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A student accidentally mixed 60 cm? of water with 60 cm? of oil.
Which method would allow her to obtain 30 cm? of the oil most easily?

A chromatography C filtration
B evaporation D use of a separating funnel

When concentrated aqueous ammonia and concentrated hydrochloric acid are placed at opposite
ends of a tube, a white ring of ammonium chloride forms nearer to the hydrochloric acid.

\

\

concentrated white ring concentrated
aqueous ammonia hydrochloric acid

Which conclusion about this experiment is correct?

The boiling point of ammonia is less than that of hydrogen chloride.

The concentration of the aqueous ammonia is less than that of the acid.

The reactivity of ammonia is less than that of hydrogen chloride.

The relative molecular mass of ammonia is less than that of hydrogen chloride.

OO0 w >

Aqueous ammonia is added to a solution of a salt. A white precipitate is formed which dissolves
in an excess of aqueous ammonia.

Which metal ion could the salt contain?

A AP C K
B Ca* D zn*
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The diagram shows the chromatogram for a dye.

solvent front

-
50
401 X——— final position of dye
30
207 starting position of dye
104 /
1 o ./ |
—— = L_—J= — _— solvent

Which fraction shows the Rt value for the dye?

A

10
50
50
10

Cc &0
40
D 40
50

The table shows the structure of different atoms and ions.

article proton nucleon number of number of number of
P number number protons neutrons electrons
Mg 12 24 12 w 12
Mg?* X 24 12 12 10
F 9 19 9 Y 9
F- 19 9 10 Z

What are the values of W, X, Y and Z?

W X Y z
A 10 10 9 9
B 10 12 10 9
C 12 10 9 10
D 12 12 10 10
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Metals have positive ions in a ‘sea of electrons’.

Which metal atom contributes the most electrons to the ‘sea of electrons’?

A aluminium C rubidium
B barium D zinc

Which two elements react together to form a compound that can conduct electricity only when it
is in the molten or aqueous states?

element electronic structure
R 2,4
T 2,8
X 2,8, 1
Z 2,87
A RandT C XandZ
B TandX D ZandR

Element J forms an acidic, covalent oxide.

Which row shows how many electrons there could be in the outer shell of an atom of J?

number of outermost electrons
1 2 6 7
A v 4 X X
B v X v X
C X X v v
D X v X v

The chemical formulae of two substances, W and X, are given.

W NaA|Si308
X CaA|28izos

Which statements are correct?

1 W and X contain the same amount of oxygen.
2 W contains three times as much silicon as X.
3 X contains twice as much aluminium as W.

A 1and2 C 2and3
B 1and3 D 1,2and3
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An atmospheric pollutant can be removed by the process of reduction.
Which pollutant is removed by this process?

A carbon monoxide in a catalytic convertor

B nitrogen dioxide in acid rain by reaction with calcium carbonate
C nitrogen oxide in a catalytic convertor

D sulfur dioxide from flue gases by reaction with calcium carbonate

Which quantity is the same for one mole of ethanol and one mole of ethane?

A mass C number of molecules
B number of atoms D volumeatr.t.p

What is the volume of hydrogen produced at room temperature and pressure, when 4.6 g of
sodium is reacted with an excess of water?

2Na + 2H20 —> 2NaOH + H:

A 12dm? C 48dm?
B 24dm® D 12dm?

The Apollo moon missions used hydrazine, N2H4, as rocket fuel. Hydrazine is made by reacting
ammonia with sodium chlorate(I), NaClO.

2NHs(g) + NaClO(s) —> N2Ha(g) + NaCl(s) + Hz0(l)

If 28 g of hydrazine is made from 34 g of ammonia, what is the percentage yield of hydrazine?

A 12.5% C 87.5%
B 17.0% D 100%

When pink cobalt(II) chloride crystals are heated, they form steam and a blue solid.
When water is added to the blue solid, it turns pink and becomes hot.

