Unit-6- Electrical Installations

Lecture-3

Production of emf by chemical action:

In this method of emf production, two dissimilar metal plates (known as electrodes)
are immersed in a fluid called electrolyte. When these electrodes are externally
connected by means of wires, chemical action takes place inside the electrolyte. Thus
a potential difference is created between the two electrodes which cause a flow of
current in the external circuit through the connecting wires. This device is called the
cell and the combination of two or more cell is known as the battery. The plate
through which the current leaves the cell to the external circuit is called the positive
plate and the plate from which the current enter the cell is known as the negative
plate.

Type of Batteries: An electric battery consists of a number of electrochemical cells,
connected either in series or parallel. A cell, which is the basic unit of a battery, may
be defined as a power generating device, which is capable of converting stored
chemical energy into electrical energy. However, the cells can be divided into two
main classes:

Primary cell: A cell in which chemical action is not reversible is called a primary cell
e.g., Voltaic cell, Daniel cell, Lachlanche cell, dry cell etc. As a primary cell delivers
current, the active materials are used up. When the active materials are nearly
consumed, the cell stops delivering current. In order to renew the cell, fresh active
materials are provided. Another drawback of a primary cell is that it cannot provide
large and steady current for a longer period. This fact makes the primary cell rather
an expensive source of electrical energy. Due to these drawbacks, the use of primary
cells is limited to torch batteries and for experimental purposes in the laboratories.

Secondary cells: A cell in which chemical action is reversible is called a secondary
cell or storage cell. A secondary cell operates on the same principle as a primary
cell but differs in the method in which it may be renewed. In a secondary cell, there
is no actual consumption of any plate and that the chemical process is reversible.
When the cell is delivering current, the chemical action changes the composition of
plates. When the cell is exhausted, the chemical action can be reversed by passing
current through the cell in the reverse direction to that in which the cell provided
current. This process is called charging. In other words, charging process reverses
the chemical action and enables the plates to acquire original composition. There are
several types of secondary or storage cells; the more common ones being:

(i) Lead-acid cell
(ii) Nickel-iron-alkaline cell (or Edison cell)

(iii) Nickel-cadmium-alkaline cell.



Classification of secondary batteries based on their use

Various types of secondary batteries can be grouped in to the following categories as
per their use :

1. Automotive Batteries or SLI Batteries or Portable Batteries

These are used for starting, lighting and ignition (SLI) in internal-combustion-
engine vehicles. Examples are; lead-acid batteries, nickel-cadmium batteries etc.

2. Vehicle Traction Batteries or Motive Power Batteries or Industrial Batteries

These are used as a motive power source for a wide variety of vehicles. Lead-acid
batteries, nickel-iron batteries, silver-zinc batteries have been used for this purpose.
A number of advance batteries including high-temperature batteries are under
development for electric vehicle (EV) use. These high-temperature batteries like
sodium-sulphur and lithium-iron sulphide have energy densities in the range of 100-
120 Wh/kg.

3. Stationary Batteries.

These fall into two groups (a) standby power system which is used intermittently
and (b) load leveling system which stores energy when demand is low and, later on,
uses it to meet peak demand.

Lead-Acid Batteries:

Construction of Lead-Acid Batteries:

A lead-acid battery is a collection of a number of lead-acid cells connected in
series; the most common ones being 6-volt type and 12-volt type. In case of 6-volt
type, three cells are connected in series whereas for 12-volt type, six cells are series-
connected. Fig. 3.1 shows the cut-section view of a lead-acid battery. The various
parts are:

(i) Container. The container houses the plates and the electrolyte. The container
of some batteries is made of glass or transparent synthetic plastic material.
The main advantage of using these materials is that a visual examination can
be made of the state of plates. However, if the battery is used in an automobile,
a more robust material (e.g. hard rubber or a strong synthetic plastic material)
is required to withstand the mechanical shocks. The container is sealed off at
the top to prevent the spilling of electrolyte. A large space is left at the bottom
of the container so that any sediment that drops from the plates may collect
there without causing the short- circuit between positive and negative plates.

