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A note on the textbook used

The textbook used is Essential Chemistry for iGCSE By R Norris, which maps closer to the syllabus than any other
textbook | know and only includes what is needed for this syllabus. It’s chapters are in the syllabus order, but Topic
10 has been split into 2 separate chapters, chapters 13 and 14, which are both contained in this topic book.
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How to use this Topic Book

The topic has been broken down into sections based on the syllabus and the focus of the exam questions.

Each main idea within the section is described and explained in 2-page spreads.

Each 2-page spread ought to be completed in a systematic way: space is available in this topic book to do this. The

process is based on the Cornell Notetaking system. (This process can be used for any subject BTW @).

Activity

What you should do

Why it helps

When you
should do it

also be included (e.g. half-equations are
also covered in Topic 5 (Electrochemistry),
so a note like:

T5 2Cl(aq) =Cl; (g) +2e[conc only!]
Might be a good idea if you've missed a
mark on this before.

1. Translation | Translate ALL new words, especially the The most important words to translate are | As you are
ones in bold, ideally next to the text. Use the non-scientific words you already know | reading.
the glossary at the back to help you. in Chinese.

2. Underlining | Underline, highlight(circle), put a *star or Completing the in the Key Points task As you are
symbol @ next to the biggest new ideas. becomes quicker but most importantly, itis | reading.

But remember, if you highlight everything, | a form of ACTIVE READING.
you've actually highlighted nothing @

3. Answers Answer the Summary Questions about the Here you are shown what is most After you have
material at the end of the double page important about the ideas of this 2-page finished
spread. spread and forced to think about it in a new | reading both

way. pages

4. Checking Check your answers with the answers Any major misunderstandings or confusions | After you’ve
Answers provided at the end of the booklet you have are likely to be discovered doing finished your

this. answers

5. Key Points Main ideas, equations and diagrams for At this point you are now starting to own After you have
both pages. It's the idea that you are trying | the information you are processing. This finished the
to describe to your self, so try to make it as | task will force your brain to think about going through
visual and colourful as possible! Make sure | what is most important because space is the questions
whatever you write is in your own words!!! | limited and writing is work. After you have | and answers,
Include any notes you have from lessons thought about it in a new way, you’ll need but before you
here! to remember your thoughts long enough to | start the next

write them out, helping your long-term two pages.
memory. This will also help to write out
better que questions.

6. Cue Write out, in your own words, questions If you covered up the notes section of the After you've
Questions and bullet points that will force you to page, answering these questions should finished the
v1.0 think about the essential ideas. Links to allow you revise the whole page simply by next 2-page

other parts of the topic and syllabus should | answering a few questions and thinking spread.

about a few core ideas. If this is done
carefully and thoughtfully not only will it
make revision quicker later on, but also
because it helps long term memories form,
it’'ll mean less revision is needed to get the
highest grade.

7. Summary

Write one or two sentences, in your own
words that contain only the most
important ideas.

Another way of thinking about it is: what’s
the least useful or important 80% content
here? Give a thoughtful person 2 tasks and
the first thing they’ll do is create a third
task which they’ll do first and prioritize
which of the two is most important.

After you've
finished the
section

8. Cue
Questions
v2.0

Write out, in a different colout, or in any
other way to identify it, any new questions
or details that you’ve discovered are
important to getting full marks on
guestions assessing material covered in this
2 page spread.

After you’ve worked on the past exam
questions you should understand this
section as well as the quality of the work

The tricky marks and the slippery
explanations (especially that 2" or 3
mark) are most obvious now, but unless
you make a decent effort to write them
down, not only will you have lost the value
of the work you have done because you’ll
be less likely to remember them, you’ll also
have no record to use later on. This is
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When you
should do it

Activity What you should do Why it helps

you have put in deserves. You should also essentially saving your hard work for later
know in detail which marks are the hardest | when you’ll nee it most.

and this information needs to go into your
Cue section so the work you’ve put in to
discover this information isn’t abandoned

or forgotten.
9. Top tips Any new tough mark or detail that you This level of attention to detail will help you | Any time after
have overlooked. become a person who is far less likely to you’ve finished

make a mistake, but if you do, is far more the topic, but
likely to learn from it. It’s your capacity to before the
learn effectively and efficiently that will get | iGCSE exam
you into a good university in the short
term; in the long term it will allow you to
do more interesting things with your work
and your life.

After you have finished reading and making notes from each section you should create a mind map, ideally from
memory. Then go through the textbook section again and look for parts you have missed out, which should be
added in a different colour, or some other way for you to later identify these more challenging parts. With good
notetaking these difficult sections will produce from you notes that will allow you to revise much quicker later on
before the end of topic test and later exams.

How to use the 2 past exam guestion booklets (Paper 3 and Paper 2)
with this topic book

After completing each section of the textbook work through the past exam questions section which will allow you
to find out how well you have understood the material.

The revision booklet will include more recent questions and should also be used if you have not already finished it.

After you have completed the past exam questions you should produce a final mind map that emphasises the main
ideas that you struggled with most. This mind map may only include only a very limited information on the easiest
parts of the syllabus, focusing instead on your explanations to yourself about what you have learnt is expected from
the most difficult questions about this topic.

For the Past Exam Questions from Paper 3 you need to answer questions on pages 1 to 18 for the first section
(Section 10.1 & 10.2 Metals and Reactivity).

For the Past Exam Questions from Paper 3 you need to answer questions on pages 18 to 44 for the second
section (Section 10.3 & 10.4 Metal Extraction and Uses).

You do not need to do all of the questions from each subtopic, but you should do a balanced amount from each
subtopic if you are not intending on finishing the whole Paper 3 Topic 10 booklet.

After you have finished the Paper 3 questions, or done as many as you can, you can work through the multiple
choice questions from Paper 2. These are not broken down by subtopic, so you can simply do as many as possible
in any order.

How to print this booklet
If you print this booklet as A4 double sided and staple down the left hand side each 2-page spread will be in the
right place. If double sided printing is difficult, then simply print single sided, which will work just as well.
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Syllabus Details

10

Metals

10.7 Properties of metals

Caore

List the general physical properties of metals

Describe the general chemical properties of
metals, e.g. reaction with dilute acids and
reaction with oxygen

Explain in terms of their properties why alloys are
usad instead of pure metals

|dentify representations of alloys from diagrams
of structure

10.2 Reactivity series

Core

Place in order of reactivity: potassium, sodium,
calcium, magnesium, zing, iron, (hydrogen) and
copper, by reference to the reactions, if any, of
the metals with:

— water or steam
- dilute hydrochloric acid
and the reduction of their oxides with carbon

Deduce an order of reactivity from a given set of
experimental results

10.3 Extraction of metals

Core

Describe the ease in obtaining metals from their
ores by relating the elements to the reactivity
series

Describe and state the essential reactions in the
extraction of iron from hematite

Describe the conversion of iron into steel using
basic oxides and oxygen

Know that aluminium is extracted from the ore
bauxite by electrolysis

Discuss the advantages and disadvantages

of recycling metals, limited to iron/steel and
aluminium

10.4 Uses of metals

Caore

Patrick Brannac

Mame the uses of aluminium:

— inthe manufacture of aircraft because of its
strength and low density

— infood containers because of its resistance
to corrosion

Mame the uses of copper related to its properties

(electrical wiring and in cooking utensils)

Name the uses of mild steel (car bodies and

machinery) and stainless steel (chemical plant
and cutlery)

www.SmashingScience.org

Supplement

Describe the reactivity series as related to the
tendency of a metal to form its positive ion,
illustrated by its reaction, if any, with:

— the agueous ions

- the oxides

of the other listed metals

Describe and explain the acticn of heat on the
hydroxides, carbonates and nitrates of the listed
metals

Account for the apparent unreactivity of
aluminium in terms of the oxide layer which
adheres to the metal

Supplement

Describe in outline, the extraction of zinc from
zinc blende

Describe in outline, the extraction of aluminium
from bauxite including the role of cryolite and
the reactions at the electrodes

Supplement
Explain the uses of zinc for galvanising and for
making brass
Describe the idea of changing the properties of

iron by the controlled use of additives to form
steel alloys

Page 4 of 39
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A6 (&A8). Cue questions . ..
il this in AFTER finihing the section |2€CtI0N 10.1&2 Metals and Reactivity  13.1 lloys

ﬁEARNlN OUTGM S' In Unit 2.5 we learnt that metals are:

S L * good conductors of electricity and heat
* Describe the genera sica ! ;
. it * malleable - they can be hammered into different shapes
and chemical properties of j ) ;
metals * ductile — they can be drawn into wires
« Explain why metals are often * shiny.
used in the form of alloys A metal such as iron is rarely used on its own because it rusts
* |dentify representations of easily. Pure copper is not very strong so cannot be used for parts
alloys from diagrams of their of machines that are constantly in motion. We can change the
structure properties of a metal to make it harder or more resistant to corrosion.

| : SRR s
j We do this by mixing it with another metal or with a non-metal.

A mixture of two or more metals, or one or more metals with a non-
metal, is called an alloy. An alloy is not just a mixture of metal crystals.
The atoms of the second metal form part of the crystal lattice.

EXAMINER SAYS. ..

it fs a common ervor top
think that all metals o A o
are hard and have ve
high welting points.

Remenmber that Group | PRACTICAL

metals are soft and have
Low meLtf,wg points. Tin, lead and solder

Figure 13.1.1 A mixture of metal crystals is not the same as an alloy.

