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Exploration of Elements
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What are minerals?
What are the uses of minerals in daily life?

What is the reac‘tijﬁy series of metals?
How is the proces§ of tin extraction carried g

outin Malaysiay §

» Variety of minerals
» Reactivity series of metals
» Extraction of metals from their ores
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|| |84 Variety of Minerals

Look at Photograph 4.1. This photograph shows various types of ores found in Earth's crust.
Each type of ore is different in terms of colour, structure, shape and texture because the ores
contain different minerals.

What are the
names of these

Photograph 4.1 Various types of ores found in

Earths crust EEIENEE lNFo

Try to guess, how many minerals exist on this Earth! Minsralogy or the study of minerals
Then, compare your guess with the number of minerals is an active fisld of science because
listed in the following website: the rurmber and propasties of

minerals keep increasing,

hitpy/bt sashad comisc3 124
8% My World of Science
Soan, al cars using petrol or
diesel wil be replaced with electric

cars. This can be realised with the

Is your guess close to the number of minerals listed by the m&'&mﬁ;ﬁﬁ

International Mineralogical Association, IMA? T et St L Y
and cobalt.
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Chapter 4: Roactivity of Metals

Various Forms of Minerals in Earth's Crust

Minerals are solid elements or compounds present naturally with definite crystalline structures
and chemical compositions, Various minerals are contained in rocks found in Earth’s crust.
Minerals that can be found in Earth’s crust are made up of the following

k@ Elements
b

Silver

Photograph 4.2 Gold and silver

Bauxite Hematite Galena Cassiterite

Photograph 4.3 Bauxite, hemiatite, galema and cassiferite

The common and systematic names of natural compounds and the combination of their
elements are shown in Table 4.1.

Table 4.1 Natural compeounds and their elements

Common name Systematic name Combination of elements
Hematite I} oxide | Iron, cxygen
Cassiterile Tin{lV) oxide Tin, ooygen
Quartz Silicon dioxide Silicon, oxygen
Baugxite (aluminium one) Aluminium code Aluminium, coygen I
Galena (lead o) Lead(ll) sulphide Lead, sulphur
Pyrita Iran( I} sulphide Iron, sulphur
Calcite Caleium carbonate Calaium, carbon, cxygen
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Natural Compounds are the Combination of Several Elements

Photegraph 4.4 Limestone quarry

Limestone is a mineral that has many uses in daily life such as in the construction of roads and
buildings, and for table tops. [s limestone a natural compound made up of a combination of
several elements? Let us investigate this by carrying out Activity 4.1. Then, carry out Activity 4.2
to create a multimedia presentation on examples of properties of natural minerals and their uses
in daily life.

To show that a natural compound is a combination of several elements

Materials
Calcium carbonate powder, clear imewater and dilute hydrochlonc acid

ratus
Boiling tube labelled P, boling wbe labelled ), spatula, test tube, Bunsen burner, rubber
stopper with delivery tube, filter funnel and retort stand with clamp

Instructions
1. Put a spatula of calcium carbonate into boiling tubes P and Q.
1™ 2. Pour 10 ml of dilute hydrochlonc acid into boiling ibe P
‘*! ® 3. Set up the apparatus to test the property of the gas released by passing it through
limewater as shown in Figure 4.1,




el

Figure 4.1 Apparatus set-up fo Figure 4.2 Apparatus sef-up to
test gas released heat calcium carbonate

4, Observe and record the changes in the Safety
Precaution v

imewater, if any, in a table.

5. Set up the apparatus as shown in Figure 4.2,
Heat the calcium carbonate in boiling tube Q Da not point the mouth of the
boiling tube that is being heated
strongly until gas is released. al Fiee il
6. Observe and record the changes in the :
limewater, if any, in the table,

N ." r - .. r

Calcium carbonate mixed
with dilute hydrochlonc acid

Caloum carbonate heated

. Mame the gas that is tested using limewater.
How s the test for the gas carned out? Explain.
Mame the gas released when calcium carbonate:
(a) reacts with dilute hydrochlonc aod
{b) 15 heated strongly
. Complete the word equation for each reaction in question 3.

