
What is petrol?
Petrol is one of the most common fuels in the world, used to 
fuel automobiles and other mechanical engines. In this lesson 
we will  look at how petrol is produced and additives are used 
to make it more efficient and environmentally friendly.  

Petrol is extracted by the fractional distillation of crude oil (petroleum). 
Fractional distillation is a process used to separate a mixture of different 
liquids, based on their different boiling points. The different components 
are called fractions. Crude oil is heated in a furnace and passed through a 
fractioning column. The first gases to be released are small hydrocarbons. 
These have the lowest boiling points and would therefore evaporate first. 
The next fraction to come off is petrol. Petrol is a mixture of about one 
hundred different hydrocarbons. Diesel is the fifth fraction, released after 
naphtha and kerosene. Diesel is harder to vaporise than petrol. This is 
why the two are not interchangeable in car engines.

What is an octane number? 
In a petrol engine, combustion is triggered by a spark. However, under  
certain temperature and pressure conditions the fuel can ignite 
spontaneously. When this happens there is a very rapid reaction, of some 
or all of the fuel-air mixture in an engine. The flame speed is many times 
greater than that which follows normal spark ignition. This is called knocking,  
auto ignition (or pinking). The noise associated with it is called knock or 
tinkling. The octane number of a fuel is a measure of its ability to resist 
knocking. A fuel with a high octane number has a greater resistance to 
spontaneous combustion. Obviously then, the lower the octane number the 
higher the chance of auto ignition. The octane number is also known as the  
anti knock index (AKI).

How is octane number calculated?
2,2,4 trimethylpentane (iso-octane) is given the highest value of 100 while 
straight chain heptane is given the lowest value of 0.  Good petrol has an 
octane number of 97 or more.  Petrol with an octane number of 98 has the 
same anti-knocking characteristics as a mixture of 98% iso-octane and 
2% heptane.

What is reforming?
Reforming, also known as dehydrocyclisation, involves the use of a catalyst 
to form ring compounds from straight chain alkanes. Hydrogen is formed 
as a very valuable by-product. An alkane is converted to a cycloalkane and 
then to an aromatic compound. Aromatic compounds have far greater 
octane numbers than alkanes and therefore are more suitable to be used 
for petrol. 

What are oxygenates?
An oxygenate is any fuel that contains oxygen.  Adding oxygenates, such 
as methanol (CH3OH), ethanol (C2H5OH), or MTBE (methyl tertiary butyl 
ether), to a fuel is a more environmentally friendly way of increasing a the 
octane number.

In Brazil ethanol made from sugar cane residues is added to petrol and 
is called gasohol. Up to 20% alcohol can be added without any major 
modifications to the engine. This saves importing fuel and will help 
preserve existing reserves. It may also be an alternative to petrol. A huge 
advantage is that it is a renewable resource and is more environmentally 
friendly.  

What happens when vehicles burn petrol?
A petrol engine is powered by the expansion of combustible fuel (petrol) 
inside the engine. Hence it is called an internal combustion engine. The 
combustion creates pressure to move the mechanical components of the 
engine in order to provide force to the wheels.  

Chemically, when petrol is burned it produces various waste gases 
including carbon dioxide (CO2), carbon monoxide (CO) and nitrogen 
oxides (NO2, NO). It also contains water vapour which is why you can see 
exhaust fumes on a cold day. 

An anti-pollution device, called a catalytic converter, is located between 
a vehicle’s engine and tailpipe. Catalytic converters work by facilitating 
chemical reactions that reduce the number of pollutants that are emitted. 

A badly tuned engine produces water, carbon monoxide and carbon in 
the form of soot because not enough oxygen has been involved in the 
process. A tuned engine produces better combustion, resulting in less 
carbon and less CO.

Below are some chemical equations showing how insufficient oxygen can 
lead to the formation of C and CO

C8H18 + 12½ O2 = 8 CO2 + 9 H2O 

– sufficient oxygen present therefore full combustion of hydrocarbons

C8H18  + 12 O2 = 7 CO2 + CO + 9 H2O

– lacking sufficient oxygen therefore not full combustion of hydrocarbons

C8H18  + 10 O2 = 5 CO2 + CO + 2 C + 9 H2O 

– major lack of oxygen so only partial combustion occurs. 

