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SUBJECT: _"“THE CHOICE OF
BATTEKY SYSTEM3"
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To Members of the Lead Induntri_el Assoclation?

We believe that you vill be interested in the attached
paper on "Tbe Choice of Battery Systems,” vhich vas delivered
at the 1961 SAE Internstional Congress and Exposition of
Automotive Engineering in January of this year. Certainly no
paper on this subject could come from & nore authoritative
sQurce.

Q Since our supply is limited, coples in Qquantities up to 10 3
may be obtained from us on request free of charge, and siditional
copies at 10 cents per copy.
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By
C. G. GRIMES

and
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For presentation at the
1961 SAE INTERNATIONAL CONGRESS
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The Choice of Battery Systems

IT SEEMS APPROPRIATE now, fust after the ceatennial of
Gaston Plante’s {nvertion of the lead-acid accumulatoe, to
review the battery ficld and evaluate the status of the lead
battery, as compared to othet competitive systems,

For 3 Jong time, the lead-acid battery has been the work-
horse in the field of secondary batteries. The relative dm-
plicity of the etectrochemical reactfon. high cell voluage,
absence of ctirjcality in physical configuration, and a gen-
erous supply in nature of tather inexpensive basic materials
ate all factors which have contributed to the commanding
position of lead-acid batteries. Lacking this fortunate com-
bination of good technical and economic features, other sys-
tems were relegated to 3 poskloa of secondary importance,
while {ndustrial development emphasized the lead-acid work,
And, contrary o the remark  often heard W the effect that
the battery 1a your sutomoblle today is no different thaa
those used some 40 years ago, the facts are quite different.
These has been a great improvement 11 the battery during
this period - -improvement n ity electrochemical perform-
ance, 1o the nesgy-density ratio, tn packaging, and in life.
Most of this improvement has been the result of years of de-
velopment wherein progress has been achieved by inctemen-
! improv a3 opporcd W any profound advance which
could be atirtbuted w tesearch, The latter has been some-
what neglected. In genecal, It might be tald that research
n lead-acid couples has become & reality only la the post+
war petlod. One scldom hears any refletence to the elecuo-
chemizal efficiency of the lead-acid battery. This s quite
understandable when, after & hundred yean of development,
the cfficiency {s about one-haifof what it could, and should,
be. Because of the 1apidly growing appeviation of the
value of tesearch, even to thote ltems of loog-uanding ac-

C. G. Grimes and W. S. Herbert
The Electric Storage Battery Co.

ceplance, we {ully anticipate that the advance Io the tech-
avlogy of the lead-acid battery will be greater dusing the
coming decade than during the past halfcentury.

inthe lajt 20 ycars, there has been s rapid growth ta
portable or packaged elecuical energy sources. At the same
tme, thete has been 2 t1apidly growing demand for portable
powes units, or battesfes, for specfalized uses. 1a chis myr-
1ad of pew uses, the criterfs by which batteries lormerly
were evaluated have been pretty well upset. In most cases,
a single characteristic is of primary tmportance W the suc
cessful application ef the battery, other factors being made
Quite secondary considerations. For example, pernaps ta
a speclalty application, the energy-weight ratio ruy be all-
tmportant; in another, ft may be cycle life, or shelf life,
or energy-volume ratio, of cost, This tuation has aroused
new and intensified interest (n the development of new bat-
tery systems to meet these specilalized requisements.

Nearly all of these “new” battery systems are not new,
but mesely a new look at an old ftem. The nickel-cadmi-
um and nickel-fron cell constructions were patented at the
beginning of the 20th century. The metcury cell owes fu
origin to the Aron Cell, where {t was first proposed as a
storage battery {n 1866, The use of rilver oxide a1 a pos-
tive active material was proposed by Jungnes [0 1899, and
the cell was flrst patented by Mortison 15 1910, Cenain
types of prithary cells also have applications which are part
of the traditional marketing area of 1¢sd-acid batteries. The
modern fuel cell 11 a direct descendant of Groves' well-
known gas cell, which he described first In 1839, and later
as a battery of 80 cells o 1842, Rechargeable alkallne
cells, in dry-cell conliguration, cin be traced to the work
of Leclanche” In the 1850°s.  Another new form of portabie
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elecurical energy of concemn w us s thermoelectricity, dis-
covesed by Scebeck 1n 1821,