{a) Calcium carbonate + hydrochlone acd —» | 1+ 1+ [0

(b) Calcium carbonate —=2=d_ | i+ B |
. Mame three elements that are combined in calcium carbonate,
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pSEIENEE INFO
Calci

urm carbonate is a natural compound that exdsts in vanous forms, colours and lextures such as
calcite, limestons, marbla, chall, coral reats and shalls of marine animals.

Lmmestone
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To create a multimedia presentation on examples of properies
of natural minerals and their uses in daily life

i
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Instructions
1. Work i groups.
2. Gather and discuss informaton on examples of properties of natural minerals and
their uses in daily hife. Then, fill in the information in the table as follows:

Natural Physical Chemical Uses in
mineral characteristics characteristics. daily life

o o e
'TER ]

b oe.
(X ]
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3. Present the findings of your group discussion in class,

1. What are minerals?

2. Name one example of a mineral in the form of
{a) element
(b) natural compound

3. State two examples of minerals, their chemical or physical characteristics and their uses in
daily life.
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Chapter 4: Roactivity of Metals

m Reactivity Series of Metals

Compare and contrast the reactions of metals with oxygen in the air as shown in Photograph 4.5.

(a) Magnesium l1um|ug r air {b) Iron exp wed bo air

Photograph 4.5 Reactions between metals and oxygen

Is the vigour of the reactions of different metals such as magnesium and iron with oxygen the
same or different?

In a vigorous reaction between a more In a less vigorous reaction between a less
reactive metal such as magnesium and reactive metal such as iron and oxygen, only
oxygen, a bright flame is observed as a glow or slow change in colour is observed
shown in Photograph 4.5(a). as shown in Photograph 4.5(b).

R

I —

Constructing Reactivity Series of Metals

Different metals have different reactivities towards oxygen., Metals that are more reactive
towards oxygen react more vigorously with oxygen. Reactivity series of metals is a list of
metals arranged in order of their reactivity towards oxygen as shown in Figure 4.3,

]

Ag | Ha | cu| Pb| sn| Fe zn | A1 | Mg| Ca  Nal K |

Figure 4.3 Reactivity series u:_F'nn'frJnls towards axygen

Let us carry out Activity 4.3 to compare and contrast the reactivity of several different metals
towards oxygen.

a2
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Aim: To study the reaction of heating metals such as magnesium, aluminium, zing, iron
and lead with oxygen

Materials

Potassium manganate(Vil) crystals, magnesium powder, aluminium powder, zinc powder,
iron powder, lead powder and glass wool

Apparatus
Bailing tube, retort stand with clamp, porcelain plate, spatula and Bunsen burner

= Glass wool fibres ame very dangemus. Use forceps to handle them. Make sure you wear safely
glasses and cover your mouth and nose when handiing glass wool. Do not allow glass wool to
entar your body, Wash your hands after handing glass wool

» Potassaurn manganate(yll) crystals and metal powder can explode i mixed during heating. Make
sum both of thase materials are abways kept apart.

* Make sure you wear safely glasses and do not look directly at the flame caused by heating metal
powder with moygen.

* Lksa only a small amount of metal powder,

1. Put a spatula of potassium manganate{VIl) crystals into a dry boiling tube, Use some
glass wool ta prevent it fram coming out as shown in Figure 4.4,

Figure 4.4

2. Clamp the boiling tube honzontally onto the retort stand as shown in Figure 4.4,

3. Put a spatula of magnesium powder on a small porcelain plate. Put the porcelain
plate into the baling tube as shown in Figure 4.4,
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4, Heat the magnesium powder strongly. Then, heat the potassium manganate({VIl)
crystals.