Fig.1  Petrol pump

Additives are needed to prevent knocking
If petrol were used as it is produced, straight from the fractionating column, 
it would have a very low octane number and therefore would be unsuitable 
for its purpose. To prevent knocking or self ignition, additives must be 
added to the petrol. In the past small amounts of tetraethyl lead Pb(C2H5) 
were used. However, this was found to be extremely damaging to the 
environment and so only unleaded petrol has been in use in Ireland since 
2000. To increase the octane number of the fuel, other techniques had 
to be introduced. Such techniques now include isomerisation, catalytic 
cracking, reforming and adding oxygenates to petrol. 

What is isomerisation?
Isomers are chemical compounds which have the same number and 
type of each atom but a different arrangement or structure of atoms. 
Isomerisation involves altering the physical structure of a compound. It 
usually occurs when the substance is heated in the presence of a suitable 
catalyst. The shorter and more branched the alkane chain the higher the 
octane number, so creating isomers with these properties increases their 
octane number making them more suitable to be used as petrol. 

What is catalytic cracking?
Catalytic cracking is the breaking down of long-chain hydrocarbons 
into shorter chain hydrocarbons. This involves taking heavy oil such 
as kerosene and heating it to a high temperature in the presence of a 
catalyst. The process was developed by scientists when they found there 
was a surplus of heavier fractions (kerosene) from the fractional distillation 
of crude oil.
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Fig.3  Catalytic cracking of long chain hydrocarbons

The National Car Testing Service

Following a competitive tender process, the SGS Group was 
awarded the contract to operate and manage the new car 
testing service in Ireland. NCTS now operate 43 Test Centres 
throughout the country. The SGS Group is the world’s largest 
inspection, testing and verification company in the world.

While our lesson has been about petrol, the NCT covers 
many aspects related to the efficient operation and safety 
of cars. Tests will involve brakes, wheels and tyres, lights, 
steering, electrical systems, mirrors, fuel systems and many 
other mechanical features of the car.

There are specific standards for exhaust emissions for both 
petrol and diesel engines which are designed to protect us 
from the harmful effects of exhaust emissions.

The NCTS employ about 450 people who work in roles such 
as vehicle inspection and customer service. 

Find out more about the NCTS and car testing at  
www.ncts.ie and at www.sciencetechnolgyaction.com 
You can also find out more about the SGS Group at 
www.ie.sgs.com.

Since January 2000 all cars in 
Ireland must undergo a test called 
the National Car Test [NCT]. This 
test was introduced to improve 
road safety and to reduce harmful 
emissions and to comply with 
the EU Directive 96/96/EC which 
makes car testing compulsory in 
all EU member states.

Fig.4  Petrol test to measure exhaust levels of a vehicle
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spontaneously. When this happens there is a very rapid reaction, of some 
or all of the fuel-air mixture in an engine. The flame speed is many times 
greater than that which follows normal spark ignition. This is called knocking,  
auto ignition (or pinking). The noise associated with it is called knock or 
tinkling. The octane number of a fuel is a measure of its ability to resist 
knocking. A fuel with a high octane number has a greater resistance to 
spontaneous combustion. Obviously then, the lower the octane number the 
higher the chance of auto ignition. The octane number is also known as the  
anti knock index (AKI).

How is octane number calculated?
2,2,4 trimethylpentane (iso-octane) is given the highest value of 100 while 
straight chain heptane is given the lowest value of 0.  Good petrol has an 
octane number of 97 or more.  Petrol with an octane number of 98 has the 
same anti-knocking characteristics as a mixture of 98% iso-octane and 
2% heptane.

What is reforming?
Reforming, also known as dehydrocyclisation, involves the use of a catalyst 
to form ring compounds from straight chain alkanes. Hydrogen is formed 
as a very valuable by-product. An alkane is converted to a cycloalkane and 
then to an aromatic compound. Aromatic compounds have far greater 
octane numbers than alkanes and therefore are more suitable to be used 
for petrol. 

What are oxygenates?
An oxygenate is any fuel that contains oxygen.  Adding oxygenates, such 
as methanol (CH3OH), ethanol (C2H5OH), or MTBE (methyl tertiary butyl 
ether), to a fuel is a more environmentally friendly way of increasing a the 
octane number.