Which terms describe the pink cobalt(Il) chloride crystals and the reactions?

pink cobalt(II) chloride reactions
A aqueous irreversible
B anhydrous reversible
C hydrated irreversible
D hydrated reversible
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Which pairs of statements correctly describe the differences between the conduction of electricity
during electrolysis and the conduction of electricity by metals?

A
B

conduction during electrolysis conduction by metals

1 The current is due to the movement | The current is due to the movement
of both positive and negative ions. | of electrons.

2 | Charged particles move towards | Charged particles move in one

both electrodes. direction only.
3 | It results in a chemical change. It does not result in a chemical
change.
1, 2 and 3 are correct C 2 and 3 only are correct
1 and 2 only are correct D 1 onlyis correct

When the wick of a candle is touched by a lit match, the candle begins to burn. When the match
is removed, the candle continues to burn.

What is the role of the match in the reaction involving the candle wax?

A

B
o
D

It acts as a catalyst.

It increases the rate of combustion.

It lowers the activation energy barrier.
It supplies the activation energy.

Which of the following statements is not true?

OO0 mw >

An endothermic reaction requires a constant supply of heat as long as the reaction proceeds.
An exothermic reaction only needs heat to initiate.
Photosynthesis is an exothermic reaction.

Reactions with high activation energies do not occur spontaneously and may require heat or
the addition of catalyst to initiate the reaction.

[Turn over
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Hydrogen is increasingly being investigated as a fuel for the future. It burns in oxygen to produce
water.

Which of the following describe(s) the advantages of carrying out the above reaction in a fuel cell
rather than burning hydrogen and converting the heat into electricity?

1 It reduces pollution to the environment.
2 Less energy is wasted or lost during conversion.
3 ltincreases the ease of storage and handling of hydrogen.

A 1only C 1and3only

B 2only D 2and3only

19

20

The table compares the properties of four different fuels.

property ethanol hydrogen methane petrol
molar mass (g/mol) 46 2 16 114
density (kg/l) 0.79 8.4x10°° 6.4x10™* 0.69
enthalpy change ~1360 285 -891 ~5460
(kd/mol)

Which of the following shows the correct order of fuels which produce decreasing amounts of

energy when 1 g of the compound is completely burnt?

(o B R ve B

hydrogen, methane, ethanol, petrol
hydrogen, methane, petrol, ethanol
methane, hydrogen, ethanol, petrol
methane, hydrogen, petrol, ethanol

Which set of conditions is ideal for the manufacture of ammonia in the Haber process?

pressure / atm temperature / °C ratio of Hz : N2
A 250 450 1
B 250 450 03
C 450 250 1
D 450 250 :3

[Turn over
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Two reagents were mixed in a beaker and the mass of the beaker and its content was recorded
as the reaction progressed. The graph shows the result that was obtained.

mass of beaker and content / g

!

0 —* time/s
Which of the following reactions could not have produced the graph?

Mg(s) + 2HCl(agq) —> MgClz(aq) + Hz(g)

ZnCOs(s) + 2HNO3(agq) —> Zn(NOzs)2(aq) + CO2(g) + H2O(1)
NaNO2z(aq) + NH4Cl(aq) —> NaCl(aq) + 2H20(l) + N2(g)
(NH4)2S04(aq) + 2NaOH(aq) —> Na2S0s(aq) + 2NHs(aq) + 2H20(1)

OO0 w >

A poorly ventilated flour mill has a higher risk of explosion as compared to a bakery with similar
ventilation.

What could be the most likely reason for the higher risk of explosion in the poorly ventilated flour
mill?

The flour mill has a higher temperature than the bakery.

The flour mill has more gaseous pollutants than the bakery.

The flour mill has more fine particles of flour in the air as compared to the bakery.
The flour mill has more oxygen in the air than the bakery.

OO0 w >

To reduce atmospheric pollution, the waste gases from a coal-burning power station are passed
through powdered calcium carbonate.

Which waste gas will not be removed by the powdered calcium carbonate?

