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In fiscal year 2000, NASA, established a program to develop the next generation , lithium­
based, polymer electrolyte batteries for aerospace applications. The goal of this 
program, known as PERS, Polymer Rechargeable Energy Systems, is to develop a space­
qualified, advanced battery system embodying polymer electrolyte (SPE) and lithium­
based electrode technologies and to establish world-class domestic manufacturing 
capabilities for advanced batteries with improved performance characteristics that 
address NASA's future aerospace battery requirements. 

A NASA Research Announcement (NRA) was released in FYOO to solicit efforts to address 
the development of the polymer electrolytes, cathodes and anodes for PERS batteries. 
Development of a polymer with Room Temperature conductivity in the range of 10-3S/ cm 
has been identified as the enabling technology breakthrough required for this battery 
system. There are currently 5 contracts and 4 grants in place that address various 
aspects of component level development required for the PERS batteries. In addition to 
the above contracts and grants, research and development activities have been 
supported a t JPL, AFRL and at GRC. 

A component screening facility has been established at GRC and test procedures have 
been developed to evaluate the materials developed via the supported R&D efforts . 
These procedures were implemented to provide "standardized" measurements of 
electrolyte characteristics for next-generation, lithium batteries. Strengths and 
weaknesses of the measurement methods are discussed . Results contrasting commercial 
liquid electrolyte, poly(ethylene oxide) and experimental polymer electrolytes are also 
presented. 

This is a preprint or reprint of a paper intended for presentation at a 
conference. Because changes may be made before formal 
publication, this is made available with the understanding that it will 
not be cited or reproduced without the permission of the author. 
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ABSTRACT 

A component screening facility has been 
established at The NASA Glenn Research Center 
(G RC) to evaluate candidate materials for next 
generation, lithium-based, polymer electrolyte 
batteries for aerospace applications. Procedures 
have been implemented to provide "standardized" 
measurements of critical electrolyte properties. 
These include ionic conductivity, electronic 
resistivity, electrochemical stability window, cation 
transference number, salt diffusion coefficient and 
lithium plating efficiency. Preliminary results for 
poly(ethylene oxide)-based polymer electrolyte 
and commercial liquid electrolyte are presented. 

INTRODUCTION 

In fiscal year 2000, NASA, established a program 
to develop the next generation, lithium-based, 
polymer electrolyte batteries for aerospace 
applications. The goal of this program, known as 
Polymer Energy Rechargeable Systems (PERS), 
is to develop a space-qualified, advanced battery 
system embodying solid polymer electrolyte (SPE) 
and lithium-based electrode technologies and to 
establish world-class domestic manufacturing 
capabil ities for advanced batteries with improved 
performance characteristics that address NASA's 
future aerospace battery requirements. 1 

A NASA Research Announcement (NRA) was 
released in FYOO to solicit efforts to address the 
development of the polymer electrolytes, cathodes 
and anodes for PERS batteries. The development 
of a polymer electrolyte with room temperature 
conductivity in the range of 10.3 S/cm has been 
identified as the enabling technology breakthrough 
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required for this battery system. There are 
currently 5 contracts and 4 grants in place that 
address various aspects of component level 
development required for the PERS batteries. In 
addition to the above contracts and grants, 
research and development activities have been 
supported at JPL, AFRL and at GRC . . 

Electrochemical screening of candidate materials 
is being done at GRC. Goals for the critical 
parameters of PERS SPE materials are listed 
below. 

1) High ionic conductivity ( _10-3 S/cm) 
2) Low Electronic Conductivity «10-12 S/cm ) 
3) Electrochemical Stability Window 0 to >4 V 
4) Favorable Li+ transport properties 

a) Li+ transference number approaching 1 
b) High salt diffusion coefficient 

5) Favorable Interfacial Properties 
a) Low interfacial impedance 
b) Stable transport properties 

6) Thermal stability 
7) Mechanical toughness 

This paper describes specific test methods that 
have been selected and presents typical results . 
Advantages and shortcomings of the test methods 
are presented. 

EXPERIMENT AL 

Ionic Conductivity 
Conductivity is determined by electrochemical 
impedance spectroscopy (EIS) methods, using a 
Solartron 1250 frequency response analyzer 
coupled to a Solartron 1286 electrochemical 
interface. The operation of these instruments is 
automated using Scribner and Associates' Zplot® 
software for W indows. Impedance is measured 
using a 10 mV signal (55 kHz to 0.1 Hz) with the 
cell held at 0 Volts vs. open circuit. Overviews of 
the method appear in the literature. 2,3 

The standard fixture uses 25 mm diameter, AISI 
304 stainless steel blocking electrodes, mounted 
in rigid , electrically insulating plates. The 
electrodes are lapped flat with the inside face of 
the plate , and pol ished with 600 grit emery cloth . 
Inter-electrode spacing is established using 
polyester shims, selected to assure slight 
compression (1 to 2 mils) of the SPE sample 
material. Usually, the shim is shaped as a mask 
with a 5/8 inch diameter hole which captures the 
test specimen at the center of the cell. Parts are 
illustrated in Figure 1. 
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