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PREFIX,

Many books have been written on Storage Batteries used in
stationary work, as in electric power stations. These books
cover the subject thoroughly. The storage battery, as used on the
modern gasoline car, however, is subjected to service which is
radically different from that of the battery in stationary work.
It is true that the chemical actions are the same in all lead-acid
storage batteries, but the design, construction, and operation of
the starting and lighting battery aré unique, and require a special
description.

This book therefore refers only to the lead-acid type of starting
and lighting battery used on the modern gasoline automobile. It
1s divided into two sections. The first section covers the, thg'ory,
design, operating conditions, and care of the battery. The Wil-
lard Battery Company, the Electric Storage Battery Company,
and the U. S. Light and Heat Corporation kindly contributed
most of the illustrations for this section.

The second section deals with the actual work of repairing and
rebuilding the storage battery. Much of the material for the
text in this section was furnished by Mr. H. E. Peers of Topeka,
Kansas, who also supplied-most of the photographs from which
the illustrations were made for this section. Mr. Peers is a
practical battery man, and has been engaged in actually repair-
ing and rebuilding batteries for many years.

The second section will be especiaily valuable to the battery
repairman. All the instructions given have been in -actual use
for years, and represent the accumulated experiences of one of
the most up-to-date battery repair shops in the United States.

Information concerning any of the tools and appliances may be
obtained from the American Burcau of Engineering.

0. A. WITTE,
Chief Engineer, American Bureau of Engineering.
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The Automobile Storage
Battery

CHAPTER 1.
INTRODUCTORY.

Gasoline and electricity have made possible the modern auto-
mobile. KEach has its work to do in the operation of the car,
and if either fails to perform its duties, the car cannot move.
The action of the gasoline, and the mechanisms that control it
are comparatively simple, and easily understood, because gasoline
is something definite which we can see and feel, and which can
be weighed, or measured in gallons. Electricity, on the other
hand, is invisible, cannot be poured into cans or tanks, has no
odor, and, therefore, nobody knows just what it is. We can
only study the effects of electrlclty, and the wires, coils, and
similar apparatus in which it is present. It is for th1s reason
that an air of mystery surrounds electrical things, especially to
the man who has not made a special study of the subject.

Without electricity, there would be no gasoline engine, be-
cause gasoline itself cannot cause the engine to operate. It is
only when the electrical spark explodes or ‘‘ignites’’ the mix-
ture of gasoline and air which has been drawn into the engine
cylinders that the engine develops power. Thus an elec-
trical ignition system has always been an essential part of every
gasoline automobile.

The next step in the use of electricity on the automobile con-
sisted in the substitution of an electric lighting system for the .
inconvenient oil or gas lamps which were satisfactory as far
as the light they gave was concerned, but which had the dis-
advantage of requiring the driver to leave his seat, and bring

1



2 TH'EE MITOMQBILE ESTORAGE BATTERY

each lamp .mtq- l;fe sepa,ratelv, often in a strong wind or rain ‘

which cohslinied” many - matches, time, and frequently spoiled
his temper for the remainder of the evening. Electric lamps

have none of these disadvantages. They can be controlled from |

the driver’s seat, can be turned on or off by merely turning or
pushing a switch-button, are not affected by wind or rain, do not
smoke up the lenses, and do not send a stream of unpleasant
odors back to the passengers.

The apparatus used to supply the electricity for the lamps con-
sisted of a generator, or a ‘‘storage’’ battery, or both. The gen-
erator alone had the disadvantage that the lamps could be used
only while the engine was running. The battery, on the other
hand, furnished light at all times, but had to be removed from
the car frequently, and ‘‘charged.”” With both the generator
and battery, the -lights could be turned on whether the engine
was running or not, and, furthermore, it was no longer necessary
to remove the battery to ‘‘charge,’’ or put new life into it. With
a generator and storage battery, moreover, a reliable source of
electricity for ignition was provided, and so we find dry batteries
and magnetos being discarded in a great many automobiles and
‘““battery ignition’’ systems substituted.

The development of electric lighting systems increased the pop-
ularity of the automobile, but the mbtor car stil] had a great
drawback——cra,nkmg Owing to the peculiar features of a gaso-
line engine, it must first be put in motion by some external power
before it will begin to operate under its own power. This made
it necessary for the driver to ‘‘crank’’ the engine, or. start it
moving, by means of a handle attached to the engine shaft.
" Cranking a large engine is difficult, especially if it is cold, and
often results in tired muscles, and soiled clothes and tempers.
It also made it impossible for the average woman to drive a car
because she did not have the strength necessary to ‘‘crank’’
an engine.

The next step in the perfection of the automobile was naturally
the development of an automatic device to crank the engine,
and thus make the driving of a car a pleasure rather than a task.
We find, therefore, that in 1912, ‘‘self-starters’’ began to be
used. These were not all electrical, some used tanks of com-

|







4 THE AUTOMOBILE STORAGE BATTERY

A generator is made of iron, copper, carbon, and insulation.
These are all solid substances which can easily be built in any
size or shape, and which undergo very little change as parts of
the generator. The battery is made mainly of lead, lead com-
pounds, water and sulphuric acid. Here we have liquids as well
as solids, which produce electricity by changes in their com-
position, resulting in complicated chemical as well as electrical
actions.

The battery is, because of its econstruction and performance, a
much abused, neglected piece of apparatus which is but partly
understood, even by many electrical experts, for to understand
it thoroughly requires a study of chemistry as well as of eleec-
tricity. Knowledge of the construction and action of a storage
battery is not enough to make anyone an expert battery man.
He must also know how to regulate the operating conditions
so as to obtain the best service from the battery, and he must
be able to make complete repairs on any battery no matter what
its condition may be.

In the following chapters we shall treat in detail the subjects
of electrical and chemical reactions, construction, operation,
maintenance, and repair, with the object of making the reader
familiar with all phases of battery work, and to lift the veil of
mystery from the ‘‘giant who lives in a box.”’




CHAPTER 2.
BATTERIES IN GENERAL.

There are three ways of ‘‘generating’’ electricity; 1. Magnet-
ically, 2. Chemically, 3. Thermally. The first method is that used
in a generator, in which wires are rotated in a ‘‘field’’ in which
magnetic forces act. The second method is that of the battery,
and the one in which we are now interested. The third method
consists of heating a joint of two different metals and is of no
practical importance.

If two unlike metals or conducting substances are placed in
a liquid which acts chemically upon one of the substances more
than upon the other, an electrical pressure, or ‘‘electromotive’’
force is caused to exist between the two metals or conducting
substances. The greater the difference in the chemical activity
on the substances, the greater will be the electrical pressure,
and if the substances are connected together outside of the liquid
by a wire or other conductor of electricity, an electric current
will flow through the path or ‘‘circuit’’ consisting of the liquid,
the two substances which are immersed in the liquid, and the
external wire or conductor. |

As the current flows through the combination of the liquid,
and the substances immersed in it, which is called a voltaic ‘‘cell,’’
one or both of the substances undergo chemical changes which con-
tinue until one of the substances is entirely changed. These
chemical changes produce the electrical pressure which causes
the current to flow, and the flow will continue until one or both
of the substances are changed entirely. This change due to the
chemical action may result in the formation of gases, or of
solid compounds. If gases are formed they escape and are lost.
If solids are formed, no material is actually lost.

Assuming that one of the conducting substances, or ‘‘elec-
trodes,”” which are immersed in the liquid has been acted upon

5



6 THE AUTOMOBILE STORAGE BATTERY

by the liquid, or ‘‘electrolyte,”’ until no further chemical action
can take place, our voltaic cell will no longer be capable of
causing a flow of electricity. If none of the substances result-
ing from the original chemical action have been lost as gases, it
may be possible to reverse the entire set of operations which
have taken place. That is, suppose we now send a current
through the cell from an outside source of electricity, in a. direc-
tion which is opposite to that in which the currert, which was
produced by the chemical action between the electrodes and
electrolyte, flowed.’ If this current now produces chemical ac-
tions between electrodes and electrolyte which are the reverse
of those which occurred originally, so that finally we have the
electrodes and electrolyte brought back to their original compo-
sition and condition, we have the cell just as it was before we
used it for the production of an electrical pressuree The cell
can now again be used as a source of electricity as long as
the electrolyte acts iipon the electrodes, or until it is ‘‘dis-
charged’’ and incapable of any further production of electrical
pressure. Sending a current through a discharged cell, so
as to reverse the chemical actions which brought about the dis-
charged condition, is called ‘‘charging’’ the cell.

Cells in which an electrical pressure is produced as soon as-the
electrodes are immersed in the electrolyte are called ‘‘primary’”’
cells. In these cells it is often impossible, and always unsatis-
factory to reverse the chemical action as explained above. Cells
whose chemical actions are reversible are called ‘‘storage’’ or
‘‘secondary’’ cells. In the ‘‘storage’’ cells used today, a current
must first be sent through the cell in order to cause the chem-
ical changes which result in putting the electrodes and elec-
trolyte, in such a condition that they will be capable of pro-
ducing an electrical pressure when the chemical changes caused
by the current are complete. The cell now possesses all tha
characteristics of a primary cell, and may be used as a.source
of electricity until ‘‘discharged.”’ It may then be ‘‘charged’’
again, and so on, the chemical action in one case causing a flow
of current, and a reversed flow of current causing reversed chem-
ical actions. .

We see from the above that the ‘‘storage’’ battery does not










BATTERIES IN GENERAL 9

The starting and lighting battery has therefore been designed
to withstand severe operating conditions. Looking at such a bat-
tery on a car we see a small wooden box in which are placed three
or more ‘‘cells,’’ see Fig. 1. Each ‘‘cell’’ has a hard, black rubber
top through which two posts of lead project. Bars of lead connect
the posts of one cell to those of the next. To one of the posts of each
end cell is connected a cable which leads into the ear, and through
which the current leaves or enters the battery. At the center of
each cell is a removable rubber plug covering an opening through
which communication is established with the inside of the cell
for the purpose of pouring in water, removing some of the elec-
trolyte to determine the condition of the battery, or to allow gases
formed within the cell to escape. Looking down through this
opening we can see the things needed to form a storage battery:
the electrolyte, and the electrodes or ‘‘plates’’ as they are called.
Tf we should remove the lead bars connecting one cell to another,
and take off the black cover, we shall find that the posts which
project out of the cells are attached to the plates which are
broad and flat, and separated by thin pieces of wood or rubber. If
we lift the plates out of the jar we find that they are connected
alternately to the two lead posts, and that the two outside ones
have a gray color. If we pull the plates out from each other, we
find that the plates next to the two outside ones, and all other
plates connected to the same lead post as these have a chocolate-
_ ‘brown color. If we remove the jar of the cell, we find that it is
made of hard rubber. Pouring out the electrolyte we find several
ridges which hold the plates off the bottom of the jar. The pock-
ets formed by these ridges may contain some soft, muddy sub-
stance. Thus we have exposed all the elements of a cell,—posts,
plates, ‘‘separators,’”’ and electrolyte. The gray colored plates
are attached to the ‘‘negative’’ battery post, while the chocolate-
brown colored ones are connected to the ‘‘positive’’ battery post.
Examination will show that each of the plates consists of a skele-
ton metallic framework which is filled with the brown or gray sub-
stances. This construction is used to decrease the weight of the
battery. The gray filler material is pure lead in a condition called
‘““spongy lead.”” The chocolate-brown filler substance is peroxide
of lead. N | |



10 THE AUTOMOBILE STORAGE BATTERY

We have found nothing but two sets of plates,—one of pure
lead, the other of peroxide of lead, and the electrolyte of sulphuric
acid and water. These produce the heavy current necessary to
crank the engine. How this is done,_and what the ‘chemical ac-
tions within the cell are, are described in the next chapter.




CHAPTER 3.

CHEMICAL ACTIONS WHICH PRODUCE ELECTRICITY.

Before explaining what happens within one storage cell, let
us look into the early history of the storage battery, and see what
a modest beginning the modern heavy duty battery had. Between
1850 and 1860 a man named Plante began his work on the storage
battery.” His original cell consisted of two plates of metallic lead
immersed in dilute sulphuric acid. The acid formed a thin layer
of lead sulphate on each plate which soon stopped further action
on the lead. If a current was passed through the cell, the lead
sulphate on the ‘‘anode’’ or lead plate at which the current
entered the cell was changed into peroxide of lead, while the sul-
phate on the other lead plate or ‘‘ cathode’’ was changed into pure
lead in a spongy form. This cell .was allowed to stand for a
couple of days and was then ‘‘discharged,’’ lead sulphate being
again formed on each plate. Each time this cell was charged, more
‘““‘spongy’’ lead and peroxide of lead were formed. These are
called the ‘‘active’’ materials, because it is by the chemical action
between them and the sulphuric acid that the electricity is pro-
duced. Evidently, the more active materials the plates contained,
the longer the chemical action between the acid and active ma-
terials could take place, and hence the greater the ‘‘capacity,’’
or amount of electricity furnished by the cell. The process of
charging and discharging the battery so as to increase the amount
of active material, is called ‘‘forming’’ the plates.