In giving the “new* battery systems a dusting off. it s
apparent that the challenge to the lead-acid battery comes,
not from a new chemisty, but from the application of mod-
e technology to old and well-known systems. Advaaces fa
science and engincering have made possible the fabrication
of battery systems charactesizcd by high energy -weight ra-
tios, long shelf 1ife, long cycle life. and resistance to ex-
taenvironmental conditions, They have also made avail-
able, tn many instances, Quantities of sore element and
compounds at acceptable costs, materials which formerly
wete considered price prohibitive. Some of the new mpectal-
1zed applications will be best sadsfied by the new barttery
systems.  Some of them can be satisfied most economically
and efficiently by lcad-acid batteries.

The electrochemical systems most prominently consides-
ed woday for storage battery use ate lead-acid, aickel-iron,
nickel-cadmium, sliver-zinc, siiver-cadmium, and fuel
cells. The latter §s ciectrochemically, a battery. Back in
1839, 1t was known as a gas battery, quite a fitting and ad-
equate description. The fuel cell has been well publicized
lstely. 1t has s great potential, but much research work re-
mains 10 be done,

In constdering the choice of a battery system to best ful-
fill requirements of an application, many factors other than
capacity must be weighed. Usually, ft 4s a compromise of
many characteristics, among which ate¢ weight, volume, s-
vailability, rechargeability, cycle life, stand life. cost, and
maintenance. 1o Table 1 are listed values for 100 amp-iw
size batteries at the 10-hr rate for some of these batiery sys~
tems. It is interesting o note that the Jead-acid cell has

Table 1 ~ Energy Densities of Common Battery Systerms - 100 Amp -Hr Size

Voluge fer Cell

Encrgy Density for 12-v Batzery

Battery Type _Open Circalt Av. Voluge No. of Cells whe/ib whe/ia3
Lead-Acid
Aviation 2.1 1.9 [ 131 1.9
Iroaclad 2.1 1.9 c 13.1 1.3%
Automotive .1 1.9  § 15.0 1.3
Nickel-Cadmium
Pocket 1.28-1.30 1.2 10 11.0 0.¢
Sintered 1.28-1.30 1.2 10 11.§ .88
Nickel-lron
Tude Type 1.8 1.2 19 0.6 0.9
Siiver-Zinc 1.86
On higher plateaw 1.8% s 85-100 3.0
1.58
On lower plateaw
Stlves -Cadmium 1.40
On higher plateaw 1.08 1n 80-T8 2.8
.12 ’
On lower platess
09-Hg Fuel Cell
tDry chemical )
fuel sotage) 0.7 16 R 120

*Based oa room temperatwre discharges at tive 10-te rate,
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one characteristic which sets It spart from those systems with
which It is compared; that 13, {ts high cell voltage. This
factot offsets the: higher density of the lead, and gives, in
fact, a betier energy-weight ratio than s found in the other
“wotk -type” batteries -~ nickel-cadmium and nickel-bron.
It {s also observed from Table 3 that the silver systems of -
fer very grest weight and volume advanuges. However, this
simple comparison i but the first approximation as to choice
of battery systems for & particular application. Extended
tables of the performaace and economic factors for each sy~
tem, under varlous conditfons of load and temperature,
would be necessary to permit logical selection of the opti-
mum system for 3 specific application. Nevertheless, it fs
apparent that where weight and size are critical factons, and
cycle iife or con ase of lesser importance, the dlver-zing

and silver~cadimum systems are o be preferred.