In Brazil ethanol made from sugar cane residues is added to petrol and 
is called gasohol. Up to 20% alcohol can be added without any major 
modifications to the engine. This saves importing fuel and will help 
preserve existing reserves. It may also be an alternative to petrol. A huge 
advantage is that it is a renewable resource and is more environmentally 
friendly.  

What happens when vehicles burn petrol?
A petrol engine is powered by the expansion of combustible fuel (petrol) 
inside the engine. Hence it is called an internal combustion engine. The 
combustion creates pressure to move the mechanical components of the 
engine in order to provide force to the wheels.  

Chemically, when petrol is burned it produces various waste gases 
including carbon dioxide (CO2), carbon monoxide (CO) and nitrogen 
oxides (NO2, NO). It also contains water vapour which is why you can see 
exhaust fumes on a cold day. 

An anti-pollution device, called a catalytic converter, is located between 
a vehicle’s engine and tailpipe. Catalytic converters work by facilitating 
chemical reactions that reduce the number of pollutants that are emitted. 

A badly tuned engine produces water, carbon monoxide and carbon in 
the form of soot because not enough oxygen has been involved in the 
process. A tuned engine produces better combustion, resulting in less 
carbon and less CO.

Below are some chemical equations showing how insufficient oxygen can 
lead to the formation of C and CO

C8H18 + 12½ O2 = 8 CO2 + 9 H2O 

– sufficient oxygen present therefore full combustion of hydrocarbons

C8H18  + 12 O2 = 7 CO2 + CO + 9 H2O

– lacking sufficient oxygen therefore not full combustion of hydrocarbons

C8H18  + 10 O2 = 5 CO2 + CO + 2 C + 9 H2O 

– major lack of oxygen so only partial combustion occurs. 

Fig.1  Petrol pump

Additives are needed to prevent knocking
If petrol were used as it is produced, straight from the fractionating column, 
it would have a very low octane number and therefore would be unsuitable 
for its purpose. To prevent knocking or self ignition, additives must be 
added to the petrol. In the past small amounts of tetraethyl lead Pb(C2H5) 
were used. However, this was found to be extremely damaging to the 
environment and so only unleaded petrol has been in use in Ireland since 
2000. To increase the octane number of the fuel, other techniques had 
to be introduced. Such techniques now include isomerisation, catalytic 
cracking, reforming and adding oxygenates to petrol. 

What is isomerisation?
Isomers are chemical compounds which have the same number and 
type of each atom but a different arrangement or structure of atoms. 
Isomerisation involves altering the physical structure of a compound. It 
usually occurs when the substance is heated in the presence of a suitable 
catalyst. The shorter and more branched the alkane chain the higher the 
octane number, so creating isomers with these properties increases their 
octane number making them more suitable to be used as petrol. 

What is catalytic cracking?
Catalytic cracking is the breaking down of long-chain hydrocarbons 
into shorter chain hydrocarbons. This involves taking heavy oil such 
as kerosene and heating it to a high temperature in the presence of a 
catalyst. The process was developed by scientists when they found there 
was a surplus of heavier fractions (kerosene) from the fractional distillation 
of crude oil.

Pentane (C5H12)

2-Methylbutane (C5H12)

2,2-Dimethylpropane (C5H12)

Fig.2  Isomers of C5H12

Catalytic Cracking

Fig.3  Catalytic cracking of long chain hydrocarbons

The National Car Testing Service

Following a competitive tender process, the SGS Group was 
awarded the contract to operate and manage the new car 
testing service in Ireland. NCTS now operate 43 Test Centres 
throughout the country. The SGS Group is the world’s largest 
inspection, testing and verification company in the world.

While our lesson has been about petrol, the NCT covers 
many aspects related to the efficient operation and safety 
of cars. Tests will involve brakes, wheels and tyres, lights, 
steering, electrical systems, mirrors, fuel systems and many 
other mechanical features of the car.

There are specific standards for exhaust emissions for both 
petrol and diesel engines which are designed to protect us 
from the harmful effects of exhaust emissions.

The NCTS employ about 450 people who work in roles such 
as vehicle inspection and customer service. 

