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Fig_ 14.1 A limple model of 
the structure of metals 

lattice of 
positive ions 

Fig. 14.3 The outermost electrons 
of the atoms in metals are mobile. 
Thus, they allow metals to conduct 
electricity and heat. 

14.1 Metals and Alloys 

The physical prol)erties of any suhstance are determined by the 
way its particles (a loms, molecuies or ions) a re packed. fig. 14.1 
shows how atoms are arranged in me tals. 

How ore the properties of m e /obi related 10 their slrllcture? 
I. Ato m s in a metal are packe<1 tightly in layers and are held 

together by stron g: melallic bonds. Due to these strong 
metallic bonds. metals usually have Iligll densities, melling 
points and boiling POll/IS. 

2. In a pure metal. aloms are packed regularly in layers. All 
these atoms are o f the same size. Th is makes it easy for the 
layers of atoms to slide over each other when force is applied 
(Fig. 14.2) . 

rr metal atoms of the same size 

-
fig. 14.2 It i~ easy lor the atoms in a purl' metal to slide over one another. 

This makes metals soft. eluellle (Le. they can be drawn into fine 
wires wi thout breaking) and malleable (they can be beaten 
into thin sheets). 

3. While the atoms of a metal are tightly packed, the o utermost 
electrons of the atoms can break away easily from the atoms. 
In other words, the struc ture of metals can also be described 
as positive (metal) Ions surround ed by a 'sea of mobile 
electrons'. The mobile elec trons allow metals to cOfJducl 

electricity when they are connec ted to an electr ical source. 
Heat energy is also transferred easi ly by the mobile electrons 
in the structure. Thi s makes metal s good conductors of heal. 

Pure metals have many useful properties but they are not widely 
used. This is because many pure metals 

• are soft , 
• may react with ai r and water and wear away easily. We say that 

these pure metals corrode easily (o r have a low resis tance to 
corrosion). 

Most metallic substances used nowadays are alloys. 

What are alloys? 
An alloy is a mixture of a metal witll one or a few other elements. 
For example. 
• bronze is an alloy o f copper and lin , 

• brass is an alloy of copper and zinc. 
• stain less steel is an alloy of iron, ch romium , nickel and 

carbon. 

• 

• 
• 

• 

• 

• 
• 

• 

• 
• • 

• 
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Alloys are made by m ixing the mo lten elements (metals o r metals 
and carbon) in the right proportions and then allowing them 10 
solid i fy. The alloys prod uced have more useful p hys ical properties 
than I he purl! metals. 

lVl,y are m etals of l en used in the form of alloys? 
I. Melals can be made harder and stronger by alloying them w ith 

o ther elements. For example, brass is harder and stro nger than 
its constituents, pure copper or pure zinc 

IVlu-'1/ (/ flure metal is alloYf!d. (j different element IS added to 
the pure lIIet(l/. Atoms of the added element have a differC'"lIt 
size from those of the pure metal. This b reaks up the regular 
ar rangement of atoms in t 11{' pure metal. The atoms of differl'nt 
sizes cannot slide over each other easily (Fig. 14.4). This makes 
the alloy harder and less malleable. 

2. Alloying can also be lIs f'd to impl"Ovf' the appeararKt' of tht' 
metal. Pewter is an alloy of tin , antimony and copper. It is 
used to make ornaments and souvenirs because It looks more 
beautifultilan pure tin. 

3. Alloys ilf(' also more resistant to corrosion than pure metals. 
For example, pure copper corrocJf'S eas ily. This is why an alloy 
of cop per is uspd to make coins instead. 

4. Alloying is llsed to lower the melting pOin ts of metals. Solder is 
an alloy of ti n and lead. It has a lowt'r rrrei t ing point than pure 
t i n or pu re lead and can be used to join mctals. 

Table 14. I shows cxamples of alloys . thei r composi t ion, propert ies 
and lIses. 

Alloy Composition* Special properties Some uses 

Brass copper (70%) does not corrode decorative ornaments, 
zinc (30%) easily. attractive musical instruments. 

yellow colour like corns 
qold 

Stainless Iron (73%) resistant to cutlery, utensils. 
steel chromium (18%) corrosion medical inst ruments. 

nickel (8%) pipes In chemical 
carbon (1 %) Indust ries 

Solder ti n (50%) low melt ing point joining metals. e.g. 
lead (50%) joining metal pipes 

Pewter t in (9S%) bright. shiny decorat ive ornaments 
antimony (3 .5%) colour like silver 
copper (1.5%) 

'The percentages of metals used to make each alloy may vary 
Table 14.1 E.amples of alloys, their (omposit ions, properties and uses 

• 

atoms of different sizes 

Fig. 14.4 It IS di ff icult f or 
the atoms in an alloy to slide 
Oller one another. 