(ii) Plates. The capacity of a lead-acid cell *depends upon the plate area. To
increase the effective area of plates without increasing the size of the cell, we
use a large number of thin plates in the cell instead of two plates. The alternate
positive and negative plates of the cell are sandwiched together with
insulators (called separators). The alternate positive and negative plates of the
cell are sandwiched together with insulators (called separators).
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Fig-3.1 cut-section view of a lead-acid battery

The negative plates are connected together as are the positive plates. A
commercial cell always contains an odd number of plates such as 11,13, 15 or
17. The number of negative plates is always one more than the number of
positive plates ; the outside plates being negative. This arrangement not only
allows both sides of the positive plate to be used actively but also the tendency
for one side of the plate to distort is balanced by a similar effect on the other. A
separate compartment is provided for each cell and each compartment has
large space at the bottom so that any sediment from the plates may collect
there.

Separators. In order to save space and to reduce the internal resistance of the
cell, the plates are placed close together. To prevent the plates from touching
each other if they wrap or buckle, they are separated by non-conducting
materials (e.g. wood, rubber etc) called separators. Separators are grooved
vertically on one side and are smooth on the other side. The grooved side is
placed against the positive plate to permit free circulation of electrolyte
around the positive plate where greater chemical action takes place.
Electrolyte. The electrolyte is dilute sulphuric acid (H2S04) solution mixed in
such a proportion so that with a fully charged battery, its specific gravity is
about 1.28. During the normal life of a battery that is properly cared for, the
electrolyte loses none of the acid. It is, therefore, necessary only occasionally
to replace the water that has evaporated. To ensure normal battery life, only
pure water should be added.

Cell cover. Each cell compartment has a cover, usually made of moulded hard
rubber. Openings are provided in these covers for the two terminal posts and
for a vent. The joints between covers and container are sealed with an acid-
resistant material.



(vi) Vent caps. Each cell cover has a hole into which is fitted the vent cap. This cap
has a vent hole to allow the free exit of the gas formed in the cell. The vent caps
can be easily removed for adding water or taking hydrometer reading.

(vii) Inter-cell connector. It is a lead alloy link that joins the cells in series. The
positive terminal of the cell is marked by a large + sign or with a red colour.

(viii) Cell terminals. Each cell has two terminals. The terminals are generally made
of lead as it does not corrode due to the electrolyte.

Operation of lead-acid battery:

A lead-acid cell when ready for use contains two plates immersed in a dilute
sulphuric acid (H2S04) of specific gravity about 1-28. The positive plate (anode) is
of lead-peroxide (PbO2) which has chocolate brown colour and the negative plate
(cathode) is lead (Pb) which is of grey colour.

(i) When the cell supplies current to a load (i.e. discharging), the chemical action
that takes place forms lead sulphate (PbS0O4) on both the plates with water being
formed in the electrolyte. After a certain amount of energy has been withdrawn
from the cell, both plates are transformed into the same material (i.e. PbSO4) and
the specific gravity of the electrolyte (H2S04) is lowered. The cell is then said to
be discharged.

(ii) To charge the cell, direct current is passed through the cell in the reverse direction
to that in which the cell provided current. This reverses the chemical process and
again forms a lead peroxide (Pb02) positive plate and a pure lead (Pb) negative
plate. At the same time, H2S04 is formed at the expense of water, restoring the
electrolyte (H2S04) to its original condition.

Characteristics of a Lead-acid Cell: The following characteristics of lead-acid batteries
are:

E.M.F. The e.m.f. of a fully charged lead-acid cell is about 2.2 volts. As the cell delivers
current, its e.m.f. also decreases, though by a very small amount. The magnitude of
e.m.f. depends upon :

e length of time since it was last charged
e specific gravity of the electrolyte
e temperature

When a cell has been recently charged, its e.m.f. is high but it gradually decreases
even if left on open-circuit. The e.m.f. of the cell rises with the increase in specific
gravity of the electrolyte. The surrounding temperature also affects the e.m.f. ; there
being a slight increase in its value with the rise in temperature.

Terminal voltage. The open-circuit terminal voltage (i.e. eem.f.) of a fully charged
cell is about 2.2 V. When the cell delivers current, the terminal voltage is less than its
e.m.f. due to voltage drop in the internal resistance of the cell. If the discharge is



continued, the terminal voltage falls rapidly for a short time, then slowly for some
time and again rapidly towards the end of discharge.