5. Observe the vigour of the reaction,

&, Record your observations in a table, Take a wdeo recording andfor photographs of
the reaction,

7. Repeat steps 1 to 6 using the powdered form of the metals histed in the following
table:

Observations

Metal
bums
quickly

Matal
burns
and slowly

brightly

s é

o

Magnesium

Alumirnum

Zinc

Iron

Lead

Questions
1. Complete the word equation for the reachon of each metal with oxygen.
{a) Magnesium + exygen — [

{b) Aluminium + oxygen —=
(@ Zncromgen  —s [
(@ hon+ ongen  —» [

(e} Lead + oxygen —

. State the relationship between the vigour of the reactions and the reactivity of the
metals towards oxygen.

. Based on the results from this activity, complete the following sequence of metals
according to their decreasing reactivity towards oxygen.




Position of Carbon in the Reactivity Series of Metals

The position of a metal in the reactivity series of metals BRAIN
depends on the reactivity of the metal when reacting ? TEASER

with oxygen. Can the position of a non-metal such as

carbon and hydrogen in the reactivity series of metals ' m?rb:w B":"a"m ol
be determined according o the reactivity of carbon and 5 C ke W
hydrogen with oxygen? * hydrogen and oxygen

Let us carry out Activity 4.4 to determine the position
of carbon in the reactivity series of metals,

Determining the position of carbon in the reactivity senes of metals

Aim: To determine the position of carbon in the reactivity series of metals by heating the |
following substances: :
(a) Zinc oxide with carbon
(b} Aluminium oxide with carbon
{e) Leacll) oxncde with carbon

Materials
Carbon powder, zinc oxide, aluminium oxide and lead(ll) oxide

Apparatus
Crucible, spatula, Bunsen bumer, pipeclay triangle and tnpod stand

Instructions
eacher's demonstration
Observe carefully when the teacher conducts a demonstration of steps 1 to 4 as follows:

1. Put a spatula of carbon powder and a spatula of zinc oxide powder into a dry
crucible, Mix the powders evenly in the crucible.
2. Place the crucible on a pipeclay tnangle on a tipod stand as shown in Figure 4.5,

Mixture of carbon
and metal oxide




3. Heat the mixture in the cruable strongly.
4. Observe the changes that happen to the mixture. Record your observation in a table.

: Student's activity
t steps 1 to 4 replacing zine axide with aluminium oxde and lead(ll) oxide,

Zinc ovide
and carbon

Aluminium oxide
and carbon

Lead(ll) oxde
and carbon

1. Complete the word equation for each reaction of metal oxide with carbon, if any.
() Zic oide + cabon —
(b} Aluminium oxide + carbon — [

(€) Lead(l) oxide + carbon  —- [

2. Mame the metal that is less reactive than carbon. Explain your answer,
3, Based on the results of this activity, complete the following sequence to show the
arrangement of elements according to their increasing reactivity towards oxygen:

4
e

Increasing

mechity” |
1

4, Give one application of the position of carbon in the reactivity series of metals for
industrial use, Explain your answer,
5. Underline the correct answer for the following statements:
(a) W carbon can remove oxygen from a metal oxide, it means carbon is (more/less)
reactive than the metal.
(b} If carbon cannot remove oxygen from a metal oxide, it means carbon is
[more/fless) reactive than the metal,
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Position of Hydrogen in the Reactivity Series of Metals
The position of hydrogen in the reactivity series of metals can be determined through

interpretation of the data based on Figure 4.6 and Table 4.2,

Figure 4.6 shows the apparatus set-up used to determine the position of hydrogen in the
reactivity series of metals.

Thistle funnel
_r:”}I Hydrogen gas

Dilute sulphuric
acid + copper(Il)
sulphate salution

Anhydrous calcium chloride

Burning of excess

/hfd:‘ugnngﬁ

Combustion tube

Metal oxide on
porcelain plate

.:,C""

(

\.

;i’
ll!""':i'r

Figure 4.6 Apparatus set-up to determine the position of hydrogen in the reactivity series of metals

Table 4.2 shows the results from activities carried out by chemists to determine the position
of hydrogen in the reactivity series of metals.

