formation d NiCl, on the surface of the
nickel eledrode. This phenomenon limits the
mass transfer processes of the nonporous
eledrode and thus its area capacity density. In
addition, the nickel chloride film on the paositive
eledrode is in thermodynamic equili brium with
the metalli c constituent and, as a result, dces naot
attadk current colledor materials made of the
same metal. Thus, it is possble to fabricae
bath the aurrent coll ectors and the cédl container
of these relatively inexpensive and easlly
welded materials without the expense of
applying a @rrosion resistant coating.
Modifying the dedrolyte with the NaBr, Nal
and sulfur addtives was found to produce
higher nickel utilization due to dopng effeds
which is believed to open up the lattice for
better mass transport. Solubility of the nickel
chloride in sodium-chloroaluminate melts as
function d temperature and additives were dso

determined. The solubility measurements
indicated that the solubility of nickel chloridein
the diloroaluminate melt is grongly dependent
on the operational temperature of the cdl and
the addity-basicity of the dectrolyte. The
add/base eyuilibrium of the dloroauminate
melt (5) interads with a complex formation o
the nickel spedes. In NaCl-saturated basic
melts, nickel is present mainly asa complex ion,
acording to the foll owing readion.

[NiClJ® + 4AICI; = 2[AlLCl{] + Ni*" + 2CI

The higher saturation concentration o
NaCl in N&AICly) at increasingly higher
temperature (6), although promotes dissolution
of NiCl,, adually decreases the ionfradion of
the simple ion from [Ni?*] by stabili zing nickel
in the [NiCl,* form according to the above
readion. This readion, if the basicity of the
melt is maintained, stabilizes nickel in the
[NiCl4]* ion form and reduces the mncentration
of the Ni?*. This fad clealy underlines the
importance of maintaining basic dedrolyte. A
buffered basic melt can be maintained by having
an excess ®lid NaCl in the Ni eledrode & all
times. Solid NaCl is aso needed to compensate
for the effect of the dharge reaction, which may
produce locd acidity in the nickel eledrode,
espedally at high current densities. The dfed
of the chemicd additives, basicity of the melt,
and the cdl operating temperature on the
Na/NiCl, cdl performance will be discussed in
the meding.
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