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AQUEOUS MOBILE BATTERIES

Argonne National Laboratory (ANL), Chemical Engineering Division, Argonne, IL 60439
(US.A.)

This project is directed toward the development of improved lead-acid,
nickel/iron, and nickel/zinc batteries for future application in electric vehi-
cles. Key program goals for the battery characteristics are a specific energy
of 56 Wh/kg based on the 3-h discharge rate, a peak specific power of 104
W/kg for 30 s at a 50 percent depth of discharge (DOD), and an 80 percent
DOD cycle life of 800 cycles with an original equipment manufacturer price
of $70/kW h (1981 dollars). Achievement of these battery goals will provide
capability for a performance and cost competitive electric passenger car with
an urban range of 100 mi. The battery R & D is carried out by industry sub-
contractors with project management and technical support provided by
ANL. Performance and life verification testing of the industry-developed
technology is performed by the ANL National Battery Test Laboratory
(NBTL).

In September 1981, the number of battery contractors was reduced
from eight to three. This action caused available funds to be focused, during
1982, on the most promising battery technologies. A.selection of contractors
for continuing R & D in 1982 was made by ANL and DOE based on the
total funding available, the individual contractors funding requirements, and
a detailed evaluation of each contractors technological capability and com-
mitment. Based on these factors, continued support of Globe (lead-acid),
Westinghouse (nickel/iron), and Eagle—Picher (nickel/iron) was warranted.
Recognizing that the nickel/zinc battery offers sufficient potential in the
long range to justify continued government support, a limited R & D pro-
gram aimed specifically at overcoming life limitations was recommended for
this battery system.

Battery R & D subcontracts are currently active with Globe Battery
Division of Johnson Controls in the lead—acid area and with Westinghouse
and Eagle—Picher Industries in the nickel/iron area. These contracts present-
ly extend through the end of 1982. The battery R & D efforts by the indus-
trial contractors during this period are directed toward providing cells and
multicell modules to NBTL for verification testing. The present status of
the technology is compared with the key 1982 objectives and 1986 goals in
Table 1, where the demonstrated accomplishments are verified test results
obtained on multicell modules at NBTL through June 1982.

Progress in cell development and battery subsystem design (chargers,
watering systems, electrolyte management systems) has allowed the con-
struction of full-sized battery packs. Globe Battery Division (lead—acid),
Westinghouse (nickel/iron), and Eagle—Picher (nickel/iron) delivered full-
sized batteries to the Jet Propulsion Laboratory for in-vehicle testing and
evaluation.
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TABLE 1
Present status 1982 objectives 1986 goals
Lead-Acid
Specific energy® (Wh/kg) 41 45 56
Specific power® (W/kg) 104 104 104
Cycle life¢ 508 650 800
Nickel/Iron
Specific energy® (Wh/kg) 48 54 56
Specific power? (W/kg) 103 104 104
Cycle life® 816 800 800
Nickel/Zinc
Specific energy?® (Wh/kg) 68 - 56
Specific power® (W/kg) 131 — 104
Cycle life® 200 - 800

2 At the 3-h discharge rate.

bPeak power (30-s average) at 50 percent state of charge.

¢Cycling at greater than 80 percent depth of discharge, life to 75 percent retained capac-
ity.

Internal ANL technology R & D support activities encompass post-
test analyses, charge procedure development, assessment of the projected
availability and cost of critical battery materials, and selected research
studies on limiting technological problems. Among the 12 research studies
conducted, Laser Raman spectroscopic and neutron diffraction studies
defined the chemical and structural changes occurring in lead—acid battery
electrodes, field measurements of arsine and stibine emissions permitted
definition of the ventilation requirements of an electric vehicle lead—acid
battery needed to ensure safe operation, investigations on nickel electrodes
defined the overcharge requirements, a new theory was developed explain-
ing the passivation phenomena observed in zinc electrodes, procedures and
equipment were developed to permit quantitative measurement of battery
separator characteristics, and effects on the battery of pulse discharges im-
posed by motor controllers were quantified.

Battery contractor R & D will continue to be the primary emphasis of
this project during 1983. In lead-acid battery development, improved
specific energy and cycle life are required. In nickel/iron battery develop-
ment, increased specific energy and cost reduction will be stressed. A deci-
sion will be made in December 1982 whether to continue the R & D efforts
at Globe, Eagle—Picher, and Westinghouse. This decision will be based on an
evaluation of the status and progress of the technology development and an
assessment of the prospects for significant future technology advancements
with continuing R & D support.

Internal ANL battery-related activities will continue in the areas of
post-test analyses, improved battery charging procedures, pulse discharge
characterization, and thermal management studies.
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RESEARCH, DEVELOPMENT, AND DEMONSTRATION OF A LEAD-
ACID BATTERY FOR ELECTRIC VEHICLE PROPULSION

Globe Battery Division, Johnson Controls Inc., 5757 North Green Bay Avenue, Milwaukee,
WI 53201 (U.S.A.)

The objective of this- project is to develop and demonstrate improved
and advanced lead—acid battery systems for electric vehicles (EVs). Key
technical goals for 1982 are a specific energy of 45 Wh/kg at the 3-h dis-
charge rate, a specific peak power of 104 W/kg for 30 s when 50 percent dis-
charged, and a life capability of 650 cycles at an 80 percent depth of dis-
charge. :

In the development of improved state-of-the-art (ISOA) lead—acid bat-
teries, Globe has identified the plate size, plate aspect ratio, number of
plates, and acid concentration best suited for EV application. A low corro-
sion grid alloy was selected to enhance cycle life. In addition, Globe has
developed an innovative electrolyte mixing pump that has increased both
specific energy and cycle life.

During 1981, Globe delivered two 96-V (23.4-kW h) ISOA batteries to
the National Battery Testing Laboratory (NBTL) for preliminary testing.



