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Summary 

NASA/Lewis Research Center has concentrated its efforts on advancing 
the Nl-H, system technology for low earth orbit applications Component 
technology as well as the design prmciples have been studied m an effort to 
understand the system behavior and fallure mechanisms m order to increase 
performance and extend cycle life The design prmciples have been prevl- 
ously addressed [ 1, 21. This paper will discuss the component development, 
m particular the separator and mckel electrode and how these efforts will 
advance the Ni-H, system technology 

Introduction 

The Nr-H, technology group at NASA/Lewis Research Center (LeRC) 
has been developmg Nl-Hz cells primarily for LEO applications. The overall 
ObJectWe is to improve the components, design, and operating charactelnstlcs 
of Nl-Hp cells and batterres. An active program to address the anticipated 
decay modes and failure mechamsms is underway both on contract as well 
as m-house. 

The types of shortcommgs that are associated with Nl-Hz devices 
which are related to electrolyte management, oxygen management, electrode 
growth management, and performance degradation, can all be traced to 
problems associated with the nickel electrode and/or separator. Therefore, 
they are considered the critical components. The nickel electrode 1s the life 
hmltmg component, while the separator 1s the critical risk component due 
to unavailabrhty of asbestos and the electrolyte and oxygen management 
problems associated with Zucar. 

The LeRC has concentrated its efforts on separator development and 
the understanding of the nickel electrode behavior m order to improve cycle 
life. The closer we get to understanding the nickel electrode, the more able 
we will be to deal with the problems associated with it either by correcting 
the cause or by reducing its impact on cycle life An attempt to reduce the 
impact of current shortcommgs by modlfymg the design of Nr-Hz cells is 
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currently underway, but an m-depth understanding of the causes and effects 
is sought This will ultimately allow us to understand the effect of uncon- 
trolled changes on the system and will provide us with the necessary tools to 
take corrective measures so that Ni-HZ systems will be less affected by 
manufacturing and technology changes m the future 

The most recent advances m the nickel electrode and separator tech- 
nology areas are expected to have a positive effect on life, weight, cost and 
performance. These include new separator materials, lightweight nickel 
electrodes, and the understanding of the mckel electrode mechamsm and 
structure. 

Separator technology 

As part of the technology development at LeRC, a separator develop- 
ment program was designed to develop a separator that is resistant to pene- 
tration by oxygen and loose active material from the nickel electrode while 
retaining the required chemical and thermal stability, reservoir capability, 
and high iomc conductivity A close look at state of the art (SOA) separators, 
then properties and problem areas was undertaken to determine the neces- 
sary properties for a new, improved separator A set of standard properties 
was identified which would provide the necessary characteristics for short 
term performance while addressing the problems related to the long term 
performance of SOA separators 

Screenmg studies showed two laboratory separators which met the 
characteristic goals of electrolyte retention, bubble pressure, and conduc- 
tivity, etc These were 80% PKT-20% ZrO,-10% EBL and PKT on ZrO, 
cloth, where PKT is potassium titanate and EBL is emulsified butyl latex. 
These separators were mcorporated mto NV-H1 stacks and tested to examme 
their voltage characteristics and cell performance The cells were submitted 
to the same characterization and testing as those with the baselme asbestos 
and Zlrcar separators Cell characterization showed good cell voltage with 
mid-point and end of discharge voltages higher than either of the baseline 
separators [ 31 

The results obtained from characterization and testing encouraged us 
to further pursue this effort The process needed to be adapted and trans- 
ferred from a laboratory operation to a manufacturing process, smce repro- 
ducibihty and umfornnty are important factors that will govern their future 
use and applications The first step undertaken was to have the separators 
prepared by a commercial vendor (&urn-T) for further evaluation The 
separators obtained lacked the necessary bubble pressure to prevent the 
oxygen produced at the nickel electrode from accessing the hydrogen elec- 
trode m a controlled fashion This was due to small holes -50 pm m diam- 
eter, apparently caused by localized swirls during the filtering step 

In order to overcome the manufacturing problems we started an effort 
with Miami Umversity Miami Umversity has a Paper Science and Engineering 
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Department well experienced m the papermakmg process and is equipped 
with a small pilot papermakmg machine. It also has handsheet molds and 
testing capabilities that will allow timely testing and modification of the 
production techniques to easily adapt to the new materials. The ObJective is 
to demonstrate the feasibihty of manufacturmg the new separator matenals 
using standard papermakmg techniques. This effort is intended to bndge the 
gap between the handsheet operation and the commercial processes, and to 
establish the potential of these separators for use m a variety of different 
applications The one-year effort will reproduce the origmal handsheet 
material and will gradually adapt the fabrication from the handsheet tech- 
niques to the production techniques. It will study the effect of these changes 
on the separator properties and manufacturability, and modify them to 
achieve a high performance separator that will be easily reproduced. 