Plante’s method of forming plates was very slow, tedious, and
expensive. If the spongy lead, and peroxide of lead could be
made quickly from materials which could be spread over the
plates, much time and expense could be saved. It was Faure who
first suggested such a plan, and gave us the ‘‘pasted’’ plate of
to-day, which consists of a skeleton framework of lead, with the
sponge lead and peroxide of lead filling the spaces between the

11



12 THE AUTOMOBILE STORAGE BATTERY

““ribs’’ of the framework. Such plates are known as ‘‘pasted’
plates, and are much lighter and satisfactory than the heavy solid
lead plates of Plante’s. Chapter 13 will describe more fully the
processes of manufacturing and pasting the plates.

We know now what constitutes a storage battery, and what the
parts are that ‘‘generate’’ the electricity. low is the electricity
produced? If we take a battery which has been entirely
discharged, so that it is no longer able to cause a flow of current,
and examine and test the electrolyte and the materials on the
plates, we shall find that the electrolyte is pure water, and both
sets of plates composed of white lead sulphate. On the other
hand, if we make a similar test and examination of the plates and {
electrolyte of a battery through which a current has been sent
from some outside source, such as a generator, until the current
can no longer cause chemical reactions between the plates and
electroljrte, we will find that the electrolyte is now composed of
water and sulphuric acid, the acid comprising about 30%, and
the water 70% of the electrolyte. The negative set of plates will
be composed of pure lead in a spongy form, while the positive will
consist of peroxide of lead.

It is evident that the chemical changes which have taken place
in totally discharging the battery consisted in taking all the acid
out of the electrolyte, changing the material of the positive plates
from lead peroxide to lead sulphate, and changing the material of
the negative plates from pure spongy lead to lead sulphate. Both
plates are now composed of the same material, and they are im-
mersed in pure water, which has no chemical action upon either
plate. Such a combination cannot produce electricity, as ex-
plained previously. |

The foregoing deseription gives the final products of the chem-
ical changes that take place in the storage battery. To under-
stand the changes themselves requires a more detailed investiga-
tion. The substances to be considered in the chemical actions
are sulphuric acid, water, pure lead, lead sulphate, and lead
peroxide. With the exception of the pure lead, each of these sub-
stances is a chemical compound, or composed of several elements.
Thus sulphurie acid is made up of two parts of hydrogen, which
is a gas; one part of sulphur, a solid, and four parts of oxygen,
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which is also a gas; these combine to form the acid, which is a
liquid, and which is for convenience written as H,SO,, H, rep-
resenting two parts of hydrogen, S one part of sulphur, and O,
four parts of oxygen. Similarly, water a liquid, is made up of
two parts of hydrogen and one part of oxygen, represented by
the symbol H,0. Lead is not a compound, but an element whose
chemical symbol is Pb, taken from the Latin name for lead. Lead
sulphate is a solid, and consists of one part of lead, a solid sub-
stance, one part of sulphur, another solid substance, and four
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parts of oxygen, a gas. It is represented chemically by Pb SO,.
Lead peroxide is also a solid, and is made up of one part of lead,
and two parts of oxygen. In the chemical changes that take place,
the compounds just described are to a certain extent split up into
the substances of which they are composed. We thus have lead
(Pb), hydrogen (H), oxygen (O), and sulphur (S), four ele-
mentary substances, two of which are solids, and two gases. The
sulphur does not separate itself entirely from the substances with
which it forms combination of H,SO, and Pb SO,. These com-
pounds are split into H, and SO, and Pb and SO, respectively.
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That is, the sulphur always remains combined with four parts of
oxygen. |

Let us now consider a single storage cell made up of electrolyte,
one positive plate, and one negative plate. When this cell is fully
charged, or in a condition to produce a current of electricity, the
positive plate is made up of peroxide of lead (PbO,), the negative
plate of pure lead (Pb), and the electrolyte of sulphuric acid
(H,SO,). This is shown diagrammatically in figure 4. The chem-
ical changes that take place when the cell is discharging and the
final result of the changes are as follows:

(a). At the positive plate: Lead peroxide (PbO,) and sulphuric
acid (H,SO,) and two parts of hydrogen (H,) produce two parts
of water (2H,0) and one part of lead sulphate (Pb SO,). This
may also be represented in this way: PbO,+H,SO,4+H, =
PbSO,+2H,0.

(b). At the negative plate: Lead (Pb) and Sulphate (SO,)
produce lead sulphate PbSO,. This may again be represented by

| Pb}-S0O, = PbSO,.

From (a) and (b), above, we see
that at the positive plate the chemiecal
changes during discharge produce
water and lead sulphate, whereas only
lead sulphate is produced at the nega-
tive plate, showing that the positive
plate is acted upon to a greater extent
by the acid than the negative plate is.
—|| The storage cell therefore fulfills the
| condition necessary to have a current
—~ || produced, namely, that we must have
@_ — 17— || two unlike substances immersed in a

= - @E—~ liquid, the chemical action of which
— y is greater upon one substance than
upon the other.
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Chemical Action in a Sto rage Cell During

Dischaige The chemical changes described in
Fig. 5 (a) and (b) are not instantaneous.

That is, the lead, lead peroxide, and
sulphuric acid of the fully charged cell are not changed into lead
sulphate and water as soon as a current begins to pass through the

|
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cell. This action is a gradual one, small portions of these substances
being changed at a time. The greater the current that flows through
the cell, the faster will the changes occur. The changes will continue
to take place as long as any lead, lead peroxide, and sulphuriec acid
remain. The faster these are changed into lead sulphate and water,
the shorter will be the time that the storage cell can furnish a cur-
rent, or the sooner it will be discharged. When the cell is completely
discharged, we will have the conditions shown in the lower part of
the cell of figure 5.

Taking the cell in its discharged condition, let us now connect
the cell to a dynamo and send current through the cell from the
positive to the negative plates. This is called ‘‘charging’’ the cell.
The lead sulphate and water will now gradually be changed back
into lead, lead peroxide, and sulphuric acid. The lead sulphate
which is on the negative plate is changed to pure lead; the lead
sulphate on the positive plate is changed to lead peroxide, and sul-"
phuric acid will be added to the water. The changes at the positive
plate may be represented as follows:

Lead sulphate (PbSO,) and water (2H,0) and sulphate (SO,)
produce sulphurie acid (2H,80,) and lead peroxide (PbO,), or

PbSO, 4 2H,0 4+ SO, = 2H,SO, 4+ PbO,
Pb 4+ SO, +:2H, 4 20 4+ SO, = 2H,S0, + PbO,
(Pb 4+ 20) 4 (2H, 4+ SO, + SO,) = 2H,SO, 4+ PbO,

The changes at the negative plate may be expressed as follows:

Lead sulphate (PbSO,) and hydrogen (H,) produce sulphuric
acid (H,SO,) and lead (Pb), or

PbSO, + H, — H,80, + Pb
Pb + SO, + H, — 1,80, + Pb
Pb 4 (SO,4-H,) — H,S0, -+ Pb

These changes produced by sending a eurrent through the cell
are also gradual, and will take place faster as the current is made
greater. When all the lead sulphate has been used up by the
chemical changes caused by the current, no further charging can
~ take place. If we continue to send a current through the cell
after it is fully charged, the water will continue to be split up into
 hydrogen and oxygen. Since, however, there is no more lead
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sulphate left with which the hydrogen and oxygen can combine
to form lead, lead peroxide, and sulphurie acid, the hydrogen and
oxygen rise to the surface of the electrolyte and escape from the
cell. This is known as ‘‘gassing,’’ and is an indication that the
cell is fully charged.
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“When we think of an electric current flowing through a wire,
we take it for granted that at any point in the wire the cur-
rent is flowing in one direction only, just like water flowing
through a pipe. 'When, however, a current flows through a

liquid, like the battery electrolyte, it is supposed to be |

flowing both from the positive to the negative, and from
the negative to the positive. These currents are carried
by the sulphuric acid. As long as this acid is not mixed with
water, it cannot carry any current. -When the acid is poured

into the water, it is partly divided into hydrogen (H,) and
sulphate (SO,). This happens as soon as the acid and water are
mixed. The hydrogen has a certain amount of positive elec-

tricity attached to it, and the sulphate a certain amount of neg-
ative electricity. Where did the electricity come from? It
was$ in the acid in the first place, but as long as the acid was not
separated into hydrogen and sulphate, the positive electricity
of the hydrogen neutralized that of the sulphate. The particles
which have the electricity attached to them are called ‘‘ions.”
They are extremely simall, and the electricity they carry is spoken
of as a positive or a negative ‘‘charge’’ of electricity, or simply
‘“charge.”” We then have a quantity of hydrogen ions which

are carrying positive electricity or have a positive ‘‘charge.”

Similarly the sulphate ions carry a certain amount of negative
electricity, or have a negative ‘‘charge.”” The ions are entirely
unlike the substances as we see them and have different char-
acteristies.

Leaving the acid with its ‘‘charges’’ of electricity, let us con-
sider the electrodes or plates. Like the acid, the lead and lead
peroxide contain certain amounts of electricity, both positive
and negative. When the electrodes are immersed in the eleec-

trolyte these amounts of positive and negative charges are made °

available. _

At the negative plate, which is composed of pure lead, some of
the lead separates from the plate, and mixes with the acid in
the form of ‘‘ions,”’ each ion carrying a small amount, or charge
of electricity. The lead ion leaves a similar and equal amount
negative electricity on the lead plate. Only a very few of these
lead ions are formed as long as no current passes through the

-
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battery. This is due to the fact that the positive charge on the
lead ion and the negative charge on the lead plate have a strong
attraction for each other. After a few ions have been formed,
the attraction is so strong that no more are formed. Similarly,
for the positive plate, small particles of the lead peroxide enter
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the electrolyte, and take with them certain quantities of nega-
tive electricity, or negative charges, leaving the plate with an
equal positive charge. As long as the circuit outside the batter~
is open, no current can flow, because the negative and positive
quantities of electricity, or ‘‘charges’’ on the plates are kept
there by the opposite charges on the ions that have entered the
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and negative ions are equal, and as they attract each other
strongly, they cannot move away from each other, and hence no
current can flow.

If we now connect the positive and negative plates together
through a starting motor, as shown in figure 8, conditions will
be changed. The positive charges on the positive plate will move
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along the wire and through the motor to the negative plate.
There they will meet the negative charges. In order that the
positive and negative charges on the plates may send a current
through the starting motor, the lead ions and the lead peroxide
ions must be removed from the surfaces of the plates. Otherwise
the attraction of the lead and lead peroxide ions for the charges
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on the plate will hold the latter on the plate. Now, each ion has
a tendency to move through the acid. As soon as some of the
negative charges start to leave the lead plate to go through the
motor, the lead ions start to move toward the lead peroxide plate.
They have hardly started to move, however, before they meet sul-
phate ions from the acid. The sulphate ions and the lead ions
combine and form lead sulphate. Similarly, the lead peroxide
ions begin to leave the positive plate. They are then split up into
lead ions (Pb**) and oxygen ions (20°). This leaves hydrogen
ions from the acid, and oxygen ions from the lead peroxide un-
accounted for. The two have opposite charges, and hence attract
each other, uniting to form water. This gives us lead sulphate
and water as the final products of discharging a battery, which
agrees with, the equation on page 14.

The lead of a negative plate, and the lead peroxide of the
positive plate are called ‘‘active’’ materials. They are not the
only substances which can be used for storage batteries. Many
combinations for electrolyte and plates have been tried, but the
lead, lead peroxide, and sulphuric acid combination has worked
out to be the best combination for practical use. They do not
create electricity, as was explained above, but the chemical
changes that take place in the battery readjust the small quanti-
ties of electricity or ‘‘charges’’ which are carried by the ‘‘ions’’
so that we are able to force the charges to move through the
starting motor, lamps, or other apparatus. The water in the bat-
tery causes the ‘‘ions’’ to form as separate particles carrying
‘“charges.”” Without water we could not have a battery, as the
electricity bound up in the active materials would never be avail-
able, because the negative and positive charges neutralize each
other ordinarily, and must be separated from each other long
enough to be forced to run the starting motor, light the lamps, and
furnish current for the ignition. Once the charges are separated,
they have a tendency to unite with those of opposite sign. The
water prevents a complete reunion of the ions carrying the
charges, but the tendency they have to unite gives the voltage, or
electromotive force of the battery. When a current is made to
flow through the motor, charges are uniting, and a current will
continue to flow as long as there are charges available. As soon
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as charges unite through the motor, more are formed in the elec-
trolyte from the lead, lead peroxide, and sulphuric acid. When
these materials have all been used so that we have only lead sul-
phate and water in the battery, no more charges are available,
and the battery can no longer produce a current.