A carbon monoxide C phosphorus(V) oxide
B nitrogen dioxide D sulfur dioxide

[Turn over
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24 A gaseous mixture of ethene, hydrogen and sulfur dioxide is passed through the apparatus
shown. Only one of the gases is collected.

gas mixture
—_—

aqueous sodium aqueous bromine
hydroxide

What is a property of the gas collected?

burns with a lilac flame

extinguishes a lighted splint with a “pop” sound

relights a glowing splint

turns purple acidified potassium manganate(VII) colourless

OO0 w >

25 The elements W, X, Y and Z have increasing proton numbers. They are all in period 3 of the
Periodic Table but are not necessarily next to each other.

Which statement is correct?

The chloride of Z is ionic.
The oxides of W and Z are both amphoteric.
W and Y contain the same number of shells of electrons.

OO0 w >

X and Y could be in the same Group in the Periodic Table.

[Turn over



10

26 The atomic radii of four Group I elements of the Periodic Table are given below in picometres.

element atomic radius / pm
P 231
Q 152
R 248
S 186

What are the possible melting points of the four elements?

melting point (°C) of element

P Q R S
39 98 64 180
64 180 39 98
98 64 39 180
180 98 64 39

OO w >

27 The bar graph below shows the trend in a property for elements across period 2 of the Periodic
Table.

property
A

— » period 2

Which of the following properties could be represented by the bar graph?

A charge of ion C size ofion
B melting point D valency

[Turn over
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Which metal should be used in the sacrificial protection of the hull of a boat made from iron?
A calcium C lead

B copper D znc

What is a disadvantage of recycling metals?

Collection and transportation costs money.

Metal ores are a finite resource.
Most metals corrode slowly in the environment.

OO0 w >

Scrap metal melts when heated.

The welding of railway tracks was done in the past with the aid of a chemical reaction known as
the Thermite reaction. The Thermite reaction involves the displacement of a metal from its solid
oxide by another metal.

Which of the following equations could represent the Thermite reaction?

Al,Os3 + 3Zn —>3Zn0 + 2Al

2Fe + AlbLO3; —>2Al + Fes O3
Feo.O3 + 2Al —> AlL,O3 + 2Fe
MgO + Zn——> Mg + ZnO

OO0 w >

Metal A is higher than metal B in the reactivity series.

Which of the following statements is true?

Metal A is a stronger oxidising agent than metal B.
Metal A forms a stronger acid than metal B.
Metal A forms more stable compounds than metal B.

OO0 mw >

Metal A takes in more energy than metal B when reacting to form compounds.
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Iron filings are wrapped in a damp cloth and left to rust in the apparatus as shown.

Which letter indicates the water level when rusting has been completed?

iron filings cm?® graduated iron cm? graduated
in the ' filings —_ ¢~ \—" tube
damp cloth ™~ in the 110

damp 120 A

cloth
water level ﬁg (B:
at start ——» N 150 D

The average temperatures of the Earth have been observed to be increasing very gradually.

Which of the following statements describe the environmental consequences of an increase in
global warming?

1 depletion of the ozone layer

2 increase in the acidity of the sail, leading to poor cop output

3 increase in droughts and wildfires, and heavier rainfall

4 increase melting of glaciers and ice caps, leading to increase in sea levels
A 1and2only C 1,3and4only
B 3and4only D 2,3and4only

Anhydrous ammonia, also known as ‘the other hydrogen’, has been described as the closest
thing to a perfect transportation fuel. Its combustion does not produce any environmental
pollutants.

Which of the following are possible products obtained from the combustion of ammonia?

nitrogen and hydrogen only

A

B nitrogen and water only

C nitrogen oxides and hydrogen only
D

nitrogen oxides and water only
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Photosynthesis and respiration are important natural processes.

Which of the following statements is correct?

Carbon dioxide is formed by the reaction of glucose with water during photosynthesis.
Carbon dioxide is removed from the air by respiration.
Glucose reacts with water to form oxygen during respiration.

(w T ve B

Photosynthesis produces glucose and oxygen.

