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GRADE 10: Chemistry 2 

The chemical industry 

About this unit 
This unit is the second of six units on chemistry 
for Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 11A and Grades 7 
and 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be familiar 
with common physical methods for purifying substances. They should know 
the composition of the air and the properties of its main constituents. They 
should be able to explain the importance of fossil fuels to the economy of 
Qatar. 
 

Expectations 
By the end of the unit, students know a variety of processes by which 
useful substances are made from raw materials, including alkalis, chlorine 
and useful metals. They know that the extractive industries can cause 
environmental degradation and understand a variety of ways this can be 
minimised. 

Students who progress further know of more than one process for the 
production of alkalis. 

 

Resources 
The main resources needed for this unit are: 
• videos or animations of fractional distillation of air and crude oil, 

electrolysis of brine and bauxite, electrolytic refining of copper, blast 
furnace and steel making 

• circus of practical kits of separating techniques met in Grade 9 (optional) 
• class sets of electrolysis kits 
• class sets of distillation kits or large demonstration equipment for 

fractional distillation of oil 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• purification and separation techniques : filtration, evaporation, distillation, 

fractionation, chromatography 
• electrolysis, blast furnace 
• hardness (of water) 

UNIT 10AC.2 
11 hours 
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Standards for the unit 

11 hours 
 SUPPORTING STANDARDS CORE STANDARDS 

Grade 10 standards 
EXTENSION STANDARDS 

7.12.1 Explain how the process of solution, 
filtration, evaporation and distillation 
can be used to make pure 
substances from mixtures and cite 
common examples of each. 

10A.18.1 Know how purification techniques such as filtration, evaporation, 
distillation, fractionation and chromatography are used to obtain pure 
compounds from mixtures. 

 

7.12.2 Perform chromatographic 
separations and explain why 
chromatography is widely used as a 
method for analysing mixtures. 

  

7.12.3 Explain qualitatively the mechanism 
of chromatography. 

  

7.13.1 Know that air consists of one-fifth 
oxygen, four-fifths nitrogen, small 
quantities of other gases, principally 
argon and carbon dioxide, and a 
variable proportion of water. 

10A.18.2 Know the properties and uses of the main gases of air; describe and 
understand the process of fractionation of liquid air to produce pure 
gases. 

 

7.13.4 Know the common properties of 
oxygen and nitrogen, such as the 
reactivity of oxygen towards both 
metals and non-metals forming 
oxides and the relative chemical 
unreactivity of nitrogen. 

  

9.14.4 Know that oil and natural gas are raw 
materials from which synthetic 
polymers (plastics and synthetic 
fibres) are commonly made and that 
many are made in Qatar. 

10A.18.3 Know how a variety of fuels and other useful compounds can be 
obtained from petroleum and natural gas. 

12A.18.3 Recognise that Qatar natural gas can act as 
both a fuel and a feedstock for industrial 
processes and that a wide variety of 
industrial processes are arising in the 
country that take advantage of the 
availability of both the gas and the products 
of the other processes. 

3 hours 

Separating 
techniques 
 

3 hours 

Electrolysis for 
new materials 
 

3 hours 

Extracting metals
 

1 hour 

Recycling 
 

1 hour 

Hard and soft 
water 

 10A.18.4 Know what is meant by hardness in water and how it is produced 
naturally. Distinguish between temporary and permanent hardness. 

 

    

Unit 10AC.2 
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11 hours 
 SUPPORTING STANDARDS CORE STANDARDS 

Grade 10 standards 
EXTENSION STANDARDS 

 10A.18.5 Explain, including the electrode reactions, industrial electrolytic 
processes such as: 
• the electrolysis of brine using a diaphragm cell; 
• the extraction of aluminium from molten aluminium oxide in cryolite; 
• the electrolytic purification of copper. 

12A.18.1 Know the essential chemistry of the two 
main processes for producing alkali: the 
Solvay process and the diaphragm cell. 
Know the products of these processes and 
the uses to which they are put, and 
understand the economic impact on the 
processes of the demand for chlorine. 

 10A.18.6 Know the industrial importance of the halogens and their compounds 
as in, for example, the manufacture of bleaches, PVC, halogenated 
hydrocarbons as solvents and refrigerants, and insecticides, and be 
aware of the main environmental hazards associated with these uses. 

 

10A.18.7 Describe, with essential chemical reactions, the extraction of steel from 
iron ore and recycled scrap iron in the electric arc furnace. 

10A.18.8 Describe, with essential chemical reactions, the extraction of pig iron 
from iron ore in the blast furnace and its subsequent conversion into 
steel in the basic oxygen furnace. 

8.13.8 Know that the ease of extraction of a 
metal from its ore depends on its 
position in the reactivity series. 

10A.18.9 Describe the production of copper matte from its ores. 

12A.18.2 Analyse Ellingham diagrams to provide 
information about the feasibility of the 
reduction of metal oxides by carbon at 
different temperatures. 