The final result 1s to be a separator which will be reproducible usmg 
standard papermakmg technology that will ensure undormity, availabihty, 
and lower costs The technology will lead to a higher performance and ex- 
tended life of the Ni-HZ systems 

Nickel electrode technology 

Llghtweaght nickel electrode 
The second part of the technology development program focuses on the 

nickel electrode which, m addition to bemg identified as the critical compo- 
nent, has also been identified as the heaviest component of the Ni-HZ bat- 
tery system The NASA Lewis Research Center is developing nickel elec- 
trodes for Ni-H, batteries which will be lighter m weight and have higher 
energy densities when cycled under a low earth orbit (LEO) regime at deep 
depths of discharge. 

The weight of components m a typical 125 A h Ni-H, bipolar battery 
is shown m Fig 1. A malor weight reduction of as much as 14% can be 
accomplished by the use of hghtwelght electrodes 

Several commercially available materials or plaques other than smtered 
plaque have potential as a support for the active material These plaques are 
lightweight and some of them have pore sizes comparable with a typical 
commercial smtered nickel plaque These lightweight plaques are less con- 
ductive, but m a bipolar design the current flow is perpendicular to the elec- 
trode surface, hence the need for high lateral conductivity is ehmmated [ 41. 

Plaques other than smtered nickel plaques that may be used to support 
the active matenal are the nickel plated plastic plaque developed here at 
NASA Lewis Research Center [ 51, commercially available Feltmetal (TM) 
and a needle-punched web (80% Ni, 20% Cr) from Brunswick Technetics, 
graphite fiber mat manufactured by Amencan Cyanamid, and Fibrex (TM), 
a fibrous mat manufactured by National Standard Company The lightweight 
plaques, except for the Feltmetal, are about 50 to 90% lighter than the stan- 
dard smtered nickel plaque. The Feltmetal is about 5% lighter than the 
smtered mckel plaque 
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Fig 2 Pore size dlstrlbutlon curves of lightweight plaques as compared with the standard 
smtered plaque 

Figure 2 shows the pore size distrrbutron of the hghtwerght plaques as 
compared with the standard smtered plaque. Most of these plaques have 
larger pore radn than the smtered plaque. The Nrchrome needle-punched 
web and the Frbrex matenals have about the same broad drstrrbutron at 
about 20 to 40 (urn The nickel plated plastic, the nickel plated graphite, and 
the Feltmetal show peaks m the pore size dlstrrbutron at 10 - 18 pm. The 
standard smtered plaque has the lowest pore size drstrrbutron peak at 7 ,um 
Porosrty and pore size drstnbutron measurements were made by the mercury 
mtrusron porosrmeter method 
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To evaluate the performance of the lightweight mater&s, the plaques 
were electrochemrcally unpregnated m a saturated solutron of nickel nitrate 
with cobalt nitrate usmg the Bell Telephone Laboratory method [6]. After 
washmg the impregnated plaques, the electrodes were formed using the Eagle 
Plcher procedure which consists of erght cycles of 20 mm charge and 20 mm 
discharge at approximately the 3 C rate. After formation, the electrodes 
were thoroughly rmsed m delomzed water, dried, and weighed. The theoret- 
ical C rate was determmed from the werght of the active material in the elec- 
trode using the electrochemical equivalent of 0.289 A h g-r of nickel hydrox- 
ide The electrochemical lmpregnatlon of these lightweight plaques using 
the aqueous bath yields loading levels comparable with commercial nickel 
electrodes. 

