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84 Module 5: Conductors and insulating materials

What is covered?
Materials are classified as conductors, insulators, or semi-conductors according 
to their electric conductivity. This means the measure of the amount of 
electrical current a material can carry, or its ability to carry a current. In 
this module we will learn about the characteristics of conductors, insulators 
and semi-conductors. Then we will learn how to identify examples of good 
conductors and insulators.

Learning Outcomes

After studying this module you should be able to:

Unit 1
 ■ State what is meant by a conductor
 ■ State the characteristics and example of materials that are good 

conductors
 ■ Provide examples of good conductors 

Unit 2
 ■ State what is meant by insulators
 ■ State the characteristics of a good insulator
 ■ Provide examples of good insulators  

Unit 3
 ■ State what is meant by semi-conductors
 ■ State the two most commonly used semi-conductor materials

Conductors and 
insulating materials5

Module
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LEARNING OUTCOMES

 ■ State what is meant by a conductor
 ■ State the characteristics and examples of materials that are good conductors
 ■ Provide examples of good conductors

Introduction
In Electrical Engineering there are about five general groups of materials,  
for example:

 ■ Conductors.

 ■ Semi-conductors

 ■ Insulators.

 ■ Magnetic.

 ■ Constructional.

It is important to note that some materials can belong in more than one group,  
for example iron is both found in magnetic and constructional. In this module  
we are going to learn about conductors, semi-conductors and insulators. In Unit 1 
we will learn about metallic and other types of conductors used in the electrical  
field. After identifying different types of good conductors, we will look at the 
qualities or characteristics of good conductors and their uses in the electrical 
industry. Table 5.1 shows the difference between conductors of electricity and 
insulators of electricity.

Unit 1: Conductors 
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86 Module 5: Conductors and insulating materials

Table 5.1 Difference between conductors of electricity and insulators of electricity

Conductors of electricity Insulators of electricity

Definition Materials that allow electricity to pass through them Materials that do not allow electricity to pass 
through them

Examples Metals such as salt solution, and carbon (graphite) Most non-metals such as plastic, rubber, air, and 
pure water

Example 
of a circuit 
connected to 
the material

Explanation of 
observations

When a conductor of electricity is connected to a 
circuit, there is a closed circuit
Thus, electricity flows through the bulb, allowing it 
to light up

When an insulator of electricity is connected to a 
circuit, there is an open circuit
Thus, electricity will not flow t through the bulb, 
preventing it from lighting up

What is a conductor?
A good conductor is defined as a material that allows current to flow freely 
and easily along itself without offering much resistance. In other words, a good 
conductor is a material that does not block or stop (prevent) the flow of electric 
current. Table 5.1 shows that when a conductor of electricity is connected to a 
circuit, there is a closed circuit.

Characteristics of good conductors
Below are qualities or characteristics of good conductors used in the electrical 
industry:

 ■ Ductility.

 ■ Malleability.

 ■ Corrosion-resistant.

 ■ Inexpensive or cheap.

 ■ Flexible.

 ■ Mechanically strong.

Ductility 
A good conductor can easily be drawn into a thin wire of several metres long.

Malleability
Good conductor can be beaten into thin sheets, without the material cracking 
and shattering.
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Corrosion-resistant
The conductor does not corrode or deteriorate when it reacts with moisture  
and oxygen in the air. For example, when some materials corrode they will rust.  
Rust is an insulator which means that if a conductor gets rust, its conductivity will 
be reduced.

Corrosion occurs when a substance is exposed to air or certain chemicals. Oxides 
of metals or salts are formed when corrosion takes place. 

Rusting occurs when a metal is exposed to air and moisture. Only iron oxide is 
formed when rusting takes place.

Inexpensive or cheap
A good conductor will cost less when its purchase price or cost price is compared to 
that of similar conductors.

Flexible
A good conductor can bend easily without breaking.

Mechanically strong
Good conductors are suitable and can tolerate harsh environments such as areas 
with very high temperatures or where they must withstand damage when subjected 
to tensile or compressive forces, for example conductors used in overhead and 
distribution transmission lines.