Find out more about the NCTS and car testing at  
www.ncts.ie and at www.sciencetechnolgyaction.com 
You can also find out more about the SGS Group at 
www.ie.sgs.com.

Since January 2000 all cars in 
Ireland must undergo a test called 
the National Car Test [NCT]. This 
test was introduced to improve 
road safety and to reduce harmful 
emissions and to comply with 
the EU Directive 96/96/EC which 
makes car testing compulsory in 
all EU member states.

Fig.4  Petrol test to measure exhaust levels of a vehicle
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Syllabus Reference

Leaving Certificate Chemistry:

Section 5: Fuels and Heats of Reactions Section 

5.5: Oil Refining and its Products

Learning Objectives

On completing this lesson the student should be able to:

• Define the meaning of octane number

• Discuss the alternatives to lead as a petrol additive 

• Discuss the production of petrol and diesel

• Identify the components of crude oil

• Identify the products of combustion of petrol

General Learning Points

•  Petrol and diesel are produced from crude oil by a process called 
fractional distillation.

•  Petrol produced by fractional distillation is not suitable for use as its 
octane number is too low.

• Petrol additives must be used to increase the octane number.

• The octane number of a fuel is its ability to resist knocking.

•  Other products of catalytic cracking are various small hydrocarbons, 
naphtha, kerosene, gas oil and fuel oil.

•  Isomerisation catalytic cracking, reforming and addition of oxygenates 
all increase the octane number of a fuel.

•  If we split a saturated hydrocarbon we will always yield an unsaturated 
and a saturated hydrocarbon.

Examination Questions   
2005 Higher Level

The octane number of a fuel is described as a measure of the tendency 
of the fuel to cause knocking, or as measure of the tendency of the fuel to 
resist auto-ignition. This number is found by comparing the combustion of 
the fuel with the combustion of a mixture of two reference hydrocarbons 
using the same standard engine.

Name both the reference hydrocarbons present in the mixture used when 
measuring octane number by this comparison method. (8)

State two structural features of a hydrocarbon molecule which contribute 
to it having a high octane number. (6)

Lead compounds were used in the past to increase the octane number of 
fuels. Why are lead compounds unsuitable as additives for petrol used in 
modern cars? (3)

Identify one additive or type of additive, other than a compound of lead, 
used to increase the octane number of fuels. (3)

2004 Higher Level

(i) Define octane number of a fuel.

(ii)  Identify two structural features of a hydrocarbon which affect its octane 
number.

2003 Ordinary Level

The fractional distillation of crude oil in an oil refinery produced the 
following fractions: gas / naphta / kerosene / gas / oil / residue

Select from the list the fraction which is the main fraction used to make 
petrol. (5)

The hydrocarbons present in the fraction that used to make petrol usually have 
a low octane rating.

(i) What is meant by the term octane rating? (6)

(ii)  Name the heavy metal that was commonly used in compounds 
that were added to petrol to increase its octane rating? Why was it 
discontinued? (12)

(iii)  Name a chemical process that is now used to increase the octane 
rating of petrol. (6)

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

Eugene Houdry 

developed the process for ‘catalytic cracking’ of petroleum molecules 
into the shorter ones that make up petrol in 1937. This process replaced 
thermal cracking in petrol production. After testing hundreds of catalysts 
he finally found one that produced the desired molecular rearrangements. 
Houdry worked with silica-alumina and heavy liquid tars and started to 
produce samples of petrol.

George Curme

is best known for his work on ways to use by-products of petroleum 
processing. He succeeded in producing acetylene from petroleum, but 
the process also produced a substantial amount of ethylene, for which 
there was little use. He then began to investigate ways to produce other 
chemicals from ethylene. His first breakthrough came during World War I, 
when he tried to make mustard gas from ethylene, but instead synthesized 
ethylene glycol, which was eventually used in antifreeze. 