Orther factors which affect the cholce of & system are
shown in Table 2. These factors include ease of recharge,
itfe, and costs. Whea we comsider life and costs, we find
that the industrial-type lead-acid bantery {s better than the
other tystems oa the basts of cost per unit enesgy ouput oves
the life of the battery. Awmomotive-type lead-actd batter~
fes will have & lower {nit{sl cost than any of the systems, bat
because of i1 berter cycle life, the {ndustrial type is the
more economical,

You are all familar with the characteristic of the lead-
acld battery, and know quite well what ir will do, sadlike-
wite {ts shortcomings. Couasidering the lead-actd battery a3
& standard, what comparative features of the 10 -called aew
syitems bave given rlse to the renewed and intensified imer-

Table 2 - Comparison of Battery Systems 100 Amp-Hr Batteries - 12 ¢

Battery Type
Lesd-Acld Constaat potential recharge or
stepped cutrent techarge ia
$-10 he
Adtomotive
Indusuial
Nickel~
Cadmium Recharge at constant
poteadsl 7-8 e
Pocket
Sintered Vemted cells can be rechacged
in 2hr  Sealed cellscan be
techarged in 10 he.
Requite no wates
Nickel-
fron Charge at constant potential
in 87w
Tubular
Silves-
Zinc Recharge st constant potential
4-20 Ix
Stiver-
Cadmium Recharge at comtant potential

4201

Est. Est, Cont Cont
Ufe Initia]l Cox Year Cycie
300 cycles
ap 340, $13. 13¢
$-loyw
1600 cycles $10. (18 ¥
10-20 yr
2000 cycles $1850, 7% 1.8¢
10-20 yr
3000 cycles $300. $20. 19§
16-20 yr
2000 cycles $130. 3.8 6.5¢
13
200 cycles $300, 3800, 400
-3,
800 cycles $1000, 3400, 2004
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est in these batteries? The nickel-cadmium system (s, of
Table 3 - Estimated Bastery Sales course, no stranger, and has maintained & relatively strong .
in the United States « 1959 competitive position for many years. It has several attrace
3 tive features, among which are long cycle life. good charge
] Nickel-Cadmium acceptance, sealabifity, and the ability to withstand sbuse.
Lead-Actd Nickel-lron While these desirable characteristics aze offset 10 a great ex-
¥ tent by {ts cost and low energy-weight and volume ratius,
3625, 000, 000 $20, 000, 000 thelews, In certain applications its advantages are such
Including mare than Including a large number g4 10 make it the logical choice. No peactical system today
35, 000, 000 automo~ of hermetically sealed can match the enesgy-weight and volume tatios of the siiver
; ve batterics valued cells of the button type £lnc battery. It is also characterized by excellent high rate
at approximately capability and it {s susceptible o ready operation in the seal~
] $400, 000, 000 ed condition, High co and short cycle life, however, pre-
Siiver-Zinc Primary Cells clude fts widespread use, except in those very special ap-
- plications, chiefly military usage, wherein weight and vol-
$18. 600, 060 $150, 000, 000 ume are of overriding importance.  The silver-cadmium
Mosly for mititary Compxising about 1-1/2 ccll is, in general, simffar to the sflver-zinc. 1t is supe~
puposes hillton units rhot 1o the latter §o cycle life, but because of a lower cell
: Mostly of the Lec! anchd voltage, the enesgy-welght ratio Is len.
type a0d about The positions which the leading types of batieries have
80,L00,00¢ hearing-aid established in the market are shown in Table 3. Primary
4 batteties (HgO/2n) valued cells have Leen included in the table, {n order to indicate
: at $18,006,000 the extent of the packaged power ficld covered by this gen-
k eral type of cell, The dividing Hoe which differentiates be-
tween primary and secondary batteries s, indeed, 4 broad,
3 gray atea. Recent developments in ptimary batterice have
K gt cd sucierefulrochatgable cells, of secondary batteties, ‘
- 4 Likewise, certain typer of activated sllver-zinc batteries
j may be considered as primarics, while sealed secondary bat-
terles have been produced in the past few years which are
‘? Table 4 - 1959 Productioa Figures for maketed fn the primary battery fleld.
E Battery Metsls (in Shoet Tons) If we ate to consider any of the rival systems as possible
replacements for all, of even & significant pan, of the lead-
) Lead  Nickel Cadmium Silver Zinc acid production, because of any superior electrochemical
g - - - = peaformance, then let ws consider the avallability of mate-
USA Mine 253,300 11,600 4.300 600 417,000 Tk, Shown in Table & are the figures for the 1959 nationa!
Production and world production of metals uted in batteries. From these
figutes may be deduced some fateresting conclusfons. If f1
World 2,420,200 309,000 10,000 7900 3,071,000 4 gumed, for example, that but 30% of the lead used In
Production lead-acid batteries enters into the electrochemical reaction
USA Use  1,091,000112.700 7000 4900 933 goo 0 the cells ~- the remaindet being utilized for grids. posts,
connectors, and "lnactive® active materials - the amount
USA Use 380,700 300 100 120 25,000° of jead uscd annually In the Uniied States for the electro-
for Storage chemlcally active component of lead -acid hattcries would
Ratteries be 30% of 380, 700, or 114,000 tons, ‘saking 1 %o account
Percenage 349 0.4 1.4 2.8 2.7 the differencc in densities between lesd and ca¢mium, the
of Towal Fataday capacities, and the fact that ~admiurr 1s used only
USA Use 1a the negative plates, ft s determined that 51, 000 toas of
cadmiumn would be required annually L. catteries to replace
Avenage 0.322 - 0,74 140 1330 on$ the lead-actd type. This tequirement for b, tierics alone
Price (3 teprcscats about three thines the wo'ld's anntal production,
i per th.) ot more than seven wines the annual opet @ the United
States, Looking at it another way, it {s cal:ilated that §1b .
*Including dry cell battertes, of cadmium would be rcqulred as teplaceme for the 19 3b
of Jead In the average automoblle baticry, Jhis means &
-
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cost of about $8.50 for cadmium, compared to $2,30 for
lead, foc one of the basic materials alone. Similar cons{der~
ations apply to nickel and silver. Battery usage {s so wide-
spread today that any system, to be widely used, must util-
{ze only those materials which aze plentiful, This is par-
ticularly tue for automotive batteries which account foc 30%
of the lead used in batteries,