  10A.18.10 Be aware that large-scale extraction and refining processes are often 
damaging to the environment and that this has to be balanced against 
the benefits of the processes; list some of the steps taken to minimise 
environmental degradation in the processes studied. 

 

 

 

 

 10A.18.11 Understand the importance of recycling products such as metals and 
plastics and of designing products to make recycling easier. 

11A.23.8 Be aware of the need to recycle modern 
rechargeable batteries, such as those in 
computers and cellular telephones, 
because of the poisonous heavy metals 
they contain (e.g. mercury and cadmium). 
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Activities 

Objectives Possible teaching activities Notes School resources 

Carry out a quick quiz to ascertain students’ understanding of the topic so far. 

Ask students to produce a table matching the separation techniques to their uses in the Qatar 
chemical industry. Ask them to produce PowerPoint presentations of these to show to the rest 
of the class. 

You could set up a circus of lab demonstrations 
and research the Qatar chemical industry to 
provide data and images for the student task. 

ICT opportunity: Use of PowerPoint. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

Get students to use the Internet to find properties and uses of the main components of air. They 
could consolidate their findings with a card-sort activity linking each gas to its properties and 
uses. 

Show a video or computer animation of the purification of air using fractional distillation and ask 
students to prepare a flow chart of the process. 

ICT opportunity: Use of the Internet.  

3 hours  

Separating techniques 

Know how purification 
techniques such as filtration, 
evaporation, distillation, 
fractionation and 
chromatography are used to 
obtain pure compounds from 
mixtures. 

Know the properties and 
uses of the main gases of 
air; describe and understand 
the process of fractionation 
of liquid air to produce pure 
gases. 

Know how a variety of fuels 
and other useful compounds 
can be obtained from 
petroleum and natural gas. 
 

Ask students to carry out a small-scale fractionation of synthetic crude oil and to investigate the 
appearance, viscosity and flammability of each fraction. 

Consolidate with a video or computer animation to link the properties and uses of the different 
fractions. 

Safety: There is a fire risk so you may prefer to 
demonstrate this fractionation. Synthetic oil 
should be used to eliminate the presence of 
carcinogens. 
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Objectives Possible teaching activities Notes School resources 

Ask students to carry out a small-scale electrolysis of brine. Tell them to collect the gases 
produced at the anode and cathode and to test for the presence of hydrogen and chlorine. If a 
few drops of universal indicator solution are added to the brine before starting, it can be seen to 
turn from green to purple, indicating the presence of an alkali (NaOH). 

Ask students to research the uses of hydrogen, chlorine and sodium hydroxide and present the 
data in the form of pie charts or bar charts. Alternatively, ask them to produce these charts 
using information you have provided. 

Highlight the differences between the laboratory 
electrolysis and the industrial process. 

 
 
ICT opportunity: Use of the Internet. 

Enquiry skills 10A.3.1, 10A.3.2, 10A.3.4 

 

Show a video of the extraction of aluminium and the purification of copper by electrolysis. Tell 
students to work in small groups to produce annotated flow charts of one of the processes, 
adding in images downloaded from the Internet. Tell each group to present their findings to a 
group who did the other process. 

ICT opportunity: Use of the Internet. 

 

 

 

3 hours  

Electrolysis for new 
materials 
Explain, including the 
electrode reactions, industrial 
electrolytic processes such 
as: 
• the electrolysis of brine 

using a diaphragm cell; 
• the extraction of aluminium 

from molten aluminium 
oxide in cryolite; 

• the electrolytic purification 
of copper. 

Know the industrial 
importance of the halogens 
and their compounds as in, 
for example, the 
manufacture of bleaches, 
PVC, halogenated 
hydrocarbons as solvents 
and refrigerants, and 
insecticides, and be aware 
of the main environmental 
hazards associated with 
these uses. 
 

Ask students to find out about the uses of other halogens and to add this information to their 
findings about chlorine. Encourage them to discover where halogens are utilised in the chemical 
industries of Qatar and to study the processes put in place to minimise environmental impact.  

ICT opportunity: Use of the Internet. 

Enquiry skill 10A.2.3 
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Objectives Possible teaching activities Notes School resources 

Show a video or animation of the blast furnace and tell students to produce an annotated 
diagram showing the inputs, outputs and balanced equations for the main reactions that occur 
in the furnace. 

Ask students to research the different methods of steel making and then produce an annotated 
time line showing the inputs and outputs as well as the equations for what is occurring in the 
basic oxygen furnace. Students could generate these time lines on a computer or they could 
present them as a large class wall display. Then ask them to work in small groups to produce a 
similar time line to show what occurs in the electric arc furnace. Again the outputs may be used 
for presentational materials or to display on laboratory walls. 

Arrange for students to visit a steel works in Qatar. 

 
 
 

ICT opportunites: Use of the Internet; use of 
software for producing timelines. 
 
 
 
 

Visit opportunity: Visit a steel works. 