It may be noted that when the terminal voltage has fallen to about 1.8 volts, the
discharge should be stopped. If it is continued, too much lead sulphate (PbSO4) is
formed, clogging the pores of the plates, possibly damaging them and making the
recharging increasingly difficult. Also excess lead sulphate in the plates raises the
internal resistance of cell, thus lowering the terminal voltage. The Specific Gravity of
the electrolyte too is reduced by the water that is formed and this lowers the cell’s
voltage even more.

Capacity. The capacity of a cell is the quantity of electricity which it can give out
during single discharge until its terminal voltage falls to 1.8 volts. It is measured by
the product of current in amperes and the time in hours i.e.

Capacity of cell = Is X Tq ampere-hours (or Ah)
where I; = Steady discharging current in amperes

Tq = Time in hours for which the cell can supply current until its p.d.
falls to 1.8 volts

The capacity of a lead-acid cell is taken up to a point till it discharges down to 1.8
volts. It is because a lead-acid cell is not permitted to discharge beyond this point to
avoid permanent damage to the cell. Consider a cell of capacity 120 Ah. This means
that theoretically the cell can deliver 1 A for 120 hours, 2 A for 60 hours or any
combination of amperes and hours that, when multiplied together, gives 120. After
that much time, the terminal voltage of the cell falls to 1.8 volts, requiring
recharging. The capacity of a cell depends upon the following factors:

e Rate of discharge — Higher the rate of discharge, less the capacity
e Temperature — Increases with temperature

e Area of plates — Increases with plate area

e Sp. gravity of electrolyte — Increases with Sp. gravity

Efficiency. There are two ways of expressing the efficiency of a secondary cell viz
(a) Ampere hour efficiency (b) Watt-hour efficiency.

Ampere-hour efficiency. It is the ratio of output ampere-hours to the input ampere-
hours of the cell i.e.
Ampere — hours provided on discharge

Ampere — hour ef ficiency, n,, = Ampere — hours of charge x 100

I; X Ty
I XT,

x 100

Since ampere-hours is the quantity of electricity, this efficiency is sometimes called
quantity efficiency. The ampere-hour efficiency of a lead-acid cell is about 90%. It



means that if a lead-acid cell provides 90 Ah on complete discharge, then 100 Ah
must be put back into the cell to restore it to its original condition.

Watt-hour efficiency. It is the ratio of output energy to the input energy of the cell i.e.

Energy given on discharge

Watt = hour efficiency, n,,, = Energy input of charge x 100

Vyx1; XT
= 47 d77d <100
V.xXI.XT,

I, XT V
=2 94 v100x2
I xT, v,

Vq

= 77Ahx7C

where I4 = Steady discharging current in amperes
T4 = Discharging time in hours
V4 = average p.d. during discharge
I = Steady charging current in amperes
T = charging time in hours
V. = average p.d. during charging
Since average p.d. during discharge (i.e. V4) is lower than the average p.d. during
charge (i.e. V) due to the effects of internal resistance and polarisation, 7 wn is
always less than 7 4.
The efficiency of a lead-acid cell depends upon the following factors:
(a) Rate of charge and discharge
(b) Internal resistance and polarisation
(c) Time interval between the end of discharge and the commencement of
recharge.
(d) Temperature.
Applications of Lead-acid Batteries

The chief application of lead-acid batteries is at places where a d.c. generator cannot
be conveniently installed. Such batteries are employed whenever low-voltage, high
current d.c. source is required. Some of the important applications of lead-acid
batteries are given below :

i. Lead-acid batteries are extensively used in automobiles. A d.c. generator, battery
and load are connected in parallel. Since the internal resistance of a lead-acid
battery is very low, it provides a large output current required for starting the
engine of the car. In addition, the battery furnishes the power for lights, radio etc.
when the engine is stopped. When the engine is running, it operates the d.c.
generator which takes over the duties of the battery. The generator also charges
up the battery so that it will be ready when needed.

ii. Railway train lighting system is similar to the above mentioned system. When the
train is in motion, axle-driven d.c. generators furnish power for lighting, fans etc.



When the train runs at slow speeds or is stopped, lead-acid batteries take over
the duties of the generators.

iii. In a.c. generating plants, lead-acid batteries are used to energise the control
apparatus e.g. switchgear. During shut down of generators, these batteries are
used to supply emergency lights.

iv. Hospitals and other places (e.g. theatres, banks etc.) where continuous supply is
absolutely essential often use batteries as an emergency supply.

v. These are used for lighting purposes in remote rural areas where there are no
power lines. The batteries are kept in charge by means of a d.c. generator. When
the generator fails, the batteries supply the load.