This keycharn is made o f pewter. 
an alloy of t in. 

Heat ing solder to join 
metals on very small 
ele(t ri( circu its 
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Cop~r-ni(kel Cliloy is llsed to 
make (OInS. Why is pure (opper 
not used instead? 

~deas 
, . The physical properties of metals are as follows: 

• Usually have high densities, melting points and boiling points 
• Can be bent, stretched or beaten into very thin sheets 

without break ing 
• Good conductors of heat and electricity 

2. An alloy is a mixture of a meta l with one or a few other 
elements. 

3. There are four main reasons for making alloys: 
• To improve the strength and hardness of metals 
• To improve the appearance of metals 
• To improve the resistance of metals aga inst corrosion 
• To lower the melting points of metals 

Worked Example 
Which property need not be considered when choosing a metal for 
making coins? 

A (hemlCal reactivity 
B Electrical conductivity 
C Hardness 
o Melting point 

Thought Proce:.s 
If the meta l is too reactIve, coins made from it will corrode easily. The 
chosen metal has to be hard so that the coins do not change shape. It 
must also have a high melting point so that the coins are not melted 
down easily. All metals conduct electricity, so this property need not 
be considered . 

Answer 
B 

Questions 
1. Tungsten is used to make the fi lament Inside a bulb because it 

conducts electricity and has a hIgh meltmg po int. Explain how the 
structure of metals results In these properties. 

2. Draw Simple d iagrams to show the difference in the arrangement 
of atoms h t''IIeen copper and brass. 

3. The propert ies of alloys are usually different from those of the 
elements they contain: Expla in why this is so for any two 
properties. 
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14.2 The Reactivity Series 

Metals not only have many common physical properties. they also 
undergo many similar chemical reactions . Some of these reactions 
are as lollows: 
1. Form positive ions by the loss of electrons. e.g. 

Fe - Fe2. + 2e-
2. Form ionic compounds. e.g. metal chlorides and metal oxides. 
:I. Usually react with dilute hydrochloric acid or sulphuric acid 

to give hydrogen and a sa lt. 
4 Head with oxygen to form basic oxides or amphoteric oxides. 

Ilowever. one metal may react more or less vigorously wilh 
a subs tance than another metal. The metal that reacts more 
vigorously is said to be Illorc reactive than the other metal. 

It is useful to arrange metals according to how reactive they are. As 
such. scientists have worked out a list called the reactivity series. 
In the reactivity series. metals are listed from fhe most rellcflVe fa 
rhe leost reaclive_ 

How is 'lie order of reactivity determined? 
Let us determine the reactivity of metals by looking at how they 
reac t with watcr. steam and hydrochloric acid in the laboratory. 

Wllicl, metals react witll cold water? 
Some metals react with cold water to form the metal hydroxide 
and hydrogen gas. 

metal + water --•• metal hydroxide + hydrogen 

Fig. 14.S and Fig. 14.6 show what happens when pie(·es of different 
metals are dropped into a beaker of (·old water. 

hydrogen 
go> 

water 

filter funnel 

calcium 

Fig. 14.5 Bubbles of gas are produced. 
This indicates that calcium reacts readily 
with cold water. 

water 

I '\ filter funnel 

ZinC 

Fig. 14.6 No gas bubbles a re prodUCM . 
Zinc does not react with cold water. 

• 

ThiS is a metal part of a ship that 
sank over a hundred years ago. Why 
has it worn away? 
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Table 14.2 gives the observations and cill'llIicaJ (-'quations for the 
rcadiolls of differen t metals wi th <:old water. 

Metal(s) Observations Equation 

Potassium Reacts very violently to form potassium 
hydroxide and hydrogen gas Enough heat 

2K{s) + 2H2O(1) • 2KOH(aq) + H2(g) 

is produced to Ignite the hydrogen gas 
produced The hydrogen gas burns with a 
lilac flame. 

Sodium Reacts violently to form sodium hydrox ide 
and hydrogen gas_ The hydrogen gas 

2Na(s) ... 2H}O(1) • 2NaOH(aq) + H2( g) 

formed may catch fire and burn with a 
yellow ftame, 

CalCium Reacts readily to form calcium hydroXide 
and hydrogen gas 

Cats) + 2H2O(1) • Ca(OHh(aq) + H]( g) 

MagneS ium Reacts very slowly to form magnesium Mg(s) + 2H 2O(1) Mg(OHh(s) -+ H2(g) • 
hydroxide and hydrogen gas A test tube 
of hydrogen gas IS produced only after a 
few days 

Zinc No reaction occurs. 
Iron ' 
Lead 
Copper 
Silver 

' Iron feacb with waler very ~ Iowly 10 the presence of air, In a pro<en cailed rust ing See section 14.S 
Tabl~ 14.2 Rea(tion~ of metal~ w ith co ld water 

Link 
If metah ~Udl as pota~slum. 
sodium Clnd calCium reaC I With 
wid wat er, we can e~pect 

them to halle even more 
violent reClctlonS With hal 
water Of steam Find oul why 
a (hemlcal reaction is affected 
by temperature In {hapter 18 

As you can see from how viKorolis tht, readions art', the most 
rei\c ti ve ll11'ta ls art' potassium, followed by sodiuUl and then 
calci um. 