The mitral charactenzatlon screening testing of the electrodes IS per- 
formed at five discharge levels, C/2, 1.0 C, 1 37 C, 2.0 C and 2.74 C rates. 
The voltage uersus time, and the capacrtles at each rate, are recorded and 
compared with the smtered nickel electrode After the mitral charactenza- 
tlon tests, the electrodes will be life-cycle tested at a LEO regime to 80% 
depth of discharge Capacltres ~11 be measured every 50 cycles during the 
duration of the test for the first 1000 cycles and every 500 cycles thereafter. 
The Feltmetal electrode has accumulated over 2000 cycles and 1s still being 
cycled. 

A slgnrfrcant unprovement m werght, thus an increase m energy density 
of the NYH, battery system, can be achieved by the use of lightweight 
nickel electrodes using hghwelght plaques Life and performance are being 
mvestrgated. 

Nrckel electrode development -Hughes contract 
While the hghtwerght nrckel electrode 1s under development, an effort 

IS being made to improve the hfe of SOA nickel electrodes when cycled 
under a LEO regime at deep depths of discharge For this reason a contract 
was awarded to Hughes Ancraft Company (Research Dlvlslon) to develop a 
nickel electrode which ~111 have a long cycle life when cycled to deep depths 
of discharge. The prmclpal mvestlgator for this contract is Dr Hong Llm. 

The approach taken was to mvestlgate’ (1) the effect of electrode design 
parameters on cycle life of the nickel electrode, (11) the farlure mechamsm of 
the nickel electrode, (m) the effect of potassmm hydroxide electrolyte con- 
centration on performance and cycle hfe, and (IV) the effect of electrolyte 
composition 

The results from studymg the effect of the design parameters on the 
cycle hfe of the nickel electrode were the following. (1) the plaque mechan- 
ical strength had no slgnrfrcant effect on cycle life over the range of values 
tested, (11) the pore diameter had a slgmfrcant effect, with the largest pore 
plaque (16 pm) resulting m the shortest cycle lives, the optimum pore size 
was 13 pm; (in) the active matenal loading level affected the cycle hfe the 
most with an optimum loadmg of 1.6 g cm3 void volume As a result of thrs 
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effort a data base was established for optimum nickel electrode design param- 
eters for maximum cycle hfe m Ni-HZ cells. 

A failure model of the nickel electrode based on the experimental data 
was advanced which suggests ways to further improve cycle hfe. Cell failure 
was due to loss of high rate capacity rather than to an absolute loss m capa- 
city This could be explained by the active material expansion away from 
the current-collecting nickel smter due to cycling This resulted m electrical 
isolation of active material and loss of high rate discharge capacity. Hence, 
control of active material expansion IS the most important factor for mcreas- 
mg the cycle hfe 

It has been reported by others from work done m nickel-cadmium cells 
that the nickel electrode growth was a function of the potassium hydroxide 
concentration Another task was to Investigate the effect of the KOH con- 
centration (21, 26, 31, 36%) on the hfe of the nickel-hydrogen cells. To 
date, significant mcreases (greater than a factor of three) m cycle life of IPV 
Nr-HZ cells have resulted from the reduction m KOH concentration from 
the traditional values of 31% to 26% In this contmumg test over 13 000 
accelerated LEO cycles have been achieved thus far at 80% DOD. The sigmfi- 
cance of these results is the increased cycle hfe of NI-HZ cells, this will have 
a considerable effect on LEO apphcations m terms of hfe cost and enhanced 
performance 

The effect of alternative electrolyte compositions on the cycle hfe of 
the nickel electrode IS scheduled to start m November, 1985. It includes 
aqueous solutions of one or more of all alkali metal hydroxides and barium 
hydroxide with two-level variation of the actual material loadmg of the 
nickel electrode. It IS expected that with some electrolyte compositions, e g , 
those contammg LiOH, the active material expansion rate will be greatly 
reduced The optimum loading level IS expected to be higher than the 1 6 g/ 
cm3 void found for the standard KOH electrolyte. 

