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LITHIUM/METAL SULFIDE BATTERY DEVELOPMENT

Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 (U.S.A.)

The objective of this project is to develop lithium—aluminum/metal
sulfide batteries for electric vehicle propulsion and for stationary energy
storage with the overall goal of conserving petroleum. Ultimate performance
goals for the electric vehicle battery are a specific energy of 130 W h/kg, a
peak specific power of 160 W/kg, and a lifetime of 1000 cycles. Goals for a
stationary energy storage demonstration of a 100 MW h battery are a peak
power of 25 MW and a 3000-cycle lifetime. Cost goals (1977 dollars) are
$35 - 40/kW h for the electric vehicle battery and $25 - 45/kW h for station-
ary energy storage. Approximately one-half of this effort is at ANL, with the
other half subcontracted to industrial firms. The ANL effort is concerned
mainly with basic research and development and cell and battery testing; the
subcontractors are involved primarily with the development, design, and
fabrication of cells and batteries.

The development of the electric vehicle battery is scheduled to proceed
through three phases designated Mark 1, II, and III. The objectives of these
phases are as follows — Mark I, to evaluate the technical feasibility of the
system; Mark II, to develop potentially low-cost materials and fabrication
methods; Mark III, to develop a high-performance battery for passenger cars.

(1) In 1978 and 1979, a major effort was devoted to the Mark I phase
of the project. A significant advance was made in the development of a multi-
plate Mark IA cell having a specific energy of 100 W h/kg at the 4 h rate,
compared with a value of 50 W h/kg for previous bicells. A 40 kW h battery
consisting of two modules was fabricated by Eagle—Picher Industries and
delivered to ANL for testing. An attempt to operate the battery was unsuc-
cessful, however, due to a short circuit in one of the modules.

(2) Tests of 40 Li—Al/FeS bicells at ANL from mid-1978 to mid-1979
indicated an average specific energy of 52 W h/kg at the 6 h rate over an
average of 289 cycles. Tests of 83 Mark IA-type multiplate cells during the
same period showed an average specific energy of 99 W h/kg at the 4 h rate
over an average of 110 cycles. A 6-V module consisting of five Mark IA-type
cells was operated successfully through 70 cycles in laboratory tests and an
in-vehicle test in which the module was connected in series with a 144 V
lead—acid battery.

(3) Preliminary safety and vibration tests were conducted on the Mark
IA cells. Cells subjected to a simulated 30 mph crash into a barrier while at
operating temperature (450 °C) were ruptured, allowing a small amount of
the molten LiC1-KCl electrolyte to escape. There was no evidence of com-
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bustion or noxious fumes. The 6-V module was subjected to a vibration test
equivalent to 2.3 years of in-vehicle service with no observable ill effects.

(4) Late in 1978, cost and design studies on a Mark II battery were
conducted by Gould Inc., Eagle-Picher Industries, Inc., and Rockwell
International, and development work was initiated at Gould early in 1979.

(5) The electrode separator is a key component of lithium/metal
sulfide cells. A major cost reduction would result from the use of boron
nitride felt, rather than fabric, as separators. The Carborundum Co. has
developed a satisfactory felt and ANL has evolved cell designs that will
accommodate felt separators. Another possible low-cost alternative to fabric
separators is the use of powder beds. Cells having powder separators (e.g.,
MgO, Y,03, AIN, SizgN,) have been operated successfully at ANL and Rock-
well International.

(6) Two other significant advances in the materials work are the dis-
covery of an agent (LiAICl,) that greatly enhances the wetting of boron
nitride separators by the LiCl-KCl electrolyte and the development of an
iron-5 wt.% molybdenum alloy (ANL-5-0) that is much more corrosion-
resistant than iron in FeS electrodes.

(7) A satisfactory reference electrode (Ni/NigS;) for lithium/metal
sulfide cells has been developed. Such an electrode is essential for diagnostic
studies of practical battery cells, as well as for basic electrochemical research.

(8) Two types of modeling studies have been initiated. One is a mathe-
matical expression of cell performance (energy, power, cycle life) as a func-
tion of cell design parameters. The other is a classical electrochemical model-
ing study of the electrode reactions and other processes occurring within the
cell,

(9) During the last quarter of 1979 and in 1980, the major effort will
be directed toward the Mark II electric vehicle battery. Experience from the
Mark IA battery has shown that improvements are needed in three major
areas: (1) battery hardware, (2) thermal insulation for the battery case, and
(3) loss of cell capacity during cycling. Work in the first two areas will be
performed primarily by industrial contractors; the third will be a joint effort
of ANL and contractors. The conceptual plant design studies on stationary
energy storage will be completed in the last quarter of 1979. A modest effort
on the development of stationary energy storage cells is expected to continue
in 1980.
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