
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). 



 

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. 

(iii) 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.  

(iv) Electrolyte. The electrolyte is dilute sulphuric acid (H2SO4) 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. 

(v) 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 (H2SO4) 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 (PbSO4) 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 (H2SO4) 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 (PbO2) positive plate and a pure lead (Pb) negative 

plate. At the same time, H2SO4 is formed at the expense of water, restoring the 

electrolyte (H2SO4) 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 : 

 length of time since it was last charged 

 specific gravity of the electrolyte 

 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. e.m.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 (PbSO 4) 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 = Id × Td ampere-hours (or Ah) 

where Id = Steady discharging current in amperes 

Td = 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: 

 Rate of discharge — Higher the rate of discharge, less the capacity 

 Temperature — Increases with temperature 

 Area of plates — Increases with plate area 

 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 − 𝑕𝑜𝑢𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦,𝐴𝑕 =  
𝐴𝑚𝑝𝑒𝑟𝑒 − 𝑕𝑜𝑢𝑟𝑠 𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑜𝑛 𝑑𝑖𝑠𝑐𝑕𝑎𝑟𝑔𝑒

𝐴𝑚𝑝𝑒𝑟𝑒 − 𝑕𝑜𝑢𝑟𝑠 𝑜𝑓 𝑐𝑕𝑎𝑟𝑔𝑒
 ×  100 

=  
𝐼𝑑 × 𝑇𝑑
𝐼𝑐 × 𝑇𝑐

 × 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. 

𝑊𝑎𝑡𝑡 − 𝑕𝑜𝑢𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦,
𝑤𝑕

=  
𝐸𝑛𝑒𝑟𝑔𝑦 𝑔𝑖𝑣𝑒𝑛 𝑜𝑛 𝑑𝑖𝑠𝑐𝑕𝑎𝑟𝑔𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 𝑜𝑓 𝑐𝑕𝑎𝑟𝑔𝑒
 ×  100 

=  
𝑉𝑑 × 𝐼𝑑 × 𝑇𝑑
𝑉𝑐 × 𝐼𝑐 × 𝑇𝑐

 × 100 

=  
𝐼𝑑 × 𝑇𝑑
𝐼𝑐 × 𝑇𝑐

 × 100 ×
𝑉𝑑
𝑉𝑐

 

=  
𝐴𝑕

×
𝑉𝑑
𝑉𝑐

 

where Id = Steady discharging current in amperes 

Td = Discharging time in hours 

Vd = average p.d. during discharge 

Ic = Steady charging current in amperes 

Tc = charging time in hours 

Vc = average p.d. during charging 

Since average p.d. during discharge (i.e. Vd) is lower than the average p.d. during 

charge (i.e. Vc) due to the effects of internal resistance and polarisation, ηwh is 

always less than ηAh. 

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 

(ii) 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. 

(iii) 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. 

(iii) 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.  