Solder is an alloy of lead and
tin. It is used to join wires in
electrical circuits. You put small
pieces of tin, lead and solder

on the steel ‘tin’ lid and heat
the centre. You record the time
taken for each metal to melt.
The solder melts long before the
tin and lead. This shows that
the alloy has different properties

Activities To Do from the tin and lead alone.

(complete as you are reading) - == =
Al. Translating - &% Explaining the difference

A2. Underlinin The atoms in a pure metal are arranged in regular layers. When a force
AZ. Uncerlining is applied, the layers slide over each other. This explains why metals are
A5. Key Points malleable and ductile. When a metal is alloyed with a second metal, the

different sized metal atoms make the arrangement of the lattice less

(in space below) regular. We say that they disrupt the crystal lattice. This stops the layers

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two
sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

of metal atoms sliding easily over each other when a force is applied.
This is why an alloy is stronger and harder than a pure metal.

XX

Layer slide

= ( D')"“’ 23

s
'®)
O ayers cannot slide very easily

A
Alloy

Figure 13:."1*.3 Alloys are stronger than pure metals because the layers
cannot slide easlly.

Uses of alloys

Alloys have many uses. Some of these are given in the table.

alloy properties uses

brass stronger than copper | musical instruments,
(copper + zinc) but still malleable ornaments

bronze very hard some moving parts of
(copper + tin) machines, statues, bells
stainless steel does not rust like car parts, cutlery, parts
(iron + chromium [iron of chemical factories,
+ nickel) surgical instruments

In recent years a number of alloys with ‘memory’ properties have
been made. One of these, an alloy of nickel and titanium is called
‘nitinol’. If a piece of nitinol wire is manufactured in an ‘S’ shape it
remembers that shape. If you straighten it out, it stays straight. But
when it is put into some hot water it changes back to its 'S" shape.
These alloys are called 'shape memory alloys’. They are useful for
making spectacle frames and dental braces.

SUMMARY QUESTIONS

1 Copy and complete using the words below:
alloy mixture layers non-metal slide stronger

of metals or a mixture of metals with a
. By making a metal into an it becomes
and harder. This is because the _ of metal atoms in the
alloy cannot over one another very easily.

An alloy is a

2 Explain why an alloy of aluminium and manganese is stronger
than pure aluminium.

3 Draw a diagram to show the arrangement of the atoms in:

a a pure metal

b an alloy.

‘Smart’ alloys are able to
‘remember’ their shape.
Springs made from these alloys
‘remember’ to open out at
about 90°C but close up again
when cooled. They can be used

to activate fire sprinklers.

4

‘Smart’ alloys are used in some dental braces.
As the alloy warms up, it pulls the teeth into
the correct position.

1 Alloys are mixtures of metal
atoms with other metal
atoms or non-metal atoms.

2 The properties of a metal are
changed by making it into an
alloy.

3 Metals are made into alloys
to improve their strength,
hardness or resistance to
corrosion.

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

| i

Patrick Brannac
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Fill this in AFTER finishing the section |~ /LEARNING OUTCOMES

| e Place metals in a reactivity
series by referring to their
- reactions with water, steam
and hydrochloric acid

* Deduce an order of reactivity
from information given

More reactive with

Do not react |

A6 (&A8). Cue questions 13.2 The Metal Reactivity Series

Some metals are very reactive. The Group | meals react very rapidly
with water. Other metals are less reactive. The transition elements
either do not react with water or only react with steam. We can put
the metals in order of their reactivity by investigating how well they
react with oxygen, water or dilute hydrochloric acid.

Reacting metals with oxygen

The list below shows what happens when different metals are heated
in air. The metals react with the oxygen in the air to form metal oxides.
* copper: does not burn but turns black on its surface

* iron: only burns when in powder form or as iron wool

* gold: does not burn at all, even as a powder

* magnesium: burns rapidly with a bright white light

From this list of reactions we can put these metals in order of reactivity:

magnesium iron copper gold
most reactive —_— least reactive

Reacting metals with water or steam
If a metal does not react with cold water it may react with steam.

DEMONSTRATION

An isotope of caesium, a

very reactive metal, is used in
atomic clocks to measure time
with great accuracy.

Figure 13.2.2 The metal reactivity series.

Reacting iron wool with steam —’

Iron wool

Safety tube Hydrogen

Water
Steam

generator,
\/

Heat ‘
* Figure 13.2.1

We pass steam over red-hot iron wool. The iron turns black. We
collect the gas in a test tube. The gas pops with a lighted splint.
The iron has reacted and formed iron oxide and hydrogen.

=

The table shows how different metals react with water or steam.

~(complete as you are reading)
calcium

reacts rapidly with cold water

|_Al. Translating

copper

no reaction with cold water or steam

A2. Underlining

o magnesium | reacts very slowly with cold water but reacts rapidly with steam

A5. Key Points

sodium

react violently with cold water

| (in space below)

zinc

only reacts when powdered and heated strongly in steam

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/ i
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

From the information in the table we can put these metals in order of
their reactivity:

sodium  calcium  magnesium zinc  copper EXAMINER sAys. ..
most reactive east reactive Remember that metale
If a metal reacts with cold water, a metal hydroxide and hydrogen are that react with cold wateyr
formed: form neetal hydroxides.
Ca(s) + 2H0() —> Ca(OH),(aq) + H,(9) When a metal is heated
caldum +  water —>  calcium hydroxide + hydrogen e steam, an oxide ic

formed.

If a metal only reacts with steam, a metal oxide is formed:

3Fe(s) + 4H,0(g —>  Fe,0,s) + 4H,(9)

ron + steam —> iron oxide  + hydrogen

Reaction with dilute acid
The table shows how different metals react with dilute hydrochloric acid.

sodium very violent — explosive most reactive ‘
calcium very rapid — lots of hydrogen bubbles ‘
produced

magnesium | rapid — bubbles of hydrogen
produced steadily

zinc slow — bubbles of hydrogen produced
slowly
copper no reaction with dilute or least reactive

concentrated acid

The metal reactivity series

We can use the reactions of elements with oxygen, water and
hydrochloric acid to build up part of the reactivity series. By
reacting metals with different solutions of metals ions we can extend
this reactivity series. If you look at the reactivity series shown opposite
you will notice that we have included hydrogen in the reactivity
series. Metals below hydrogen do not react with cold water or steam.
They do not release hydrogen from hydrochloric acid either. So Ve can put magnesium, zinc and iron in
copper, silver and gold are very unreactive. order of reactivity by comparing how rapidly

they react with an acid: 1. Mg, 2. Zn, 3. fe.
SUMMARY QUESTIONS

1 Copy and complete using the words below:

1 Metals can be arranged

| in a reactivity series by
Sodium, and calcium react with water to form a comparing how easily they
metal and hydrogen. Less reactive meals such as react with water, steam and
and zinc do not react with cold water but they do react with hydrochloric acid.

. Metals below in the reactivity series do not
react with water or steam.

cold hydrogen hydroxide iron potassium steam

2 Only metals above hydrogen
in the reactivity series react
2 Platinum is never found in nature combined with oxygen. with hydrochloric acid.
2 i : 5
What does this tell you about the reactivity of platinum? 3 Only metals above hydrogen

3 Tin is between iron and lead in the reactivity series. Suggest in the reactivity series will
how tin will react with: react with water or steam. /
I a cold water b steam. -

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

Patrick Brannac

www.SmashingScience.org Page 8 of 39



http://www.smashingscience.org/

A6 (&A8). Cue questions
Fill this in AFTER finishing the section

13.3 More about metal reactivity

KEARNING OUTCOMES , In Unit 12,3 we saw that a more rgactive hatogenl will repllace a
less reactive halogen in a metal halide. We can think of this as a
* Place metals in a reactivity competition to see which halogen combines the best with the metal.
series by referring to the We call this type of redox reaction a displacement reaction. Can
reaction between metals and metals compete in a similar way?

metal ions
* Explain the reactivity of [ DEMONSTRATION

metals in terms of the ease of

. : The “thermit’ reaction
formation of metal ions

Magnesium fuse
Mixture

Filter paper cone
Bucket

Activities To Do
(complete as you are reading)
Al. Translating - 1%

A2. Underlining

A5. Key Points FgurA2ad

f low We put a mixture of alyminium ppwder and iron(i) oxide into a
(in space below) cone of filter paper. This is placed in a bucket of sand. We light the
magnesium fuse. A vigorous reaction occurs with flames, light and

smoke. We find a lump of iron where the mixture was.

& 2 3 A R 2 b /
When a small piece of sodium
reacts with water about In the ‘thermit’ reaction the aluminium displaces the iron from the
100000000000000000 iron(in) oxide:
sodiumatols o fice to | Fe,0, + 2A —> 2fe + ALO
sodium ions every second! J K22 i e
ron{ ) + .:.\J.'mmum —_ iron = e aluminium
oxide oxide

We can carry out similar experiments using metals and solutions of
metal ions. When we add excess zinc to a solution of copper(i) sulfate,

EXAMINER savs... the zinc gets coated with copper and the solution turns colourless.

i Your exane you will

usua‘LLH e given the =
reactivity series to help ‘ e

You answer qMCStiou\,s sulfate

about the ease of solution

formation of Lons. e

Figure 13:3.2 The more reactive metal, zinc, displaces the less reactive copper from
copper(n) sulfate solution.

Zinc is higher in the reactivity series than copper. So it displaces
copper from the copper(i) sulfate solution. The solution turns
colourless because colourless zinc sulfate is formed:

Zn(s) + CuSO,(aq) —> ZnSO,(aq) + Cu(s)

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/

m
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

By carrying out experiments using different combinations of metals
and solutions of metal salts, we can arrange all the metals in a metal
reactivity series. A more reactive metal will displace a less reactive
metal from a solution of its salt. We sometimes call this reactivity
series the electrochemical series.

