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TOACTOR

IHPROUCTION

Arblectrodeg of Lead-Acid Cells

1-Historical Develgpment and Censtruciion

The storage battery of today grew out of the
investigations of many early experiments in the field of
electrochemistry. Volta'sl discovery of the galvanic
battery in 1800 initiated this line of research. Since
then several experiments entered the field, but it re-
mained for Plantéz, 1859, to develop a valuable form of
cell as a result of his study of the properties of metals
for the accumulation of oxygen. The cell consisted of
two sheets of lead separated by strips of rubber and
rolled into the form of a spiral. The element thus
formed was immersed in a dilute solution, about 10 per

cent of sulphuric acid,

The formation of the active material on the Planté~
plates requiresd considerable time and the expenditure of

3

a large amount of electrical enersy. In 1861 Pauré” paten-
ted a process for pasting the surface of the plates with
a compound of lead which could be formed wmore eagily into

the active material of the finished battery, but the
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coor. solcionar® parentes e use ou lesd plates wits
mumerous iioles wihich were filled with a paste made of
rulverized lead mixed with sulphuric acid,. Swan5 algo
obtained a patent on a grid of cellular structure, These
gupporis for the active material were an improvement over
the flat plates which Fauré used, but the active material
8till Tell out readily. Se110n6 patented a modification
of the grid to make it held the active material. The
cellular structure in his grid was designed in two planes
8o ag to lock the active material between them. Sellon
wag also the firsi who used lead~antimony alloy for his

grid,

The essential difference between Planté-plates and
pasted-plates consists in the fact that the active materialc
of the former are derived from the body of the plate itself,
whereas for the latter they are formed from oxides or other
pastes applied to the plate mechanically, Planté-plates
gerve guite a different purpose from the pasted plates.

They are ordinarily much larger and heavier than the pasted
plates and have a relatively smaller capacity. They are
suitable Tor stationary batteries, in which consideratione
of space and weight are of less importance than durability.
The underlying lead constitutes the essential weight of

the Planté-plate.
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fhe grids in battoly-plates fave Lo gery
several purposes, namely:
L. They must be mechanically stable %o rTetain the
actiive pasles as securely as possible.
2. lhe grid must be able to distribute heavy current
uniformly without undue drop of potential which may
be caused by either too smail a cross section of the
grid bars or by too small a contact area between the
grid metal and the active paste.
J. On the other hand, local actions at the contact
area PbO2/Pb cause loss of charge during standing of
the cell. Thus, grids for batteries which are
intended to have goo8 ‘retention of charge’ should
be constructed in a way that these contact areas
are comparatively small.
4. The grid-alloy must be as resistant as possible
against electrochemical oxidation, The molten alloy
must flow easily and completely through all the
channels ol the casting moulds, at moderate
temperatures,
5. Tne s0lubility of alloy-components more noble than
lead, such as antimony, should be as small as posgible.
6. During service time, grids should as small as
possible grow or tead to bulge, as a result of

corrgsion.
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e one alloy aion N SN
chom nre contradictory., Tmeglineo~stariing batiorien
J > & H

Lo lnstaace, whigu have to produce very high =arvent

Tor shors time and meanwhile possess maxinun capaciiy

per weight, should contaln very thin plates, The

sride need an alloy which will readily flow through

the thin channels of the mould, haes a good resistivity

against eclectrochemical oxidation, and gives grids of

high mechanical strength. Traction batteries, however,

which are deeply discharged during service, necd grids

wilch are much more robust and give a safe paste-

1
1

retentlion {o avolid carly shedding. Ior lhis type of

battery, the actlive pagte ig enclosed in svntbevic

porous tubes. Batteries which must have a hish charge

retention, nced grids with mainly the propertles as
given above sub (3) and (5). Approximately the same
appliceg for stationary batteries which should have a
service life of more than 10U vearz. Such batterics

secd grids made from pure lead, lead-calclum alloy,

vr o clspersion havdened lead,

Fure lead grids are not rizid erough, and
casting of thia grids from pure lead is difficuls.

Therefore, most grids are made ol lead alloyew wigh
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aboul O per cent antimony, The antimony igc well laown
t0 aifect cell behavicur in several ways, but the
penefits resulting from its use have outweight its
deletrious effecis, and today ounly spscial pUrpcse cells
are manufactured without antimony., The antimonial
alloys are easier to cast and the strength of the alloy
nakes it possible to handle the thin gride, The expan-
sion coefficient of the alloy is less than that of pure
lead. In addition, antimony minimizes grid growth by
digtributing corrosion attack across the body of

the grains, relieving attack at the grain boundaries.
Besides, it has been rccently observed that the antimo-
nial cells can maintain their capacity by keeping the
active material Tirm during service. However,

antinony goes into solution by anodic corrosion and
deposits on the negative plate. The hydrogen over-
voltage on antimony is lower than on lead, and this
causesg gpontaneous gelf-discharge of the negative
plate. The efficlengy of charge also decreases as
increasing portions of the charging current are

wested on generation of hydrogen.