Which of the following is the same for all the members of a homologous series?

A empirical formula C molecular formula
B general formula D physical properties

Which of the following alkenes can form an alcohol which can only have three structural isomers?

A butene C pentene
B ethene D propene

A mixture containing 1 mole of ethene and 4 moles of oxygen is ignited, in a sealed container at
100°C. The reaction is as shown below.

C2Ha(g) + 302(g) —>2C02(g) + 2H20(g)

What is the total number of moles of gas at the end of the reaction?

A 2 C 4
B 3 D 5

Four drops of Universal Indicator were added to a solution of glucose that has undergone
fermentation.

Which of the following is observed?

The Universal Indicator is decolourised.
The Universal Indicator remains green.
The Universal Indicator turns purple.
The Universal Indicator turns red.

OO0 w >
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40 Vitamin A is an important vitamin required by humans to prevent problems such as night
blindness. The structure of Vitamin A is as shown below.

CH, CHs
N NN

H.C
L COOH

CH,

Which of the following pairs of reagents will not react with Vitamin A?

aqueous bromine, sodium carbonate

ethanol, sodium hydroxide

hydrogen gas with nickel, chlorine gas in UV light
magnesium, steam

OO w >

END OF PAPER
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2
Section A

Answer all the questions in this section in the spaces provided.

1 The structures of some substances containing nitrogen are shown in Fig. 1.1.

A (o
N N
H I

Fig. 1.1

Answer the following questions by choosing from the structures A, B, C, D or E.
You can use each structure once, more than once or not at all.

Which structure represents

(a)

(b)

(c)

(d)

(e)

an acidic oxide,

a compound which is formed under conditions of high temperature and pressure
in car engines,

[1]

[1]

(1]

[1]

(1]

[Total: 5]
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2 Table 2.1 shows the most common oxidation states of some elements A, B, C, D and

E in their compounds.

Table 2.1

element

most common oxidation states

metal or non-metal?

A

-2

+2, +3, +4, +6, +7

+1

non-metal

+3

mo o w

-1

(a)

(b)

(c)

Complete Table 2.1 by filling in the last column to show which elements are
metals and which are non-metals.

[1]

Use the letters A, B, C, D and E to answer the following questions.

(i)  Which element is most likely to be hydrogen?

................................................................................................. [1]

(ii)  Which element is most likely to be in Group VI?

................................................................................................. [1]

................................................................................................. [1]

No elements from Group 0 appear in Table 2.1.
Use the information in Table 2.1 to explain why this statement is true.

......................................................................................................... [2]

[Total: 6]
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Dilute ethanoic acid reacts with metal oxides.
Dilute hydrochloric acid also react with metal oxides.

(@) How are the reactions of the two acids with metal oxides similar?

......................................................................................................... [1]
(b) The rate of reaction of dilute ethanoic acid with metal oxides is observed to be
slower than that of dilute hydrochloric acid at the same concentration and
temperature.
With your knowledge of Collision Theory, explain the observation above.
......................................................................................................... [2]
(c) Table 3.1 shows some information on the mixing of three different sets of
solutions.
Table 3.1
solutions that are mixed formula of colour of
precipitate precipitate
aqueous copper(Il) sulfate and
aqueous sodium hydroxide
aqueous potassium iodide and
aqueous silver nitrate
dilute sulfuric acid and aqueous
barium chloride
Complete Table 3.1. [4]

[Total: 7]
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4 Chromium is commonly used to electroplate steel objects.
Fig. 4.1 shows how this could be done.

(a)

(b)

(c)

(d)

+ =
- ”
lead anode
________ [ object to be
~N® | plated

aqueous | -

chromium(lll) — S e e e o

sulfate

Fig. 4.1

Give two reasons why steel objects are plated with chromium.

Construct the ionic half-equation, with state symbols, for the reaction at the
cathode.

Effervescence is observed at the anode.
Identify the gas that is produced at the anode, and state the chemical test that
can be carried out to confirm the identity of the gas.