Because these are redox reactions, we can write half equations for
oxidation and reduction. For example:

oxidation of zinc to zinc ions:
Zn(ss —> Zn’'(aq) + 2e
reduction of copper ions to copper:

Cu’*(aq) + 2 —> Cu(s)

Explaining reactivity

In the half reactions above, we can see that each atom of the more
reactive metal loses electrons and each ion of the less reactive metal
gains electrons. The more reactive a metal is, the more easily it loses
its valency electrons. It is easier to lose electrons from the outer
(valency) shell if:

« the valency electrons are further away from the pull of the nucleus.
Remember that negative electrons are attracted to positive protons.

« there are more electron shells between the nucleus and the valency
electrons. These shells shield the valency electrons from the charge
of the nucleus.

» there are fewer protons in the nucleus (less nuclear charge) to pull
the electrons towards them.

Potassium is more reactive than sodium because its valency electrons
are further from the nucleus and there are more shells between

the valency electrons and the nucleus. This outweighs the effect of
the increased number of protons in the nucleus of potassium. So
potassium can lose its valency electron more easily than can sodium.

Magnesium is less reactive than sodium because even though the valency
electrons are in the same shell magnesium has a greater nuclear charge.
So magnesium will not lose its valency electrons as easily as sodium.

SUMMARY QUESTIONS

1 Copy and complete using the words below:
displaces less more solution valency

reactive metal from
reactive metal

A more reactive metal a
a of its salt. This is because the
loses its electrons more easily.

2 Silver is less reactive than copper but copper is less reactive
than magnesium. Write symbol equations for:
a the reaction of copper(i) sulfate with magnesium
b the reaction of silver nitrate with copper.

3 Explain why copper will not react with iron(i) sulfate. j

g 5

The copper has reacted with silver nitrate and
crystals of silver have formed on its surface.

A more reactive metal
displaces a less reactive metal
from a solution of its salt.

-

2 A more reactive metal loses
its valency electrons more
easily than a less reactive
metal.

3 The ease with which a metal
loses its valency electrons
to form ions depends on
the distance of the valency
electrons from the nucleus,
the nuclear charge and the
number of electrons shells.

4

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

Patrick Brannac

www.SmashingScience.org

Page 10 of 39



http://www.smashingscience.org/

A6 (&A8). Cue questions 13.4 From metal oxides to metals
Fill this in AFTER finishing the section

Competing for oxygen

When you heat powdered iron with copper(i) oxide, CuO, the iron
displaces the copper:

* Describe the use of carbon as
a reducing agent for some

metal oxides R 4 G — s fs ¢ Culd

= :
S Explain the use of carbon as The iron competes better to ‘hold onto’ the oxygen. This is because
g reducing agent iron is higher in the reactivity series than copper. The iron is oxidised
S * Explain the apparent to iron(i) oxide and the copper(i) oxide is reduced to copper. The
unreactivity of aluminium more reactive metal, in this case iron, is the reductant. It removes the
L ) onygen from the less reactive metal’s oxide.

Reducing metal oxides with carbon

Activities To Do We can also carry out reduction using carbon as a reductant

(comp/ete as you are readjng) (reducing agent). For example: Carbon is more reactive than copper.
. B So carbon removes the oxygen from copper(i) oxide when heated.
Al. Translating - Bl 7%
heat

A2. Underlining 2Cu0(s) + C(s) ——> 2Cu(s) + CO/(g)
A5 Key Points copper(i) oxide + carbon > copper + carbon dioxide

(in space below)
/ PRACTICAL

/\ Reducing copper(i) oxide with carbon
5
K S ‘
oy
Na | 4 T Carbon (charcoal)
Ca [B2 powder
E g
Mg 8 Ignition tube
Al [g%
= O
,C,, § Copper(i) oxide

You put a layer of charcoal powder (carbon) over a layer of
copper(i) oxide then heat the tube srongly. When the reaction is
over you can see some pinkish-brown copper metal where the
two layers of powder meet.

)

= i So which metals can carbon reduce? Look at the position of carbon
2 Metals below carbon in in the reactivity series. Only the oxides of the metals below carbon
the reactivity series can be : x

extraztec by hisstiio Vit can be reduced to the metal by heating with carbon. Metals more
carbon. Metals above carbon  €active than carbon have to be extracted by electrolysis.

are extracted by electrolysis.

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two
sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/ in
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

Explaining the use of reductants

We can explain the use of reactive metals and carbon to reduce metal
oxides in terms of movement of electrons. A more reactive metal
loses its electrons and combines with oxygen more easily than a less
reactive metal. So a more reactive metal will be able to remove the
oxygen from the oxide of a less reactive metal. The more reactive
metal is a better reductant.

If a metal is below carbon in the reactivity series the oxygen in its
oxide will form covalent bonds more easily with carbon than with the
metal. The carbon is then the reductant.

Why does aluminium seem unreactive?

Aluminium is high in the reactivity series but it does not seem to react

This is because, when the surface of freshly made aluminium is left in

the air, a thin layer of aluminium oxide quickly forms on its surface:
4Al(s) + 30,(g) —> 2A1,0,(s)

This layer is only about 0.0002 cm thick, but this is enough to make
the metal resistant to corrosion. The tough oxide layer sticks to the
surface of the aluminium very strongly and does not flake off. The
oxide layer is unreactive.

with water or acids. It will only react with acids when it is freshly made.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

below heated metals oxygen reduced reductant

Metal oxides __.___ carbon in the reactivity series are
to__ when they are with carbon. In this reaction
carbon is the because it removes the from the
metal oxide.

2 Write balanced equations for:
a the reaction of zinc oxide, ZnO, with carbon to form zinc
and carbon dioxide

b the reaction of magnesium with copper(i) oxide to form
magnesium oxide and copper.

4 3 Explain why freshly made aluminium reacts with hydrochloric
acid but old aluminium does not react.

The earliest evidence for the
extraction of lead comes from
Turkey. Beads of lead have been
found that are thought to have

been extracted 8500 years aU

EXAMINER SAYS...

Rementber that
aluminium is a reactive
metal. (t must be reactive
Lf’:.t forms an wnreactive
oxide layer on its surface
so quwhtg.

Charcoal kilns like these have been used for
centuries to provide the carbon for metal
extraction

1 Metal oxides below carbon in
the reactivity series are reduced
by carbon when heated.

2 When a more reactive metal
is heated with the oxide of a
less reactive metal, the more
reactive metal acts as
a reductant.

3 The apparent lack of
reactivity of aluminium is due
to an unreactive oxide layer
that forms on its surface.

7

|_A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

i
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A6 (&A8). Cue questions 13.5 Thermal decomposition

Fill this in AFTER finishing the section ﬁEARNlNG e I

I |
* Describe the action of heat [

on selected hydroxides and
nitrates

* Link the thermal
decomposition of nitrates to
the reactivity of the metals

Extension

Nitrates can decompose explosively to cause
a large amount of damage, as shown by the
remains of this fertiliser factory.

Activities To Do

Al. Translating - BI1%

A2. Underlinin
A5. Key Points

(in space below)
EXAMINER SAYs. .

Yow need tp remember
the products from the
thermal decomposition
of nitrates. if you
don't kinow these, you

When we heat some carbonates, nitrates and hydroxides, they break
down to form two or more different products. We call this type of
reaction thermal decomposition. For example, the equation:

CaCO,(s) ——> Ca0(s) + CO,(g)

represents the thermal decomposition of calcium carbonate.

Thermal decomposition of metal hydroxides

Most metal hydroxides decompose when heated. A metal oxide and
water are formed. For example:

heat

Zn(OH),(s) ZnO(s) + H,0(g)
zinc — zinc oxide + water
hydroxide

All Group II hydroxides decompose in a similar way. Most alkali metal
hydroxides, however, do not decompose. They are stable to heat.
There is one exception to this: lithium hydroxide.

heat

2LiIOH(s) —— Li,0(s) + H,0(g)
lithium —> lithium  +  water
hydroxide oxide

Lithium is the least reactive of the alkali metals. So does thermal
decomposition depend on the reactivity of the metal? We shall look
at the decomposition of nitrates and carbonates to answer this

(complete as you are reading) 9"

Thermal decomposition of nitrates

All nitrates decompose when heated. But there are some differences
in how they decompose. The alkali metal nitrates decompose to form
a nitrite and oxygen. You can see that the nitrite ion is similar to the
nitrate ion but has one fewer oxygen atom:

heat

ZKNO}(S) ZKNOQ(S) + Oz(g)
potassium - potassium t oxygen
nitrate nitrite

Nitrates of other metals decompose on heating to form an oxide,
nitrogen dioxide and oxygen. For example:

won't be able to write 2Mg(NO,),(s) ———> 2MgO(s) + 4NO(g) + O,9)
Cquatbom§ for thermal magnesium — magnesium nitrogen + oxygen
decDVWPOSLtLoV\,, nitrate oxide dioxide
Lithium nitrate, a compound of the least reactive alkali metal,
decomposes in this way too.
A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two
sentences that sums up the important points on this page
For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/ i
WX /17
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

Nitrates of very unreactive metals, such as silver, decompose to form
the metal when they are heated:

2AgNOLs) —=25 2Agl) + 2NOLs) + O,

silver nitrate — silver t

GEMONSTRATION

nitrogen 4
dioxide

oxygen

The decomposition of Group Il nitrates

This experiment is demonstrated
using a fume cupboard because
nitrogen dioxide is poisonous.