Table 4.2 The results from activities to determine the position of hydrogen
in the reactivity series of metals

Hydrogen and Aluminium oxide does not glow. Hydrogen does nol reduce
aluminium oxide | Aluminium coide is while in colour. alurninium oxide.
Zinc oxide does not glow.
Fyckogen and | Zinc cxide tums yellow when hot and white on | /Srogen does fot reduce zinc
cooling. -
Hydrogen and Iron(lil) oxide burns brightly. Reddish brown Iron is produced. Hydrogen
ion{ll) cade powder turns shiny grey. reduces iron(lll) oxide 1o inon.
Hydrmogen and Lead(ll} cxide burns brightly. Lead is produced, Hydrogen
lead(ll) mide Yollow powder turns shiny grey. reduces lead(ll) oxide to lead.,
Hydrogen and | Copper(ll) oxide burns very brightty. Copper is produced. Hydrogen
copper(ll) oxide | Black powder turns brown. reduces copper(ll) oxide to copper.
y

Based on the results given in Table 4.2,

{a) Underline the correct answers about the reactivity of hydrogen.
(i) Hydrogen is (less/more) reactive than aluminium.

(ii) Hydrogen is (less/more) reactive than zine,

N
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Chapter 4: Roactivity of Metals

(iii) Hydrogen is (less/more) reactive than iron.

(iv) Hydrogen is (less/more) reactive than copper.

(v) Hydrogen is (less/more) reactive than lead.
(b} State the metals which are more reactive than hydrogen.
(c) State the metals which are less reactive than hydrogen.

Conclusion on the Position of Carbon and Hydrogen in the
Reactivity Series of Metals

In Activity 4.3, you have arranged metals according to their reactivity towards oxygen. The
arrangement you made is part of the reactivity series of metals. In Activity 4.4 and data
interpretation in Table 4.2, you determined the position of carbon and hydrogen in the
reactivity series of metals. Even though the reactivity series of metals is an arrangement of
metals according to their reactivity towards oxygen, the position of non-metals such as carbon
and hydrogen is also shown in the reactivity series of metals (Figure 4.7).

& My World of Science

LLithiurn batianas will oplods
when heated. Duas 1o this,
passengens ane not alowed (o
keap lithium battedes in ther

wggage placed n arcrats.

Reactivity Series of Metals

SCIENCE INFO

Caoal i= oma of the minemés found
in Malaysia, About B0% of the coal
s found in Sarawak, 19% in Sabah
dan 1% in Peninsuler Malaysia. The
argest coal reserve B located In
Mesit Pia, Sarawak.
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Figure 4.7 Reactivily series of melals —=ar
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Formative Practice I 5§ {

1. What is reactivity series of metals?
2. Figure 1 shows the reaction between metal X and oxygen in the air.

A

>
Figure 1
(a) Is metal X reactive towards oxygen? Explain your answer.

(b) Metal ¥ glows brightly when it reacts with oxygen. Is metal Y more or less reactive
than metal X7 &

(c) If metal Z does not react with oxygen, arrange metals X, Y and Z in the reactivity
series of metals based on their reactions.

Reactivity
of metal
towards
oxygen
decreases

3. Underine the correct answers.

{a) Metals are arranged in the reactivity series of metals based on the reaction of the metal
towards (carbon/oxygen).

(b) The most reactive metal in the reactivity series of metals is (calcium/potassium).
(€} The reactivity series of metals is applied in the (melting/extraction) of metals from
their ores.
4. (a) State the most reactive metal in the reactivity series of metals.
(b) State the least reactive metal in the reactivity series of metals,

5. (a) State two non-metal elements that are included in the reactivity series of metals.
(b) Why are these two non-metal elements included in the reactivity series of metals?