Tire pastes now commonly used in making the

familiar pasted-plates are prepared by mixing sowe
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gATLLTLLa smaill SxiLde with a dilute solution of BULr-

uric acid. Reactionz occur that wesult in <he formatic:
of baesic lead sulphate. ‘The iead sulphate is the
cemeliting material which makes a Pirm plate. The lead
sulphate also expands the paste. Too little expansion
results in hard, dense plates and needless limitation

of the ampere-hour capacity of the plate. On the

other hand, too great expansion may result in shedd-

ing of the active waterial and thereby shorten the
ugeful life of the battery7.

After curing, the positive and negative plates
are electrolytically oxidized and reduced in dilute
sulphuric acid. The word “"Formation® applies prima-
rily to the process adopted by Planté to create a
layer of sponge lead on the surface of the negative
plates and of lead dioxide on the positives to
constitute the active materisle of the cell. The
"Formation' of pasted plates, on the other hand,
means the oxidation or reduction of the lead cxides
or cther materials which have been applied to the

arids,
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fhe goudble-sulphate theory was givsn, in 1682,
8

by Gladstone and Tribe”. fThey discovered by analyiical

ptudies that lead sulphate was formed at both plates

during discharge. They suggested that the cell
reaction is:

2Pb30 2H,0

b+ PbO2 + 2H2SO o

4 = 4 ¥
From left to right this equation represents discharge,

and from right to left charge.

Other views were proposed for the chemistry

of the lead-zcid eell. Thus Baur and Glaessner9

postulated the existance of a higher oxide of lead,

Pb0,. Glasstonel”

at the lead dioxide electrodes to the intermediate

attributed the evolution of oxygen

formation of an unstable higher oxide. According to
1

Fery*l, the charged positive plate contains a higher

oxide of lead, possibly Pb, 5 which during discharge

is reduced to PbOQ, not to Pbi0 At the negative

a
plate, he assumed durling the discharge, the formation
of PbZSGé, a subgtance which readily oxidizes in air
to PbS0,. Ricsenfeld and Sassl® claimed to have
establiched, by X-ray analysis, that basic sulphate

of lead is Tormed on the discharged positive plate.
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Cuniotlilon ant yeuds tne same potential in sulphuric

wCle as the acvive material of the positive nlizte.
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Masza ana Darretti ldentified PbhO, and PHSC, in the
2 4

plates by the use of I~ray with no indicatinn of
conflicting substances. Other investigators compris-

16 18

ing Gérard—", KinoaitalY, Denina and Ferrero™-,

. . : .1 . =
lenina and fornaseri 9, Slnnzo, Cohen and Overdijkink

1
2

onfirmed the "double-sulphate theory™. Vinal and

-
Craigs?

s Tornd that two equivalents of sulphuric acid
are consumed per faraday and that two equivalents of
water are Tcrmed at the same time. They also found
no evidence for the Formstion of basic sulphate, and
no spontaneous change in the Tinal producis of the
reaction was ~“hsgoved fter bhe dizchorze process was

discontinued.

3 concluded Trom

Later Beck and Wynne-Jones
thermodynamic studiss of published information on
the effects of variations of temperature, pressure
and concentration of the electrolyte, that the data

are corsistent only with the “double-sulphate theory".
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Although the "double-sulphate theory' states
that lead sulphate is formed at each plate during
discharze, and is converted during charge into lead at
the the negative plate, and lead dioxide at the positive
plate, it dces not explain the actual processes

ocourring at the negative and positive plates.

However, at the negative plate the process is
relatively simple. The lead ions produced during
discharge react witih the sulphate ioms forming lead
sulphate. According to Kabanov, Leikis and Krepakova24,
the thickness of the lead sulphate layer increases
with decreasing current densiiy and increasing
temperature. Fleligchmann and Thirsk25 stated thai the
number of lead sulphate crystals in the deposgit decr-
easeg while their size increases with decreasing

cvervoltage.

26

Vaisberg, Krivolapova and Kabanovr found

that increasing the concentration of sulphuric acid
results in a decrease of the time necessarvy for the
anodic oxidation of a lead surface to lead sulphate.
27

Lorensz by anodic impulse measurements, proved that
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