Alkaline Batteries:

Lead-acid batteries have many drawbacks including shorter life, sulphation of plates
if left discharged for a long period and need much care and maintenance. These
drawbacks are overcome to a large extent by alkaline batteries. Like lead-acid cells,
the alkaline cells also consist of positive and negative plates immersed in an
electrolyte (alkali). The plates and the electrolyte are placed in a suitable container.
The two types of alkaline cells in general use are :

(i) Nickel-iron cell or Edison cell

(i7) Nickel-cadmium cell

Nickel-Iron Cell or Edison Cell /Batteries

Nickel-iron cell was developed by American scientist Thomas A. Edison in 1909. It
has lesser weight and longer life than that of a lead-acid cell. As a result, these cells
are very suitable for portable work. The e.m.f. of this cell is about 1.36 V.

Construction. When nickel-iron cell is in the charged condition, the active material
on positive plates is Ni(OH)4 and that on the negative plates is iron (Fe). The positive
and negative plates are held in a nickel-plated steal container; the plates being
insulated from each other by hard rubber strips. The container contains 21 percent
solution of KOH (electrolyte) to which is added a small amount of lithium hydrate
(LiOH) for increasing the capacity of the cell.

(i) The positive plates are in the form of perforated nickel-plated steel tubes filled
with Ni(OH)4 and flakes of metallic nickel; the addition of flakes of nickel reduces
the internal resistance of the cell.

(ii) The negative plates are also in the form of perforated nickel-plated steel tubes
filled with powdered iron oxide and a little mercuric oxide. The purpose of mercuric
oxide is to decrease the internal resistance of the cell.

Advantages

(i) Since the tspecific gravity of the electrolyte (KOH) does not change, a nickel-iron
cell is not damaged by being left in a fully discharged condition for a considerable
period of time.



(ii) It is more rugged and can stand more mechanical and electrical abuse than a
lead-acid cell.

(iif) It weighs only about half as much as a lead-acid cell of equivalent capacity.

(iv) It does not produce acid fumes that corrode nearby objects.

(v) Its life is much longer than that of a lead-acid cell.

(vi) It can be discharged at a high rate for long periods without danger to the battery
and can be recharged safely at a rapid rate.

(vii) It can withstand high temperatures better than a lead-acid cell.

Disadvantages

(i) It is costlier than a lead-acid cell.

(ii) The e.m.f. of a nickel-iron cell is about 1-2 V against 2 V of the lead-acid cell. A
supply of 12 V needs a battery of 10 nickel-iron cells in series but only 6 lead-acid
cells in series.

(iif) It has higher internal resistance than the lead-acid cell and cannot provide a
large current. For this reason, it is unsuitable for automobile starting service.

(iv) The efficiencies of a nickel-iron cell are lower than that of a lead-acid cell. The
ampere-hour and watt-hour efficiencies of such a cell are about 80% and 65%
respectively.

Applications. Due to their high mechanical strength, lightness, ability to withstand
tough conditions and free from acid fumes, nickel-iron batteries have been found to
be more satisfactory for traction purposes, mine locomotives, submarines etc. They
are particularly suitable in cases where exceptional vibrations are encountered as on
motor cycles etc.

Characteristics of Nickel Iron Batteries

(i)  This type of cell is light in weight

(ii) When fully charged, the voltage per cell is 1.4 V and is discharged till its
voltage falls to 1.15 V. it can be discharged further without any damage but
the efficiency below this value is very low due to an increase in the internal
resistance of the cell.

(iii) The average charging votage of a cell is 1.7V.

(iv) The internal resistance of the cell is high. Therefore, the efficiency of the cell
is low.

(v)  This cell has good mechanical strength as its plates are made of steel.

(vi) Unlike the lead acid cell, this cell can be charged and discharged at a high rate
without any damage. That is why it is also used for rough work.

(vii) They are light in weight, and therefore is also used in aeroplanes, etc.

(viii) The sell can be left discharge condition for long time without any harm.

(ix) With increase in temperature of the cell the capacity increases.

(x) The cost of nickel iron cell is about twice of the lead acid cell for the same
capacity.

(xi) The life of the cell is much greater than the lead acid cell.