5
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Chapter 4: Roactivity of Metals

Extraction of Metals from their Ores

Extraction of Metals &/My Malaysia

Extraction of metals is the process to obtain metals from | Tha mdraction of iron from is cre
their ores. Observe the relationship between the position | by a local company in Malaysia
of carbon and hydrogen in the reactivity series of metals hittpeibt sashadl.comdsc3 137

and the method used to extract metals from their ores as
shown in Figure 4.8,

=]
=

Reactivity Series of Metals

For matals lower than
carbon in the reactiviy
series of metals, the
Fﬂ Iron b reduction of metal oxides extraction of the metzl
. by carbon, e 1o its ore is through the

sﬂ Tin wﬂnm

Extraction through

Cu | Copper Extraction of the metsés is done

through direct haating of the
Hg | Mercury | metalic compounds.
Aﬂ =i Exist in the form of elemeants in

| Earth's crust.

Figure 4.8 Reactivity series of metals and methods of extracting metals from their ares
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Process of Iron Extraction

The extraction of iron from ils ore °|. Amhdmd::;:mmad irun mcr_i-m
is carricd out in a blast furnace as oxide, coke imestone is added nto
shown in Figure 4.9, a blast furnace through the top.
(S
AN
SN
[ I
i Ay
=t
Blast furmace |

olﬁmhﬂlbﬂﬂirh

pumped into the fumace
through the baottom.

Molten metal is
released

Figure 4.9 Extraction of iron in a blast furnace
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@ Reactions that occur in the furnacs &t hgh temperature.

Production of iron
* Cokes or carbon reacts with cogegen in the hot air to produce carbon dioxide and heat

[ Garbon + oxygen = carbon dicxide ]

= Carbon diowide that is produced reacts with the rest of the hot coke 1o form
carbon monoxide which is a strong reducing agent.

[ Carbon dioxide + carbon =+ carbon monoxide ]

» Carbon monmade and carbon reduces iron oudde into iron.

Iron(lll) oxide + carbon =+ iron + carbon dioxide
IS, Iron{lil) oxide + carbon monoxide =+ iron + carbon dicxide
Iron(ll) oxide + carbon =4 iron + carbon dioxide

Iron(ll) oxide + carbon monoxide = iron + carbon dioxide

Production of slag
» |imestone or calcium carbonale decomposes to form calcium cxide and carbon diocode.

Calcium carbonale ==+ calcium oxide + carbon dioxide ‘

= Calcium cotde reacts with impurities such as sand or slicon diceade In iron one to form siag
or calcium siicate.

Calcium oxide + silicon dioxide =+ calcium silicate |

At high ternperature in the fumace,

* iron that is produced will melt. This molten iron flows 1o the botlom part of the fumace.
From time to fime, the malten iron is tepped off and channedled into moulds and alowed
to cool and freeze. The malten iron that has solidiied & known as cast iron,

*+ slag that is produced will melt. This malten slag also flows to the battom pant of the

fumace. Since molten slag is less dense than molten ion, the slag will float on top of the

malten ron, From time 1o time, the maolten siag s tapped off and used o make the base
aof buikdings and roads.



To create a multimedia presentation explaining how metal extraction

- : . ICS
B 15 camed_out based an the processes of iron and tin extractions Pl
in Malaysia nology
based activity

1. Work in groups.
2. Gather matenals from vanous media on how metals are extracted in the mining

sector in Malaysia,
3. Examples of websites are as follows:

* Source of minerals in m |E s Process of tn extraction
Malaysia H = in Malaysia
hittp://bt.sasbadi.com/ hitp://bt sasbadi.com/
sc3140-1 =] scil40-2

4. Dhscuss the processes of iron and tin extractions from their ores.
5. Present the findings of your group discussion using multimedia presentation such as

Mining Issues in Malaysia

Mining issues in Malaysia and their impact on life in the local or global context are shown in
Figure 4.10.

Figure 4.10 Mining fssues in Malaysia and their impact

Let us carry out Activity 4.6 to study problems of mining issues in Malaysia shown in
Figure 4.10.

N -



. Work in groups,

. Gather informaton on ssues of poorly planned mining activities
in Malaysia and ther impact on hife in the local ar global context.