Good conductors of electricity

Silver 
Silver is considered as one of the best conductors used in the electrical industry. 
Its relative conductivity is 106%. Silver is a very strong but soft, malleable, ductile 
conductor. It does not corrode and can endure extreme high temperature.

Uses 
Silver is used as a coating for the contact points of all printed circuit boards and 
electrical conductors. It is also used in the photovoltaic cells  of solar panels. 

You can also find silver in the touch screens of modern cell phones, which have a 
capacitive touch screen -this means it picks up fluctuations in the screen’s electrical 
field. So, when you apply pressure to the screen, it will recognise the electrical 
impulses which are delivered directly from your bare hand to the screen.  

However, special gloves called ‘touchscreen gloves’, which contain conductive 
fibres, should be used when operating or handling the cell phones so as to prevent 
charges from human hands into the touch screen, because normal fabric does not 
allow current to pass through.

Silver-iron alloy is used in electromagnets, transformers and small motor  
starter contacts. 

Silver-tungsten is used in circuit breaker contacts, contactors, relay contacts, and 
elements in High Rapturing Capacity fuses (HRC).

Keywords
harsh severe and 
unpleasant

withstand to receive 
without being changed 
or damaged by 
something powerful
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88 Module 5: Conductors and insulating materials

Copper
Copper is the second-best good conductor after silver with a relative conductivity 
close to 100%. Copper is mostly compared to silver because it is cheaper. Copper 
is a ductile and malleable conductor. There are three different types of copper 
conductors, namely annealed copper, hard drawn copper and stranded copper.  
Table 5.2 lists the types of copper, their characteristics and their uses.

Table 5.2 Types of copper and their characteristics and uses

Type of copper Characteristics Uses

Hard drawn copper  ■ More rigid, higher tensile and higher 
mechanical strength compared to 
annealed copper

 ■ Ductile and malleable
 ■ Not flexible 

 ■ Bus bars
 ■ Commutator segments
 ■ Panel wiring
 ■ Overhead transmission and 

distribution lines

Annealed copper  ■ Undergone special heat treatment 
at correct temperatures to restore 
ductility

 ■ Softer and more flexible than hard 
drawn copper

 ■ Cable conductors 
 ■ Electrical terminations

Type of copper Characteristics Uses

Stranded copper Stranded to make them more flexible  ■ House wiring cables
 ■ Armoured cables
 ■ Flexible cables

Gold
Gold is the third-best conductor of electricity after silver. Although gold is expensive 
it is extremely malleable and does not corrode or tarnish like other metallic 
conductors when exposed to air. The relative conductivity of gold is 73%.

Uses 
Gold is used in electronic devices such as modern cell phones, the latest colour 
televisions, GPS units, circuit board components, or small electrical connectors, 
desk-top and laptop computers, to transfer information quickly.

Aluminium
It is a very light, soft, ductile and malleable conductor. It does not corrode and is 
easy to work on or terminate.

Uses 
Aluminium is used for outdoor activity, such as overhead transmission and 
distribution lines.

Tin
Tin is a metallic conductor, which is malleable, very soft and ductile and it offers a 
high resistance to acid attack.

Keyword
commutator a 
mechanical rectifier; 
its main function of a 
commuter is to convert 
alternating current to 
direct current
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Uses 
Tin is used as a solder when mixed with lead.

Carbon 
The form of carbon that is a good conductor of electricity is graphite. Graphite is  
an allotrope of carbon that has the properties of both metal and non-metal 
conductors. Graphite is a good conductor of electricity because the electrons are  
free to move around.

Uses
Carbon is used in the manufacturing of resistors, electric motor and generator 
brushes, as well in battery as in batteries and cells.

ACTIVITY 5.1 

1. Indicate whether the following statements are TRUE or FALSE. Choose the answer 
and write only true or false next to the question number (1.1 – 1.10).
1.1. Aluminium is a good conductor of electricity.
1.2  Copper and carbon are good conductors of electricity.
1.3  Carbon is used to manufacture motor and generator brushes.
1.4  Most conductors are made of copper and aluminium.
1.5  Water is not a good conductor of electricity.
1.6  Hard drawn copper is soft and flexible.
1.7  Stranded copper is mostly used as bus bars and commutator segments.
1.8  Ductility and malleability are characteristics of good conductors.
1.9   A good conductor is a material that blocks or stops the flow of  

electric current.
1.10  Ductility means that a good conductor can be easily be drawn into a thin 

wire of several meters.