18.4 NICKEL-CADMIUM ACCUMULATORS

The general construction of a nickel-cadmium cell is shown in Fig. 18.9. Thlc mdf;ﬁ'cad”_?}lm z;lkalme
accumulator is similar in construction to that of nickel-iron (or Eleon) accu.mu zftor. e POS] ive p' ates of
both types of accumulators are similar in every details; the negative pates differ in the active material they

employ—the negative plates of nickel
cadmium accumulators consist of spongy
cadmium, Cd whereas the negative plates
of Edison accumulators consist of spongy
iron, Fe. The electrolyte is the same as in
Edison accumulators i.e. a solution of po-
tassium hydroxide (KOH) in distilled wa-
ter with a specific gravity of 1.2 approx-
imately. The use of cadmium in the accu-
mulators reduces the internal resistance.
The most important difference be-
tween the nickel-cadmium accumulators
and nickel-iron accumulators is the ar-
rangement of the plates. Whereas in nick-
el-iron accumulators the extreme plates
are negative, but in the nickel-cadmium
accumulators the extreme plates are pos-
itive. The reason for this is that, for proper
operation, the positive active material of
the nickel-cadmium accumulators must
occupy more space than the negative ac-
tive material. Seen from outside, the pos-
itive plates of nickel-cadmium accumu-
lators are little thicker than the negative
plates. The extreme negative plates of
nickel-iron accumulator are electrically
connected to the container, the nickel-
cadmium accumulator on the contrary has
its container electrically connected to the
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positive platcs..AIT?ngemenl of positive and negative plates in
tors are showq in F1g§. 18.10 (a) and 18.10 (b) respectively.
The chemical action is perfectly reversible. On discharge the nickel hydroxide [Ni(OH),] in the positive

plates loses oXygen and is reduced to a lower form [Ni(OH ' 'mium i : ;
convstEl 150D cafiiming o [Cd(OR, (OH),], while the cadmium in the negative plate is

1. On charge the reverse action takes i
iy ) ! place, the cadmium
h_\,tdgo?{:de tsd?qnveE;ed back to plain cadmium meta] atoms and lower nickel hydroxide is restored to the
ollg!‘na con _tt_lon. he electrolyte does not enter into chemical combination with the plates, the specific
gravity remaining unchanged during charging

The &lectookemical o . 31ng and discharging of accumulators.
) ‘: electrochemical process in the nickel-cadmium accumulators for charge and discharge may be
given as

nickel-cadmium and nickel-iron accumula-

Positive plate Negative plate Ch
2Ni(OH); + 2KOH + Cd ==

Positive plate Negative plate
" Discharge - 2Ni(OH), + 2KOH + 2Cd(OH), + Electrical energy

The‘equa‘tlon should be read from left to right for discharge and from right to left for charge.

During discharge, two negative hydroxyl jons (20H)™ combine with cadmium (Cd), form cadmium
hydroxide and release two electrons. One of the electrons is used to form hydroxyl ion (OH)™ and the change
a molecule of Ni(OH); and the other electron goes to positive plate through the external circuit. During
charging reverse action takes place. The electrolyte is used for conducting purpose only.

No gases are produced during discharging and the cells are sealed with vent caps to make them unspillable.

The normal charge should be at constant curent sufficient to give full charge to the cell in 6 hours. The
charging rate may, however, vary between wide limits, from a heavy boosting charge down to trickle charge.
The average charging voltage is about 1.45 V. Trickle charge voltage is about 1.35 V per cell. The ampere-
hour input required to recharge the battery is 120 per cent of its rated capacity.

The average discharge voltage is 1.2 V per cell at normal current. However, the voltage per cell may be
as high as 1.35 to 1.4 V when the cell is being maintained in the fully charged condition by a trickle charge.

The ampere-hour efficiency of the nickel-cadmium accumulator under normal operating conditions is
about 80 per cent whereas the watt-hour efficiency is about 65 per cent.

To last so long the nickel-cadmium accumulators would be expected to have unusually favourable
operating characteristics. These can stand peak rates of charge and discharge—up to 20 times the normal
operating rate. These can be stored indefinitely either in discharged condition or in charged condition,
though the former condition is more desirable.

These accumulators are practically free from self discharge and may be left unattended for long periods
of time. At room temperature nickel-cadmium accumulator will lose 40 per cent of full charge capacity in 3
months and 60 per cent in 6 months; at 50 °C it will lose 60 per cent in one month and 90 per cent in 3
months. The accumulator can be restored to service simply by applying normal voltage. There is no
permanent damage, such as sulphation, which occurs in lead-acid accumulator that stands for months in a
discharge condition.