In practice, a battery is never discharged until all the lead,
lead peroxide, and sulphuric acid are changed into lead sulphate
and water. As lead sulphate is formed, it fills up the pores in
the plates, and covers the remaining lead and lead peroxide so
that they are practically sealed in and made useless. The removal
of the sulphate becomes increasingly difficult as more is formed,
and, therefore, a battery should not be discharged entirely. This
subject will be treated more completely later.

» —> < «
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The battery is now completely discharged. We now send a
continuous current through it so that the current enters through
the positive terminal, and leaves through the negative terminal,
. Fig. 10. This direction of flow is just the reverse of the current
produced by the battery in discharging. The current we are send-
ing through the battery gradually puts it in a condition in which
it can again furnish a current. We saw how the battery produces
a current when it is fully charged, that is, when we had a plate
of pure lead, a plate of lead peroxide and an electrolyte of acid
and water. Now we are starting with two plates of lead sul-
phate immersed in water. How does a current charge the bat-
tery? '

When a battery is completely discharged, we have lead sul-
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phate at each plate,.and water. The water has the power to
split the lead sulphate into lead (Pb), and sulphate (SO,). The
water itself is separated, to a slight extent, into hydrogen (H,),
and oxygen (O). These parts into which the lead sulphate and
water separate each carry a ‘‘charge’’ of electricity, some posi-
tive, and some negative. The lead and hydrogen are positive, and
the sulphate and oxygen negative. We thus have lead ‘‘ions’’
(Pb**), sulphate ions (SO, -), hydrogen ions (H,*), and oxygen
ions (O7).. As long as the battery is not being charged, the
and — charges attract each other, and no chemical changes occur.
When the battery is connected to a generator for charging, the
generator produces positive charges on the positive plate, and
negative charges on the negative plate. The positive charges
on the positive plate will attract all the negatively charged ions,
while the negative charges on negative plate will attract all
the positively charged ions. As a result, the lead and hydrogen
ions start to move toward the negative plate, and the sulphate
and oxygen ions toward the positive plate. The Pb** which be-
gins to move from the positive to the negative plate meets imme-
diately with the 20 and PbO, is formed. This seems to then
become PbQO, -. The positive charges on the positive plates
attract the PbO, -, and the latter is deposited on the plate as
ordinary lead peroxide. The Pb** at the negative plate, is at-
tracted by the negative charges on the negative plate, and since
the Pb** is on the negative plate it is immediately deposited
as metallic lead, since the negative and positive charges neutralize
one another and take the charge away from the lead. This
gives us the changes which occur at the plates so as to give us
the lead and lead peroxide of a charged battery. We still need
sulphuric acid however. At the positive plate, the sulphate ion
meets the hydrogen ion, which is free to travel toward the nega-
tive plate, and sulphuric acid is formed. At the negative plate,
the sulphate ion starts to move toward the positive plate, but
meets the hydrogen ion which is moving toward the negative
plate, and sulphuric acid is formed, although half of the acid is
always separated into hydrogen and sulphate. This accounts
for all the materials.
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We have thus taken the battery through a charge and dis-
charge, both chemically, and electrically. The actions described
for discharge take place faster when a heavy current is drawn
from the battery. The speed of the charge actions depends
upon the voltage of the generator, the motions of the ions being
increased in speed as the voltage is increased. As far as current
flow in and out of the battery is concerned, this depends upon
the positive and negative charges on the positive and negative
plates. When the battery is discharging, these charges will pass
into the external circuit with increasing speed as the resistance
of the circuit decreases. When the battery is being charged, the
charges on the plate attract the charges on the ions, and when
the charges reach the plates, the opposite charges on ion and
plate neutralize one another. The result of the ions travelling in
opposite directions in the electrolyte is to produce a current
which seems to flow in only one direction in the external circuit.
The ions of the lead, lead peroxide, and lead sulphate all tend
to move toward one or the other battery plate, but because they
are so few in number, and because there are so many hydrogen
and sulphate ions in the electrolyte, they have hardly begun
to move before they combine with the ions of the acid to form
lead sulphate and water. Hence, the ions of the active plate
materials move exceedingly minute distances. Those of the acid,
especially the hydrogen ion, move through all parts of the elec-
trolyte. The chemical actions take place not only at the out-
side surfaces of the plates, but wherever acid, lead or lead perox-
ide, or lead sulphate come in contact with each other. We know
that the acid soaks in to all parts of the plates, and therefore
the actions take place throughout the entire plate. The materials
on the plates must therefore be porous in order to allow the acid
to soak into them easily. -

The ‘‘pasted’’ plate is used almost entirely for starting and
lichting service. The plates are not made entirely of the spongy
lead and lead peroxide. Neither of these substances are tough
enough to be made into plates. They must, therefore, be held
in place. We thus find that each plate consists of a skeleton
framework of lead, the pastes filling up the spaces between the
ribs.




CHAPTER 5.
LOSS OF CHARGE IN AN IDLE BATTERY.
Before taking up the study of discharge by drawing a current

from the battery, let us see what happens if a fully charged
battery is allowed to stand idle on open circuit, that is, with no

wires or cabes attached to its terminals, It has been found that

such a battery will gradually become discharged and that it
must be given an ocasional ‘‘freshening’’ charge.

Now, as we have learned, when a battery discharges lead sul-
phate forms on each plate, and acid is taken from the electro-
lyte as the sulphate forms. In our idle battery, therefore, such
actions must be taking place. The only difference in this case is
that the sulphate forms without any current passing through the
battery. The actions at the lead and lead peroxide must, there-
fore, be independent of each other. At the lead peroxide plate we
have lead peroxide paste, lead grid, and sulphuric acid. These
are all the elements needed to produce a storage battery, and
as the lead peroxide and the lead are touching each other, each
lead peroxide plate really forms a short circuited cell. Why
does this plate not discharge itself completely? A certain amount
of discharge does take place, and results in a layer of lead sul-
phate forming between the lead peroxide and the grid. The sul-
phate, having high resistance then protects the lead grid and
prevents any further action. This discharge action therefore does
not continue, but causes a loss of a certain part of the charge.

At the negative plate, we have pure spongy lead, and the grid.
This grid is not composed entirely of lead, but contains a per-
centage of antimony, a metal which makes the grid harder and
stronger. There is but very little difference of potential between
the spongy lead and the grid. A small amount of lead sulphate
does form, however, on the surface of the negative plate. This
is due to the action between the spongy lead and the electrolyte.

26
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Some of the lead combines with the acid to form lead sulphate,
but after a small amount has been formed the action is stopped
because a balanced chemical condition 1s soon obtained.

Thus only a small amount of lead sulphate is formed at each
plate, and the cell thereby loses only a small part of its charge.
In a perfectly constructed battery the discharge would then stop.
The only further action which would take place would be the
slow evaporation of the water of the electrolyte. As the level
of the electrolyte dropped below the tops of the plates, crystalliza-
tion and sulphation would take place on the part of the negative
plate above the electrolyte. The loss of charge which actually
occurs in an idle charged battery is greater than that due to the
formation of the small amounts of sulphate on the plates, and the
evaporation of the water from the electrolyte.

Does an idle cell discharge itself by decomposing its electro-
lyte? We have a difference of potential of about two volts
between the lead and lead peroxide plate. Why is the electro-
lyte not decomposed by this difference? At first it might seem
that the water and acid should be separated into its parts, and
hydrogen liberated at the negative plate. As a matter of fact,
very little hydrogen gas is set free in an idle charged cell be-
cause to do so would require a voltage of about 2.5. At two
volts, so little gas is formed that the loss of charge due to it
may be neglected entirely.

The greatest loss of charge in an idle battery results from con-
ditions arising from the processes of manufacture, internal
troubles, and leakage between terminals. The grids of a cell
are an alloy of lead and antimony. These are mixed while in a
molten condition, and are then allowed to cool. If the cooling is
not done properly, or if a poor grade of antimony is used, the
resulting grid is not a uniform mixture of antimony and lead.
There will be areas of pure lead, with an air hole here and there.
The lack of uniformity in the grid material results in a local dis-
charge in the grid. This causes some loss of charge.

If the active material completely fills the spaces between the
grids, the acid formed as the cell is charged may not be able to
diffuse into the main body of the electrolyte, but forms a small
pocket of acid in the plate. This acid will cause a discharge between
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paste and grid and a coating of lead sulphate forms on the grid,
resulting in a certain loss of charge.

In the process of manufacturing and ‘‘forming’’ plates, graph-
ite 18 sometimes used to give porosity to the paste, resulting
in local action which causes a loss of charge. In general
any metallic impurity in a cell will cause a loss at the lead
plate. When a cell is charged, the current causes the metals
to deposit on the lead plate. Local cells are formed by the metal- |
lic impurity, the lead plate, and the acid, and these tiny cells will
discharge completely, causing a loss of charge. Such metals
include iron, copper, tin, arseniec, antimony, and platmum. Of
these, iron is perhaps the most destructive, as it travels back
and forth from plate to plate, causing a loss of charge. The
ions of this metal absorb an additional amount of electricity at
the peroxide plate which they carry to the lead plate and there
lose it. This action is continuous, and even a small amount of |
iron in an idle cell can cause an appreciable loss of charge in
one day. ‘

Incomplete removal of forming agents causes some local ac- |
tian in an idle cell which results in a loss of charge. Such sub-
stances are supposed to have been removed automatically as
the forming process is completed, but some may remain and
cause trouble.

Another cause of loss of charge in an idle cell is leakage of
current between the terminals on the outside of the battery. Dur-
ing charge, the bubbles of gas which escape from the electrolyte
carry with them minute quantities of acid which may deposit on
the top of the battery and gradually form a thin conducting |
layer of electrolyte through which a current will flow from the
positive to the negative terminals. This danger may be avoided
by carefully wiping any moisture from the battery. Condensation
of moisture from the air, on the top or sides and bottom of a
battery will cause the same condition. This will be especially
noticeable if a battery is kept in a damp place.

Impurities in any form are therefore to be guarded against.
The use of impure acid or water will introduce objectionable -
substances. Every impurity causes local actions which cause
a loss of charge and shorten the life of the battery.




CHAPTER 6.
THE DISCHARGE PHENOMENA,

Considered chemically, the discharge of a storage battery con-
sists of the changing of the spongy lead and lead peroxide into
lead sulphate, and the abstraction of the acid from the electro-
lyte. Considered electrically, the changes are more complex, and
require further investigation. The voltage, internal resistance,
rate of discharge, capacity, and other features must be considered,
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and the effects of changes in one upon the others must be studied.
This proceeding is simplified considerably if we consider each
point separately. The abstraction of the acid from the electro-
lyte gives us the most reliable method of determining the con-

dition of charge or discharge in the battery, and must also be
studied.

29
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Voltage Changes During Discharge. At the end of a charge.
and before opening the charging circuit, the voltage of each cell

is about 2.6 to 2.7 volts. As soon as the charging circuit is opened,
the cell voltage drops rapidly to about 2.1 volts, within three or
four minutes. This is due to the formation of a thin layer of
lead sulphate on the surface of the negative plate and between
the lead peroxide and the metal of the positive plate. Figure 11
shows how the voltage changes during the last eight minutes of
charge, and how it drops rapidly as soon as the charging circuit is
opened. The final value of the voltage after the charging circuit
is opened is about 2.15-2.18 volts. This is more fully explained in

Chapter 7. If a current is drawn from the battery at the instant
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the charge is stopped, this drop is more rapid. At the beginning

of the discharge the voltage has already had a rapid drop from
the final voltage on charge, due to the formation of sulphate as
explained above. When a current is being drawn from the bat-
tery, the sudden drop is due to the internal resistance of the
cell, the formation of more sulphate, and the abstracting of the

acid from the electrolyte which fills the pores of the plate. The -

density of this acid is high just before the discharge is begun.
It is diluted rapidly at first, but a balanced condition is reached
between the density of the acid in the plates and in the main
body of the electrolyte, the acid supply in the plates being main-
tained at a lowered density by fresh acid flowing into them from
the main body of electrolyte. After the initial drop, the voltage
decreases more slowly, the rate of decrease depending on the

|
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amount of curtent drawn from the battery. The entire process
is shown in figure 12. Lead sulphate is being formed on the sur-
faces, and in the body of the plates. This sulphate has a higher
resistance than the lead or lead peroxide, and the internal resis-
tanee of the cell rises, and contributes to the drop in voltage. As
this sulphate forms in the body of the plates, the acid is used
up. At first this acid is easily replaced from the main body of
the electrolyte by diffusion. The acid in the main body of the
electrolyte is at first comparatively strong, or concentrated, caus-
ing a fresh supply of acid to flow into the plates as fast as it
is used up in the plates. This results in the acid in the electro-
lyte growing weaker, and this, in turn, leads to a constant de-
crease in the rate at which the fresh acid flows, or diffuses into
the plates. Furthermore, the sulphate, which is more bulky than
the lead or lead peroxide fills the pores in the plate, making it
more and more difficult for acid to reach the interior of the plate.
This increases the rate at which the voltage drops.