NAMIE Of QA8 .ttt e

CREMICAl St . o e s

(2]

[1]

(2]

[1]

[1]

[Turn over
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6

During electroplating, it is necessary to add more aqueous chromium(III) sulfate
but during copper plating using a copper anode, it is not necessary to add more
aqueous copper(Il) sulfate.

Explain the difference.

(2]

[Total: 9 marks]
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The Ostwald Process is a chemical process for manufacturing nitric acid, HNOs. It is
done via two stages.

The following chemical equation illustrates the chemical reaction that occurs in Stage
One.

Stage One: 4NHj3(g) + 502(g)—> 4NO(g) + 6H.0(g) AH =-905.2 kJ

(@) Draw an energy profile diagram for the reaction in Stage One, and you are to
indicate the enthalpy change and activation energy clearly.

(2]
(b) Interms of oxidation states, explain why Stage One is a redox reaction.
......................................................................................................... [2]
(c) Stage Two consists of two steps.
Step 1: 2NO(g) + O2(g) — 2NO2(g)
In Step 2, NO, that is produced in Step 1 is absorbed by water readily to form
dilute nitric acid as well as nitrogen monoxide, which is recycled to be used in
Step 1.
(i) Construct a chemical equation to show the reaction in Step 2.
.................................................................................................. [1]
(ii) Name a physical process that can be carried out to increase the
concentration of the dilute nitric acid that is obtained at the end of Stage
Two.
................................................................................................. [1]
[Total: 6]

[Turn over
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8

Chlorine can react with many substances and has different uses in our daily life.

(@) (i) Name the products that are formed when aqueous chlorine reacts with
aqueous potassium bromide.

................................................................................................. [1]
(ii) State one observation that you can see from the reaction in (a)(i).
................................................................................................. [1]
(b) An oxide of chlorine was analysed. A 0.366 g sample was found to contain
0.224 g of oxygen.
Calculate the empirical formula of this oxide.
empirical formula of this oxide is ..o, [3]
[Total: 5]
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A kiln is a special kind of oven for firing things like pottery and bricks.

Fig. 7.1 shows a rotary lime kiln used to make lime from limestone. The chemical name
for limestone is calcium carbonate. Limestone is fed in at the top of the kiln and lime
comes out at the bottom.

(a)

(b)

(c)

(d)

kiln moves

air out
round

limestone
c &~

hot air = ﬂ

pr

lime

Fig. 7.1

State the chemical name for lime.

......................................................................................................... 1]
State the name of the type of chemical reaction that takes place in the rotary kiln.
......................................................................................................... [1]
Suggest why the air coming out of the kiln has a greater percentage of carbon
dioxide than the air entering the kiln.
......................................................................................................... 1]
State one use for lime.
......................................................................................................... 1]

[Turn over
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(e) A student compared the rates of reaction of three metal carbonates. She
measured the volume of gas released using the apparatus shown in Fig. 7.2.

A\

\

gas-syringe

metal carbonate

heat

Fig. 7.2

State one thing that must be kept constant if the rates of the three reactions are
to be compared in a fair way.

(f) The graph in Fig. 7.3 shows the volumes of carbon dioxide released when the
three metal carbonates were heated.

50
. calcium ! HEEHT
40 - carbonate |
_ _ .
ST
304 .-:' I { strontium
volume of L carbonate
carbon v ; i B===an s
dioxide / cm?® . ' | m - -
20 ..J = =
a L ! , ]
AHH -+ barium .
/ t . (]
! » : carbonate
10 ~ > I - 1] i , J
j, },4 __,..-" ..-‘:. 1 '|' 1
aps T
0 - ] ;
0 2 4 6 8 10 12

time / minutes

Fig. 7.3
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() (i) Withreference to Fig. 7.3, which carbonate produced carbon dioxide at the
highest rate?

................................................................................................. [1]
(ii) What volume of carbon dioxide was produced by strontium carbonate in

twelve minutes? You need to indicate clearly on Fig. 7.3 how you

obtained the answer.

