CHAPTER 1

FONDAMERTAL OF THE STORAGE BATTERY.

Iofiniticn and Chenmiotry of Thoe Storage Baitery.

A storage battery 18 & chemical device revereihle in ite ection,
vhich etorage enorgy st ome time for ues at l.nut.her.. The =nergy stored
is chentopl, not electricel. Electrical energy in the form of direot
current eloctriciiy is epplisd to tho bettery durlng the operaticn ter-
med charging. The eleotric curront produces chemical changes in the
battery, and the chomicol anergy stored in the plates is recanverted
to mlactrical energy vhem ths coll is dischorging.

Lead ~ Acid Stornge Colls.

The fundamental parts of g legd ~ acid storoge <ell are two dis-
ginilar plates, or aleotrodec, imbersed in ¢n olectrolyte in a suituble
ermtainer, nanely:

Positive aotive material lLeag dAtoxide (Phﬂa)

Hogative netive matorinl Spongy lesd  {Pb)

Elactrolyt®  cassasvvses Diluts soluticm af
pulphuric aoid {EQSL'I 11_]1 in
water.



In o fully chorgsd healthy cell the positive active material
16 dark chooolnte colour, and the negative active asterial is alatae =
ETay cOlomrs

Lecd plates gimtier in chemie:l eorposition and immorsed
in dtlute sulphuria adld produce no chemiesl reactions or elsctric
current when comnectad to an external clrcuit,

fithough tho lesd = eeld battery suffors the handicep of
utdlieldne ome of the hoaviast of metalo = laad - it 1s still the oost
widely used of the storope bettery devices, Same of the charactoric—
ties which have coniributed to its cuccess are worth notingi=

a} The lead ~ acid battery has the lowest initial and opera-
ting eost of the varicus types of storage battery. Thees inchxle
battariss, (Mckel - cadmiws and nickel = iron) and silveroxide - zinc,

b) Iis voltege an dischapge 1z the highest of all the
reversible conblnaticons ased.

e} It vas copparatively cheap amd plentiful materials,

4} The campletely reversible chemical reactiona produce
1ittls ohyslcal chenpe in the pletes,

o) It con oporate satlsfactorily over a wide rangs of
temmerature frag spproxinetely 0° to 107 (-28° to 43°%.)

Chenleal React a -fe 14 .

In pemoernl, & otorage battery mat be given a charge beforo
1t can function, amd this ic earried out by comnecting a suitasble
low = voltope de¢, Supply across ite tercinals for & ceartaln mmber
of houre, Tharo are, howsver, came botterien vhich copbe astived
mapely Yy 2dding celd. These batteries, usually of tho gutomotive
w,mﬁtmﬂﬂmpltmmimmmmwpmmmw
Mipy charped”

then o battory is fully charged the chemicel changms taldng
place within the cell are complste, The positive active aaterial has
been converted to lead dioxide (PbDs), and the negstive to sponge lead
{Fb}, in centaect with the alectrolyto of dllute culphuwic acid {HESDJ.)



'-3--

Diachargings Yhen the battery le discharged tr comnecting & eonductar
acrooe ite terminals, a current will flov in the external circolt from
tha positive to nagotive terminel. Current alse flows inclde the batiery
betwoan platos of opposite polarity Wy way of the comducting culhpuric
acld solution.

It 26 in the dilute sulphuric ecid (the electrolyta} that very
important chemical chonpes taoke place when a ourrent pasass betwaon the
battery plokes, 5his is very differcnt from the flow of current {ajec=
trons) in the confluctor acrosc the temminils of the battery, which legves
the confuctor corpletely unchanges.