ACTIVITY 5.2 

1. Define the term conductor.
2. Give five examples of good conductors that are mostly used in the  

electrical industry.
3. State four factors to consider when selecting conductors for a  

particular application.
4. What are the four basic requirements of a good conductor of electricity?
5. What is the main difference between annealed copper and hard drawn copper?
6. What is meant by the term annealing?
7. From what material(s) are generator brushes made?
8. State three uses of silver as good conductor of electricity.
9. State two uses of annealed copper as a good conductor of electricity.
10. State three uses of aluminium as a good conductor of electricity.
11. State three uses of hard drawn copper as a good conductor of electricity.
12. Explain the difference between rust and corrosion.
13. Give two uses of stranded copper conductors.
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LEARNING OUTCOMES

 ■ State what is meant by insulators
 ■ State the characteristics of good insulators
 ■ Provide examples of good insulators

Introduction
In this unit we will learn about insulators as materials which are used to separate 
conductors in electrical circuits. We will also identify different types of insulators, 
their uses and their characteristics.

What is an insulator?
An insulator is a material with high resistivity and does not allow electricity to 
pass through it. Although insulators block the flow of electric current there are no 
perfect insulator. Very little electric current will flow through an insulator under the 
influence of an electric field. 

Characteristics of good insulators
In order to select a good insulator it is very important to know the characteristics or 
qualities of different types of insulators. A list of qualities or characteristics to take 
into account are the following:

 ■ It must be cheap.

 ■ It must be flexible.

 ■ It must be robust.

 ■ It must be water resistant.

 ■ It must be mechanically strong.

 ■ It must not be corroded by acids, oils, or alkalis.

 ■ It must be fire or heat resistant.

Examples of insulators used in the electrical  
industry
There are certain common types of insulators used in the electrical industry, such as 
the following:

 ■ Rubber.

 ■ Polyvinyl chloride (PVC).

 ■ Paper.

 ■ Bakelite.

Keywords
influence to affect or 
change how something 
or someone develops, 
behaves, or thinks

robust strong and 
unlikely to break or fail

Unit 2: Insulators 

9781485717379_ntd_eth_n1_stb_eng_za.indb   90 5/24/2020   2:45:59 PM



91 Unit 2: Insulators 

M
o

d
u

le 5

 ■ Glass.

 ■ Porcelain.

 ■ Mica.

 ■ Ceramic.

 ■ Asbestos.

 ■ Insulating oil.

 ■ Gases.
These common types of insulators have very specific characteristics which determine 
their usefulness in the electrical industry. Table 5.3 describes these characteristics.

Table 5.3 Common types of insulators used in the electrical industry and their 
characteristics

Type of insulator Characteristics

Rubber  ■ Flexible and water resistant or waterproof

Polyvinyl chloride (PVC)  ■ Flexible, water-resistant/waterproof, tough, easy to colour, and cheap  
or inexpensive

 ■ Can be used in both rigid and flexible form

Paper  ■ One of the best insulators especially when it is saturated with resin oil
 ■ When paper is treated with resin oil, it is able to withstand high voltage
 ■ Can withstand high electrical and physical stress

Bakelite
The generic name for a very early plastic 
made from formaldehyde and phenol

 ■ A strong, hard material with good electrical insulating properties
 ■ Light compared to other insulating materials
 ■ High resistance to heat
 ■ Non-flammable

Glass  ■ Cheap, brittle and waterproof insulating material
 ■ Has higher strength and tensile strength

Porcelain  ■ A brittle insulating material that can withstand high voltage stresses  
and temperatures

Mica  ■ Rigid insulator that can withstand high temperatures

Ceramic  ■ Can withstand high temperatures

Asbestos  ■ An extremely heat-resistant insulator and robust insulating material 
compared to other insulating materials

Insulating oil  ■ A special type of oil which properties include high viscosity, no impurities 
which are corrosive, good sludge formation, flash point, and fire point

Gases  ■ Cheap, non-flammable and have a high thermal stability

Each of these common types of insulators also have specific uses in the  
electrical industry. 