. Examples of websites are as follows:

* The Ministry of Human = * |mpact of bauxte
Resources E E mining in Kuantan,
http:/ibt.sasbad.comy 0 Pahang
scal4i-1 E http:/¥bt.sasbadi.comy

. 5c3140-2

. Debate on the information gathered.

. Generate ideas to solve problems of the adverse effects from mining activities that
have been poorly planned to life on Earth,

. Prepare posters for Gallery Walk on efforts to conserve miming areas towards
sustainable development.

. Display three of the best posters on the soence bulletin board.,

L T i W T L il T = R R
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1. State the extraction method of the following metals from
their ore or metal oxides:
{a) Aluminium oxide
(b) Iron ore

2. Figure | shows a blast furnace used to extract iron.
(a) Mame one example of a metal other than iron that is
extracted using the blast furnace,
(b) Mame the substance that is added into the blast furnace

through the parts labelled:

(i) P (i} Q
(c) Name the substance that is tapped off from the blast
(i) R (i) 5 Figure 1
3. State one adverse effect from unplanned mining activities and ways to solve it in the
following contexts:
(a) Local context

(b) Global context

e L4
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Chapter 4: Roactivity of Metals

Self-reflection

Alfter studying this chapter, you are able to:

4.1 Variety of Minerals
|| Explain with examples minerals that are found in Earth's crust.
Identify elements found in natural compounds.
| Explain with examples the characteristics of natural minerals and its uses in daily life.

4.2 Reactivily Series of Metals

Construct a reactivity series of metals based on its reactivity with oxygen and write the
word equation for the reactions.
| Determine the position of carbon and hydrogen in the reactivity series of metals.

4.3 Extraction of Metals from their Ores
_| Communicate the extraction of metals from its ore using illustrations.
Generate ideas on how to solve problems from unplanned mining activities to life on Earth.

f@; Summative Practice ﬁ
Answer the following questions;
1. The following are some of the minerals found in Earth's crust.

Iron | Quartz | Silver | Bauxite I Potassium
Galena I Tin | Hematite | Limestone
{a) Classify the above minerals into two groups, namely elements and compounds. P Y

* Meierala i Btk ot
2 I
| |
Elements Compounds
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(b) Give one example of metal ore and name the elements combined in the metal ore.

2. Figure | shows tin ore,

{a) What is the systemalic name of tin ore?
{b) State the substance used to extract tin from tin ore.
{c) Write the word equation for the reaction between tin and oxygen.

3. Mark 'v' for the correct statements.

(a) The number of minerals in Earths crust is the same as the number of elements, (= 0
(b) Aluminium ore is a mineral compound in Earth’s crust, (2
(c) Calcium oxide that is used to reduce the acidity of soil is basic. e |
(d) Carbon is used to form metal ores, Gy
4. (a) Name the substance that reacts with metals and is used to determine the position of
the metals in the reactivity series of metals.
(b) Potassium and sodium are kept in dark reagent bottles filled with paraffin oil.

Explain why. @&

5. Figure 2 shows the apparatus set-up of an activity to test the reaction of a metal towards
s X,

Metal powder ’/Gmwnd
L e
! i tals
Poreelsin pl Potassium manganate{ VII) crys
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(a) Name gas X.

(b) What is the function of potassium manganate{VII} crystals in this activity?
(c) Explain the steps of the correct heating procedure in this activity,

(d) State the aim of this activity.

6. How can the position of carbon in the reactivity series of metals determine the method of
extraction of metals from their ores or metallic compounds?

[ Focus on HOTS

7. The construction of 31} (three dimensional) models are normally used in various fields.
You are required to make a 3D model of a blast furnace using the following materials:

+ Drinking strav

= Empty mineral water botitle
« Water

« Cooking ol

= [ron porden

« Coke

» Limestione powder

« Transparent plastic bag

» Motor

« Blade of Fan

« Paper clips

Sketch your 3D model and explain. &