Wllicl, nleto/s only reo('1 w illi ,'ilt'am ? 

Zinc and iron do no l react with cold water but they do n,'act 
with steam. Fig. 1'1.7 show:; t he apparatus used for rt'a('ting a Illdal 
with steam , 

glass wool 
soa ked in 

water 

n 

hydroge.n.o,----+ 
gas -

Fig. 14.7 Rt'acting a metal w ith steam 

To prev('m WClIO! 
from being ~u(kl'(t 
hack mlO til(' hot 

It'SI lube, lhe 
dt'h\lNy lubt' ml,\1 
bt' rt'tnO\lf'd frOIll Iht' 

walt'f m the trou'lh 

befolt' IUllllng olt 
tile Bun\t'n flame 

• 
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The nlt·tal is strongly heated until it is very hut. The glass wool 
soaked in water is also heated to gt'l1t-'rltle a flow of steam over the 
hoi 1111'lal. 

Metals react with stearn to form the Ilwtal oxide and hydrogen 
gas. 

metal + steam --•• metal oxide + hydrogen 

Table \4.:\ shows thl' ohs('rvations and ('/ll'lnical equations for the 
n"actions of some 1lH'\<lb with slt'alll 

Metal(s) Observations 

MagneSium Hot magnesium reacts violently with 
steam to form magnesium oxide (3 white 

Mg(s) + H, O(g) 

powder) and hydrogen gas A bright 
white glow is produced during the 
reaction 

Zinc Hot ZinC reacts readily with steam to 
produce ZinC OXide and hydrogen gas 

Zn(s) + H,O(g) 

Zinc OXide IS yellow when hot and white 
when cold 

- ---

Iron Red-hot Iron reacts slowly With steam to 
form iron oxide and hydrogen gas. The 

3Fe(s) + 4H 2O(g) 

iron must be heated constantly in order 
for the reaction to proceed -

Lead No reaction occurs. 
(opper 
Silver 

Table 14.3 Reactions of some metals with steam 

From the ('xperimentill resul ts s hown ill Titbit's 142 and 1 Ll. we 
can <:ollclude that 
• potassiulll. sodiuln and calciurn are highly r('active nletals. 
• magnesiulTI, 7inc and iron are fairly rt'ilctivt' metals, 
• lead, (opper and si lver are unreactive' metals. 
• r('a('tive metals tl'lId to react to form ('ompounds, while 

unn.'active metals tend to remain ilS metals. 
• Ihe reactivity of metals is in the order shown in Fig. 14.8. 

(most reactive) K 

Pb 
Cu 

Fig, 14.8 Order of reactivity of metals 

Equation 

• MgO(s) + H, (g) 

• ZnO(s) .. H2(g) 

• Fe304(S) + 4H 2(g) 

hplili" why coins made of 
zinc look dull after some time 
but silver coins remain bright 
and shiny for years 
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i LInk 
Do metal\ react with dilute 
sulphuric acid in the SCI me 
way they react with dilute 
hydrochloric acid? Recall 
what you have learnt In 

chapter 11. 

1 

Many metals react with dilute acids to produce a salt and hydrogen. 

metal + dilu te acid - _. salt + hydrogen 

When a metal reacts with dilute hydrochloric acid. the products 
are the metal chloride and hydrogen gas. 

metal + dilute 
hydrochloric acid 

-~ •• metal chlonde + hydrogen 

The reactions of different metals with dilute hydrochloric acid 
also indicate how reactive the metals are. 

Table 14.4 summarises the reactions of metals with dilute 
hydrochl0ric acid. 

Metal(s) Observations Equation 

Potassium 
Sodium 

Explosive reaction. These reactions 2K(s) + 2HC/(aq) • 2KCf(aq) + H1(g) 
should not be carried out in the school 

laboratory. 2Na(s) + 2HCI(aq) • 2NaCl(aq) + Hl(g) 
~--+,------,--
Calcium Reacts violently to give hydrogen gas Ca(s) + 2HCI(aq) • CaCl2(aq) + H 2(g) 
---+ 

Magnesium Reacts rapidly to give hydrogen gas. Mg(s) + 2HCI(aq) • MgCl2(aq) + H2(g) 

Reacts moderately fast to give Zn(s) + 2HCI(aq) • ZnCl2(aq) + H2(g) 
hydrogen gas 

Zmc 

Iron Reacts slowly to give hydrogen gas Fe(s) + 2HCI(aq) J FeCl2(aq) + H 2(g) 
-----t---

lead 
Copper 
Silver 

No reaction occurs. 