Rubber
Rubber is mostly used for cable insulation and is  
not suitable for high temperature applications.

Figure 5.1 Rubber insulators 
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Polyvinyl Chloride (PVC)
PVC is a flexible, water-resistant/waterproof, tough, 
easy to colour, and cheap or inexpensive insulating-
material widely used in the electrical industry. It 
can be used in both rigid and flexible form. In rigid 
form it is used in the manufacture of PVC conduits.  
In flexible form it is used in the manufacture of  
cable insulation. Figure 5.2 PVC insulated wires

Paper
Paper is mostly used in insulation of high voltage 
cables especially those buried underground.  
Paper is also used in the manufacture of capacitors. 

Figure 5.3 Fish paper

Bakelite
Bakelite is used for handles of electric irons, casings 
of circuit breakers and switches, fuse holders, lamp 
holders and junction boxes.

Figure 5.4 Bakelite insulators

Glass
Glass is mostly used as overhead line 
insulators because of its low cost.

Figure 5.5 Glass powerline insulator

Porcelain
Porcelain is mostly used in overhead transmission  
and distribution lines. It is also used for fuse and  
lamp holders.

Figure 5.6 Porcelain insulators
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Mica
Mica is used between segments of commutators 
of DC generators and under the slip rings of AC 
machines. Mica is also suitable for use as insulating 
material in iron and toaster elements as well as 
dielectric material in some capacitors.

Figure 5.7 Mica insulators

Ceramic
Ceramic is used in the manufacture of capacitors, 
overhead line insulators, and transformer switch 
bases. Ceramic is also used as insulating beads for 
high temperature insulation applications such as 
terminal blocks used in stoves.

Figure 5.8 Ceramic insulators

Asbestos
Asbestos is used in the heating elements in bread 
toasters and internal wiring of stoves.

Figure 5.9 Asbestos cables

Insulating oil
Insulating oil is used in transformers and oil-filled 
circuit-breakers for cooling purposes by quenching 
arcs formed in the circuit breakers. Oil is also  
used to saturate paper, for example in paper 
insulated cables.

Figure 5.10 Insulating oil

Gases
Gases like nitrogen are used in transformers and 
in electrical machines as coolants and insulants. 
Air is also used as an insulator in overhead 
transmission lines.

Figure 5.11 Gas power insulators
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ACTIVITY 5.3 

1. Indicate whether the following statements are TRUE or FALSE. Choose the answer 
and write only true or false next to the question number (1.1 – 1.10).
1.1  An insulator is constructed of metallic material.
1.2  Air and glass are good insulators used in overhead transmission lines.
1.3  PVC and paper are good insulating materials used in stove circuits.
1.4   Nitrogen is a good insulating material used in transformers and electric 

machines as coolants and insulants.
1.5  A good insulating material should be waterproof, heat resistant and robust.
1.6  PVC in its rigid form is used for flexible cables insulation.
1.7   An insulator is a material that has high resistivity and blocks the flow of  

electric current.
1.8  Glass is cheap, brittle and waterproof insulating material.
1.9  Water is a good insulating material.
1.10  Asbestos is an insulating material mostly used in heating elements in bread 

toasters and internal wiring of stove circuits.

ACTIVITY 5.4 

1. Define an insulator.
2. List five materials commonly used for electrical insulation.
3. List five properties of Bakelite.
4. State two uses of mica an electrical insulator.
5. State two uses of glass as an electrical insulator.
6. Give three properties of glass as an electrical insulator.
7. State four basic requirements of a good insulator.
8. Give four advantages of using ceramic as an electrical insulator.
9. Give five properties of PVC.
10. State two uses of PVC when used as an insulator in its rigid form.
11. State two uses of PVC when used as an insulator in its flexible form.
12. Explain why silicone is used as an insulator for cables used in stove circuits instead 

of rubber.
13. Explain why glass is preferred over porcelain an insulators as overhead  

line insulators.
14. Explain why mica is mostly used as insulator between the segments of a DC 

generator and under the slip rings of AC machines.
15. Explain why rubber is not suitable for high temperature applications.
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LEARNING OUTCOMES

 ■ State what is meant by semi-conductors
 ■ State the two most commonly used semi-conductor materials

Introduction
In this unit we will look at the third group of materials called semiconductor 
materials.We will identify the two most common types of semi-conductor materials 
and also discuss their uses.