The sulphate has another effect. It forms a cover over the
paste which has not been acted upon, and makes it practically
useless, since the acid is almost unable to penetrate the coating
of sulphate. We thus have quantities of active material which
are entirely enclosed in sulphate, thereby cutting down the
amount of energy which can be taken from the battery. Thus the
formation of sulphate throughout each plate and the abstraction
of acid from the electrolyte cause the voltage to drop at a con-
stantly increasing rate.

Theoretically, the discharge may be continued until the voltage
drops to zero, but practically, the discharge should be stopped
when the voltage of each cell has dropped to 1.7. If the dis-
charge is carried on beyond this point all the spongy lead and
lead peroxide have either been changed into lead sulphate, or
have been covered up by the sulphate so effectively that they
are almost useless. Plates in this condition require a very long
charge in order to remove all the sulphate. Another danger
arises if the discharge is continued. The lead of the grid is grad-
ually changed to lead sulphate, and when the cell is recharged,
the sulphate will be changed to spongy lead and lead perox1de,
and the grid is consequently weakened.



32 THE AUTOMOBILE STORAGE BATTERY

The cell voltage will rise somewhat every time the discharge
is stopped. This is due to the diffusion of the acid from the
main body of electrolyte into the plates, resulting in an increased
concentration in the plates. If the discharge is continuous, es-
pecially if at a high rate, this rise in voltage will bring the cell
up to its normal voltage very quicky on account of the more rapid
diffusion of acid which will then take place.

The voltage does not depend upon the area of the plate surface
but upon the nature of the active materials and the electrolyte.
Hence, although the plates of a cell are gradually being covered
with sulphate, the voltage measured when no current is flowing,
will fall slowly, and not in proportion to the amount of energy
taken out of the cell. It is not until the plates are pretty
thoroughly covered with sulphate, thus making it difficult for
the acid to reach the active material, that the voltage begins to
drop rapidly. This is shown clearly in figure 12, which shows :
that the cell voltage has dropped only a very small amount when
the cell is 50% discharged. With current flowing through the
cell, however, the increased internal resistance causes a marked
drop in the voltage. Open circuit voltage is not useful, therefore
to determine how much energy has been taken from the battery.

Acid Density. The electrolyte of a lead storage battery is a
mixture of chemically pure sulphurie acid, and chemically pure
water, the acid forming about 30 per cent of the volume of elec-
trolyte when the battery is fully discharged. The pure acid
has a ‘‘specific gravity’’ of 1.835, that is, it is 1.835 as heavy
as an equal volume of water. The mixture of acid and water
has a specific gravity of about 1.300. As the cell discharges, acid
is abstracted from the electrolyte, and the weight of the latter
must therefore grow less, since there will be less acid in it. The
change in the weight, or specific gravity of the electrolyte is
the best means of determining the state of discharge of a cell, pro-
vided that the cell has been used properly. In order that the
value of the specific gravity may be used as an indication of
the amount of energy in a battery, the history of the battery
must be known. Suppose, for instance, that in refilling the bat-
tery to replace the water lost by the natural evaporation which
oceurs in the use of a battery, acid, or a mixture of acid and
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water has been used. This will result in the specific gravity
being too high, and the amount of energy in the battery will be
less than that indicated by the specific gravity. Again, if pure
water 1s used to replace electrolyte which has been spifled,
the specific gravity will be lower than it should be. In a bat-
tery which has been discharged to such an extent that much of
the paste has been covered by a layer of tough sulphate, or if
a considerable amount of sulphate and active material has been
loosened from the plates and has dropped to the bottom of the
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cells, it will be impossible to bring the specifie gravity of the elee-
trolyte up to 1.300, even though a long charge is given. There
must, therefore, be a reasonable degree of certainty that a bat-
tery has been properly handled if the specific gravity readings are
to be taken as a true indication of the condition of a battery."
‘Where a battery does not give satisfactory service even though
the specific gravity readings are satisfactory, the latter are
not reliable as indicating the amount of charge in the battery.
As long as a discharge current is flowing from the battery, the
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acid within the plates is used up and becomes very much dlluted \
Diffusion between the surrounding electrolyte and the acid in |
the plates keeps up the supply needed in the plates in order to
carry on the chemical changes. When the discharge is first begun,
the diffusion of acid into the plates takes place rapidly because
there is little sulphate clogging the pores in the paste, and because
there is a greater difference betwéen the concentration of acid in
the electrolyte and in the plates than will exist as the discharge
progresses. As the sulphate begins to form and fill up the pores of
the plates, and as more and more acid is abstracted from the elec-
trolyte, diffusion takes place more slowly.

If a battery is allowed to stand idle for a short time after a
partial discharge, the specific gravity of the electrolyte will de-
crease because some of the acid in the electrolyte will gradually
flow into the pores of the plates to replace the acid used up while
the battery was discharging. Theoretically the discharge can be
continued until all the acid has been used up, and the electro-
lyte is composed of pure water. Experience has shown, how-
ever, that the discharge of the battery should not be continued after |
the specific gravity of the electrolyte has fallen to 1.150. As far
as the electrolyte is concerned, the discharge may be carried farther
with safety. The plates determine the point at which the discharge
should be stopped. When the specific gravity has dropped from
1.300 to 1.150, so much sulphate has been formed that it fills all
the pores in the active material on the plates, and is beginning to
form a tough covering over the paste. Figure 13 shows the change
in the density of the acid during discharge.

Changes at the Negative Plate. Chemically, the action at the
negative plate consists only of the formation of lead sulphate
from the spongy lead. The lead sulphate is only slightly soluble
in the electrolyte and is preecipitated as soon as it is formed,
leaving hydrogen ions, which then go to the lead peroxide plate to
form water with other hydrogen ions and oxygen ions released
at the peroxide plate. The sulphate forms more quickly on the
surface of the plate than in the inner portions because there is a
constant supply of acid available at the surface, whereas the
formation of sulphate in the interior of the plate requires that acid
diffuse into the pores of the spongy lead to replace that already used
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up in the formation of sulphate. In the negative plate, however, the
sulphate tends to form more uniformly throughout the mass of
the lead, because the spongy lead is more porous than the lead-
peroxide, and because the acid is not diluted by the formation
of water as in the positive plate. When the discharge has pro-
ceeded until the specific gravity of the electrolyte has decreased
to 1.150, the sulphate has formed a tough coating over the surface
of the plate and has filled the pores of the lead to such an extent
that most of the spongy lead that remains is prevented from re-
acting with the acid because of the high resistance of the sul-
phate covering it. If the discharge is continued beyond this
point, the acid begins to attack the grids and form a layer of
sulphate on them. Subsequent charge will change this sulphate to
spongy lead, thus making the grids weaker by the amount of the
lead which formed the sulphate. .

The sulphate has a greater volume than the lead from which
it i1s formed and there is, therefore, an actual increase in the
volume of the paste during discharge. The spongy lead being
tough and coherent, this expansion does not cause the paste to
fall from the plate, but simply results in a bulging out of mate-
rial between the grid bars.

Changes at the Positive Plate. In a fully charged positive plate
we have lead peroxide as the active material. This is composed
of lead and oxygen. From this fact it is plainly evident that
during discharge there is a greater chemical activity at this plate
than at the negative plate, since we must find something to com-
bine with the oxygen in order that the lead may form lead sul-
phate with the acid. In an ideal cell, therefore, the material
which undergoes the greater change should be more porous than
the material which does not involve as great a chemical reaction.
In reality, however, the peroxide is not as porous as the spongy
lead, and does not hold together as well.

The final products of the discharge of a positive plate are lead
sulphate and water. The lead peroxide must first be reduced to
lead, which then combines with the sulphate from the acid to form
lead sulphate, while the oxygen from the peroxide combines with
the hydrogen of the acid to form water. There is, therefore, a
greater activity at this plate than at the lead plate, and the forma.
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tion of the water dilutes the acid in and around the plate so that
the tendency is for the chemical actions to be retarded. When
.the discharge has just begun, the positive plate grows darker in
color, showing that the lead sulphate at first forms a definite
compound with the lead peroxide. As the discharge progresses,
the sulphate begins to form in white scales on the surface of the
plate.

The sulphate causes the active material to bulge out because
it occupies more space than the peroxide. This causes the lead
peroxide at the surface to begin falling to the bottom of the jar
in fine dust-like particles, since the peroxide here holds together
very poorly.

The abstraction of acid from the electrolyte takes place at both
plates, of course, but the positive has an additional handicap on
account of the water formed in its pores. Experiments have
shown that in order to have the peroxide plate working at its
greatest capacity, the density of the electrolyte should be more
than 1.300, while the negative has the greatest capacity when
the electrolyte has a density of 1.220. The discharge of the bat-
tery, therefore, tends to have the negative operating at its great-
est capacity, while the conditions at the positive are just oppo-
site from what they should be in order to obtain the greatest
capacity from this plate.




CHAPTER 7.

THE CHARGE PHENOMENA.

Voltage. Starting with a battery which has been discharged
until i1ts voltage has decreased to 1.7 per cell, we pdss a current
through it and cause the voltage to rise steadily. Figure 14 shows
the changes in voltage during charge. Ordinarily the voltage
begins to rise immediately and uniformly. If, however, the bat-
tery has been left in a discharged condition for some time, or has
been ‘‘over discharged,’”’ the voltage rises very rapidly for a
fraction of the first minute of charge and then drops rapidly to
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the normal value and thereafter begins to rise steadily to the end
of the charge. This rise at the beginning of the charge is due
to the fact that the density of the acid in the pores of the plates
rises rapidly at first, the acid thus formed being prevented from
diffusing into the surrounding electrolyte by the coating of
sulphate. As soon as this sulphate is broken through, diffusion
takes place and the voltage drops.

As shown in Figure 14 the voltage remains almost constant
between the points M and N. At N the voltage begins to rise
because the charging chemical reactions are taking place farther
and farther in the inside parts of the plate, and the concentrated
acid formed by the chemical actions in the plates is diffusing
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into the main electrolyte. This increases the battery Voltagel
and requires a higher charging voltage.

"~ At the point marked O, the voltage begins to rise very rapidly.
This is due to the fact that the amount of lead sulphate in the ‘
plates is decreasing very rapidly, .allowing the battery wvoltage
to rise and thus increasing the charging voltage. Bubbles of
gas are now rising through the electrolyte.

At P, the last portions of lead sulphate are removed, acid is
no longer being formed, and hydrogen and oxygen gas are formed
rapidly. The gas forces the last of the concentrated acid out
of the plates and in fact, equalizes the acid concentration through-
out the whole cell. Thus no further changes can take place, and
the voltage becomes constant at R. ‘

Density of Electrolyte. Discharge should be stopped when the
density of the electrolyte, as measured with a hydrometer, is
1.150. When we pass a charging current through the battery,
acid is produced by the chemical actions which take place in the ‘
plates. This gradually diffuses with the main electrolyte and
causes the hydrometer to show a higher density than before. This
increase in density continues steadily until the battery begins to
‘““‘gag’’ freely. ‘‘Gassing’’ causes the electrolyte in the plates to
mix thoroughly with that surrounding the plates and also in-
creases the volume of the electrolyte and consequently decreases
its density.

The progress of the charge is always determined by the density
of the electrolyte. For this purpose in automobile batteries, a
hydrometer is placed in a glass syringe having a short length of
rubber tubing at one end, and a large rubber bulb at the other.
The rubber tube is inserted in the cell and enough electrolyte
drawn up into the syringe to float the hydrometer so as to be
able to obtain a reading. This subject will be treated more fully
in a later chapter.