 

Give students written information on the production of copper matte from its ore and tell them to 
carry out a DART activity to identify the main stages in the process (mining, concentration and 
smelting). Encourage students to download images from the Internet and use these to construct 
a graphic flow chart showing the stages, adding at each stage an indication of the purity of 
copper and the relative amount of waste produced. 

ICT opportunity: Use of the Internet 

DART stands for directed activity related to text. 
A DART activity involves written materials that 
students need to interact with, e.g. by 
underlining key words or highlighting in different 
colours the information relating to different 
stages in a process. 

 

3 hours 

Extracting metals 
Describe, with essential 
chemical reactions, the 
extraction of pig iron from iron 
ore in the blast furnace and 
its subsequent conversion 
into steel in the basic oxygen 
furnace. 

Describe, with essential 
chemical reactions, the 
extraction of steel from iron 
ore and recycled scrap iron in 
the electric arc furnace. 

Describe the production of 
copper matte from its ores. 

Be aware that large-scale 
extraction and refining 
processes are often 
damaging to the environment 
and that this has to be 
balanced against the benefits 
of the processes; list some of 
the steps taken to minimise 
environmental degradation in 
the processes studied. 
 

Tell students to form small groups and use the flow chart produced above as a basis for further 
study. One group could research the processing of copper matte to add to the end of the 
process; another could identify the environmental impact of each stage; a further group might 
research the uses of copper and the advantages to society. Bring all the findings together and 
hold a class discussion on the steps that could be taken to minimise environmental impact. 
 

  

1 hour 

Recycling 

Understand the importance of 
recycling products such as 
metals and plastics and of 
designing products to make 
recycling easier. 
 

Review the recycling of iron in steel production met in the previous section. Ask students to 
survey the school or their homes to determine the levels of metal and plastic waste produced. 
Ask them to use this data to identify the main problem areas and then produce a public 
information leaflet giving advice on local recycling facilities and how students can utilise them. 

Enquiry skill 10A.2.2  

    



113  |  Qatar science scheme of work  |  Grade 10 advanced  |  Unit 10AC.2  |  Chemistry 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

1 hour  

Hard and soft water 
Know what is meant by 
hardness in water and how it 
is produced naturally. 
Distinguish between 
temporary and permanent 
hardness. 

Give students samples of hard and soft water and some soap and tell them to try to produce a 
lather. Then ask them to classify the samples as ‘hard’ and ‘soft’ water. Ask them to analyse 
data on the cation composition in the waters and to link the characteristics of hard water to the 
Ca2+ and Mg2+ ion content. 

Now get students to carry out practical work into the relative hardness and softness of the 
samples and to discover whether the samples display permanent or temporary hardness. The 
method is as follows. First determine the ‘number of drops of liquid soap’ needed to form a 
lather with fixed aliquots of the different water samples. The more drops of soap needed, the 
harder the water. Then take fresh samples of the different waters, boil them and allow to cool. 
Now repeat the process to determine the ‘number of drops of liquid soap’ needed to form a 
lather with fixed aliquots of the boiled water samples. If the number of soap drops needed to 
form a lather is the same before and after boiling, the hardness is permanent (due to the 
presence of dissolved calcium and magnesium chlorides and sulfates). If fewer soap drops are 
needed after boiling, there is some temporary hardness (boiling removes temporary hardness 
by precipitating the calcium ions out as insoluble calcium carbonate). Give students a word 
equation for what is happening to remove the temporary hardness and ask them to work out the 
balanced formula equation. 
 

Try to use real water samples from across Qatar 
to add authenticity. To get the best contrast 
between hard and soft water, use distilled water 
as the soft water sample. 

Enquiry skill 10A.4.2 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram opposite shows how sodium hydroxide solution can be produced. It is the 
electrolysis of brine (sodium chloride solution). 

a. What is the meaning of the word ‘electrolysis’? 

b. Write equations for the reactions at the anode and cathode. 

c. Why is this a good process in terms of the environment? 

From L. Ryan, 2001, Chemistry for You, Nelson Thornes, p.138 

  

 

 

Look at the table below. It shows the numbers of drops of soap solution needed to form a 
lather with different water samples of the same volume. 
 

Water sample Boiled Not boiled 

A 2 30 

B 27 26 

C 1 1 
 

a. What causes hardness in water? 

b. Which sample displays permanent hardness? Explain your answer. 

c. Which sample displays temporary hardness? Explain your answer. 

d. What do you think sample C is? 

  

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

A pilot has crash landed in the desert. Unfortunately, in the crash the only food (a cup of sugar) 
and drink (a glass of water) were spilt into the sand. The pilot quickly scooped the mixture into 
a plastic bag lying in the wreckage. In order to survive for long enough to be rescued, he 
needs to separate the three substances from each other. How would you advise him to 
achieve his goal? You may assume there are everyday items such as polythene bags, empty 
tins and string in the wreckage. 
 

 
 

 

 

 

Unit 10AC.2 
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