We start a stopclock when we
begin to heat the magnesium
nitrate. The nitrate is heated
until we see dark brown fumes
of nitrogen dioxide in the tube.
We record the time taken to see
these fumes. Then we repeat the
experiment using other nitrates.
In this experiment we must keep
the amount of nitrate and the
rate of heating the same.

The longer it takes for the nitrate ﬂ
to decompose, the more stable

Magnesium nitrate

1 Thermal decomposition is the
breakdown of a compound
into two or more different
products by heat.

2 The more reactive the metal,
the more stable its nitrate,
hydroxide or carbonate.

3 Metal hydroxides decompose
to oxides and water when
heated.

4 Most nitrates decompose to
either nitrites and oxygen or

to oxides, nitrogen dioxide
' and oxygen when heated. /

the nitrate is. * Figure 13.5.1

o

Magnesium nitrate decomposes at 402°C but barium nitrate
decomposes at 865°C. So it appears that barium nitrate is more stable
than magnesium nitrate. Barium is more reactive than magnesium. So
the more reactive the metal, the more stable to thermal decomposition
its compound is. This is well demonstrated if we look at the
temperatures at which carbonates decompose when heated.

Thermal decomposition of carbonates

The table shows the temperatures at which the Group Il carbonates
decompose.

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

alkali dioxide heated
less nitrite oxygen

Nitrates of the
decompose when to
form the metal and
oxygen. Nitratesof
reactive metals form metal
oxides, nitrogen and
when heated.

metals

Group |l magnesium | calcium strontium | barium
carbonate carbonate | carbonate | carbonate | carbonate
decomposition 540 900 1280 1360
temperature/°C

The reactivity of the Group Il metals increases down the group. You
can see from the table that as you go down the group it gets more
difficult to decompose the carbonates. So the more reactive the
metal, the more stable its nitrate, carbonate or hydroxide is.

2 Write equations for the
thermal decomposition of:

a copper(i) hydroxide,
Cu(OH),
b calcium nitrate, Ca(NO,),.

3 Suggest why lithium nitrate
decomposes in a similar way
to a Group Il nitrate rather

than a Group | nitrate.

4

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions
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Mind Map 1 of Section 10.1 & 10.2
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(Chapter 13) Summary & Exam Questions for Sections 10.1 & 10.2

These questions can be looked at, but they have limited use if you are working towards an A*, they could be
attempted under test-like conditions and used as a revision exercise, for instance

'SUMMARY QUESTIONS

1 Copy and complete using the words from the
list below.

alkali hydroxides iron oxide
oxygen potassium powder
sodium water

Metals can be put in order of reactivity

using their reactivity with as a
guide. Alkali metals such as -
and ~_react rapidly with water as
well as . The metals

react with cold water to form alkali metal

. Less reactive metals such as
: will only react with oxygen if they
are in wire or form. Iron reacts
with steam to form iron

2 Use the following reactivity series to answer
the questions below.

calcium magnesium zinc iron lead copper

most reactive ————>  [east reactive

(a) Which metals in the list will react with
dilute hydrochloric acid?

(b) Which metals in the list will react with
cold water?

{c) Which metals in the list will react with
steam?

(d) Where would (i) potassium and
(i) silver come in this list?

3 Match the metals on the left with the phrases
on the right.

sodium a reactive metal that burns with a
bright light to form a metal oxide
copper a metal that reacts with water to
form an alkaline solution
iron a grey, fairly unreactive metal
a pinkish-brown metal that is
lead unreactive

a metal that reacts with steam but
magnesium not with cold water

EXAM-STYLE QUESTIONS

1 Lead reacts with carbon when heated:
Pb0O + C — Pb + CO

Which statement about this reaction is true?
A Lead(i) oxide is a reducing agent.

B Carbon is a reducing agent.

C Carbon is an oxidising agent.

D Carbon is reduced to carbon monoxide.

(Paper 1) [1]
2 Some information about the reaction of three
metals with hydrochloric acid is given below.

* Metal P: dissolves slowly and a few bubbles
are formed.

* Metal Q: dissolves rapidly and bubbles are
formed very rapidly.

* Metal R: dissolves rapidly and bubbles are
formed rapidly.

The order of reactivity of these metals, starting

with the most reactive, is:

A PQR

B RQP

C QRP

D PRQ

(Paper 1) [1]

3 Some of the elements in the reactivity series
are shown below:

sodium calcium magnesium zinc iron lead copper

most reactive least reactive

(a) Which of these elements will react with
cold water. [1]

6 Write symbol equations for:
(a) the reaction of magnesium with oxygen
(b) the reaction of iron with steam

(c) the thermal decomposition of calcium
hydroxide '

(d) the thermal decomposition of magnesium

4 Describe how the reactivity series depends on
the ease with which a metal forms a positive
ion.

5 Aluminium is a metal high in the reactivity
series. Explain why aluminium apparently
does not react with dilute hydrochloric acid.

nitrate
(e) the reaction of iron(i) oxide, Fe,O,, with
magnesium.

7 What do you understand by the term thermal
decomposition?
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A6 (&A8). Cue questions
Fill this in AFTER finishing the section

Answers to summary and Exam Questions — Remember to check them

AFTERWARDS and make notes on anvthina difficult or that vou missed

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page
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(b) Iron reacts with steam to form iron(in) oxide.

(i) Name one other element in the list
that reacts with steam but does not
react with cold water.

(ii) Copy and balance the following
equation:
__Fe+ HUO —= PO+ H,
(3]
(c) Magnesium reacts with hydrochloric acid.
Magnesium chloride and hydrogen are

formed.

(i) Write a word equation for this
reaction. £1]

(ii) Write a symbol equation for this
reaction. [2]

(i) How can you test for the hydrogen
given off in this reaction? [2]

(d) Magnesium reacts with black copper(i)
oxide when heated.

(i) Describe what you observe during this

reaction. [2]
(ii) Write a word equation for this
reaction. [1]
(iii) Which reactant is the reducing agent
in this reaction? [1]
(Paper 2)

4 Brass is an alloy of zinc and copper.

(a) What do you understand by the term
alloy? [1]
(b) Zinc is more reactive than copper.

(i) State two observations that you can
make when zinc reacts with aqueous

copper(i) sulfate. [2]
(ii) Write a word equation for this

reaction. [1]
(iii) What type of chemical reaction is

this? [1]

(c) Zinc reacts with steam but not with cold
water. Potassium reacts with cold water.

(i) Explain why zinc does not react with
cold water but potassium does. [1]

(ii) Copy and balance the equation for
the reaction of potassium with water:

_K+__ _HO —> KOH + H,
2]

(Paper 2)

Patrick Brannac

www.SmashingScience.org

5 Zinc powder reacts with copper(i) oxide on
heating:
/n + CuO —> Zn0O + Cu

(a) Which is the reductant in this reaction?
Explain your answer. [2]

(b) Describe how electrons are transferred in
this reaction. [2]

(c) Explain why the reverse reaction does not
oceur. [1]

(d) Both magnesium and lead are above
copper in the reactivity series. Explain, in
terms of ease of formation of ions, why
magnesium is able to remove oxygen from
copper oxide more readily than lead.  [2]

(e) Copper(i) nitrate, Cu(NO,),, decomposes
in a similar way to magnesium nitrate.
Write a balanced equation for the thermal
decomposition of copper(i) nitrate,
including state symbols. 3]

(Paper 3)

6 Sodium and magnesium are both reactive

metals.

(a) (i) Describe the differences between the
reactions of sodium and magnesium
with water, [2]

(ii) Write a balanced equation to show

the reaction of magnesium with
steam. Include state symbols. [3]

(b) Sodium nitrate and magnesium
nitrate behave differently on thermal
decomposition.
(i) What do you understand by the term
thermal decomposition? [1]
(ii) Write a balanced equation to show
the thermal decomposition of sodium
nitrate. [2]
(iii) Write a word equation for the thermal
decomposition of magnesium nitrate.
2]
(c) Magnesium is more reactive than aluminium.

(i) Describe how you could use
magnesium to extract aluminium

from molten aluminium oxide. [1]
(ii) Suggest why this method not used to
extract aluminium industrially. [1]

(iii) Explain why aluminium containers
can be used to store acidic foods even
though it is a reactive metal. [2]

(Paper 3)

Page 18 of 39
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A6 (&A8). Cue questions
Fill this in AFTER finishing the section

Answers to summary and Exam Questions — Remember to check them

AFTERWARDS and make notes on anvthina difficult or that vou missed

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page
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Mind Map 2 of Section 10.1 & 10.2
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A6 (&AS8). Cue questions

Fill this in AFTER finishing the section

Section 10.3 &4

Metal Extraction & Uses

14.1 Metals from their ores

LEARNING OUTCOMES |

Most metals found in the Earth's crust are present as compounds in
the rocks. A rock from which a metal can be extracted is called an ore. _|

* Describe bauxite as an ore of
aluminium

* Describe how the ease of
obtaining metals from their
ores depends on the position
of the metal in the reactivity
series

Most ores are oxides or sulfides. Some important ores are haematite
(iron ore), bauxite (aluminium ore) and zinc blende (zinc ore). i

J ° Describe the extraction of
zinc from zinc blende

About 30% of the pure zinc
produced in the world comes Metal extraction and the reactivity series
from recycling the metal.

Activities To Do

" (complete as you are reading) coke. This is coal from which some impurities have been removed.
~ Al. Translating - 7%

L A2. Underlining
| AS5. Key Points

(in space below)
EXAMINER SAYS...