You can find out more about these and other great 
scientists at www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Fractional distillation; crude oil; fractions; fractioning column; 
spontaneously; knocking; auto ignition; knock; octane number; anti 
knock index; unleaded; isomerisation; catalytic cracking; reforming; 
oxygenates; catalyst; alkane chain; long-chain; dehydrocyclisation;  
by-product; cycloalkanes; internal combustion engine; catalytic 
converter.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on 
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a)  Diesel is one of the most common fuels in the world 

(b)  Petrol is formed by evaporation of crude oil  

(c)   In fractional distillation the first gases to be released are 
small hydrocarbons     

(d)  Petrol and diesel are interchangeable  

(e)  Isomerisation increases the octane number of a fuel 

(f)  Dehydrocyclisation decreases the octane number of a fuel 

(g)  Methane is an example of an oxygenate   

(h)   Waste gases from fuel include carbon monoxide and 
nitrogen oxides

(i)   Catalytic converters increase the amount of pollutants 
released from car engines 

(j)   Alkanes have greater octane numbers than aromatic 
compounds

(k)  Isomerisation is the breaking of long chain hydrocarbons

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

Allow the first few bubbles to be expelled form the delivery tube; this is 
mainly air form the apparatus. Collect four test tubes of the gas produced 
ensuring a stopper is placed on each as soon as it is filled. 

Disconnect the delivery tube from the test tube as soon as you stop heating 
to prevent suck-back which could cause an explosion.

When all test tubes are collected test each one for combustion and 
saturation. Discuss reasons for your findings.

This experiment should only be carried out in your school laboratory under 
your teacher’s supervision

Investigative

Using your textbook or the web look up the octane numbers for the 
following fuels: Kerosene, petrol, diesel, naphtha.

Did You Know?
The largest oil refinery in the world is in Ras Tanura, Saudi Arabia, owned 
by Saudi Aramco. The city was originally built as a sea port, but actually 
developed because of the huge refinery area. For most of the 20th century the 
largest refinery of the world was that of Abadan in Iran.

The world’s first oil refinery opened at Ploiesti, Romania in 1856. Several other 
refineries were built at that location with investment from U.S. companies 
before World War II. Most of these refineries were bombarded by the US Air 
Force in Operation Tidal Wave, August 1, 1943.

Cracking is the number one process for the commercial production of gasoline. 
In 1913, thermal cracking was invented by William Meriam Burton, a process 
that employed heat and high pressures. 

The very first self-powered road vehicles were powered by steam engines. 
In 1807 Francois de Rivaz of Switzerland invented an internal combustion 
engine that used a mixture of hydrogen and oxygen for fuel –said to be the first 
internal combustion engine.

Gottleib Daimler and Karl Benz invented petrol powered vehicles in the 1880s.
Henry Ford started manufacturing cars in 1903.

Activities

Practical

Pour some liquid paraffin into a boiling tube, filling it approximately 2-3 
cms. Insert enough glass wool to soak up the liquid paraffin. Clamp the 
boiling tube horizontally using a retort stand and clamp. Place a small 
amount of porcelain pieces around half way along the boiling tube. Insert 
bung with a delivery tube. 

Fill a trough and a test tube with water, place the test tube in the trough, 
ensuring no air gets into the test-tube. Have another 4 test tubes ready to 
collect the gas as it is produced during the experiment. 

Light the Bunsen burner and place under the porcelain pieces. As they are 
heated they cause the liquid paraffin to vaporise. 
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What is petrol?
Petrol is one of the most common fuels in the world, used to 
fuel automobiles and other mechanical engines. In this lesson 
we will  look at how petrol is produced and additives are used 
to make it more efficient and environmentally friendly.  

Petrol is extracted by the fractional distillation of crude oil (petroleum). 
Fractional distillation is a process used to separate a mixture of different 
liquids, based on their different boiling points. The different components 
are called fractions. Crude oil is heated in a furnace and passed through a 
fractioning column. The first gases to be released are small hydrocarbons. 
These have the lowest boiling points and would therefore evaporate first. 
The next fraction to come off is petrol. Petrol is a mixture of about one 
hundred different hydrocarbons. Diesel is the fifth fraction, released after 
naphtha and kerosene. Diesel is harder to vaporise than petrol. This is 
why the two are not interchangeable in car engines.

What is an octane number? 
In a petrol engine, combustion is triggered by a spark. However, under  
certain temperature and pressure conditions the fuel can ignite 
spontaneously. When this happens there is a very rapid reaction, of some 
or all of the fuel-air mixture in an engine. The flame speed is many times 
greater than that which follows normal spark ignition. This is called knocking,  
auto ignition (or pinking). The noise associated with it is called knock or 
tinkling. The octane number of a fuel is a measure of its ability to resist 
knocking. A fuel with a high octane number has a greater resistance to 
spontaneous combustion. Obviously then, the lower the octane number the 
higher the chance of auto ignition. The octane number is also known as the  
anti knock index (AKI).