The internal resistance of the nickel-cadmium accumulators is higher than that of lead-acid accumulators
but special accumulators are available which compare very favourably and maintain their terminal voltage
nearly constant.

The operating temperature range is — 28 °C to + 60 °C.

They have longer life, low maintenance cost and reliability under severe operating conditions.

They are available in a variety of designs and sizes. They have energy density as much as 55 Wh perkg
of cell.

The muin disadvantages of nickel-cadmium accumulators are that they are heavier in weight and
expensive in cost in comparison to nickel-iron accumulators.

The nickel-cadmium accumulators are superior to lead-acid accumulators as well as nickel-iron
accumulators for all applications except those in which weight is important criterion of selection of battery.



Their use is also restricted due to their higher cost. _

Like the nickel-iron batteries, the nickel-cadmium batteries
rugged construction, long life and low maintenance cost outweigh the
as four times of that lead-acid batteries for the same ampere-hour OfllPUL o D

Such batteries are more suitable than Edison batteries for floating i A C(.);:]quo:nd 1di<schargi:g
dynamo. This is due to the fact that there is not much difference between their charging § ging
emfs.

Small rechargeable thin sintered plate nickel-cadmium cells
appliances such as shavers, photography equipment (movie came
and in aerospace applications. 3

They are also employed in commercial airlines, military aeroplanes and helicopte
engines or auxiliary turbines and for emergency power supply.

are used for industrial services, where
fact that their original cost is as much

/batteries are used in cordless electrie
ras, photoflash and photoflood lights),

rs for starting main

18.5 NICKEL-METAL HYDRIDE CELLS

Nickel-metal hydride cells are small package high power cells. The nickel-metal h}fdrlde couple I.ends l:tse]f
to wound construction similar to that of present day nickel-cadmium cells. The basic components f:on%tst of
the positive and negative electrodes insulated by plastic separators similar to those emplflyed n "{Ck‘#-
cadmium cells. The sandwiched electrodes are wound together and inserted into a meta]luf: can Whlcl‘! is
sealed after injecting a small amount of potassium hydride electrolyte solution. The result is a cell which
resembles with current sealed nickel-cadmium cell.

The basis of the metal hydride technology is the ability of certain metallic alloys to absorb the smaller
hydrogen atoms in the interstices between the larger metal atoms. Two general classes of materials have
been identified as possessing the potential for absorbing large volumes of hydrogen: rare earth/nickel alloys
generally based around LaNi; and alloys consisting primarily of titanium and zirconium. In both cases some
fraction of the base metals is usually replaced with other metallic elements. The exact alloy composition can
be tailored somewhat for accommodating the specific duty requirements of the final cell. Although cells
making use of both types of materials are appearing in the market, precise alloy formulations are highly
propriety and specific to the manufacturer. These metal alloys are employed for providing the active mate-
rials for negative electrode in cells which otherwise are quite similar to a nickel-cadmium cell. The metal
hydride negative is used with a nickel hydroxide positive electrode and aqueous potassium hydroxide
electrolyte as in nickel-cadmium cell.

Charging of Cell. When the two electrodes of the cells are connected to dc supply, in the presence of the
metallic alloy, the water in the electrolyte is decomposed into hydrogen atoms, which are absorbed into the
alloy and hydroxyl ions according to chemical equation

Alloy + H,0 +e"—— Alloy (H) + OH~

Discharging of Cell. During discharge, the chemical reactions are reversed. The hydrogen is desorbed,

combines with an hydroxyl ion and forms water and also contributes an electron to the current as indicated
below:

Alloy (H) + OH"—— Alloy +H,0O + ¢~

Theoretical capacity of this electrode is about 1.4 times of that cadmium negative electrode in a nickel-
cadmium couple. The metal hydride negative works well with essentially the same nickel positive electrode
used in a conventional nickel-cadmium cell, but gives power densities that are 1.2 ... 1.3 times in the
finished cell.

The intrinsic voltage of the couple is approximately the same as in case of nickel-cadmium i.e. 1.2 V per
cell. This provides convenience in maintaining compatibility of applications with the existing nickel-

cadmium cells. ©



