Technology

Battery Basics

Aninside look at different battery types and guidance
on which ones are best for particular applications

By Brent Gloege

nce used largely to power
flashlights and toys, much
of our state-of-the-art elec-

tronics now hinges on small-battery
technology. In addition to old stand-
bys, the regular zinc-carbon cell and
heavy-duty zinc-chloride cell, there
are alkaline, lithium, mercury, nick-
el-cadmium, and lead batteries.

There are also ““button cells’’ used
to power watches, hearing aids, cal-
culators, and other tiny electronics.
These are available not only in many
of the above battery types, but also
in two additional types, silver-oxide
and zinc-air.

With all of these choices available,
which battery do you choose for
what application? Are rechargeables
always best? Do alkalines really save
you money over regular zinc-carbon
cells? Let’s take a look at the impor-
tant properties of batteries and see
which type of cell works best for each
application.

Battery Characteristics

The first distinction to be made be-
tween batteries is whether they are
rechargeable or can be used only
once—what is commonly referred to
as secondary vs. primary cells. Ex-
cept for nickel-cadmium and lead
batteries, all of the batteries we will
be discussing are primary batteries;
they cannot be recharged. (Some
batteries can be ‘‘refreshed,”’ a very
limited form of recharging, but re-
freshing is not practical unless done
under carefully controlled condi-
tions.) There are also some new re-

chargeables on the horizon, such as
rechargeable lithium cells, which are
not yet widely available on the con-
sumer market.

It takes about a dozen parameters
to characterize a battery. Let’s go
through each to see what they mean.
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The first parameter, listed in Table
I, is the battery’s voltage. Voltage is
determined by chemical reaction that
takes placein the cell. Common zinc-
carbon cells generate approximately
1.5 volts when new. Alkaline and
mercury cells are about the same.
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Nickel-cadmiums (NiCds) are slight-
ly lower, at 1.2 volts, and lead and
lithium are somewhat higher, at 2
volts (3 volts for the MnQ; lithium
watch batteries).

Voltage stated on a battery is the
‘‘nominal voltage.”” The actual volt-
age depends on two factors. First, a
battery is not a perfect voltage source
since it has internal resistance. Thus,
voltage varies with the amount of
current being drawn. Second, inter-
nal resistance of a battery increases
with age, causing voltage at the bat-
tery’s terminals to drop as the bat-
tery is discharged.

The *Discharge Curve’” graph
shows how voltage of each type of
battery varies through its life cycle.
For instance, while zinc-carbon cells
start out at a little over 1.5 volts, they
steadily drop in voltage as they are
being used. Nickel-cadmium bat-
teries, on the other hand, start out a
little lower, at about 1.2 volts, but
stay pretty much at that voltage until
they are almost completely dis-
charged. Manufacturers of battery-
operated equipment know that zinc-
carbon cells fall even lower than 1.2
volts toward the middle of their life,
and so usually design their equip-
ment to be able to operate at that
voltage. That is why NiCds can usu-
ally be used to directly replace zinc-
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carbon cells; their voltage starts out
low, but remains at that level during
most of their discharge cycle.

The third parameter given in Table
I is energy density. Technologically
speaking, this is the most important
parameter of a battery, though often
some other factor, such as maximum
current, shelf life, or cost, will be the
overriding consideration in selecting
a battery.

Batteries that have flat discharge
curves have fairly easily determined
energy densities because their volt-
age sharply falls at the ends of their
lives. Batteries with sloping dis-
charge curves have less special values
for their energy densities because
their voltage gradually falls off; the
lower a voltage your device can toler-
ate, the greater the amount of energy
you can get from the battery.

Energy density can be given in
both energy (in watt-hours) per
weight (in pounds) and per volume
(in cubic inches). When building
a battery-powered device from
scratch, a designer is sometimes
more concerned with how much vol-
ume the batteries will take up and
sometimes more concerned with how
much weight they will add. How-
ever, in cases where the container
size is predetermined, whether it’s a
D cell, C cell, AA cell or something
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else, it is usually not important how
much the cell weighs, just how much
energy we can get out of that specific
size battery.

Energy densities for batteries
range from about 12 watt-hrs per
pound and 1 watt-hr per cubic inch
for lead-acid cells, to over ten times
that amount, 150 watt-hrs per pound
and 15 watt-hrs per cubic inch, for
zinc-air cells. Energy densities some-
times vary within battery type. For
instance, alkaline battery designs
have been constantly improving,
with jumps as high as 30% or more
with each generation.

Since material in nickel-cadmium
batteries is so expensive, most manu-
facturers have been only partly fill-
ing their C- and D-type cells with
electrolyte to keep their relatively
high prices as low as possible. Even if
the NiCd’s don’t have as long a life
per charge as an alkaline cell, how-
ever, they can be recharged an al-
most unlimited number of times.

Now that the ground has been es-
tablished, manufacturers are start-
ing to introduce ‘‘hi-density’’ NiCd
batteries—ones filled with electro-
lyte. Some of these have as much as
four times the energy density as their
low-density cousins (although it is
still less than half that of the newest
alkaline cells).