The overall results from this contract are an improved understandmg of 
the various factors that affect cycle life of the nickel electrodes. The results 
provide an mslght to the cycle life limitations and the failure mechamsms; 
they also indicate that control of the active material expansion is the most 
important factor for further lmprovmg cycle hfe m the Ni-H, systems 

Nzkel electrode structure 
Research is also being carried out, both m-house and through grants and 

contracts, to learn more about the structures of the active materials and the 
mechanisms of the electrode reactions Dr Bahne Corn&en at Michigan 
Technological Umverslty has been studymg Laser Raman spectroscopy of 
nickel oxides prepared by chemical and electrochemical means, both oxid- 
ized and reduced. Each preparation method gives somewhat different spectral 
features Some of the results of this study are presented m Fig 3 The most 
significant fmdmg IS that both chemically and electrochemically oxidized 
materials, as well as reduced electrodes that have been cycled, do not exhibit 
any bands in the 3500 - 3700 cm-’ range that can be attributed to an OH 
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Fig 3 Laser Raman spectra of selected mckel hydroxides OH stretch bands disappear 
on cycling Background below 450 cm-’ related to particle size effects, alignment, and 
sensltlvlty Different spectra run with different sensltlvltles Relative mtensltles and back- 
ground may vary somewhat Well-cycled electrodes have spectra similar to the charged 
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stretch of free water. In addition, electrodes that have been cycled exhibit 
similar spectra m both the oxidized and reduced states The spectra of all 
these materials are distmctly different from that of the well-crystalhzed beta 

Ni(OH1, 
The fact that no OH stretch is observed m most of these materials has 

led to a new mterpretatron of the structures of the various hydroxides m 
terms of a model which postulates a sizeable fraction of vacancies m the 
nickel lattice sites. These vacancies may be filled, either partially or com- 
pletely, wrth hydrogen atoms or alkali metal ions. Additional hydrogen 
atoms can be accommodated m sites between the planes of oxygen atoms 
where they are hydrogen bonded between the layers The symmetry of the 
crystal structure is such that the OH stretch modes are forbidden m the 
Raman spectra. General formulae for the oxidized and reduced forms are 
postulated 

(Ni, --wVx)r o(OOH)r oo + (2~ + UH+ 

and 

Nil -,(2HL I o(OOJ3H1 oo 

where x represents the fraction of Ni lattice sites either vacant or occupied 
by H+ or M+ ions and can be up to about 0.27 V represents vacant Ni lattice 
sites The protons can either occupy vacant lattice sites or bridge two adJa- 
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cent oxygens Alkali metal ions can also occupy lattice vacancies. Most of 
the postulated formulae m the literature fit into this scheme mcely. For 
example, Barnard’s (x-N~(OH)~ with an empirical formula of 0.25 NiOOH* 
0.75 Ni(OH)2*0 25 Hz0 with a Ni valence of 2 33 can be written as Ni0s9- 

Vo ii(OOH),), 00 Barnard’s 0 phases can be interpreted as havmg a vacancy 
ratio of about 0 11, while the y phase, like the LY phase, has about 0 25 NI 
vacancies which, m the case of y, are filled by alkah ions Reinterpretation 
of the X-ray diffraction data is bemg carried out, and it appears that the data 
fit this scheme at least as well as the earlier structural formulations 

Other work m progress mcludes cychc voltammetry studies, self- 
discharge measurements, and impedance studies of both planar and porous 
nickel electrodes The data on the planar Ni electrodes are being Interpreted 
as due to a variable resistance oxide film, with the resistance varying with 
both depth and potential, analogous to some studies of the passive film on Fe. 

This research should lead to a better understanding of the nature of the 
active material which will assist m designmg cells with improved life and 
performance. 

Concluding remarks 

Improved performance and cycle hfe on the Ni-Hz cells can be achieved 
by an understanding of the nickel electrode behavior, improved cell design, 
and component technology development Improvmg performance and cycle 
life as well as increasing the energy density of the system are the drivers of 
the technology development program at LeRC Our means of achieving 
these goals are by developmg lower cost, high performance separators, and 
lightweight, longer life nickel electrodes Our studies show that as much as a 
14% system weight reduction and at least a three-fold increase m nickel 
electrode life can be achieved These improvements have been possible 
through an improved understandmg of the various factors affectmg life and 
insights into cycle life limitations provided by the nickel electrode studies 

The most recent advances m the nickel electrode and the separator 
technology areas will have a positive effect m life, weight, cost, and perfor- 
mance, and will have a considerable effect on the use of Ni-H, systems for 
LEO applications 
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