How a Battery Works

What is a Battery?

A battery is a device for storing electrical energy in a chemical
form, and then releasing it as direct current in a controlled way.

All types of batteries contain a positive and a negative electrode
immersed in an electrolyte, the whole assembly being within
acontainer.

Most GS batteries are lead-acid batteries, which means that they
have positive and negative electrodes made of lead compounds
in a dilute sulphuric acid electrolyte.

Lead-acid batteries are secondary batteries, which means that
they can be recharged after they have been discharged.
Primary batteries can be discharged only once and then have
to be thrown away; examples are some types of torch and
radio batteries.

How a GS Battery Works

The positive electrode is made of lead dioxide and the negative
electrode is made of porous lead.

When an electrical load (for example lights or a starter-motor) is
connected across the battery, a current flows through the
electrolyte in the battery and through the external load. This
causes the battery to discharge, which results in the chemical
composition of both the electrodes changing to lead sulphate.

A battery can be charged by putting a current through the battery
from an outside source of electricity such as an alternator,
dynamo or charging unit. This converts the lead sulphate back

to the original materials of lead dioxide and porous lead.

As the battery becomes charged, the electricity begins to
decompose (hydrolyse) the water in the electrolyte into its
constituent elements of hydrogen and oxygen, which are released
as gas. This is why a battery gases when it is charged.

What is a Battery Made Of?
Grids

As the positive and negative electrodes are made of weak
materials, they need a mechanical support which is provided by
a grid made from a lead alloy; lead on its own would be too soft.

In addition to providing a support for the electrodes (the active
material), the grid also conducts electricity from the electrodes
to the outside load.

Electrodes

The electrodes are initially made from a mixture of lead oxide and
lead sulphate. This is converted into lead dioxide in the positive
plate and porous lead in the negative plate when the battery is
initially charged.

The negative electrode also contains small amounts of additives
to give the battery a good discharge performance at low
temperatures to improve starting.

The combination of grid and electrode is normally called a plate.

Electrolyte

The electrolyte is dilute sulphuric acid. This acts as a conductor to
transport electrical ions between the positive and negative plates
when the battery is being charged or discharged.

The acid also takes part in the discharge as the sulphate ions
react chemically at the electrodes to produce lead sulphate.

Separator

The separator is an insulator placed between the positive and
negative plates to prevent them shorting together.

The separator needs to be microporous with very small holes to
allow the ions to flow through the separator from one plate to
another. It also needs to be able to resist the high temperatures
and strongly acidic oxidising conditions that occur in a battery.

Most modern separators are made of microporous polyethylene,
which has the right properties to meet the demanding conditions
within the battery.

Container and Lid

These are normally made of polypropylene, which is a light but
strong plastic. Unlike some plastics, it does not become brittle
when it is cold, and so can resist knocks during handling. It is not
attacked by acid and it can also withstand the fluids (petrol, diesel,
brake-fluid, antifreeze) normally found on a vehicle.

What Makes a Battery Maintenance-Free?

30 years ago, batteries lost water at a high rate, and motorists
were advised to check the acid level as one of their weekly
checks; modern maintenance-free batteries need no water
addition throughout their life under normal operating conditions.
Incidentally, during the same period, battery life has doubled from
2 years to 4-5 years.

In the past, battery grids were made of an alloy of lead with 10 per
cent of antimony; the purpose of the antimony was to give rigidity
as pure lead would be too soft on its own. Unfortunately, some of
the antimony dissolved in the acid and resulted in the battery
losing water.

With improvements in battery technology, we have been able to
reduce the antimony content from 10 per cent to 1.5 per cent,
and this reduction has resulted in batteries that are low
maintenance, needing only yearly attention.

The latest improvement has been the use of 0.1 per cent of
calcium as a hardening agent in grids in place of antimony; this
causes less contamination of the acid and much reduced water
loss, making the battery maintenance-free so no water needs to
be added during its operational life.
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How a Battery Works continued

Service Problems

Overcharge

Modern car charging systems allow only a small current to flow
into the battery when it is fully charged. If there is a fault in the
alternator, a much higher current will pass through the battery all
the time that the car is running. This current will cause the battery
to lose water rapidly, destroying the maintenance free
characteristics of the battery, and will also reduce the life of the
battery by damaging the positive grids.

A dark brown/black colour on the bottoms of the vent-plugs is a
strong sign of overcharge.

If an alternator (non Start-Stop vehicle) has a voltage above

14.8 Volts at normal temperatures, this is a generally sign that the
charging system is faulty. The common diode fault in the rectifier
will see charging voltages of 16.0 Volts at the battery, the
alternator should be repaired immediately to prevent any further
damage to the battery.

Note with latest Start-Stop vehicles with Brake Energy
Regeneration, higher voltages (15.2 Volts) are used to maximise
charging efficiencies and reduce alternator charging periods.

Deep Cycling

Modern charging systems keep the battery in a high
state-of-charge while the car is running under most operating
conditions. However, the battery will discharge under abnormal
conditions or if the car is allowed to stand with a load on, for
example, lights. On modern cars when parked, there is normally a
constant drain on the battery caused by such components as the
computer, alarm system, clock etc, and this will cause the battery
to become discharged. Depending on the vehicle, this can take
weeks or months.

Patented Sealed Post

Heat Sealed Case
to Cover

protects against seepage
and corrosion — bonded unit
gives extra strength.

Polypropylene Cover
and Container

Special Separator
makes the battery spill-proof.
Valve regulated design
eliminates water loss and the
need to refill with acid.
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Vehicle batteries are designed to accept some cycles of discharge
and recharge, but are not designed for applications in which there
are constant cycles of charge and discharge (deep cycling).
Leisure Batteries have been designed for these types of
application, and have a special construction to enable them to be
deep cycled on a continuing basis.

Continual deep cycling of vehicle batteries will cause failure as the
positive active material will gradually fall to the bottom of the
battery, reducing the ability of the plates to store electricity.

Alarge number of small black/brown particles in the electrolyte are
a strong indication that the battery has been deep cycled.

Sulphation

Sulphation is a normal part of the operation of a battery and
occurs whenever a battery is discharged. When the battery is
recharged, the sulphation (lead sulphate) is changed back into
active material.

If a battery is left flat for a period of time, this sulphation slowly
changes its form into one that cannot be changed back into
active material on charging, so, after charge, the battery will not
return to give its original performance. If the sulphation is bad
enough, the car will not start. This is the problem normally referred
to as sulphation.

Undercharge

Undercharge occurs if the battery is not receiving enough charge
toreturn it to a full state-of-charge; this will slowly cause
sulphation. This fault can occur if the car is being used only
occasionally for short journeys, or for Start-Stop urban motoring.
Undercharge will also occur if the alternator voltage is in the region
of 13.6-13.8 Volts .

Safety Valve Flame/
Arrestor

Thru-Partition
Construction

provides shorter current
path with less resistance
than “over the partition”
construction —you get
more cranking power when
you need it!

Special Active Material

is compounded to
withstand vibration, prolong
battery life and
dependability.

Special Grid Design
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