How is octane number calculated?
2,2,4 trimethylpentane (iso-octane) is given the highest value of 100 while 
straight chain heptane is given the lowest value of 0.  Good petrol has an 
octane number of 97 or more.  Petrol with an octane number of 98 has the 
same anti-knocking characteristics as a mixture of 98% iso-octane and 
2% heptane.

What is reforming?
Reforming, also known as dehydrocyclisation, involves the use of a catalyst 
to form ring compounds from straight chain alkanes. Hydrogen is formed 
as a very valuable by-product. An alkane is converted to a cycloalkane and 
then to an aromatic compound. Aromatic compounds have far greater 
octane numbers than alkanes and therefore are more suitable to be used 
for petrol. 

What are oxygenates?
An oxygenate is any fuel that contains oxygen.  Adding oxygenates, such 
as methanol (CH3OH), ethanol (C2H5OH), or MTBE (methyl tertiary butyl 
ether), to a fuel is a more environmentally friendly way of increasing a the 
octane number.

In Brazil ethanol made from sugar cane residues is added to petrol and 
is called gasohol. Up to 20% alcohol can be added without any major 
modifications to the engine. This saves importing fuel and will help 
preserve existing reserves. It may also be an alternative to petrol. A huge 
advantage is that it is a renewable resource and is more environmentally 
friendly.  

What happens when vehicles burn petrol?
A petrol engine is powered by the expansion of combustible fuel (petrol) 
inside the engine. Hence it is called an internal combustion engine. The 
combustion creates pressure to move the mechanical components of the 
engine in order to provide force to the wheels.  

Chemically, when petrol is burned it produces various waste gases 
including carbon dioxide (CO2), carbon monoxide (CO) and nitrogen 
oxides (NO2, NO). It also contains water vapour which is why you can see 
exhaust fumes on a cold day. 

An anti-pollution device, called a catalytic converter, is located between 
a vehicle’s engine and tailpipe. Catalytic converters work by facilitating 
chemical reactions that reduce the number of pollutants that are emitted. 

A badly tuned engine produces water, carbon monoxide and carbon in 
the form of soot because not enough oxygen has been involved in the 
process. A tuned engine produces better combustion, resulting in less 
carbon and less CO.

Below are some chemical equations showing how insufficient oxygen can 
lead to the formation of C and CO

C8H18 + 12½ O2 = 8 CO2 + 9 H2O 

– sufficient oxygen present therefore full combustion of hydrocarbons

C8H18  + 12 O2 = 7 CO2 + CO + 9 H2O

– lacking sufficient oxygen therefore not full combustion of hydrocarbons

C8H18  + 10 O2 = 5 CO2 + CO + 2 C + 9 H2O 

– major lack of oxygen so only partial combustion occurs. 

Fig.1  Petrol pump

Additives are needed to prevent knocking
If petrol were used as it is produced, straight from the fractionating column, 
it would have a very low octane number and therefore would be unsuitable 
for its purpose. To prevent knocking or self ignition, additives must be 
added to the petrol. In the past small amounts of tetraethyl lead Pb(C2H5) 
were used. However, this was found to be extremely damaging to the 
environment and so only unleaded petrol has been in use in Ireland since 
2000. To increase the octane number of the fuel, other techniques had 
to be introduced. Such techniques now include isomerisation, catalytic 
cracking, reforming and adding oxygenates to petrol. 

What is isomerisation?
Isomers are chemical compounds which have the same number and 
type of each atom but a different arrangement or structure of atoms. 
Isomerisation involves altering the physical structure of a compound. It 
usually occurs when the substance is heated in the presence of a suitable 
catalyst. The shorter and more branched the alkane chain the higher the 
octane number, so creating isomers with these properties increases their 
octane number making them more suitable to be used as petrol. 

What is catalytic cracking?
Catalytic cracking is the breaking down of long-chain hydrocarbons 
into shorter chain hydrocarbons. This involves taking heavy oil such 
as kerosene and heating it to a high temperature in the presence of a 
catalyst. The process was developed by scientists when they found there 
was a surplus of heavier fractions (kerosene) from the fractional distillation 
of crude oil.