Changes at Negative Plate. The charging current changes lead ¢
sulphate into spongy lead, and acid is formed. The acid is mixed '
with the diluted electrolyte outside of the plates, resulting in a
rise in temperature. This is not objectionable unless the tem- -
perature rises to more than 105° F., since the concentrated acid
formed in the plates diffuses into the electrolyte more rapidly
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as the temperature is increased, thus hastening the charging
actions. As the charging proceeds the active material shrinks or
contracts, and the weight of the plate actually decreases on
account of the difference between the weight and volume of the
lead sulphate and spongy lead. I1f the cell has had only a normal
discharge and the charge is begun soon after the discharge ended,
the charge will proceed quickly and without an excessive rise in
temperature. If, however, the cell has been discharged too far,
or has been in a discharged condition for some time, the lead sul-
phate will not be in a finely divided state as it should be, but
will be hard and tough and will have formed an insulating coat-
ing over the active material, causing the charging voltage to be
high, and the charge will proceed slowly. When most of the lead
sulphate has been reduced to spongy lead, the charging current
will be greater than is needed to carry on the chemical actions,
and will simply decompose the water into hydrogen and oxygen,
and the cell ‘‘gasses.”’ Spongy lead is rather tough and coherent,
and the bubbles of gas which form in the pores of the negative
plate near the end of the charge force their way to the surface
without dislodging any of the active material.

Changes at the Positive Plate. When a cell has been dis-
charged, a portion of the lead peroxide has been changed to lead
sulphate, which has lodged in the pores of the paste and on its
surface. During charge, the lead combines with oxygen from the
water to form lead peroxide, and acid is formed. This acid dif-
fuses into the electrolyte as fast as the amount of sulphate will
permit. If the discharge has been carried so far that a consider-
able amount of sulphate has formed in the pores and on the sur-
face of the plate, the action proceeds very slowly, and unless a
moderate charging current is used, gassing begins before the
charge is complete, simply because the sulphate cannot absorb
the current. The gas bubbles which originate in the interior of
the plate force their way to the surface, and in so doing cause
numerous fine particles of active material to break off and fall
to the bottom of the jar. This happens because the lead per-
oxide i1s a granular, non-coherent substance, with the particles
held together very loosely, and the gas breaks off a considerable
amount of active material.



CHAPTER 8.
CAPACITY OF STORAGE BATTERIES.

The capacity of a storage battery is the amount of electrical
energy which can be obtained from it. The unit in which capacity
is measured is the ampere-hour. Theoretically, a battery has a
capacity of 40 ampere-hours if it furnishes ten amperes for four
hours, and if it is unable, at the end of that time, to furnish any
more current. If we drew only five amperes from this battery,
it should be able to furnish this current for eight hours. Thus,
theoretically, the capacity of a battery should be the same, no
matter what current is taken from it., That is, the current in
amperes, multiplied by the number of hours the battery furnished
this current should be constant.

In practice, however, we do not discharge a battery to a lower
voltage than 1.7 per cell, on account of the increasing amount of
sulphate and the difficulty with which this is subsequently re-
moved and changed into lead and lead peroxide. The capacity of
a storage battery is therefore measured by the number of ampere
hours it can furnish before its voltage drops below 1.7 per cell.
This definition assumes that the discharge is a continuous one, that
we start with a fully charged battery and discharge it continu-
ously until its voltage drops to 1.7 per cell. |

The factors upon which the capacity of storage batteries depend
may be grouped in two main classifications:

1. Design and Construction of Battery.
2. Conditions of Operation.

Each classification may be subdivided. Under the Design and

Construction we have:

(a) Area of plate surface.
(b) Quantity, arrangement, and porosity of active mate-

rials.
40
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(¢) Quantity and strength of electrolyte.
(d) Circulation of electrolyte.

These sub-classifications require further explanation. Taking
them in order:

(a) Area of Plate Surface. 1t is evident that the chemical
and electrical activity of a battery are greatest at the surface of
the plates since the acid and active material are in intimate con-
tact here, and a supply of fresh acid is more readily available to
replace that which is depleted as the battery is discharged. This
is especially true with high rates of discharge, such as are caused
in starting automobile engines. Therefore, the capacity of a
battery will be greater if the surface area of its plates is increased.
With large plate areas a greater amount of acid and active mate-
rials are available, and an increse in capacity results.

(b) Quantity, Arrangement, and Porosity of Active Materials.
Since the lead and lead peroxide are changed to lead sulphate
on discharge, it is evident that the greater the amount of these
materials, the longer can the discharge continue, and hence the
greater the capacity.

The arrangement of the active materials is also important,
since the acid and pastes must be in contact in order to produce
electricity. Consequently the capacity will be greater in a battery,
all of whose active material is in contact with the acid, than in one
in which the acid reaches only a portion of the active materials. It
is also important that all parts of the plates carry the same amount
of current, in order that the pastes may be used evenly. As a
result of these considerations, we find that the active materials are
supported on grids of lead, that the plates are made thin, and that
they have large surface areas. For heavy discharge currents, such
as starting motor currents, it is essential that there be large sur-
face areas. Thick plates with smaller surface areas are more suit-
able for low discharge rates. |

Since the inner portions of the active materials must have a
plentiful and an easily renewable supply of acid, the active mate-
rials must be porous in order that diffusion may be easy and rapid.

(c) Quantity and Strength of Electrolyte. It is important that
there be enough electrolyte in order that the acid may not become
exhausted while there is still considerable active material left.
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An insufficient supply of electrolyte makes it impossible to obtain
the full capacity from a battery. On the other hand, too much
electrolyte, due either to filling the battery too full, or to having
the plates in a jar that holds too much electrolyte, results 1n an
increase in capacity. There is a danger present however, because
with an excess of electrolyte the plates will be discharged before
the specific gravity of the electrolyte fails to 1.150. This results
in overdischarge of the battery with its attendant troubles as will
be described more fully in a later chapter.

It i3 a universal custom to consider a battery discharged when
the specific gravity of the electrolyte has dropped to 1.150, and
that it is fully charged when the specific gravity of the electro-
lyte has risen to 1.300. The condition of the plates is, however,
the true indicator of charged or discharged condition. With
the correct amount of electrolyte, its specific gravity is 1.150
when the plates have been discharged as far as it is considered
safe, and is 1.300 when the plates are fully charged. When
electrolyte is therefore poured into a battery, it is essential that
it contalns the proper proportion of acid and water in order
that its specific gravity readings be a true indicator of the
condition of the plates as to charge or discharge, and hence show
accurately how much energy remains in the cell at any time.

A question which may be considered at this point is why in
automobile work a specific gravity of 1.300 is adopted for the
electrolyte. of a fully charged cell. There are several reasons.
The voltage of a battery increases as the specific gravity goes up.
Hence, with a higher density, a higher voltage can be obtained.
If the density were increased beyond this point, the acid would
attack the lead grids and the separators, and considerable corro-
sion would result. Another danger of high density is that of
sulphation, as explained in a later chapter. Another factor which
enters is the resistance of the electrolyte. It is desirable that
this be as low as possible, If we should make resistance measure-
ments on various mixtures of acid and water, we should find that
with a small percentage of acid, the resistance is high. As the
amount of acid is increased, the resistance will grow less up to
a certain point. Beyond this point, the resistance will increase
again as more acid is added to the mixture. The resistance is
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lowest when the acid forms 30% of the total weight of the electro-
lyte. Thus, if the electrolyte is made too strong, the plates and
also the separators will be attached by the acid, and the resistance
of the electrolyte will also increase. The voltage increases as the
proportion of acid is increased, but the other factors limit the
concentration. If the electrolyte is diluted, its resistance rises,
voltage drops, and the amount of acid is insufficient to give much
capacity. The density of 1.300 ig therefore a compromise between
the various factors mentioned above. ‘

(d) Circulation of Electrolyte. This refers to the passing of
electrolyte from one plate to another, and depends upon the ease
with which the acid can pass through the pores of the separators.
A porous separator allows more energy to be drawn from the
battery than a non-porous one.

Considering now the operating conditions, we find several items
to be taken into account. The most important are

(e) Rate of discharge. '
(f) Temperature. |

(e) Rate of Discharge. As mentioned above, the ampere hour
rating of a battery is based .upon a continuous discharge, starting
with a specific gravity of 1.300, and finishing with 1.150. The
end of the discharge is also considered to be reached when the
voltage per cell has dropped to 1.7. With moderate rates of
discharge the acid is abstracted slowly enough to permit the
acid from outside the plates to diffuse into the pores of the
plates and keep up the supply needed for the chemical actions.
‘With increased rates of discharge the supply of acid is used up
so rapidly that the diffusion is not fast enough to hold up the
voltage. This fact is shown clearly by tests made to determine
the time required to discharge a 100 Amp. Hr.,, 6 volt battery
to 4.5 volts. With a discharge rate of 25 amperes, it required 160
minutes. With a discharge rate of 75 amperes, it required 34
minutes. From this we see that making the discharge rate
three times as great caused the battery to be discharged in one
fifth the time. These discharges were continuous, however, and
if the battery were allowed to rest, the voltage would soon rise
sufficiently, to burn the lamps for a number of hours.

The conditions of operation in automobile work are usually
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considered severe. In starting the engine, a heavy current is
drawn from the battery for a few seconds. The generator starts
charging the battery immediately afterward, and the starting
energy is soon replaced. As long as the engine runs, there is no
load on the battery, as the generator will furnish the.current
for the lamps, and also send a slight charge into the battery.
If the lamps are not used, the entire generator output is utilized
to charge the battery, unless some current is furnished to the
ignition system. Overcharge is quite possible.

When the engine is not running, the lamps are the only load
on the battery, and there is no charging current. Various drivers
have various driving conditions. Some use their starter fre-
quently, and make only short runs. Their batteries run down.
Other men use the starter very seldom, and take long tours.
Their batteries will be overcharged. The best thing that can
be done is to set the generator for an output that will keep the
battery charged under average conditions.

From the results of actual tests, it may be said that modern
lead-acid batteries are not injured in any way by the high dis-
charge rate used when a starting motor cranks the engine. It is
the rapidity with which fresh acid takes the place of that used
in the pores of the active materials that affects the capacity of a
battery at high rates, and not any limitation in the plates them-
selves. Low rates of discharge should, in fact, be avoided more
than the high rates. Battery capacity is affected by discharge
rates, only when the discharge is continuous, and the reduction in
capacity caused by the high rates of continuous discharge does not
oceur if the discharge is an intermittent one, such as is actually
the case in automobile work. The tendency now is to design bat-
teries to give their rated capacity in very short discharge periods.
If conditions should demand it, these batteries would be sold to
give their rated capacity while operating intermittently at a
rate which would completely discharge them in three or four
minutes. The only change necessary for such high rates of dis-
charge is to provide extra heavy terminals to carry the heavy
current.

The Society of Automotive Engineers, in January, 1914, adopted
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a standard method of rating, starting and lighting batteries, as
follows: _ ' ‘

‘‘Batteries for combined lighting and starting service shall
have two ratings, of which the first shall indicate the lighting
ability, and the capacity in ampere hours of the battery when
discharged continuously at a o ampere rate to a final voltage
of 1.8 per cell, the temperature of the battery beginning such
discharge being 80°F. The second rating shall indicate starting
ability and shall be the rate in amperes at which the battery
will discharge for twenty minutes continuously to a final voltage
‘of not less than 1.65 per cell. The temperature of the battery
beginning such discharge to be 80°F.”’

The discharge rate required under the average starting con-
ditions is higher than that specified above, and would cause the
required drop in voltage in about fifteen minutes. In winter,
when an engine is cold and stiff, the work required from the bat-
tery is even more severe, the discharge rate being equivalent in
amperes to probably four or five times the ampere-rating of
the battery. On account of the rapid recovery of a battery after
a discharge at a very high rate, it seems advisable to allow a bat-
tery to discharge to a voltage of 1.0 per cell when eranking an
engine which is extremely cold and stiff.

(f) Temperature. Chemical reactions take place much more
readily at high temperatures than at low. Furthermore, the
active materials are more porous, the electrolyte lighter, and
the internal resistance less at higher temperatures. Opposed to
this is the fact that at high temperatures, the acid attacks the
grids and pastes, and lead sulphate is formed, even though no
current is taken from the battery. Other injurious effects are
the destruective actions of hot acid on the wooden separators used
in most starting and lighting batteries. Greater expancion of
paste will also occur, and this expansion is not, in general, uni-
form over the surface of the plates. This results in unequal
strains and the plates are bent out of shape, or ‘‘buckled.’”’ The
expansion of the paste will also cause much of it to fall from
the plates, and we then have ‘‘shedding.’’

When sulphuric acid is poured into water, a marked tempera-
ture rise takes place. When a battery is charged, acid is formed.
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and when this mixes with the .diluted electrolyte, a temperature
rise oceurs. In discharging, acid is taken from the electrolyte,
and the temperature drops. On charging, therefore, there is
danger of overheating, while on discharge, excessive tempera-
tures are not likely. Fig. 15 shows the temperature changes on
charge and discharge.