B Oxygen  46% N

O Silicon 28%
A Aluminium 8% n

Iron 5%
i O CGaldum 4% Fi

1 Sodium 3%
/ \ \ / || 1Magresiun 2“/( I

\ ¥ / B Potassium 2%
\ \ /W Ttenium 05% I
2 1 B Hydrogen 0.5% B

e ‘\ B All other elements 1%
N i

You will not be asked
to draw the furnace
used for the extraction
of zine but you should
be prepared to Label a
diagram and write
relevant equations.

Figufé 14.1.1 The Earth’s crust is made up of many different elements

The way we extract a metal from its ore depends on the position of the
metal in the reactivity series. Carbon is used to reduce oxides of metals
below it in the reactivity series. For example: oxides of zinc, lead and iron
can be reduced by carbon. The carbon is usually used in the form of

PbO(s) + C(s) —= Pb(s) + CO(g) _

lead(n) oxide  carbon(coke) lead carbon monoxide

Carbon monoxide is also a good reductant. This is formed when
carbon undergoes incomplete combustion:
2C(s) + O,g —= 2CO(g)

carbon oxygen —=  carbon
monoxide

Carbon dioxide is often produced in furnaces used for the extraction
of metals:

Zn0(s) + CO(g) —= Zn(s) + CO,(q) 7

Metals above carbon in the reactivity series cannot be extracted from
their oxides by heating with carbon. This is because the metal bonds
to oxygen too strongly and the carbon is not reactive enough to
remove it. So we have to use electrolysis to extract metals such as
aluminium, magnesium and calcium.

It is possible to use electrolysis to extract metals less reactive than
carbon. This is not done because much more energy is needed to B
carry out electrolysis compared with extraction using carbon.

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page

m
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

Extracting zinc

The raw materials used in the extraction of zinc are zinc blende, coke
(carbon) and air. The main ore of zinc is zinc blende which is zinc
sulfide, ZnS. The ore is first crushed and treated to remove waste
rock and other impurities. The zinc blende is then roasted (strongly
heated) in air to form zinc oxide:

2ZnS(s) + 30,9 —> 2ZnO(s) + 2S0,(q)

The zinc oxide is then heated with coke (carbon) in a blast furnace.

Zinc oxide
and coke

Waste

E gases
l m 2rc Vapouﬁ_ Condensing
T T T 1ray

Zinc e

and coke

Hot air —
blast

A blast of air is blown into the bottom of the furnace. The excess
carbon reacts with oxygen in the air to form carbon monoxide:

2C(s) + O,(g —> 2CO(9)
Higher up the furnace carbon monoxide reduces zinc oxide to zinc:
ZnO(s) + CO(@ —> Zn(g) + COL09)

The carbon dioxide formed can react with more carbon to reform
carbon monoxide:

CO,(g + Cls) —> 2CO(g)
Some zinc oxide may also react directly with the carbon:

Zn0(s) + Cls) CO(g)

The temperature in the furnace is higher than the boiling point

of zinc. So the zinc vapour is carried up through the furnace by

the stream of carbon monoxide and carbon dioxide. The vapour
condenses in trays at the top of the furnace together with lead which
is extracted at the same time. The zinc is then purified by distillation.

—> Zn(g) +

This method only produces about 20% of the world's zinc. Electrolysis
of zinc sulfate is now preferred because this produces much purer zinc.

A zinc-smelting works.

SUMMARY QUESTIONS 1

1 Copy and complete using
words from the list below:

bauxite carbon extract
iron ores zinc

Rocks from which we can
_____metals are called

. The main ore

of aluminium is 5
Haematite is one of the main
ores of . We can use
to reduce metal oxides
such as iron oxide and
oxide.

2 Explain why you can not use
carbon to extract magnesium
from magnesium oxide.

3 Draw a flow diagram to
show the main stages in
the extraction of zinc using
carbon.

KEY POINTS

1 Metal oxides below carbon
in the reactivity series are
reduced by carbon when
heated.

2 Metals more reactive than
carbon are extracted by
electrolysis.

3 Zinc is extracted from zinc
oxide in a furnace using
carbon as a reductant.

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

¢

i

Patrick Brannac

www.SmashingScience.org

Page 22 of 39

- W17
- SMASHING] })


http://www.smashingscience.org/

A6 (&A8). Cue questions
Fill this in AFTER finishing the section

14.2 Extracting Iron

* State that iron can be
extracted from haematite ore

* Describe the essential
reactions in the blast furnace
| for the production of iron

3 EXAMINER SAYS. ..

| You will ot be asked to
draw the blast furnace.

L You should be prepared
to answer questions
related to a diagram, of
the bl:ast furnace and the
reactions tnvolved.

| Activities To Do

| Al. Translating - Elli%

I A2. Underlining
- A5. Key Points

| (in space below)

Iron is the second most common metal in the Earth’s crust. The
main ore of iron, haematite, usually contains more than 60% iron.
Haematite is largely iron(i) oxide. We extract iron by reduction of the
iron(in) oxide with carbon.

The raw materials for making iron are haematite, coke, limestone and air.
The haematite, coke and limestone are added at the top of the furnace.
A strong current of hot air is blown in at the bottom of the furnace.

This is why it is called a blast furnace. The temperature of the hot air is
between 550°C and 850 °C. This is high enough to react with the coke.

The main reductant in the blast furnace is carbon monoxide, but in
some parts of the blast furnace carbon also reduces the iron(in) oxide.
The temperature in the blast furnace ranges from 1500 °C at the
bottom where the air enters to 250°C at the top.

Waste
gases J

k—Hopper for
iron ore, coke
y and limestone
Fire brick
lining
Air blast Air blast
——

olten slag

Slag out Iron out

Molten iron

Figure 14.2.1 A blast furnace for extracting iron.

The chemical reactions in a blast furnace
Extracting the iron

The chemical reactions below result in the production of iron from
iron(i) oxide:

(complete as you are reading) « t the bottom of the furnace the coke burns in the hot air blast to

form carbon dioxide. This reaction is exothermic. The heat released
helps heat the furnace.

Cs) + 0,90 —= CO,9)
» The carbon dioxide reacts with the coke to form carbon monoxide:
o9 + Cs —= 2C0(g)

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/ i
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

* The carbon monoxide reduces the iron(i) oxide to iron:

Fe,0,s) + 3CO(g) —> 2Fe(l) + 3CO,Q)
Iron(in) + carbon —> iron f carbon

oxide monoxide dioxide

Most of the iron is produced in this way. The iron flows to the
bottom of the furnace and is removed from time to time as a liquid.
It flows into moulds and is left to solidify.

Other reactions may take place in the furnace. In the hotter parts of
the furnace, carbon reduces iron(ii) oxide directly:

Fe,0(s) + 3Clg —>  2Fe() + 3CO(g)

The hot waste gases exiting from the top of the furnace are used to
heat the air going into the furnace thus reducing energy costs.

Why do we add limestone?

Haematite contains sand (silicon(iv) oxide) as a major impurity. The
limestone (calcium carbonate) helps remove most of the impurities in
the following way:

| * The heat from the furnace decomposes the limestone:

CaCO,(s) —> Cal(s) + CO,(9)

calcium —>  calcium 1 carbon
carbonate oxide dioxide
(limestone)

* The calcium oxide reacts with the silicon(iv) oxide to form a ‘slag’ of
calcium silicate:

Cao(s) + SOl —> CaSio,()

calcium  + silicon(v) —>  calcium
oxide oxide silicate (slag)

* The liquid slag runs down and forms a layer on top of the liquid
iron because it has a lower density than iron. The slag is run off.
The solid slag is used as a building material, particularly in road
building.

More than 2500 years ago
people near Lake Victoria in
Africa extracted iron from |
iron oxides at a temperature I
of 1400 °C. )

SUMMARY QUESTIONS

1 Copy and complete using the words below:
air blast coke haematite oxide reduces

We extract iron from iron ore in a furnace. The
commonest ore of iron is . The other raw materials used
are , limestone and . Inside the blast furnace,
carbon monoxide the iron(m) to iron.

2 Write word equations for these reactions which take place in
the blast furnace during the extraction of iron:

a The reaction of iron(i) oxide with carbon monoxide.
b The reaction of calcium oxide with silicon(iv) oxide.

3 Explain why limestone is added to the blast furnace.

4

-

The raw materials used in the
extraction of iron in the blast
furnace are iron ore, coke,
limestone and air.

2 In the blast furnace, carbon
monoxide reduces iron(i) 1l
oxide to iron.

3 The thermal decomposition
of limestone produces
calcium oxide which
reacts with silicon(iv) oxide
impurities in the iron ore to

form ‘slag’. j i

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests

and revision and especially from working through past exam questions
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A6 (&A8). Cue questions 14.3 Iron into Steel
Fill this in AFTER finishing the section

The iron produced in the blast furnace is only about 95% pure.
The impurities are mainly carbon but also include sulfur, silicon and

« Describe how iron is phosphorus. The impurities make the iron very brittle — it breaks
| converted into steel easily. If all the impurities are removed, the iron becomes very soft. In |
« lliderstand the role of | this condition, it is easily shaped but it is too soft for many uses. Pure

i basic oxides and oxygen in iron also rusts very easily.

steelmaking To make the iron strong, only some of the impurities are removed to
produce various types of steel. Steel is an alloy of iron with carbon
and/or with other metals.

Steelmaking

We make steel using a basic oxygen converter. This is often just called
a steelmaking furnace. The converter is a very large bucket which can |
be tipped at an angle.

The impurities are removed from the iron and steel is made in the
following way:

* The converter is tipped to one side and molten iron and scrap iron
are poured in.