Pentane (C5H12)

2-Methylbutane (C5H12)

2,2-Dimethylpropane (C5H12)

Fig.2  Isomers of C5H12

Catalytic Cracking

Fig.3  Catalytic cracking of long chain hydrocarbons

The National Car Testing Service

Following a competitive tender process, the SGS Group was 
awarded the contract to operate and manage the new car 
testing service in Ireland. NCTS now operate 43 Test Centres 
throughout the country. The SGS Group is the world’s largest 
inspection, testing and verification company in the world.

While our lesson has been about petrol, the NCT covers 
many aspects related to the efficient operation and safety 
of cars. Tests will involve brakes, wheels and tyres, lights, 
steering, electrical systems, mirrors, fuel systems and many 
other mechanical features of the car.

There are specific standards for exhaust emissions for both 
petrol and diesel engines which are designed to protect us 
from the harmful effects of exhaust emissions.

The NCTS employ about 450 people who work in roles such 
as vehicle inspection and customer service. 

Find out more about the NCTS and car testing at  
www.ncts.ie and at www.sciencetechnolgyaction.com 
You can also find out more about the SGS Group at 
www.ie.sgs.com.

Since January 2000 all cars in 
Ireland must undergo a test called 
the National Car Test [NCT]. This 
test was introduced to improve 
road safety and to reduce harmful 
emissions and to comply with 
the EU Directive 96/96/EC which 
makes car testing compulsory in 
all EU member states.

Fig.4  Petrol test to measure exhaust levels of a vehicle
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Syllabus Reference

Leaving Certificate Chemistry:

Section 5: Fuels and Heats of Reactions Section 

5.5: Oil Refining and its Products

Learning Objectives

On completing this lesson the student should be able to:

• Define the meaning of octane number

• Discuss the alternatives to lead as a petrol additive 

• Discuss the production of petrol and diesel

• Identify the components of crude oil

• Identify the products of combustion of petrol

General Learning Points

•  Petrol and diesel are produced from crude oil by a process called 
fractional distillation.

•  Petrol produced by fractional distillation is not suitable for use as its 
octane number is too low.

• Petrol additives must be used to increase the octane number.

• The octane number of a fuel is its ability to resist knocking.

•  Other products of catalytic cracking are various small hydrocarbons, 
naphtha, kerosene, gas oil and fuel oil.

•  Isomerisation catalytic cracking, reforming and addition of oxygenates 
all increase the octane number of a fuel.

•  If we split a saturated hydrocarbon we will always yield an unsaturated 
and a saturated hydrocarbon.

Examination Questions   
2005 Higher Level

The octane number of a fuel is described as a measure of the tendency 
of the fuel to cause knocking, or as measure of the tendency of the fuel to 
resist auto-ignition. This number is found by comparing the combustion of 
the fuel with the combustion of a mixture of two reference hydrocarbons 
using the same standard engine.

Name both the reference hydrocarbons present in the mixture used when 
measuring octane number by this comparison method. (8)

State two structural features of a hydrocarbon molecule which contribute 
to it having a high octane number. (6)

Lead compounds were used in the past to increase the octane number of 
fuels. Why are lead compounds unsuitable as additives for petrol used in 
modern cars? (3)

Identify one additive or type of additive, other than a compound of lead, 
used to increase the octane number of fuels. (3)

2004 Higher Level

(i) Define octane number of a fuel.

(ii)  Identify two structural features of a hydrocarbon which affect its octane 
number.

2003 Ordinary Level

The fractional distillation of crude oil in an oil refinery produced the 
following fractions: gas / naphta / kerosene / gas / oil / residue

Select from the list the fraction which is the main fraction used to make 
petrol. (5)

The hydrocarbons present in the fraction that used to make petrol usually have 
a low octane rating.