Table 1I lists the physical proper-
ties of the various types of batteries.
The left-hand column shows the
common battery size name (AA, C,
D, etc.) along with actual volume in
parentheses. To the right is the
weight of each type of battery in their
various sizes (not all batteries are
available in all sizes). Where data is
not applicable, NA is noted. This in-
formation is useful when designing
equipment from scratch, where vol-
ume and/or weight of batteries may
be important.

Table III shows ampere-hour
(amp-hr) capacity of the various bat-
teries. The amp-hr capacity simply
tells you how many hours the battery
will supply a certain current. For in-
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stance, if a battery has a rating of one
amp-hr, it means you can draw one
amp out of it for one hour before it is
discharged; or %2 amp out for 2
hours; or 2 amps out for ¥z hour,
and so on. Theoretically, at least.

In reality, things are a little more

complicated. Like many other bat-
tery parameters, the amp-hour capa-
city of a battery also has some vari-
ables. For instance, the ampere-hour
capacity of a battery is higher at low-
er discharge rates. Thus, you can get
more power out of a battery by draw-

Lithium

Size Carbon Zinc Silver
Vol (in.*) Zinc Chloride  Alkaline MnQO, Solid Mercury Oxide
Button .02-.25 NA .02-.25 .02-.25 NA .02-.25 .02-.25
(0.01-0.12)

9V (1.3) 1.30 NA 1.80

AAA (0.2) 0.33 0.46* NA NA

AA (0.5) 0.71 0.6* NA 1.03

C(1.5) 180 1.7+ NA

D@3.2) 370 590

6V (30) 22.0 22.0 30.0 NA

12V (60-800) 50.0 NA NA NA

*Similar size for comparison only. Voltage too high (3V) for this size cell.
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ing a small amount of current from it
for along time than you can by draw-
ing a large amount of current for a
short time. However, if you let the
battery ‘‘rest,”’ you can usually draw

(continued on page 22)
Rechargeable
Zinc NiCd Gel Lead
Arr reg/Hi Lead Acid
.02-.06 NA NA NA
1.25
0.36
75/71.0
NA 1.8/2.5
2.3/5.3
NA 26.0 6-60 lbs
NA 10-40 1bs 15-50 1bs
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bon cells to about twenty years for
solid lithium cells. Nickel-cadmium
batteries have the unusual charac-
teristic that their shelf life will al-
most always run out before their
number of charge/discharge cycles
have been exceeded.

In Table VII, we will look at a
few properties which are meaningful
only for the rechargeable batteries—
nickel-cadmium, deep-cycle lead-acid,
and gelled-electrolyte lead batteries.

Rechargeable batteries vary in the
amount of time they require for re-
charging. This actually depends
more on the particular model of bat-
tery than the type. For instance,
there are NiCds that recharge in 16
hours, 3 hours, and 1 hour. The first
entry in Table VII shows the various
charge times for the three different
types of rechargeable batteries.

Most of the batteries sold separ-
ately for consumer use take about 16
hours to fully recharge. Batteries
that are sold as part of a tool vary
from a very slow 30 hour charge to a
very quick 1 hour charge.

Temperature (°F}

The rechargeables also vary in the
number of recharge cycles they have.
This is shown in the second entry in
Table VII.

In the case of NiCd batteries, they
have virtually an unlimited number
of cycles during their lifetime be-
cause the battery’s maximum life is
usually exceeded long before the
number of recharge cycles is reached.

Lead batteries are more complex.
The deeper they are discharged, the
fewer number of recharge cycles they
will have. If discharged almost com-
pletely, lead battries can have as few
as 200 cycles. But if discharged only
25% each time, they can give as
many as 2000 cycles.

Rechargeable batteries have a few
other characteristics to consider, as
shown in the last three entries in
Table VII.

Rechargeables are sometimes fus-
sy about how they are charged or dis-
charged. Most nickel-cadmium cells
do not perform as well if they are on-
ly partially discharged before re-
charging. They are not damaged, but
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Rechargeable

Zinc NiCd Gel Lead
Air reg/Hn Lead Acid
NA
90
12
024
0.12
0.12 0.01
NA 0.02-0.03 0.01
NA 0.01 0.01

*Data not available

they do ‘‘remember’’ how much they
were used before recharging, and
tend to act as if that is all the capacity
that they now have. This can be
cured by cycling them completely a
few times. (The best way to use NiCd
batteries is as follows: If your batter-
ies are not yet completely dis-
charged, but you need to have a fully
charged set for the next time you will
use them, leave the device turned on
until the batteries are discharged,
and then recharge them. You are not
wasting a recharge cycle as NiCds
have more recharge cycles than can
be used in their lifetime.)

Lead cells have no memory, and so
do not care if they are only partially
discharged. In fact, they will give a
greater number of recharge cycles if
only partially discharged. But they,
too, are fussy about how they are re-
charged. If not recharged immedi-
ately after use, they will have a short-
er than expected life span.

The last peculiarity of recharge-
able batteries is their possible suscep-
tibility to damage by reverse polar-
ity—a condition which can occur
when a set of batteries is accidentally
left on until completely discharged.
The vulnerability to this depends on
the particular model of battery. In
general, NiCd’s and lead-acid batter-
ies are more vulnerable than gel-
lead batteries.
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