* The converter is put back into a vertical position. A water-cooled
- tube called an oxygen lance is lowered into the converter. 1

* Oxygen and powdered calcium oxide are blown onto the surface of
the molten iron through the lance.

* The oxygen oxidises carbon, sulfur, silicon and phosphorus to their
oxides. For example:

i Si + 0, — Si0, -

silicon silicon(iv) oxide
i 4P 4 50; —= 2P0,
| phosphorus + oxygen —=  phosphorus(v) oxide i
A steel weapon called the f The carbon dioxide and sulfur dioxide escape from the converter
| | Falcata was made nearly 2500 because they are gases.
| | Yearsago in the area which is These reactions are very exothermic. The heat released in these
now Spain and Portugal. oxidation reactions keeps the iron molten.
B * Silicon and phosphorus oxides are solids. They are acidic oxides. So
HyY these react with the powdered calcium oxide which is basic. A slag
- Activities To Do is formed. For example: 1
| (complete as you are reading) Ca0(s) + SiO) —= CaSio,() |
H _ E% calcium  + silicon(v) —=  calcium
| Al. TranSIatlng ﬁj‘l:‘h:l: oxide oxide silicate (slag) i
A2. Underlinin The slag floats on the surface of the molten iron and is removed.

- A5. Key Points T

* The amount of carbon in the steel is controlled by the amount of
| (in space be/ow) oxygen blown into the impure iron. The longer the oxygen blast the
more carbon is removed.

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two
sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

« After the required amount of carbon has been removed, other
elements such as chromium and nickel are added to make
particular types of steel.

Hood to trap |
fumes

/2

oxygen lance

Steel Lasmg/z7
s

Water-cooled l‘

A\
4

AN )V

Slag

Molten steel J

“Figure 14.3.1 A basic oxygen converter.

A modern converter can make up to 350 tonnes of medium quality
steel in 40 minutes. High quality steel is usually made using an
electric furnace. In this process the high temperatures needed to keep
the iron molten are produced by an electric current.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

basic carbon converter oxide oxidises
silicon slag surface

The iron from the blast furnace contains about 5% and
other impurities. These impurities are removed in a
oxygen . Oxygen is blown onto the of the iron.
This the impurities. Calcium is added to remove
oxides of and phosphorus as

2 Explain why calcium oxide is added to the basic oxygen
converter.

3 Explain how we get different types of steel by using the basic
oxygen converter.

Pouring molten steel into moulds can be
quite spectacular.

EXAMINER SAYS. ..

Do not confuse
steebmaking with

the blast fiurnace.

I steelmaking the
Lnpurities are removed
from the Lmpure Lron

Wwe get from. the blast
furnace. i the blast
furnace the bpure irom is
extracted from the trom ore.

1 The iron from the blast
furnace contains 5%
impurities, most of which
is carbon.

2 Impurities are removed from
iron using a basic oxygen
converter.

3 Pure iron is too weak and
soft for it to be very useful.

4 The percentage of carbon
in steel is controlled by the
amount of oxygen blown
into the steel.

. 4

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions

i
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A6 (&A8). Cue questions 14.4 Uses of Metals
Fill this in AFTER finishing the section =

| Steel alloys

Pure iron is too soft and weak to be very useful but the iron from the
blast furnace has too much carbon in it to make it useful. It is too

brittle to be used for constructions such as bridges and steel frames
for buildings.

/ LEARNING OUT

* Explain why aluminium is
used to make aircraft and
food containers

L * Describe why different steel A ) ) )
alloys are used for specific In Unit 14.3 we described how the amount of carbon in steel is
B purposes controlled. Steel is an alloy of iron with carbon or with carbon and |
- - other metals. All steels contain a small amount of carbon. There are
* Describe the uses of zinc and many types of steel. Each of these is used for a particular purpose:
copper and describe how
their uses are related to their

properties

* Mild steel is low carbon steel. It contains about 0.25% carbon.
It is soft, malleable and can be drawn into wires easily. We use it _
to make car bodies and parts of machinery where it will not be
- worn away. It is also used for buildings and general engineering 7
purposes.
High carbon steels contain between 0.5% and 1.4% carbon. As the
: S percentage of carbon in the steel increases, it becomes more brittle.
- Although coins have been But it also becomes harder. These steels are used for tools such as
made of metal for many hammers and chisels.
B centuries, in China 2800 years Low alloy steels contain between 1% and 5% of other metals such
ago model farming tools were as nickel, chromium, manganese and titanium. They are hard and
I~ used for money. do not stretch much. Nickel steels are used for bridges where n
strength is needed and for bicycle chains. Tungsten steel is used
- for high-speed tools because it does not change shape at high g

temperatures.

B « Stainless steels are high alloy steels. They may contain up to
EXAMINER sAYs. .. 20% of chromium. Many stainless steels contain 70% iron,

B 20% chromium and 10% nickel. They are very strong and resist
Make a List of all the corrosion. So they are used in the construction of pipes and

- substances i the towers in chemical factories. Stainless steel is also used to make
syllabus whose wses You cutlery — knives, forks and spoons. Surgical instruments are also

I~ need to know. Divide the made from stainless steel. N

| PAGE Lnto two with the |
s donn = cac Iron atoms = Iron atoms

and the uses o the pther.
Then test Yourself.

- e ege Carbon Chromium -
Activities To Do atoms atoms
I~ (complete as you are reading) o Mild steel is harder than  gainlacs steel is very hard | |
. STee Pure iron is soft because RUtS T On PRCAbOS “je because the chromium
| A]__ Translat|ng = %:J:J'[,;F the layers can easily slide carbon atoms alter the atoms stop the layers _
e over each other when a structure so thgﬁ the from sliding over each
A2. Underhrnng force is applied layers do not slide as athisr
I easily. il

AS. Key Points
| (in space below)

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two
sentences that sums up the important points on this page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

Uses of other metals and alloys
Aluminium

Aluminium is used for making aircraft bodies because it is lightweight ]
— it has a low density. It is also quite strong. Most aircraft are made
from aluminium alloys containing about 90% aluminium and smaller -
amounts of zinc and copper.

Some food containers and cooking foil are made from aluminium.
This is because there is an unreactive oxide layer on its surface which
does not flake off (see Unit 13.4). This oxide layer does not react with
the acids that are present in many foods.

Zinc

Zinc is used to galvanise iron or mild steel to prevent rusting (see
Unit 15.7). To galvanise a steel object, we dip the object into liquid

Aircraft bodies are made from alloys of
: 4 aluminium because these alloys are strong
zinc. The zinc forms a coating on the surface of the steel. About a yet lightweight

third of the zinc produced in the world is used to galvanise steel. i
Galvanised steel is used for roofing because it is weather resistant.

Extension

Copper

Copper is used for electrical wiring because of its high electrical ]
conductivity. It is one of the most malleable and ductile metals so it
can easily be shaped and drawn into wires. It is also used for the base E
of cooking pans because it is an excellent conductor of heat.

Brass

Brass is an alloy of 70% copper and 30% zinc. It is stronger than
copper and does not corrode. Although it is strong, it can still be easily
beaten into shape. Its gold colour makes it attractive. So it is used to
make musical instruments, door handles, ornaments and screws.

1 The properties of iron are
changed by adding controlled ]

SUMMARY QUESTIONS amounts of other metals or

| carbon to make steels. 4
1 Copy and complete using the words below:

2 Mild steel is used in building

car carbon cutlery different mild stainless and for making car bodies. | ]
We use types of steel for different jobs. Low 3 Stainless steel is used for ,
steel, often called steel, is used to make bodies making chemical plant and

and machinery. We use steel to make and parts cutlery. ]

of chemical factories. 4 Steel is often covered with

2 Explain why aluminium is used to make food containers. a layer of zinc to protect it 1
from rusting. This is called
galvanising. i

3 Describe the advantages of using steel alloys rather than pure
iron. /

A3. Answers to Summary Questions (& Activity 4 Checking answers)

A9 Top Tips - Do this after you've taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests
and revision and especially from working through past exam questions
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Mind Map 1 of Section 10.3 & 10.4
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(Chapter 14) Summary & Exam Questions for Sections 10.3 & 10.4

These questions can be looked at, but they have limited use if you are working towards an A*, they could be
attempted under test-like conditions and used as a revision exercise, for instance

SUMMARY QUESTIONS

1 Match each metal on the left with its ore on

the right.
iron rock salt
aluminium zinc blende
zinc bauxite
sodium haematite

2 Draw a diagram of a blast furnace. On your
diagram show:

* where the solid raw materials are loaded
into the furnace

* where air enters the furnace
* where the iron and slag collect.

3 Copy and complete using the words from the
list below.

air blast calcium coke decomposes
impurities monoxide slag

Iron is extracted in a furnace from
iron ore using carbon asa
reducing agent. The carbon monoxide is
formed when _burns in a blast
of . The limestone added to the blast
furnace o oto form
oxide. Calcium oxide combines with the
in the iron ore to form

4 Match each metal on the left with its use on

the right.
aluminium galvanising iron roofs
mild steel electrical wiring in the home

stainless steel  aircraft bodies
copper cutlery
zinc car bodies
5 Two methods for extracting metals are
(i) heating with carbon and (ii) electrolysis.

Which of these methods is best used to
extract each of the following metals?

{a) sodium
(b)lead

(c) calcium
(d)iron

(e) aluminium

EXAM-STYLE QUESTIONS

1 Which one of these statements about the
extraction of iron in a blast furnace is true?

A Limestone is added to combine with excess
carbon dioxide.

B A slag of iron(i) oxide forms at the bottom
of the furnace.

C Hotair is blown in at the top of the

furnace.