(i) What is meant by the term octane rating? (6)

(ii)  Name the heavy metal that was commonly used in compounds 
that were added to petrol to increase its octane rating? Why was it 
discontinued? (12)

(iii)  Name a chemical process that is now used to increase the octane 
rating of petrol. (6)

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

Eugene Houdry 

developed the process for ‘catalytic cracking’ of petroleum molecules 
into the shorter ones that make up petrol in 1937. This process replaced 
thermal cracking in petrol production. After testing hundreds of catalysts 
he finally found one that produced the desired molecular rearrangements. 
Houdry worked with silica-alumina and heavy liquid tars and started to 
produce samples of petrol.

George Curme

is best known for his work on ways to use by-products of petroleum 
processing. He succeeded in producing acetylene from petroleum, but 
the process also produced a substantial amount of ethylene, for which 
there was little use. He then began to investigate ways to produce other 
chemicals from ethylene. His first breakthrough came during World War I, 
when he tried to make mustard gas from ethylene, but instead synthesized 
ethylene glycol, which was eventually used in antifreeze. 

You can find out more about these and other great 
scientists at www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Fractional distillation; crude oil; fractions; fractioning column; 
spontaneously; knocking; auto ignition; knock; octane number; anti 
knock index; unleaded; isomerisation; catalytic cracking; reforming; 
oxygenates; catalyst; alkane chain; long-chain; dehydrocyclisation;  
by-product; cycloalkanes; internal combustion engine; catalytic 
converter.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on 
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a)  Diesel is one of the most common fuels in the world 

(b)  Petrol is formed by evaporation of crude oil  

(c)   In fractional distillation the first gases to be released are 
small hydrocarbons     

(d)  Petrol and diesel are interchangeable  

(e)  Isomerisation increases the octane number of a fuel 

(f)  Dehydrocyclisation decreases the octane number of a fuel 

(g)  Methane is an example of an oxygenate   

(h)   Waste gases from fuel include carbon monoxide and 
nitrogen oxides

(i)   Catalytic converters increase the amount of pollutants 
released from car engines 

(j)   Alkanes have greater octane numbers than aromatic 
compounds

(k)  Isomerisation is the breaking of long chain hydrocarbons
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Allow the first few bubbles to be expelled form the delivery tube; this is 
mainly air form the apparatus. Collect four test tubes of the gas produced 
ensuring a stopper is placed on each as soon as it is filled. 

Disconnect the delivery tube from the test tube as soon as you stop heating 
to prevent suck-back which could cause an explosion.

When all test tubes are collected test each one for combustion and 
saturation. Discuss reasons for your findings.

This experiment should only be carried out in your school laboratory under 
your teacher’s supervision

Investigative

Using your textbook or the web look up the octane numbers for the 
following fuels: Kerosene, petrol, diesel, naphtha.

Did You Know?
The largest oil refinery in the world is in Ras Tanura, Saudi Arabia, owned 
by Saudi Aramco. The city was originally built as a sea port, but actually 
developed because of the huge refinery area. For most of the 20th century the 
largest refinery of the world was that of Abadan in Iran.

The world’s first oil refinery opened at Ploiesti, Romania in 1856. Several other 
refineries were built at that location with investment from U.S. companies 
before World War II. Most of these refineries were bombarded by the US Air 
Force in Operation Tidal Wave, August 1, 1943.

Cracking is the number one process for the commercial production of gasoline. 
In 1913, thermal cracking was invented by William Meriam Burton, a process 
that employed heat and high pressures. 

The very first self-powered road vehicles were powered by steam engines. 
In 1807 Francois de Rivaz of Switzerland invented an internal combustion 
engine that used a mixture of hydrogen and oxygen for fuel –said to be the first 
internal combustion engine.

Gottleib Daimler and Karl Benz invented petrol powered vehicles in the 1880s.
Henry Ford started manufacturing cars in 1903.

Activities

Practical

Pour some liquid paraffin into a boiling tube, filling it approximately 2-3 
cms. Insert enough glass wool to soak up the liquid paraffin. Clamp the 
boiling tube horizontally using a retort stand and clamp. Place a small 
amount of porcelain pieces around half way along the boiling tube. Insert 
bung with a delivery tube. 

Fill a trough and a test tube with water, place the test tube in the trough, 
ensuring no air gets into the test-tube. Have another 4 test tubes ready to 
collect the gas as it is produced during the experiment. 

Light the Bunsen burner and place under the porcelain pieces. As they are 
heated they cause the liquid paraffin to vaporise. 
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