................................................................................................. [1]
(iii) How do the rates of the reactions of these three metal carbonates relate

to the position of calcium, strontium and barium in the Periodic Table?

................................................................................................. [2]

(g) Describe how hydrochloric acid and limewater can be used to show that

carbonate ions are present in calcium carbonate.
......................................................................................................... [3]

[Total: 12]
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Section B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

8 Mass spectrometry is an important technique which can identify the amount and type
of chemicals present in a sample by using a machine called a mass spectrometer. In
general, the two quantities that can be measured are the mass/charge ratio (m/z)
and the relative abundance of particles in the sample.

Mass/charge (m/z) ratio: This is calculated by dividing the mass of an ion by its

charge. For example, a sodium-23 ion, ??Na*, would have a m/z value of 23. , Hence,
the m/z value of an ion with a charge of 1+ is essentially its relative mass.

Relative abundance: This refers to the percentage of a particular isotope which
occurs in nature. For example, in a sample of chlorine, the relative abundance of
chlorine-35 is 75% and chlorine-37 is 25%.

The following steps show how mass spectrometry is done.

Step 1: lonisation — the sample is vapourised. Energy is then used to knock off one
or more electrons from atoms or molecules in the sample, changing them into positive
ions. If enough energy is supplied, some bonds of the molecules are broken, and
smaller ions are formed.

Step 2: Acceleration — the ions formed from Step 1 are accelerated through the
spectrometer by the use of negatively-charged plates.

Step 3: Deflection and detection — the ions are deflected by a magnetic field and are
detected electrically.

Step 4: Mass spectrum — the mass spectrometer records the m/z value and relative
abundance of all ions in the form of a histogram, called a mass spectrum.

Fig. 8.1 shows the mass spectrum of a pure sample of lithium.

relative abundance (%)

96.25
additional information
It is known that all ions analysed in
this sample have a charge of 1+.
3.75
l m/z
6 7
Fig. 8.1
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Fig. 8.2 shows the mass spectrum of a pure sample of chlorine.

relative abundance (%)

A
75.0 +

250 —+

additional information
It is known that all ions analysed in
this sample have a charge of 1+.

I S miz

35 37

70 x vy

Fig. 8.2

Fig. 8.3 shows the mass spectrum of a pure sample of an unknown hydrocarbon.

relative abundance (%)

%

Llll L

additional information
It is known that all ions analysed in
this sample have a charge of 1+.

14 15 26 27 28 29 30

Al

37 38 30 40 41 42 43 44 M2

Fig. 8.3
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Explain how the data in Fig. 8.1 shows that there are two isotopes of
lithium.

................................................................................................. [2]
With appropriate calculation, show that the average relative atomic mass
of lithium is 6.96, correct to 3 significant figures.

[1]
With reference to Fig. 8.2, calculate the values of x and y.

[2]
Chlorine-35 and chlorine-37 are the only two known isotopes of chlorine.
Use the data in Fig. 8.2 to suggest why there were three additional peaks
of 70, x and y on the mass spectrum of chlorine.
................................................................................................. [2]

[Turn over
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(c) (i) A student comments that the unknown hydrocarbon is propane.

Explain how the data in Fig. 8.3 shows that this is true.

................................................................................................. [2]
(ii) Suggest the formula of the ion which has a m/z value of 14.

................................................................................................. [1]
(iii) Another mass spectrometry analysis was carried out on a sample of

butane.

Suggest how the results of the mass spectrum of butane would differ from

that of propane.

................................................................................................. [2]

[Total: 12]
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Besides its use in food products, vinegar is also commonly used as a household
cleaner. The chemical name of vinegar is ethanoic acid.

(@) Name the elements that are present in ethanoic acid.