D Carbon monoxide reduces iron(ii) oxide to
iron.

(Paper 1) [1]

2 Calcium oxide is added to a steelmaking
furnace to:

A oxidise basic oxides

B oxidise carbon to carbon dioxide

C react with acidic impurities

D react with silicon to form silicon dioxide.

(Paper 1) [1]

3 Iron is extracted in a blast furnace.

(a) Name the four raw materials used to
extract iron. [4]

(b) The diagram shows a blast furnace.

6 Put the following phrases about the extraction
of zinc in the correct order.

A zinc vapour rises up the furnace

B zinc oxide is heated with coke to produce
zinc

C zinc sulfide is roasted in air to produce zinc
oxide

D the zinc condenses in trays

Patrick Brannac
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A6 (&A8). Cue questions
Fill this in AFTER finishing the section

Answers to summary and Exam Questions — Remember to check them

AFTERWARDS and make notes on anvthina difficult or that vou missed

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page
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Which letter in the diagram shows:
(i) where the solid raw materials are put

into the furnace [1]
(ii) where the furnace is hottest [1]
(iii) where the slag is collected? [1]

(c) In the blast furnace, carbon monoxide

reacts with iron(i) oxide.

(i) Write a word equation for this
reaction. 1]

(ii) The carbon monoxide is formed by
carbon dioxide reacting with excess
carbon. Write a symbol equation for
this reaction. [2]

(Paper 2)

4 Iron is converted to steel by blowing oxygen
into molten iron in a basic oxygen converter.

(@) Name three impurities present in the iron

extracted from the blast furnace. [3]
(b) Explain the function of the oxygen 'blast’
in steelmaking. [1]

(c) Powdered calcium oxide is added at the
same time as the oxygen. Why is calcium

oxide added? [2]
(d) Stainless steel is used for many purposes.
(i) State one use of stainless steel. [1]
(ii) What is the difference between
stainless steel and iron? [2]

(iii) Stainless steel is an alloy. What do you
understand by the term alloy? (1]

(Paper 2)

5 Some of the metals in the reactivity series are
shown below:

sodium calcium zinc iron copper

least reactive

most reactive

(a) (i) State the names of two metals from
this list that can be extracted by
heating with carbon. 2]

(ii) State the names of two metals from
this list that are extracted using

electrolysis. 2]
(b) Aluminium can be extracted by electrolysis.
State two uses of aluminium. [2]

www.SmashingScience.org

(c) Carbon is used to extract tin from tin(iv)
oxide, SnO,.
(i) What condition is needed for this
extraction? [1]
(ii) The products of the reaction are tin
and carbon monoxide. Write a symbol
equation for the extraction of tin.  [2]

(Paper 2)

6 Zinc is extracted from its sulfide ore.
(a) State the name of the sulfide ore of zinc.

[1]
(b) The sulfide ore is first converted to zinc
oxide. Write a balanced equation for this
reaction. [2]

(c) The zinc oxide is reduced in a blast
furnace. Describe in outline how zinc is
extracted from zinc oxide. [4]

(d) At high temperatures, zinc oxide reacts

with carbon. Explain why this is a redox
reaction in terms of electron transfer.  [2]

(e) (i) Give one use of zinc. [t]
(ii) Explain why zinc is used for the
purpose you stated in part (i). [1]
(Paper 3)

7 Steel is an alloy of iron with controlled
amounts of carbon and other metals added.

(a) Explain how the amount of carbon in the
steel is controlled. [2]

(b) One of the impurities in the iron from
the blast furnace is phosphorus. Explain
how phosphorus is removed from the iron
when steel is made in the basic oxygen

converter. [3]
(c) State two uses of mild steel. [t
(d) (i) Draw the structure of a typical alloy.
[2]
(i) Explain why steel is harder than pure
iron. 2]
(e) Brass is an alloy. State the names of the
metals present in brass. [1]
(Paper 3)
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A6 (&A8). Cue questions
Fill this in AFTER finishing the section

Answers to summary and Exam Questions — Remember to check them

AFTERWARDS and make notes on anvthina difficult or that vou missed

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two

sentences that sums up the important points on this page
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Mind Map 2 of Section 10.3 & 10.4
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Glossary of Topic 10

For games and activities, was well as tests based on the keywords (English keywords and English definitions) of this

topic and all others go to this website:

https://quizlet.com/Patrick Brannac4/folders/igcse-chemistry-cie-0620-glossary-english-words-by-

topic?x=1xqt&i=ga2m8

For the same set with English keyword and English definitions matched to google translated Chinese:

https://quizlet.com/Patrick Brannac4/folders/igcse-chemistry-cie-0620-glossary?x=1xqt&i=ga2m8

Key words

alkali metals elements in Group | of the Periodic Table; they are
the most reactive group of metals

Google translation

TLE RS | EHREERTE e RER
<)

alloys mixtures of elements (usually metals) designed to have the
properties useful for a particular purpose; for example, solder (an
alloy of tin and lead) has a low melting point

HARE BAA MRt cE (BE &R BE
VIr& s Bian, SRR CEMETIE S IS AR

amphoteric hydroxides which can react with both acids and
alkalis to produce salts; for example, zinc hydroxide; certain
metal oxides can also be amphoteric

A5 R ML A R ER P R A B,
AR g R At T LR PR

basic oxide of a metal that will react with acids to neutralize the
acid

B S PR R 1) <6 e R Bk S8 A

basic oxygen process the process used to make steel from iron
from the blast furnace: oxygen is blown into the molten iron
using an ‘oxygen lance’ and lime is added to remove non-metallic
impurities

RAEARTZ: HT AR RS T2
| SWHE I ESIRAGKS, FHFana KL
LErAR R R A

blast furnace a furnace for smelting iron ores such as hematite
(Fe203) with carbon to produce pig (or cast) iron (in a modified
form the furnace can be used to extract metals such as zinc)

B RRBIG RS (Fe203) S84k A A4
Ak (BB P G s 0nr TR
SR

carbon steel alloys of iron and carbon only; the amount of carbon
in steels can vary between 0.2% and 1.5%

DR RN 5 <8 AN AR & BT BAAE 0.2
%% 1.5% 8221k

corrosion the name given to the process that takes place when
metals and alloys are chemically attacked by oxygen, water or
any other substances found in their immediate environment

4 J P12 4 S B LA SR B L, KR
AT FCAB R B 2 i 7 2 44

decomposition (see also thermal decomposition) a type of
chemical reaction where a compound breaks down into simpler
substances

o (B » — e, A e
G fif B Tl B o

displacement reaction a reaction in which a more reactive
element displaces a less reactive element from a solution of its
salt

B S N — PR, e e BB e R e R AL ER
B B N BRI TR

galvanizing the protection of iron and steel objects by coating
with a layer of zinc

I ZOR RN 1A

metalloid (semi-metal) element which shows some of the
properties of metals and some of nonmetals; for example, boron
and silicon

e CheR) o, BA4EMIES R L
Rt BlanaFngE

metals a class of chemical elements (and alloys) which have a
characteristic shiny appearance and are good conductors of heat
and electricity

SEE—-FKUFETLER FEE) , BRAREMERDE
PEANUL, I Hog R RO A

ore a naturally occurring mineral from which a metal can be
extracted

WA RTINS )

reactivity series of metals an order of reactivity, giving the most

reactive metal first, based on results from a range of experiments
involving metals reacting with oxygen, water, dilute hydrochloric

acid and metal salt solutions

Rig—RIEREBEES, K WD
BB B SRIG S5 R, SR — R RN AR RN
VRN AT A3 < e 3 1 e v
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Key words

redox reaction a reaction involving both reduction and oxidation
reducing agent a substance which will reduce another in a redox
reaction

Google translation

SR s 87— o R 5 3 J ) AN S A SR
SR, — T S AR S A IE B B N g S g — F )
Jii

reduction there are three definitions of reduction: (i) a reaction in
which oxygen is removed from a compound; (ii) a reaction
involving the gain of electrons by an atom, molecule or ion; (iii) a
reaction in which the oxidation state of an element is decreased

BEH =M EE XL () MEawTHEREERN
KR () BEREEET, 27 TREHET
MO Gil) JosREYEAE A FRR I S

rust a loose, orange-brown, flaky layer of hydrated iron(lll) oxide,
Fe203.xH20, found on the surface of iron or steel

AR AR BN 2 T L R EI PRI B BB A € 5 R K
EEEA (Fe203.xH20)

strong alkali an alkali that is completely ionized when dissolved in
water — this produces the highest possible concentration of
OH-(aq) ions in solution; for example, sodium hydroxide

SR - —FA T KN 258 A TR I-X S AR
WA= i R IE ) OH- (aq) BF ; BlBnEE AL
G

transition elements (or transition metals) elements from the
central region of the Periodic Table — they are hard, strong, dense
metals that form compounds which are often colored

JLFE S IFE PO ke TR (BSOS R) o
R-EARNEA, EEH, SeENE)E, EBEERA
iEm

Chapter 13 Summary Questions Mark Scheme

Summary Questions 13.1 p159 3 lithium has a much smaller ion than the other Group

1 mixture: non-metals; alloy; stronger; layers; slide
2 the presence of a second type of atom disrupts the
layered structure so that the layers cannot slide so
easily
3a/b see fig 13.1.3 p159
Summary Questions 13.2 p161
1 potassium; cold; hydroxide; iron; steam; hydrogen
2 itis not very reactive
3a will not reacts

b will react to form tin oxide and release hydrogen
Summary Questions 13.3 p163
1 displaces; less; solution; more; valency
2a CuSO4 + Mg - MgS0O,4 + Cu

b Cu + 2AgNOs = Cu(NOs); + 2Ag
3 ironis above copper in the reactivity series
Summary Questions 13.4 p165
1 below: reduced; metals; heated; reductant; oxygen
2a 2Zn0O + C - 2Zn +CO;

b Mg + CuO > MgO + Cu
3 When just made, the aluminium reacts because it is
above hydrogen in the reactivity series. After a

few minutes the aluminium reacts with oxygen in
the air to form an unreactive oxide layers which
prevents reaction.