£lectrolyte are subtaness which, in the liquld state or in eolution,
are lurgely dissociated into positive and negstive lone, or chargad
particles, Thus in solutien o zalswula of sulphurie ocid {HZSO"}, which
1e electrically noatral, 19 dizsoclated into one milphate ion (Eu,;-},
carrying tws clectromc charges, snd two hydrogen icn {R } ecch carrying
a positive charga vhich is numerically equal to the charge of an alecstron
(L.602 x 2077 coulood)

1 Coulcxh « 1 erpers = second, 60 x 40 coulonb = 1 amershours

It 19 the mieratian of these lons to the electrodes (plates)
smmersed in the culphuric acid which causes slectricity to flow within
the coll, Hoct of the chemlcal ch.rges take pluoce at tha surface of tha
plates in cortact wilh the alsctrolyle, for it is here that the lane
produce chemieal changes within the aetive motardal,

Co)) on Open o Cipeyit, With no external clrcult connected to
the terminals of the cell, the two setn of ions within the elactrolyte

are in equdlitwdvm end prevented from noving to tho recpective plateo,

Ce)) on Discharpe, then an extemal circuit is cooneoted &CroDe
the cell tormin-1lp the oulphote lons mowe to negative plate and part
with thelr nepative whargs, This produce an excess of nagative charge
mtheplata,mmtsnuumdbynﬂmntmmmmem-
tor from the negetive temninal to the pomttive terzinsl, that iz, (fom)



from a polnt of low potentfal to one of higher potentisl. (This 18
opposite to the donventicnal direction of elsctrlc currenmt, which ia
that in vhich positive charges would mowe - if they conid - in the
axtamal cirauit,) The papsage of surpluo eleotrons from the ngpative
plats to the canducter sllows more sulphate lony from the electrolyte
to coubine with the le=ad to form ls-d4 culphate (F‘bma}.

7% the positive plate, the highly oxidised lesd dicxide { PBO, }
15 short of napative charge, po that it readily acespts the slactrons
arriving fran the conductor. Hydropm ions move into the positive plate
from the slectrolyte end cosbine with axyzen to {'unnwa’t-tr(Hzﬂ Yo
This lagves raoe lesad free to combine with the sulphapde acld to fum
land sulphate and oora water,

/{86 the discharpe praceeds snd current contimie to flow, more
leud wulphate is formed, in both plates, by comblnation of the acld
from the electrolyte, Vater alse is nanufactared, which helps to
dute the elsctrolyte, ond 1t is ilms progreseive weakening of the
nlactrolyte by formation of water wkich provides a comvenlent wey of
measuring the gaount of dfschzrpe telkdng placs, The csll lo discharped
when 1to voltsge fells revidly, end et this stape moet of the active
material hns besn comverted to lacd eulphate gnd the plate are most
{demtical in cherlesl comocition.

Cell on Chorpe. To Peverss tho chenbcal changes talring place in the
call during discharpe, it is hecossary to pass a carrent into the call
in the apposite directicn ta that of dis-harge.

The chorging couros oust therefore have a woltege prestar than
that of the cell or battery to be charged, The charging scuree connocted
geroas the eoll suply en micass of negatively chargsd aleciron to the
nogative plaoto ol crrate a shortage ot the positive plate, The result
is that wydropen lona {positively charged) attracted to thoe negative
plate, whers the hydropen combines with the lezd sulphate to form lepd

(") and actd {A,50, )



The ahortage of charge produced at the positive plate resulks Ln
anlphate ions being attracted, srd combintng with hydrogen of the water
to form sulpmric ocid, Soma of the oxygen of the water cemblnes with
the lsed of the positive plats to form lead dicadds, At the negative
plate the process of recochinntion of the hyfdrogen and culphate comtl~
mios as long As there ia sulpheto present, bhen the process of canver=
plon of lecd culphate to load e almpst compleve, hydroren bubbles fort
ot the nogative plate and rles through the alectrolyte.

