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Abstract
A new type of liquid metal battery based on sodium and zinc is described. One possible use of
such a battery is as a power buffer in an aluminium plant, thus enabling extreme power cycling.
By locating the battery in an idled potline, existing infrastructure such as buildings, rectifiers,
potshells, and busbars can be utilised. The reversible voltage of the battery is about 1.9 V, and it
is suggested to place three battery stacks connected in series to 5.7 V in each potshell of the idle
line. By limiting the voltage loss in the electrolyte to 0.15 V per stack at 250 kA, it was
estimated that the battery capacity could be about 2.40 MAh, corresponding to 250 kA for 9.6
hours. Provided that the electrolyte height constitutes 50 percent of the total, the stack height
will be less than 1.4 m, which can easily be accommodated inside a potshell.
Keywords: Liquid metal battery, aluminium cell, power cycling.
1.

Introduction

Rechargeable liquid metal batteries (LMBs) are based on two liquid metals separated by a
molten salt [1]. LMBs are attractive due to rapid kinetics, high electrolyte conductivity, only
liquid phases (no dendrite formation), and potentially cheap and abundant materials. A new type
of membrane free LMB has been suggested [2]. The concept utilises sodium and zinc, while the
electrolyte is a ternary mixture of sodium chloride, zinc chloride, and calcium chloride. The
battery is intended for use in stationary applications, e.g., for compensation of variable electric
power consumption and production in an electric grid based on other energy sources than
hydropower, thereby serving to stabilise the grid.
A use case that seems well suited relates to the energy-intensive production of primary
aluminium. In many regions, the spot price of electricity varies significantly with time (season,
week, day, and hour). Taking Germany as an example; even strongly negative electricity prices
have been observed occasionally [3]. Therefore, some aluminium plants are preparing for,
experimenting with, and even practising power-cycling (power modulation), i.e., operating the
electrolysis cells with reduced power during hours with high energy prices, and increasing the
power when the price is low. The energy balance of the electrolysis cells is very delicate
however, and the energy window for safe operation is narrow, although variable cooling of the
cell sides can be used as a means of increasing the window for power-cycling [4].
The use of an LMB can potentially be an extremely effective strategy for increasing the powercycling window. The power variation would then be handled by the battery, and not by the
electrolysis cells. There are no principal limitations in this type of power-cycling; the only
restriction will be the installed battery capacity.
According to data compiled by Pawlek [5], 6.5 Mt/y of the World's total aluminium capacity of
79 Mt/y is idled (2016). Although this includes a number of plants that are entirely closed, it
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also means that many plants are operating with one or more shut down potlines. There are a few
additional advantages by locating the LMB in a partly closed aluminium plant:

The building infrastructure is already there.

The electric bus bars are present.

The battery can be located in vacant cell positions, perhaps inside electrolysis cell
potshells, as was presumed in the present work.

The rectifier and other electrical infrastructure is in place and may be used as-is or
with modifications for charging the battery.

The personnel in the aluminium plant are aware of and trained for the risks related to
handing of liquid metals and molten salts.
3.

Principle of the Liquid Metal Battery

A principle sketch of the LMB is shown in Figure 1. The battery contains zinc and sodium,
separated by an electrolyte consisting of zinc chloride, sodium chloride, and calcium chloride.
The electrolyte is divided in two parts by means of a diaphragm. Detailed descriptions are found
below.
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Figure 1. Principle of the liquid metal battery.
3.1. Electrode and Cell Reactions
The electrode reactions (during discharge) are as follows:

Sodium electrode : 2 Na  2 Cl   2 NaCl  2 e
Zinc electrode : ZnCl 2  2 e  Zn  2 Cl



(1)
(2)

The cell reaction is the sum of the two electrode reactions,
2F

2 Na  ZnCl2  2 NaCl  Zn

(3)

The standard cell voltage for this reaction (E0, based on Gibbs energy) and the isothermal
voltage (Eiso, based on the enthalpy change) are +1.914 V and +2.170 V at 600 °C, respectively
[6]. The reversible voltage (Erev) is related to the activities of the substances in Equation 3:

E rev  E 0 

2
RT  a NaCl
 aZn
ln 
2
2 F  aZnCl2  a Na

946





(4)

Travaux 46, Proceedings of 35th International ICSOBA Conference, Hamburg, Germany, 2 – 5 October, 2017.

6.

Acknowledgement

The present work was performed within the project "Membrane free liquid metal batteries for
grid scale energy storage", financed by the Research Council of Norway. Valuable input from
and stimulating discussions with Christian Droste and Christian Rosenkilde, both Hydro
Aluminium, is gratefully acknowledged.
7.

References

1.

H. Kim, D.A. Boysen, J.M. Newhouse, B.L. Spatocco, B. Chung, P. J. Burke, D. J.
Bradwell, K. Jiang, A. A. Tomaszowska, K. Wang, W Wei, L.A. Ortiz, S.A. Barriga, S.M.
Poizeau, and D.R. Sadoway: Liquid Metal Batteries: Past, Present, and Future, Chem. Rev.
113 (2013) 2075−2099 (dx.doi.org/10.1021/cr300205k).
J. Xu, O.S. Kjos, K.S. Osen, A.M. Martinez, O.E. Kongstein, and G.M. Haarberg: Na-Zn
Liquid Metal Battery, Journal of Power Sources 332 (2016) 275-280.

2.

3.

ICIS, http://www.icis.com/resources/news/2016/05/09/9996090/deeply-negativeprices-return-to-rock-german-power-market/

4.

P. Lavoie, S. Namboothiri, M. Dorreen, J.J.J. Chen, D.P. Zeigler, and M.P. Taylor:
Increasing the Power Modulation Window of Aluminium Smelter Pots with Shell Heat
Exchanger Technology, Light Metals 2011, 369-374.
R.P. Pawlek: Primary Aluminium Industry in the year 2016, Light Metal Age 75 (1) (2017)
8-21.
HSC Chemistry 7, ver 7.11, © Outotec Research Centre (www.outotec.com)
D.R. Flinn and and K.H. Stern: Electrochemical Properties of Sodium Beta‐Alumina in
ZnCl2 ‐ NaCl Melts, J. Electrochem. Soc. 123(7) (1976) 978-981.
H. Cetin and R.G. Ross: The Phase Diagram of Na-Zn Alloys", Journal of Phase
Equilibria 12 (1) (1990) 6-9 (DOI: 10.1007/BF02663664).
C. Robelin and P. Chartrand: Thermodynamic Evaluation and Optimization of the (NaCl +
KCl + MgCl2 + CaCl2 + ZnCl2) System, J. Chem. Thermodynamics 43 (2011) 377-391.
B. Kubikova, M. Simurda, E. Robert, Z. Shi, and M. Boca: Surface Tension, Electrical
Conductivity, and Viscosity of the LiCl-NaCl-ZnCl2 System, Journal of Molecular Liquids
224 (2016) 672-676.
Z. Chen, J. Liu, Z. Yua, K.-C. Choua: Electrical Conductivity of CaCl2-KCl-NaCl System
at 1080 K, Thermochimical Acta 543 (2012) 107-112.
Anonymous, http://moltensalt.org/references/static/downloads/pdf/element-saltdensities.pdf
V. Bojarevics and A. Tucs: MHD of Large Scale Liquid Metal Batteries, Light Metals
2017, 697-692.

5.
6.
7.
8.
9.
10.

11.
12.
13.

954