Summary Questions 13.5 p167

1 alkali; heated; nitrite; less; dioxide; oxygen
2a Cu(OH); - CuO + H,0

b 2Ca(NOs); = 2CuO + 4NO; + 0,

Patrick Brannac
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| metals so has a higher charge density. The
charge density is more similar to those of Group Il
metals.

Chapter 13 Summary Questions p168
1 water; sodium/ potassium; potassium/ sodium;
oxygen; alkali; hydroxides; iron; powder; oxide
2a calcium, magnesium, zinc, iron, lead
b calcium (magnesium reacts extremely slowly)
¢ calcium, magnesium, zinc, iron, ALLOW: lead
di K most reactive / K is above Ca
ii below Cu
3 sodium —reacts with water to form alkaline solution
copper — pinkish brown metal
iron — reacts with steam but not with cold water
lead — grey, fairly unreactive metal
magnesium - reactive metals that burns with a
white light
4 The more readily the positive ion is formed the more
reactive the metal (since they lose electrons
more readily)
5 It has a protective oxide layer on its surface which is
unreactive with acids
6a 2Mg + O, ->2MgO
b 3Fe + 4H,0 - Fes04 + 4H,
¢ Ca(OH); - Ca0 + Hy0
d 2Mg(NOs); - 2MgO + 4NO; + O,
e Fe0s + 3Mg—> 2Fe + 3MgO
7  breakdown of compound by heating
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Chapter 13 Exam Questions Mark Scheme

1 8B (1]
2 C [1]
3a sodium, calcium (ALLOW sodium, calcium, magnesium) [1]
bi zZn/Pb (1]
ii 3;4; 4 (one mark each) [3]
ci magnesium + hydrochloric acid - magnesium chloride + hydrogen [1]
Mg + 2HCI - MgCl, + H; [2]

1 mark for formulae
1 mark for balance

ii test with lighted splint; [1]
pops/ explodes [1]
di Any2of: [2]

white powder forms or white powder escapes/
brown or pink specks or particles formed/
violent reaction/

light or flame produced

ii magnesium + copper(ll) oxide - copper + magnesium oxide [1]
iii magnesium [1]
4a mixture of metals / mixture of metal(s) with non-metals; [1]
bi Any two of: [2]

zinc coated with pink or brown substance/
zinc becomes smaller in size ALLOW: dissolves/
colour of copper sulfate fades

ii zinc+ copper(ll) sulfate - zinc sulfate + copper [1]
iii redox / displacement [1]

ci Khigher in reactivity series / Zn lower in reactivity series [1]
ii 2K + 2H,0 - 2KOH + H; [2]

1 mark for formulae
1 mark for balance

5a Zn; [1]
because it removes the oxygen from then CuO [1]
b Znloses (2) electrons; [1]
Cu gains (2) electrons [1]
¢ Znis more reactive than Cu/ Zn is better at losing electrons than Cu [1]
Mg loses electrons more easily than Cu; [1]
so removes the oxygen form the oxide more readily/ magnesium is a better reductant [1]
e 2Cu(NOs)a(s) = 2CuO(s) + 4NO4(s) + Oa(s) [3]

1 mark for formulae
1 mark for balance
1 mark for state symbols (depends on correct formulae but not balance)
6ai Any 2 of: [2]
sodium moves about, magnesium does not/
sodium floats, magnesium does not/
sodium produces lots of bubbles, magnesium does not/
sodium forms a ball, magnesium does not
i Mg(s) + H0(g) > MgO(s) + Ha(g) (3]
1 mark for formulae

1 mark for balance
1 mark for state symbols for Mg/ H,0 and H, IGNORE MgO (depends on correct formulae but
not balance)
bi breakdown of a substance by heating [1]
i 2NaNO3 > 2NaNO, + O; [2]
1 mark for formulae
1 mark for balance
iii magnesium nitrate - magnesium oxide + nitrogen dioxide + oxygen [2]
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2 marks if all correct
1 mark for any two correct products

ci heat mixture of magnesium and aluminium oxide to a high temperature / heat strongly [1]

ii Any one of:
hazardous or dangerous reaction/

difficulty in obtaining aluminium from the (fused) mixture/

iii aluminium forms an oxide layer;
which is unreactive

(1]

(1]
(1]

Chapter 14 Summary Questions Mark Scheme

Summary Questions 14.1 p171
1 extract; ores; bauxite; iron; carbon; zinc
2 Cis below Mg in the reactivity series
3 zinc blend/ zinc sulfide
N
reacts with oxygen to form ZnO + SO,
N
Zn0 heated in blast furnace with C at high
temperature
N
C oxidised to CO
N2
ZnO reduced by CO to Zn
N
Zn evaporates in furnace to condenses in trays at the
top

Summary Questions 14.2 p173
1 blast; haematite; air/ coke; coke/ air; reduces; oxide
2a iron(lll) oxide + carbon monoxide - iron + carbon
dioxide

b calcium oxide + silicon(IV) oxide = calcium silicate
3 limestone decomposes to form calcium oxide; which
reacts with silicon(lV) oxide impurities in the

ore to form slag / calcium silicate

Summary Questions 14.3 p175

1 carbon; basic; converter; surface; oxidises; oxide;
silicon; slag

2 to combine with the solid oxides of Si and P and
form a slag which can be removed form the

other metals e.g. Cr, Ni added in the required
proportions

Summary Questions 14.4 p177
1 different; carbon; mild; car; stainless; cutlery
2 aluminium has an unreactive oxide layer on its
surface; so wont react with acid in the food

ALLOW: thin sheets are easily bent to form
containers
3 steel alloys are stronger/ harder than iron/ iron is
brittle compared with steel/

steel alloys are more resistant to corrosion

Chapter 14 Summary Questions p178
1 iron—haematite
aluminium — bauxite
zinc — zinc blende
sodium — rock salt/ halite
2 seefig14.2.1pl172
3 blast; monoxide; coke; air; decomposes; calcium;
impurities; slag
4 aluminium — aircraft bodies
mild steel — car bodies
stainless steel — cutlery
copper — electrical wiring in the home
zinc — galvanising
5a electrolysis
b heating with carbon
c electrolysis
d heating with carbon
e electrolysis

surface 6 CB,AD

3 oxygen blast removes the required amount of

carbon;

Chapter 14 Exam Questions Mark Scheme

1 D (1]

2 C [1]

3a iron ore/ named iron ore; coke/ carbon; limestone; air (1 mark each) [4]
bi F (1]
ii D [1]
iii B [1]

ci iron(lll) oxide + carbon monoxide - iron + carbon dioxide
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ii CO,+ C > 2C0 [2]
1 mark for correct formulae
1 mark for balance

4a Any 3 of: C/P/Si/S (1 mark each) [3]

b oxidises the impurities to their oxides (which can then be removed) [1]

to react with Si and P oxides [1]

di any one use e.g. cutlery/ chemical plant [1]

ii stainless steel is an alloy but iron is a pure metal; [1]
stainless steel contains added metals / named metals but iron contains non-metal impurities/

named impurities [1]

ALLOW: stainless steel contains less carbon than iron
ALLOW: stainless steel is stronger than iron

iii mixture of metals / mixture of metal(s) with non-metal [1]

5ai Any 2 of: Zn/ Fe/ Cu (1 mark each) [2]

ii sodium; calcium (1 mark each) NOT: copper [2]
b Any 2 uses of aluminium e.g. aircraft bodies/ food containers/ car bodies/ high voltage electricity

cables (1 mark each) [2]

ci heat [1]

ii SnO, + 2C - Sn + 2CO [2]

1 mark for correct formulae
1 mark for balance
6a zinc blende [1]
b 2ZnS + 30, - 2ZnO + 2SO0, [2]
1 mark for correct formulae
1 mark for balance
¢ Any4of: [4]
C burns in air to form CO/
Zn reduced by CO/
some ZnO reduced by C/
idea of high temperature in blast furnace/
Zn vapour rises up blast furnace or condenses in trays at top of furnace

d Zn gains electrons [1]

C loses electrons [1]

ei galvanising/ specific uses of galvanising e.g. coating on roofs [1]
ii stops oxygen and water getting to the iron/ sacrificial metal/ prevents iron underneath from

rusting [1]

7a Any 2 of: [2]

oxygen blown (onto the surface of the hot iron/ into the iron) /

carbon oxidised to carbon dioxide which escapes/

carbon content of iron decreases/

amount of carbon in steel determined by length of time of oxygen blast

b P oxidised to phosphorus oxide/ P,0s; [1]
CaO (blown into furnace) reacts with phosphorus oxide; [1]
The slag formed on the surface of the steel is removed [1]

¢ Any two uses: e.g. car bodies/ buildings/ bridges/ garden tools/ garden furniture [2]
(1 mark each)

di seefig14.4.1 p176 [2]

1 mark for mixture of metal atoms randomly arranged;
1 mark for different sized alloying atoms and atoms in distorted layers

ii in pure iron the layers can slide over each other; [1]
in steel the different sized atoms prevent the layers from sliding [1]
e copper + zinc (both needed) [1]
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