What is a semi-conductor?
A semi-conductor material is a material that is neither a good conductor nor an 
insulator. In other words it is a material whose conductivity is in between that of a 
good conductor and an insulator. A semi-conductor material has poor conductivity 
at low temperature, but can be improved with the addition of certain substances by 
the application of light or voltage. 

Good examples of semi-conductor materials are germanium, silicon, and 
selenium and gallium arsenide.

Silicon and germanium are the most common semi-conductor materials which 
are used in the manufacture of electronic components such as diodes and transistors. 
Figure 5.12 shows types of semi-conductor devices such as diodes and transistors.

Figure 5.12a Semi-conductor device such as transistors Figure 5.12b Semi-conductor device such as diodes

Keyword
Silicon is a chemical 
element (Si) and a 
common constituent of 
sand and quartz

Unit 3: Semi-conductors 
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Two common types of semi-conductors
There are two types of semi-conductor materials, namely:

 ■ Intrinsic semi-conductor materials

 ■ Extrinsic semi-conductor materials, for example N-type and P-type.

Intrinsic semi-conductor materials
If we take pure silicon or germanium without adding some impurity atoms,  
it is known as intrinsic semi-conductor material. Intrinsic semi-conductor  
material cannot be used to manufacture electronic components such  
as diodes and transistors.

Extrinsic semi-conductor materials
Extrinsic semi-conductors are formed by adding impurities to intrinsic semi-
conductors – this increases the number of electrons or ‘holes’ in the semi-conductor 
which improves their conductivity. Extrinsic semi-conductor materials can then be used 
to manufacture electronic components, such as diodes and transistors. The process of 
adding impurities to semi-conductors to improve conductivity is called doping. 

Extrinsic semi-conductor materials can further be classified as N-type semi-
conductors and P-type semi-conductors. 

N-type semi-conductor
N-type semi-conductor materials are formed by adding pentavalent atoms  such 
as antimony, phosphorus or arsenic to either silicon or germanium. When a doped 
semi-conductor contains excess free electrons, it is called N-type (negative for 
electrons) semi-conductor.

P-type semi-conductor
P-type semi-conductor materials are formed by adding trivalent atoms  such  
as boron, silicon and indium to either silicon or germanium. When a doped  
semi-conductor contains excess holes, it is called P-type (positive for holes)  
semi-conductor.

The junctions which form where N-type and P-type semi-conductors are joined 
together is called P-N junction. 

Diode: a semi-conductor device made up of a single P-N junction.

Figure 5.13 Diode with one P-N junction

Keyword
impurity the fact  
that a substance 
is lower in quality 
because it is mixed  
with another 
substance, or 
something that  
causes this
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Transistor: a semi-conductor device made up of two P-N junctions in either P-N-P 
or N-P-N configuration.

Figure 5.14 Transistor with two P-N junctions

ACTIVITY 5.5 

1. Indicate whether the following statements are TRUE or FALSE. Choose the answer 
and write only true or false next to the question number (1.1 – 1.10).
1.1  Silicon and germanium are examples of semi-conductor materials.
1.2  A semi-conductor material has low conductivity at high temperatures.
1.3   A semi-conductor material is a material whose conductivity is in between 

that of a good conductor and insulator.
1.4   Intrinsic semi-conductor materials are used in the manufacture of electronic 

components such as diodes and transistors.
1.5   The two types of extrinsic semi-conductor materials are N-type and P-type 

semi-conductor materials.
1.6   Extrinsic semi-conductor materials are used in the manufacture of electronic 

components such as a diodes and transistors.
1.7   Doping is the process of adding impurities to intrinsic semi-conductor 

materials to improve their conductivity.
1.8   N-type semi-conductor materials are formed by adding trivalent atoms such 

as boron, gallium and indium to either silicon or germanium.
1.9  Antimony, phosphorus and arsenic are pentavalent atoms.
1.10 Boron, gallium and indium are trivalent atoms. 