So far, we have considered the cholce of only electro-
chemical systems which are generally considered as storage
batteries, These §s also a cholce of other systems which, sl-
though not considered as storage batteries, are capable of
fulfilling many of the same requirements for portable pack-
aged power. These include nucleas batterles, thermoelec-
uic cells, alr or gas depolarized cells, small rechargesble
alkaline cells {n dry cell conflyuration, aad the gas battery
or fuel cell

Nuclear batteries offer a great potential but the develap-
ment of high-rate, high energy-density, inexpeasive bate
terfes must await the developmeat of new knowledge, For
the fotesceadle future, the auclcar battery will have appli-
catloa as & high-potentisl souwrce, but will be seriously Um-
fted in rate performance, watts pes pound, and cost. Thee-
moclecuic cells, used for the coaversioa of heat energy to
electrical eaergy, are merely & pew approach o an old
picblem, The technics *« this field is stilf developing
and currently the systems suffer qom low efficlencies, low
energy deasity, and high cose.

Remarkable progress has been made in the past 10 yesrs
n the development of a practical fuel cell. Most of the
scported wark [n fuel cells doae o date tnvolves the use of
hydrogen or mixtures of hydrogea and hydrocarbon as the
fuel, and oxygen as the oxidizer. While most of the futer-
est in fuel cells 13 focused oa their use as power-generating
sources, they also have same potential when utilizing caz-
bonaceous fuels as chemical reacton producing both power
and a useful byproduct. Likewise, the fuel cell electrode
system Is readily adaptable to use {a chemical peocessing,
Othes features of the fuel cell make It very atactive W cer
taln military applications, ranging from submarine propul-
sion to auxiliary powet units {n zpace satellites, and sileat
pawer sources for ground use,