......................................................................................................... [1]
(b) Showing only the outermost electrons, draw a ‘dot-and-cross’ diagram of
ethanoic acid.
[2]
(c)  Will ethanoic acid have a high or low boiling point?
With reference to your knowledge of chemical bonding, give a reason for your
answer.
......................................................................................................... [2]
(d) (i) Name the two products that are formed when magnesium reacts with
ethanoic acid.
................................................................................................... [1]
(ii) Construct a chemical equation, with state symbols, for the reaction of
magnesium with ethanoic acid.
................................................................................................. [2]

[Total: 8]
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Table 10.1
Does it decolourise effect on blue
compound | molecular formula . .

aqueous bromine? litmus paper
A CaF4 yes remains blue
B C3HeO2 no turns red
C C3HeO2 yes remains blue
D HO2C-C2H4-CO2H no turns red

@ (i)

(i)

(iii)

Compound A can be polymerised to make poly(tetrafluoroethylene) also
known as poly(tetrafluoroethene). It is also commonly known as PTFE.

Name the type of polymerisation that is present in PTFE.

Showing two repeat units, draw the displayed formula of PTFE.

[1]

There are high and low grades of PTFE.
Molecules of high-grade PTFE typically have a relative molecular mass of
1.2 x 106,

By showing your working clearly, calculate how many repeat units are
present in a typical molecule of high-grade PTFE.

(1]
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(iv) Low-grade PTFE molecules typically have a relative molecular mass of
1.4 x 104

Explain why low-grade PTFE has a lower melting point than high-grade
PTFE.

................................................................................................. [1]
(v) Describe and explain a pollution problem caused by getting rid of
substances made of PTFE.
................................................................................................. [2]
(b) Compound B can react with another organic compound to form ethyl
propanoate.
(i)  Draw the full structural formula of the organic compound which can react
with compound B to form ethyl propanoate.
[1]
(ii) Draw the full structural formula of ethyl propanoate.
[1]
() Compound C can be polymerised with compound D.
During this polymerisation process, small molecules of water are eliminated.
Showing two repeat units, draw the structure of the polymer that is formed when
compound C is polymerised with compound D.
[2]
[Total: 10]
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Iron is produced in the blast furnace using the ore, haematite (melting point 1566°C),

as one of the raw materials.

Titanium is produced from the ore, rutile. The chemical name for rutile is titanium
dioxide (melting point 1843°C). Rutile cannot be reduced by coke and hence, it
requires a different method of extraction.

Fig. 10.1 shows a quick summary of the extraction methods for iron and titanium.

iron

titanium

Haematite is reacted with coke at
1500°C in a furnace to produce
molten cast iron.

Cast iron contains iron, about 4%
carbon and some impurities such as
silicon and phosphorus.

Rutile is reacted with chlorine at
1000°C to produce titanium(IV)
chloride.

Titanium(IV) chloride is cooled and
collected.

Titanium(IV) chloride is reacted with
magnesium at 1100°C in a seal
reactor for 3 days.

The sealed reactor contains an
atmosphere of argon.

Oxygen is blown into the molten cast
iron and molten recycled iron at
1500°C in a furnace to produce low-
carbon steel.

Low-carbon steel contains mainly
iron and about 0.1% carbon.

The reactor is allowed to cool, and
then opened. The titanium is then
separated from its other product,
magnesium chloride.

Fig. 10.1

Titanium reactors produce about 1 tonne of the metal per day.
Iron blast furnace produce about 20 000 tonnes of the metal per hour.

(@) Explain why the production of low-carbon steel uses oxygen but the production

of titanium requires ‘an atmosphere of argon’.

[Turn over
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The melting point of haematite is higher than the temperature in the blast
furnace.

(i)  What is the chemical name for haematite?

................................................................................................. [1]
(ii) Explain why haematite could remain in the molten state in the blast
furnace.
................................................................................................. [1]
There is less titanium than iron in the Earth’s crust.
Other than titanium’s scarcity, use the information to explain why titanium costs
much more than iron.
......................................................................................................... [2]
Suggest why water is used to flush the titanium at the last stage.
......................................................................................................... [1]
Suggest the position of titanium in the Reactivity Series of Metals.
Explain your answer.
......................................................................................................... [2]

[Total: 10]
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