S1mlarly sulphate ions react wlth water at the poaitive plaie,
forming culpingic acld and leaving cxygen bo react with lard Lo {orm
laad dioxide, When most of the lsad 13 converted, the oxXygon copaars
as gas at the poaltive plote. The formation of hydrogan end axypen gas
at the plates is e sirn that the call is reaching the fully chargsd
condition,

Ap the chapging procceds 5 acid - ie relsgned from the platen
passes into the alecirolyte end the apacific pravity slowly increassc.
Hagsuremsnt of the spocifie gravity of the electrolyte during the courss
of a charge doos not plve a true indlcation of the charped conditiom
of the cell or bottery, It is not wmtil gaseing commances that the pire-
nper acid, libersted from the plotes, in mixzed with the wasker zcid et
the top of the eell, Opecific gravity resding con therefore be of valus
only toward the end of the charge, when conotancy of readings indicaten
thet all the stremg accid hos bosn liberated from the plates ard the cell
i3 fully charged,

Althourh sooe gaselng Lo pscesnary to bring inte cireulation
the stromg acid peloassd during chargs, excesalva and pralonged gaselng
doeumgood,mﬂcunintimeahm't-enﬂuufuofah:ttergtwucmdng
the active materials ot the surfoce of the platas.

Hydrolysls of the slectrolyte rasulte in lese of uater virich mast
ba replaced Ly adding pure wotar fram tina to time, this s termed
? Popping « Up.” 100 #h of gasaing will drive off cbout 1.2 ou. of waterj
anA the demands of o batteryss ragards the amount of topping - up water
required, whon working o known duty, are & good pulde bto corTect chorging,
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Excesgive water ususlly means overcharging, whilst too little mesns

undercharging.
The chemical reaction can be expressed as follows =

Discharged Charged
Pbmh-ir whaoh+zlazo — P‘hn2+ph4z{2mh
Lead Lead Dilute Lead Lead Sulphurie
sulphate culphate elsctrelyte dicodde acid
Positive Negative Positive HNagative

The arrow are ussd instead of an equel sigm ( = ) to indicate that the
reaction is reversible,

It wlll be appreciated that the normal working of a battery
preduces lead sulphate at beth positive and negative, vhich are recon-
nected to thelr oricinal condition by charging. Sulphated is the term
usually applied to a battery which has been abused by under charging,
or leaving in a discharged condition for long pericds, when the plates
hemwﬂnhmmm,humwmdm-hi@ﬂﬂa-
tance, In this abnormal condition the sulphated plates will not usually
ueq:tlchlm,bwbmﬁuukumcnulmhmmw
special treatment,

FPig.l is a diagramatic illustration of the various stages in
the complete cycle of discharge and charge of a lead - acid storage

M*-iﬂ".
Classification of Steorase Batteries.

There are many types of battery desismed to give optimum perfor-
mance under different operating conditions. Battery performance can be
a measure of one or more characteristice whose relative importance will
vary according to the nature of Lhe duty, For some dutlies, life or
portability, for some maximum output per unit weight or volume, and for
others, low operating costs may be all impertant characteristics.

Battery may be divided roughly into two classes in relation to
the type of duty they have to satisfy. Battery which are to be operated
at various lecations, or carried about in the course of operation either
by hand or in the vehlcle of which they form a component part, are called



b AR « DBatteries which are Lo be static, or lecatedi in
a fixed place Juring their life, are callad gtatlonary Batteries.

Portable batteries include,

fatomotive botteries (ear and motor vehicles),
Traction batteries (vehicles industrial trucks, etc.)
Subaairine, and marine batterics,

iners hand = and cap = lamp batteries.

Diesal locomotive starting batteries.

Train batteries,

Metorcycle and w:‘ %ﬂﬁ.

“gwer station tgétﬁt‘lﬂﬁ N
Teleshone ux::hanpbnhttwiﬂ. |

Emercency ]J.Ihtin,g “batterips

“nrine ataﬂW )
Fire and alarﬁ‘l\tied.ea.’/ﬁj

Clock batteriess
Laborotory batterles,
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