ACTIVITY 5.6 

1. Define a semi-conductor material.
2. Name two semi-conductor materials used in the electrical industry.
3. Explain the term doping with regard to semi-conductor materials.
4. What is an intrinsic semi-conductor material?
5. What is an extrinsic semi-conductor material?
6. Give two examples of intrinsic semi-conductor materials.
7. Explain why intrinsic semi-conductor materials cannot be used to manufacture 

electronic components.
8. Name two electronic components that can be manufactured using extrinsic  

semi-conductor materials.
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Module summary
 ■ In Electrical Engineering there are about five groups of materials: 

conductors, insulators, semi-conductors, magnetic and constructional.
 ■ A good conductor is defined as a material that allows current to flow 

freely and easily along itself without offering much resistance.
 ■ Characteristics of good conductors include ductility, malleabilty, corrosion 

resistant, inexpensive or cheap, flexible, and mechanically strong.
 ■ Good conductors of electricity include materials such as copper, silver, 

gold, carbon, and aluminium.
 ■ There are three types of copper conductors namely annealed copper, 

hard drawn copper, and stranded copper.
 ■ Conductors like gold are used in electronic devices such as modern cell 

phones, latest colour televisions, GPS units, circuit board components, 
and laptop computers.

 ■ Aluminium is used for outdoor activity such as overhead transmission and 
distribution lines.

 ■ Carbon is used in the manufacturing of resistors, electric motor, and 
generator brushes.

 ■ Tin is used as solder when mixed with lead.
 ■ An insulator is a material with high resistivity and does not allow 

electricity to pass through it.
 ■ Materials like rubber, polyvinyl chloride (PVC), paper and Bakelite are 

examples of insulators.
 ■ Paper is used in insulation of high voltage cables especially those  

buried underground.
 ■ PVC is used in the manufacture of conduits.
 ■ Rubber is used for cable insulation and is not suitable for high 

temperature applications.
 ■ Bakelite is used for handle of iron, casings of circuit breakers, switches, 

fuses, lamp holders, and junction boxes.
 ■ Glass and porcelain are used in overhead transmission and distribution lines.
 ■ Asbestos is used in the heating of elements in bread toasters and internal 

wiring of stove.
 ■ A semi-conductor is a material that is neither a good conductor nor  

an insulator.
 ■ Good examples of semi-conductor materials are germanium, silicon, and 

gallium arsenide.
 ■ Silicon and germanium are the most common semi-conductor materials 

which are used in the manufacture of electronic components such as 
diodes and transistors.

 ■ Two common types of semi-conductors are intrinsic and extrinsic semi-
conductor material.

 ■ Extrinsic semi-conductor materials can further be classified as N-type and 
P-type semi-conductor.
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Exam questions
1. Define an insulator. (2)
2. Define a conductor. (2)
3. Define a semi-conductor. (2)
4. Which four insulating materials are generally used in the electrical industry? (4)
5. Name five conductors generally used in the electrical industry. (5)
6. Name two semi-conductor materials that are commonly used in the 

electrical industry. (2)
7. Name three properties of a good insulating material. (3)
8. Name three properties of a good conductor. (3)
9. Can carbon be used to wire domestic installations? (2)
10. Name three useful properties of carbon. (3)
11. Compare annealed copper to hard-drawn copper. (4)
12. Why is aluminium popular as a conductor material? (2)
13. Explain why intrinsic semi-conductor materials cannot be used to 

manufacture electronic components such as diodes and transistors. (3)
14. Name two electronic components that can be manufactured using extrinsic 

semi-conductor materials. (2)
15. Name two semi-conductor materials generally used in the electrical industry. (2)
16. Explain why mica is mostly used as an insulator between the segments of a 

DC generator and under the slip rings of an AC machine. (4)
17. Give three properties of glass as an electrical insulator used in the  

electrical industry. (3)
18. State two uses of PVC when used as an insulator in its flexible form. (2)

Total: 50 marks
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