Another factor which should be considered in connection with
capacity is the age of the battery. New batteries will seldom
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give their rated capacity when received from the manufacturer.
This is due to the methods of making the plates. The ‘‘paste’’
plates, such as are used in automobiles, are made by applying
oxides of lead, mixed with sulphurie acid, to the grids. These
oxides must be subjected to a charging current in order to pro-
duce the spongy lead and lead peroxide. After the charge, they
must be discharged, and then again charged. This is necessary
because not all of the oxides are changed to active material on
one charge, and repeated charges and discharges are required

|
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to produce the maximum amount of active materials. Manu-
facturers do not charge and discharge a battery a sufficient num-
ber of times before sending it out, and after a battery is put
into use, its capacity will increase for some time, because more
active material is produced during each charge.

When a battery has been in use for some time, a considerable
portion of the paste will have fallen from the positive plates, and
a decrease in capacity will result. Such a battery will charge
faster than a new one because the amount of sulphate which
has formed when the battery is discharged is less than in a newer
battery. - Hence, the time required to reduce this sulphate will
be less, and the battery will ‘‘come up’’ -faster on charge.



CHAPTER 9.
INTERNAL RESISTANCE.

The resistance offered by a storage battery to the flow of a
current through it results in a loss of voltage, and in heating.
Its value should be as low as possible, and, in fact, it is almost
negligible even in small batteries, seldom rising above 0.05 ohm.
On charge, it causes the charging voltage to be higher and on
discharge causes a loss of voltage. Figure 16 shows the varia-
tion in resistance.
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The resistance as measured between the terminals of a cell
is made up of several factors as follows:

1. Grids. This includes the resistance of the terminals, con-
necting links, and the framework upon which the active materials
are pasted. This is but a small part of the total resistance, and
does not undergo any considerable change during charge and
discharge. It increases slightly as its temperature goes up.

48
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2. Electrolyte. This refers to the electrolyte between the
plates, and varies with the amount of acid and with tempera-
ture. As mentioned in the preceding chapter, a mixture of acid
and water in which the acid composes thirty per cent of the
total weight of electrolyte has the minimum resistance. Diluting
or increasing the concentration of the electrolyte will both cause
an Increase in resistance from the minimum value. The expla-
nation probably lies in the degree to which the acid is split up
into ‘‘ions’’ of hydrogen (H), and sulphate (SO,). These ‘‘ions’’
carry the current through the electrolyte. Starting with a cer-
tain amount of acid, let us see how the ionization progresses.
With very concentrated acid, ionization does not take place, and
hence, there are no ions to carry current. As we mix the acid
with water, ionization occurs. The more water used, the more
ions, and hence, the less the resistance, because the number of
ions available to carry the current increases. The ionization in-
creases to a certain maximum degree, beyond which no more i1ons
are formed. It is probable that an electrolyte containing thirty
per cent of acid by weight is at'its maximum degree of ioniza-
tion and hence its lowest resistance. If more water is now added,
no more ions are formed. Furthermore, the number of ions per
unit volume of electrolyse will now decrease on acecunt of the
increased amount of water. There will therefore be fewer ions
per unit volume to carry the current, and the resistance of the
electrolyte increases.

With an electrolyte of a given concentration, an increase of
temperature will cause a decrease in resistance. A decrease in
temperature will, of course, cause an increase in resistance. It
is true, in general, that the resistance of the electrolyte is about
half of the total resistance of the cell. The losses due to this re-
sistance generally form only one per cent of the total losses, and
are a practically negligible factor.

3. Active Material. This includes the resistance of the pastes
and the electrolyte in the pores of the active materials. This varies
considerably during charge and discharge. It has been found that
the resistance of the peroxide plate changes much more than that of
the lead plate. The change in resistance of the positive plate is
especially marked near the end of a discharge. The composi-
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tion of the attive material, and the contact between it and the
grid affect the resistance considerably.

During charge, the current is sent into the cell from an external
source. The grids therefore carry most of the current. The
active material which first reacts with the acid is that near the
surface of the plate, and the acid formed by the charging current
mixes readily with the main body of electrolyte. Gradually, the
charging action takes place in the inner portions of the plate,
and concentrated acid i1s formed in the pores of the plate. As
the sulphate is removed, however, the acid has little difficulty
in mixing with the main body of electrolyte. The change in
resistance on the charge is therefore not considerable.

During discharge, the chemical action also begjns at the sur-
face of the plates and gradually moves inward. In this case,
however, sulphate is formed on the surface first, and it becomes
incereasingly difficult for the fresh acid from the electrolyte to
diffuse into the plates so as to replace the acid which has been
greatly diluted there by the discharge actions. There is therefore '
an increase in resistance because of the dilution of the acid at the
point of activity. TUnless a cell is discharged too far, however,
the increase in resistance is small,

If a battery is allowed to stand idle for a long time it grad-
ually discharges itself, as explained in a previous chapter. This |
is due to the formation of a tough coating of crystallized lead
sulphate, which is practically an insulator. These crystals gradu-
ally cover and incapsulate the active material. The percentage
change is not high, and generally, amounts to a few per cent
only. The chief damage caused by the excessive sulphation is
therefore not an increase in resistance, but consists chiefly of mak-
ing a poor contact between active material and grid, and of re-
moving much of the paste from action by covering it.




CHAPTER 10.
BATTERY DISEASES.

Storage batteries have their own peculiar troubles which pro-

duce injuries that are not always curable. The chief troubles
met with are as follows:

1. Sulphation.

2. Loss of capacity.

3. Buckling of plates in battery.

4. Hardening of negative plates when exposed to air.
5. Buckling of positive plates when exposed- to light.
6. Internal discharge. |

These troubles are not entirely independent of one another,
since the causes of one of them may include some of the ethers.

1. Sulphation. Many battery men say a battery is sulphated
whenever anything is wrong with it. Sulphation is the forma-
tion of lead sulphate on the plates. As a battery discharges, it
is entirely natural and nermal for lead sulphate to form. When
the voltage of a battery has dropped to about 1.7 per cell, there is
still a considerable portion of active material left, but much of it
is covered by sulphate and thus made useless. A normal charge
will change this sulphate to active material. If the discharge is
continued after the voltage has dropped to 1.7 per cell, so much
sulphate has been formed that it is difficult to change it to active
material. Moreover, the expansion of the paste which takes
place when lead sulphate is formed may be so great that it
causes the paste to break off from the plate and fall to the bot-
tom of the jar.

If a battery is charged and discharged intermittently, and the
discharge is greater than the charge, the battery may never be
fully charged, and there will always be sulphate present. If a
battery which has been discharged is allowed to stand idle for
several months, the sulphate which was formed during the dis-

o1
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charge changes. Instead of being finely divided, it now forms
crystals which grow by the addition of sulphate from other parts
of the plates. These crystals can be reduced to active material
only with the greatest difficulty, and often it is impossible to
do so.

Another factor which aids in the ‘‘sulphation,’’ is the self-
discharge caused by impurities. These cause local actions which
partly discharge the battery and add their quotas of sulphate. A
completely charged battery can, in an emergency, be left idle for
six months without causing an excessive amount of sulphate to
form and erystallize.

Usually, most of the sulphate is formed by the chemical actions
which produce the electrical energy. Useless chemical action
occurs however between paste and electrolyte which result in the
formation of lead sulphate even though no current is taken from
the battery. Thus a certain amount of sulphate forms on the sur-
face of the spongy lead and between the lead peroxide and the
positive grids. Since these are entirely normal actions, they can
hardly be classified as diseases. If there is too much acid in the
electrolyte, or its temperature is allowed to become too high, an
abnormal amount of sulphate is formed, because hot concentrated
acid is more active chemically than the normal electrolyte.

Over-sulphation is often caused by the loosening of the active
material and consequent short circuit between the plates. Sulpha-
tion from any cause may result in shedding, buckling, loss of ca- |
pacity, loss of efficiency and an increased temperature while
charging and discharging. The voltage of a sulphated battery
will be below normal on discharge and above normal on charge.

If the electrolyte is allowed to fall below the tops of the plates,
so that the pastes are exposed to the air, the parts thus exposed
will gradually sulphate, especially on the negative plates. Some |
of the sulphate is formed because the current heats up those parts
of tlie grids which are not covered by acid. This heats the pastes
and any acid in them. The sulphate which has been formed by
normal discharge will be dissolved on account of the heat, and
will then form in crystals as the heat dries up the acid. This will
take place on both positive and negative plates. After sulphate
has been formed in this way, no more is formed on the positive
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plate. On the negative plate, however, the sulphate continues to
form. This is explained as follows:

The negative paste is spongy lead, which is in an unstable chem-
ical condition. The dry spaces between the plates and above the
surface of the electrolyte contain definite amounts of sulphur di-
oxide (SO,), and sulphur trioxide (SO,), liberated during the
chemical reactions of the cell. These unite with the spongy lead
to form lead sulphate. The spongy lead first absorbs oxygen
from the air and becomes oxidized, then combines with the dioxide
and trioxide to form lead sulphate. Gradually the entire nega-
tive active material becomes sulphated in this way. The lead
peroxide does not sulphate when dry because it is in a stable con-
dition. |

Lead sulphate does not form uniformly over the surfaces of
the plates as a battery discharges. At the beginning of a discharge
it i1s supposed that the lead sulphate forms chemical compounds.
The reason for this belief is that a peroxide plate grows darker at
first instead of lighter as we should expect, since lead sulphate is
white, and a mixture of lead peroxide and lead sulphate should be
lichter than the peroxide alone. After a time, however, patches
of the white sulphate appear on the plate surfaces. If only a nor-
mal discharge is given, it is not difficult to change this sulphate to
active material. If the sulphate is allowed to crystallize, how-
ever, it is a very difficult matter. The crystallized sulphate is
tcugh, and is a good- insulator. Such a plate must be charged at
a low rate, because so much of the active material is covered with
the sulphate that the current cannot reach it. Only a small portion
of the active material is uncovered and hence in contact with the
acid. These parts must carry all the charging current, and if this
current is not low, the small patches of active material which must
carry the current become very hot, resulting in serious injury to
them. Furthermore, if a large charging current is used, the water
of the electrolyte is split into hydrogen and oxygen, and gassing
results. This causes chips of the sulphate to break off and fall to
the bottom of the cell, and thus be removed from action.

Another danger from large charging currents in sulphated
plates is that the parts carrying the current will become hotter
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than other parts. This results in an unequal expansion of paste
and grids, and the plate may be warped and bent out of shape.

We see, therefore, that the presence of lead sulphate is objec-
tionable only when an excessive amount is formed, or when it be-
comes crystallized. A small amount of sulphate in the positive
plate is desirable, in fact. Lead peroxide does not hold together
well, but a small amount of sulphate acts as a cement and
binds the particles of the paste together. At the surface of
the plate, the sulphate is almost completely removed on charge,
and some of the peroxide loses its hold on the plate and falls to
the bottom of the cell. This is called ‘‘shedding’’ of the
active material. A battery which is kept slightly undercharged
will have a longer life than one which is continually over-
charged.

‘The best remedy for a sulphated battery is to pass a charge
of low amperage through the cells for a long time. The charge
rate should not be much above 1/25 of the capacity of the bat-
tery in ampere-hours and shouid be continued until the specific
gravity has risen to its normal value of 1.280-1.300 and has re-
mained constant for three or four hours. At this time all of the
cells should be gassing rather freely. The length of time required
may be from one day to one week of continuous charging or a
sucecession of charges of equivalent time.

2. Loss of Capacity. This subject may be again subdivided,
as quite a number of factors must be considered. Some of them
are given under the main headings at the beginning of this chap-
ter. They are as follows: |

(a) Impurities in Electrolyte. These result in local action
and self-discharge. They can sometimes be removed by giving
the battery a complete charge, discarding the electrolyte, and
putting in new electrolyte of the proper specific gravity to bring
it to 1.280-1.300 when fully charged.

(b) Low Gravity of Electrolyte. Low gravity may result
from lack of charge, replacing spilled electrolyte or electrolyte
which has leaked out through a cracked jar, with water. This
condition may be remedied by charging until the cells are gassing
freely and no further increase in specific gravity occurs, and
then removing some of the electrolyte and adding electrolyte of
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1.400 gravity. Then give battery a full charge. It may be
necessary to empty out the old electrolyte and put in new electro-
lyte. If the maximum specific gravity of the old electrolyte
was 1.200, use 1.400 electrolyte, and if the old electrolyte has a
different strength, vary the specific gravity of the new accord-
ingly. .