In considering the impact of 2 practical fuel cell oa the
storage battery ficld, one must keep In mind the fact that
a fuel cell Is an el hemical battery whereln the “active
materials® are stored extemally to the cell, and aze capable
of being fed in coatinuourly. In other woeds, it §s a battery
capable of continuous discharge for extended periods of
time, Conider, therefote, that the fuel cell consists of two
majot components:

1. The ®active materials® or fuel and oxidant.

2. The assembly of catalytic electrodes, fuel and oxd~
dant handling systems, end product disposal system, elec-
trical connections, electrolyte, and container. The second
group of components we will term the “reactor, ®

Hence, tegardies of the watt-hout capacity of the unit,

thete {3 a definite fixed welight and volume attributable to
the reactor.  This, in tum, is directly related to rate and
voltage. The fuel cell fs, therefore, at a decided disadvan«
tage, weight and volume wise, when applied 1o utes whese-
in the demand for contlnuous power supply is of rclatively
short duration. A comparfson of the energy-densfifes versus
duation of continuous dscharge for sworage battedes, fuel
cells, and solar coaverters, is showa fa Fig. 1. From his
figure, It {s evident that the theoretical hydrogen-oxygen
fuel cell employing fuel storage in the solid state o reduce
weight will have a lower watt-hour per pound rating than
will a sealed silver~zinc bacttery, whea the duration of coa-
tinuous power demnand is less than 6 bours, Compared ta the
lead-acid battery, the cross-avet point is slightly in exces
of 1 hr. Fot the sotar converter in 100% light, the values
are 10 he and 1. § b, respectively.

These are many possible types of fuel cells, varying ia
complexity, as well as efficiencics. And just as {a the case
of batteries, no one type will best fulfill all applications.
The more complex types, i general, wi. be best suited 1o
fixed listatlations, while the simpler oaes * .l have mose
wse In portable units, At the present state-of-the-art, it is
extremely difficult to predict the economic factons. Yet, to
gain widespread wse, the fuel cell must be economically
competitive with other systems.  Becauwse of the great {n-
crease in efficiency possible o such a system, we are coa-~
fident that eveniually, it will be not only cost competitive,
B Wik avm” ' donifica~ mronomic advantages.

Thete has beea a great amount of publicity relative ©
the fuel cell--publicity which has arouscd widesoread inter-
est and exci and his resulied fa many very extrava-
gant claims, We think that, peshaps, the underlying reasoa
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for all this imay be atuibduted 1o the glamour attached to the
name “fuel cell. © Unfortunstely, but few of the claims can
be substantlated by factual data on actual pedformance. To
evaluate the possible challenge to the storage battery posed
by the fuel cell, one mustkeep in mind the two polnts which
we have mentioned--that a fuel cell {s just another battery,
which, fusa, iscapable of long sustained discharge periods;
and second, for short pertods of discharge s at & dectded
welght and voluine disadvantage compazed 1 the coaven-
tonal-type secondary batteries. Consequently, we belleve
that the fuel cell, in general, will create {ts own markets
a3 an extension of battery applicatiocs, zather than as &

teplacement.

We doa't mean 1o {mply that the fvel cell to which we
have refetred 1s Just around the corner. Such a cell s a few
years away, end & wemendous amount of work in tesearch

and development yet has w be doae belore such a ryitem s
developed tu the polnt where 1t may fulfiil the role we have
predicted. However, in view of today's technological cli«
mate and the confidence chasacteristic of science and ea-
gineering, the fact that sucn & cell Is theoretically feasible
constitutes sufficlent incentfve to ensure eventual success.

In 1859, Gaston Plante”wrote, "The secondary electro-
motive fotce obtained with lead plates in water, acfdulated
with sulfuric acid, was grester and penisted longer than that
of other combinatioas.® A hundred years of battery devel-
opment work, on which has been built a glant induszry, has
falled 1o upset that statement, We belfeve that for many
years o come, the lead-acid battery will continue to mata-
tain {ts positioa in the storage battery fleld as the pxeferted
auxfifary power source for automaiive use,