(e) High Gravity of Electrolyte This is caused by incorrect
mixtures of acld and water in preparing electrolyte, and by
adding raw acid or electrolyte in making up for loss of elec-

trolyte by evaporation. It results in sulphation, burned separa-
tors, or corroded plates, all of which cause a loss of capacity.

(d) Sulphation. This has already been explained.

(e) Pores of Separators Filled With Impurities or Active Ma-
terial From Bulged Plates. This prevents circulation of electro-
lyte, which hinders chemical action and thus reduces capacity.
Generally, a battery in this condition has been neglected or
abused. The plates will probably be found to be in need of re-
pairs, a subject which will be discussed more fully later.

(f) Bulged Active Material on Negative Plates, Causing Poor
Contact Between Paste and Grid. If the lead does not have a
granular appearance, or if active material has not been shed
to any considerable extent, pressing the plates in a vise or press
(see page 215) will remedy the trouble. When the bulged paste
has been pressed back into the grids, it will be necessary to charge
and discharge the battery several times in order to put the spongy
lead in an active condition.

(g¢) Lack of Sufficient Charging and Discharging of New
Batteries, Batteries Which Have Been Sulphated, and Rebuilt,
Batteries With New Plates. This can be remedied generally by
charging and discharging two or three times, and adjusting
electrolyte so as to have proper specific gravity by removing
some of old electrolyte and adding water or 1.400 electrolyte, as
the case may be.

If in doubt as to the battery’s condition, charge it until it
casses freely, and the specific gravity of the electrolyte does not
increase over several hours. Now discharge the battery at one
fourth to one fifth of its ampere hour capacity. If, when the
battery voltage has dropped to 1.7 per cell, the battery has de-
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livered fifty to sixty per cent of its ampere hour capacity, based
on its eight hour rate, the battery should give reasonable service.
If convenient, make the cadmium test (see page 266). If this
test shows that the plates of any cell are in a poor condition,
the battery must be opened and the trouble found and repaired
(see page 187). |

(h) Corroded Grids. Caused by nonuniform mixture in
alloy of which grids are made, by the chemical action resulting
from electrolytic decomposition of highly dilute acid in the pores
of the active material, and by the presence of lead dissolving acids
or their compounds in the electrolyte. The first condition is hope-
less. The second is also, as it occurs in every cell if the dis-
charge 1s carried too far, or if the plates have a thick layer of
active material when the rate of discharge is high. 1f the elec-
trolyte contains impurities which attack the lead, the remedy is
to pour out the old electrolyte, and put in fresh, which is known
to be chemically pure.

Corrosion is also the natural result of the action of the acid on
the plates, and is the natural depreciation occurring in the
plates. This can be retarded by keeping the specific gravity of
the electrolyte slightly below that for full charge. This corro-
sion tends to take place most rapidly at the surface of the elec-
trolyte, and the damage at this point can be lessened by keep-
ing the plates covered with electrolyte, and making the terminal
bars and lugs extra large in cross section.

(i) Reversal of Negative Plates. If one cell of a battery has
an internal short circuit, or some other defect which causes it to
lose its charge, the cell will be discharged before the others which
are in series with it, and when this cell is completely discharged,
the other cells will send a current through it in a discharge direc-
tion, and the negative plates will have a coating of lead perox-
ide formed on them, and will assume the characteristics of posi-
tive plates.

This reversal may also be the result of charging a battery in the
wrong direction, on account of reversed charging connections.
The remedy is to charge the battery for a long time in the proper
direction. If the reversal was caused by some defect within the
cell itself, the cause of the defect should be found and removed.
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Such defects may be internal short circuit, local action caused by
impurities, loss of active material, sulphation, ete.

(j) Loss of Active Material, or Shedding. This is a natural
action for positive plates, since the lead peroxide is not coherent,
and as it expands, on discharge, outer layers are forced off, and
fall to the bottom of the jar. Internal short circuits, sulpha-
tion, or buckling of the grids will also cause shedding. The posi-
tive plate becomes extremely thin and gradually wears out, or
ages. KExcessive charging rates resulting in violent evolution of
gas. This loosens some of the active material and causes it to
drop to the bottom of the jar. Normal charging rates will cause
shedding in sulphated plates because gassing will take place due
to the fact that the plates do not have enough active material
exposed to the current to use all the current in producing chem-
ical action. A current which is normal for a battery in good
condition is therefore excessive for a sulphated battery.

Should the active material be loosened from the grids and fall
to the bottom of the cell in large quantities, it will not only result
in short circuiting the plates but will also result in a loss of
capacity because of the decreased volume of material remaining
in the grids. Shedding is usually the result of overcharge or
buckling. It is also caused by the addition of raw acid or electro-
lyte in place of water. The remedy is to have the plates repasted
in a battery repair depot that is equipped for such work. A
certain amount of space is left between the bottom of the plates
and the bottom of the cells to care for this sediment but if the
collection is allowed to grow until it touches the plates, short
circuiting will result. The remedy is to have the plates removed
and the cells cleaned at intervals of nine months to one year.

(k) Negative Plates Granulated. The spongy lead tends to
become granulated and dense in structure, and to lose its porosity
so that it resembles ordinary lead. This is a natural and un-
avoidable condition, and is simply-the natural ageing of the
spongy lead.

The remedy for ths condition is to discharge the battery, re-
move the negative plates, place them in a bath of electrolyte of
1.200 specific gravity sulphurie acid, in which sheets of ordinary
laad, 1/16 inch thick are also placed. Current is sent through
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the combination, entering at the negative plates and leaving at
the ‘“‘dummy’’ electrodes of ordinary lead. The spongy lead
first turns into lead monoxide (PBQ), and then lead peroxide
(PBO,;). When all the spongy lead has been changed to lead
peroxide, the current is reversed. Befcre reversing the current,
however, the electrolyte is poured out and new electrolyte used,
in order that any impurities in the old electrolyte may mnot be
redeposited on the mnegative plates. The lead peroxide now
changes back to spongy lead, and when the plates are replaced
and the battery reassembled, it will be found to have regained the
capacity which was lost by the ageing of the spongy lead.

(1) Improperly constructed battery, or one which has been
poorly designed. Inferior materials and poor workmanship
result in a battery of low capacity.

3. Buckling., This is the bending or twisting of plates, and is
caused by unequal expanson of the various parts of the active
material. Buckled plates are saucer shaped, the center portions
expanding more than the edges on account of being less firmly
braced and supported. Any conditions of operation which will
cause excessive or non-uniform expansion of active material will
result in buckling. These conditions are as follows:

(a) Overdischarge. If discharge is carried too far, the expan-
sion of the active material on account of the formation of lead
sulphate will bend the grids out of shape, and may even break
them.

(b) Continued Operation With Battery In a Discharged Con-
dition. When a considerable amount of lead sulphate has formed,
and current is still drawn from the battery, those portions of
the plate which have the least amount of sulphate will ecarry all
the current, and will therefore become heated and expand. Th=
parts covered with sulphate will not expand, and the result is
that the parts that do expand will twist the plate out of shape. .
A normal rate of discharge may be sufficient to cause buckling
in a sulphated plate.

(¢) Charging at High Rates. If the charging rate is exces-
sive, the temperature will rise so high that excessive expansion
will take place. This is usually unequal in the different parts of |
the plate, and buckling results. With a battery that has been
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over-discharged, the charging current will be carried by those
parts of the plates which are the least sulphated. These parts
will therefore expand while others will not, and buckling results.

(d) Non-Uniform Distribution of Current Over the Plates. In
a battery which has not been over-discharged, buckling may
result if the current carried by the various parts of the plate is
not uniform on account of faulty design, or careless application
of the paste. This is a fault of the manufacturers, and not the
operating conditions.

(e) Defective Grid Alloy. If the metals of which the grids
are composed are not uniformly mixed throughout the plate, areas
of pure lead may be left here and there, with air holes at various
points. The electrolyte enters these air holes, attacks the lead
and converts the grid partly into active materail. This causes
expansion and consequent distortion and buckling,

Buckling will not necessarily cause trouble, and batteries with
buckled plates may operate satisfactorily for a long time. If,
however, the expansion and twisting has caused much of the
active material to break away from the grid, or has loosened
the active material from the grids, much of the battery capacity
1s lost. Another danger is that the lower edges of a plate may
press against the separator with sufficient force to cut through it,
touch the next plate, and cause a short-circuit, and the battery
fails. |

If buckling is caused by defective plates, there is no remedy
except to avoid discharging the plate very far, and protect the
battery from the effects of light and heat. If over-discharge,
or other conditions not resulting from defective plates have
caused buckling, and if the active material has not been loosened
from the grids, or has not dropped to the bottom of the cell,
it is possible to remove the separators, put in boards having
same thickness as the separators, and then slowly and carefully
compress the plates in a vise until restored to shape. If the
buckling has been so excessive that parts of the grids have
broken, much paste has been lost, or a short circuit has resulted,
the only remedy is to install new plates.

4, Hardening of Negatives. When negative plates are exposed
to air, the spongy lead, instead of being soft and finely divided,
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crystallizes and oxidizes, and becomes hard. This causes the
paste to become heated. The acid which remains in the plate
will also heat, and attack the spongy lead. Negative plates
should therefore always be immersed in water or weak electrolyte
when removed from a battery.

5. Buckling of Positive Plates When Exposed to Light. A phe-
nomenon for which no explanation has been found is that positive
plates buckle when exposed to light, the side toward the light
becoming concave. The positive plates should therefore be kept
in a dark box or cupboard when removed from the battery.

6. Intermal Discharge. This shows itself by the gradual los;
of charge when a fully or partly charged battery is allowed to
stand idle. The causes are:

(a) Formation of layer of sulphate between the lead peroxide
and the grid.

(b) Formation of a layer of sulphate on the surface of the
negative plate.

(¢) Impurities in plates which form small cells with the active
materials and by their discharge take away some of the battery
capacity.

These points have already been explained. See page 26.




'CHAPTER 11.
CONDITIONS OF OPERATION.

The starting and lighting equipment of a gasoline automobile
consists of three principal parts.

1. The Battery.

2. The Starting Motor.

3. The Dynamo or Geneérator.

The normal course of operation of this system consists of

(a) Cranking the Engine With the Starting Motor. A switch
is operated whereby the battery is connected to the starting
motor, causing the latter to put the engine in motion. As soon
as the gasoline has begun to vaporize, and is mixed with the
correct amount of air, the sparks at the spark plugs ignite the
mixtures of air and gasoline which are drawn into the engine
cylinders. The engine then operates under its own power. The
starting switch is then opened, disconnecting the motor from
the battery. As long as the engine now continues to run under
its own power, the starting motor is not used. |

(b) Charging the Battery. The current taken by the start-
ing motor is a heavy one, and discharges the battery to a con-
siderable extent. The energy taken out must therefore be re-
placed. This is done by the dynamo. It is important, however,
that the dynamo should not be connected to the battery until
the engine is operating above a certain minimum speed. This
is necessary because a dynamo must develop a voltage which is
greater than that of the battery before it can send a current
through the battery so as to charge it. In order to develop this
voltage, the speed of the dynamo must reach a certain value.
Should the dynamo be connected to the battery at a lower speed,
its voltage would be less than that of the battery, and instead
of the dynamo sending a current through the battery, the battery
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will send a current through the dynamo, and thus lose more
energy.

In most cars, the switch which connects the dynamo to the
battery operates automatically, and does not operate until the
voltage of the dynamo is slightly greater than that of the bat-
tery. It is known as the ‘‘circuit breaker,’’ ‘‘cutout relay,’’ or
simply the ‘‘cutout.”” When the speed of the engine decreases, |
the voltage developed by the dynamo also decreases, and it
becomes necessary to disconnect the dynamo from the battery
when the dynamo voltage begins to drop below that of the
battery. This is also done by the cutout. The construction
cutouts will be explained more fully later. Some cars have no
automatic cutout, but use a hand operated switch. Others have
both the automatic and the hand operated switches. |

(¢) Furnishing Current to the Lamps. When the engine is |
not running, the battery is the only source of electricity on the
car, and therefore operates the lights. When the engine is in |
operation, and the dynamo is sending a current through the
battery, or is ‘‘charging’’ it, the dynamo also supplies the cur-
rent to operate the lamps.

These conditions of operation seem to be simple enough, and
as long as all parts work as they should, no difficulties are en-
countered. In order to obtain satisfactory service, however, a
number of things must be considered.

Normal Conditions of 'Opera.tion, Engine Idle.

‘When the engine is idle and the lamps and all other electrical
equipment on the automobile are entirely disconnected from the
battery by means of their controlling switches, there should be
no current delivered by the battery. When there is no current
delivered by the battery under the above conditions, it indicates
that there are no shorts or grounds connecting the positive and
negative terminals of the battery or between the battery and
the terminals of the various switches. It also indicates that the
cutout, whether it be mechanical, electro-magnetic or manual,
is open and no current is being deliverd by the battery to the
dynamo armature. When the battery shows a discharge with
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all the various controlling switches open, it may be due to
grounds, short circuits or improper operation of the cutout. An
inspection of the cutout will soon tell whether it is closed or
not, and thus eliminate this possible cause of trouble, which
reduces the difficulty to a short circuit or ground. A thorough
inspection of the circuit will be necessary in order to determine
the exact location of this kind of trouble.

It is not advisable to equip an automobile with lamps whose
candlepower exceeds that recommended by the manufacturer of
the car or equipment maker. If the current delivered by the
battery with the lamps turned on exceeds the normal value for
that particular car, it may be due to lamps 8f higher candle-
power having been substituted for the standard equipment, or
shorts and grounds. A short or ground may also be thrown onto
the battery ecircuit when the switches controlling special elec-
trical equipment, such as electric gear shifts, horns, trouble
lamps, ete., are closed. It is always advisable to test each of
these different circuits separately in order to make sure that
they are free from shorts and grounds and not drawing an
excessive current from the battery when in operation.

Normal Conditions of Operation, Engine Ranning.

When a manual type of cutout is used the battery and
dynamo are connected together through a switch whose opera-
tion is controlled by the driver of the car. These switches are
of different forms and arrangements, some being combined with
the ignition switch, some with the starting switch, while some
may operate to a certain extent independent of either the start-
ing or ignition switches. With this type of cutout the operation
of the dynamo and the adjustment of the regulator controlling
the output of the dynamo should be such that the battery will
be charging when the engine is running at very low speeds. If
this adjustment is not made, it is advisable not to run the engine
at very low speeds at any time with the cutout closed, as the
voltage of the dynamo will be lower than the voltage of the
battery and, hence, the battery will discharge back into the
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dynamo. A condition of this kind may be the cause of a dis-
charged battery. The car speed at which the battery starts
to discharge may be determined by connecting an ammeter in
series with the battery and observing its indication as the speed
of the engine or car is decreased. The speedometer indication,
when the car is running and the ammeter indicating zero current,
corresponds to what might be called the neutral speed; that is,
the voltage of the generator and battery are equal and the
battery is neither charging nor discharging. This neutral speed
should not be excessive, as a high neutral speed means a rela-
tively Iow dynamo voltage, and hence a corresponding decrease
in output of the dynamo.

If a mechanical cutout is used its adjustment should be such
that the circuit connecting the dynamo and battery is not closed
until the speed of the dynamo is sufficient to cause a generated
voltage in its armature winding greater than the voltage of the
battery. If this cutout closes too soon the battery will discharge
when the circuit is first closed and will continue to do so until
the speed of the dynamo is ample to cause the generated voltage
in its armature winding to be equal to or greater than the voltage
of the battery. This type of cutout may be tested by observing
the indications of an ammeter connected in series with the bat-
tery while the speed of the engine is gradually increased. If
the voltage of the dynamo is less than the voltage of the battery
when the cutout closes, the ammeter will indicate a discharge
from the battery. If the voltage of the dynamo happens to be
equal to the voltage of the battery when the cireuit is: closed,
there will be no indication on the ammeter, but as the speed of
the engine is increased, the ammeter will show a gradually in-
creasing charge. If the voltage of the dynamo exceeds the
voltage of the battery when the cutout closes, the charging
current, as indicated on the ammeter will not gradually rise
from zero to a maximum value with increase of engine speed,
but the indication of the ammeter will suddenly jump from zero
to a certain value when the cutout closes, depending upon how
much the voltage of the dynamo exceeds the voltage of the
battery and the resistance of the entire circuit. The indicator
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then gradually increases from this value to a maximum value
with Increase in engine speed.

The operation of the electromagnetic cutout should be such
that the dynamo and battery are connected together when the
voltage of the dynamo is high enough to cause a charging cur-
rent to pass through the battery when the voltage of the battery
is at its maximum value or the battery is practically fully
charged. The value of the charging current at the instant the
circuit is closed will depend upon the difference between the
voltage of the dynamo and the voltage of the battery. This
difference will be greatest when the battery is practically or
completely discharged and a minimum value when the battery
is fully charged. The operation of the cutout may be determined
as described on page 169.

The charging rate must be sufficiently high so that with all
lamps turned on and the car running at a speed of about fifteen
miles per hour, an ammeter connected at the battery will show
some charge in spite of the current being drawn for lighting
(lamp load). This does not mean, however, that the charge
rate with the lamps turned off should always be equal to the
lamp load, because of the variations in dynamo control.

The charge rate with the lamps turned off should never
exceed In amperes one-sixth of the total ampere-hour capacity

of the battery, and except at extreme high speeds should never
exceed one-eighth of this capacity.

General Operating Conditions Which Govern the Action of
a Battery.

The greatest drain on the storage battery is the operation of
the starting motor. Under no conditions should the starting
motor be used to propel the car, as there will undoubtedly be
permanent damage done to the battery. Damage due to such
treatment may not appear for some time, but it is sure to come
if the practice be followed to any extent.

The starting motor should be used as economically as possible,
and the engine started only when it is necessary to do so. Care
should be exercised in the adjustment of the carburetor and
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ignition system so that it will not be necessary to crank the
engine for a considerable period before it will start. A great
many drivers have a habit of holding their foot on the starting
switch after the engine starts to fire, which results in an unneces-
sary discharge of the battery.

The adjustment of the output of some dynamos is suech that
the dynamo very seldom reaches its maximum output due to the
fact that the driver may not ordinarily operate the car at a high
enough speed, on account of traffic regulations or road con-
ditions, to enable the dynamo to develop.its maximum voltage.
In such cases the output of the dynamo should be increased
when such an adjustment is possible.

In some cases a car may be used almost entirely at night or
at least a large part of the time that it is in use may be at night,
and in such cases the drain on the battery may be excessive for
the amount of charge put into it. The driver should use his
starting motor as sparingly as possible, substitute lamps of lower
candle power for the ones regularly supplied if such substitution
gives ample light for driving purposes, and be careful in the

_use of the electric horn and other electrical accessories. In no
case should the charging rate be increased to such an extent
by adjusting the regulator that the dynamo or battery will be
damaged. :

The efficiency of a storage battery is considerably less in cold
weather than it is in warm weather, and this, coupled with the
fact that the number of hours of darkness during which the car
is likely to be used is greater in cold weather than in warm, often
results in the battery becoming discharged, or failing to carry
the load imposed upon it during the winter, even though it oper-
ated very satisfactorily during the warm summer months. The
engine is always harder to start in cold weather than it is in
warm weather, due to the fact that the gasoline does not vaporize
as readily and the oil in all the bearings and around the pistons
is stiff, making the engines much harder to turn over. In such
cases it is often necessary to increase the output of the dynamo
during certain months of the year in order to make up for the
loss in efficiency and increase in output the battery is called upon

to supply.
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The condition of operation during the warm summer months
and long days may on the other hand result in serious damage to
the battery on account of excessive charging in proportion to
discharge. During the summer. the engine turns over more easily,
the battery is much more efficient, the gasoline vaporizes more
easily, and the lamps are not used nearly as much as they are
in the winter. This condition of over-charging can be relieved
to a certain extent by means of a touring switch, by means of
which the driver may disconnect the battery from the dynamo,
or by turning on all of the lamps with the engine idle and allowing
the battery to discharge for a few hours at certain intervals,
depending upon the speed at which the car is driven when in
use, that is, upon the amount of charge put into the battery.



CHAPTER 12,
HOW TO TAKE CARE OF THE BATTERY ON THE CAR.

The manufacturers of Starting and Lighting Equipment have
designed their generators, cutouts, and current controlling devices
so as to relieve the car owner of as much work as possible in
taking care of batteries. The generators on most cars are auto-
matically comnected to the battery at the proper time, and also
disconnected from it as the engine slows down. The amount of
current which the dynamo delivers to the battery is automatically
prevented from exceeding a certain maximum value. Under the
average conditions of driving, a battery is kept in a good con-
dition. It is impossible, however, to eliminate entirely the need
of attention on the part of the car owner, and battery repairman.

The repairman, especially, should know what charging currents
the various makes and types of generators with which the auto-
mobiles are equipped should produce. It is a good plan always
to put an ammeter in series with the battery, run the engine with
the lamps turned off, and measure the charging current which
is being delivered to the battery. This should be done on every
car that is brought in for repairs. The charging current actually
received by the battery should be checked with the current the
generator is intended to deliver, and for which the generator
is adjusted before the car leaves the factory. If the generator
is not delivering the proper current, find out why, and remedy
the trouble. Otherwise the battery cannot be expected to do
its work satisfactorily, and be fully charged.

The storage battery requires but little attention, and this is
the very reason why wmany batteries are neglected. Motorists
often have the impression that because their work in caring for
a battery is quite simple, no harm will result if they give the
battery no attention whatever. If the battery fails to turn over
the engine when the starting switeh is closed, then instruction
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battery and at the same time make the electrical system inop-
erative., Under no conditions use the battery compartment in
storing tools, oil cans, pieces of wire, etc., as they are likely to
jJolt around and short cricuit one or more of the cells. »

The leads coming into the battery compartment should be long
enough so that the terminals on their ends may be easily attached
to the terminals of the battery and still have ample slack in the
leads so as to prevent the terminals or connections being broken
should the battery happen to move. Care should be exercised
in making the electrical connections to the battery to see that the
surfaces coming into contact are thoroughly cleaned and the area
of the contact is as large as possible, which means a minimum
resistance. Under no condition connect a copper wire direetly
to the terminal of a storage battery, as the acid fumes will attack
the eopper and start corrosion, which will eventually result in the
end of the wire being eaten off entirely and at the same time a
badly corroded battery terminal.. If such connections are neces-
sary in order to take care of additional circuits and equipment
other than the regular equipment, connection may be made to the
leads from the battery some distance from the battery or pref-
erably at a terminal block when one is provided.

There is room for great improvement in the design of battery
terminals and cable connections. The best method has the cables
burned directly to the battery posts. This eliminates the possi-
bility of corrosion at the connection between the cable and the
post. The burned-on cables should be fastened to a terminal block
placed on the side of the box. The cables and wires leading to
the starting motor and other parts of the car should be fastened
to these terminal blocks also. If all batteries were connected in
this fashion, much of time spent in the cleaning of terminals, and
charging made necessary by loose or corroded connections would
be saved.

4, Connection of Battery. The cables attached to the battery
lead to the starting motor, dynamo, lighting system, and very
frequently the ignition system also. As far as the starting, light-
ing, and ignition systems are concerned, it makes no difference
which cable is connected to the positive (marked ‘‘P,’’ ‘‘Pos,’’ or
““4-7’) battery terminal post and which cable is attached to the
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negative (marked ‘‘N,’’ ‘“Neg,’’ or ‘‘—’’) battery terminal post.
With some dynamos this is also true. With most dynamos, how-
ever, the cable which is attached to the positive battery terminal
must lead to the positive dynamo terminal, and the cable which
is attached to the negative battery terminal must lead to the
negative dynamo terminal. On many cars, one battery terminal
is connected to the iron car frame. In this case the corresponding
terminal on the dynamo must also be connected to the iron car
frame. The other battery terminal is connected to the remaining
dynamo terminal. If it is not known which cable leads to the posi-
tive and which to the negative dynamo terminal, the following
test may be made:

Fill a tumbler with electrolyte or
salt water. Fasten a wire to each
cable, insert the wires in the tumbler,
keeping them at least one inch apart.
Now start the engine, and run it at
a speed corresponding to a car speed
of not less than 20 miles per hour. |
Fine bubbles of gas will collect at
one of the wires, and.the cable to
which this wire is attached leads to
the negative dynamo terminal, and
should be connected to the negative
battery terminal. See Figure 19.

5. Freshening Charge. Battery should be given a charge just
before installing on car, or immediately after, at the charging
rate stamped on the nameplate. Directions for charging will be
given later.

6. Keep Battery and Interior of Battery Box Wiped Clean
and Dry. For this purpose use a rag dipped in ammonia or baking
soda. Do not bring an open flame near the battery vent holes. |
The reason for this is that bubbles of hydrogen and oxygen
escape from the electrolyte, and the mixture is very explosive.

In case the electrolyte or water has been spilled on top of the
battery, the surface should be rubbed off with a cloth that has
been moistened with ammonia water and should then be wiped
with a dry cloth.


















































































































































































































































































































































































































































































































































































































































