Table 14.4 React ons of metals with dilute hydrochloric acid 

The experimental results shown in Table 14.4 confirm that the 
reactivity of metals is in the order shown by Ihe reactivity series 
below (Fig. 14.9). 

most reactive 

least reactive 

potassium (K) 
sodium (Na) 
calcium (Ca) 
magnesium (Mg) 
zinc (Zn) 
Iron (Fe) 
lead (Pb) 
hydrogen (H) 
copper (Cu) 
silver (Ag) 

Fig.14.9 Reactivity series 

T he reactivity series also includes non-metals such as hydrogen. 
Ilydrogen is placed between lead and copper. Only metals that are 
more reactive than hydrogen react with dilute acids to produce 
hydrogen gas. 
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We have compared the reactivity of metals by studying their 
reactions with water and hydrochloric acid. We can also compare 
the reactivity of different metals by studying how easily metal 
oxides decompose. The more reactive a metal is, the more difficult 
it is to decompose its oxides - reduce the oxide to the Illctal. 

When a mixture of copper(U) oxide and carbon is heated 
(Fig. 14.10). copper (IT) oxide is reduced to copper and carbon is 
oxidised to carbon dioxide. The equation for the reaction is 

(opper(!!) oxide ... carbon heat .. (opper ... carbon dioxide 
(black ~olid) (reddish-brown 

solid) 

heat 2(uO(,) + C(,) -"""+. 2(u(,) + (O,(g) 

If the experiment i5 repeated with magnesium oxide. no reaction 
takes place. The reactions 01 some metal oxides with carbon are 
shown in Table 14.5. 

Metal oxide Reaction 

Potassium OXide (K~O) 
Sodium OXide (Na}O) 
Calcium OXide (CaO) 
MagneSium OXide (MgO) 

Zin( oxide (ZnO) 
Iron(ll) oxide (FeO) 
lead(U) oxide (PbO) 
Copper(lI) OXide (CuO) 

Silver oxide (A920) 

Oxides are not redu(ed by carbon 

Oxides are redu(ed by (arbon. 

Oxide is redu(ed by heating . 

Table 14.5 Reduction of metal OXIdes with carbon 

11 a metal is below copper in the reactivity series. its oxide will 
decompose simply by heating, without the need lor a reducing: 
agent such as carbon. For example. silver oxide decomposes into 
silver and oxygen when it is heated to 200 C as shown in thiS 
equation: 

silver ox ide heat -"''''-•• silver + oxygen 

2Ag,O(,) 
heat -

...:::::.:.. 4Ag(,) + O,(g) 

Hllwt i~' the importance of this reliction in industry? 
Metals need to be extracted Irom their ores. which are compounds 
found naturally. These ores are mainly made up of metal oxides. 
In industry. metals thai are below magnesium in the reactivity 
series are orten extracted from their ores by reduction with 
carbon. 

mixture of carbon and 
copper(!!) oxide 

235 

ceramic dish 

wire gauze 

Fig. 14.10 Apparatus used to reduce 
(opper(U) oxide with carbon 
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Zinc and lead are extracted by reduction willi <-'arbon, as 
represented by the equations below. 

zinc oxide + carbon --•• zinc + carbon monoxide 

ZnO(s) + C(s) -~. Zn(s) + (0(9) 

lead(ll) oxide + carbon --... lead + carbon monoxide 

PbO(s) + C(s) -~. Pb(s) + (0(9) 

Iron is also extracted from its ore by r('dut:tion with carhon \-\t· 
shall learn tilt' <it'tails of tillS pruct'ss ill section 143 . 

The oxides of metal:-; that are abovp 7int' in the rt'i.H:tiVity '>('rit's 
,ue not reduced by carhon Th('s(' oxides are so slahlt' thai Ilwy 
Cilll olily be reduced by passing del'lridty through Ilwlll. 

Tht, Rt'(hu:tion () ~h '1.11 OXI(I II 

Besides c<lrbon. hydro!-(l'n can also ht' USNI lor reducing II\et,d 
oxides to Illetals. Fig, 1-\ II 5ho\'.'s Ill(> apparatus l1sl'd for till' 

reduction of a metal oXide to the Illt'tdl using hydrogcl!. 

hydrogen -~= 

U-tube 

fused caklum 
chloride 

n 
hydrogen gas 
burning 

Fig . 14.11 The reduction of a metal o)[ide With a stream of dry hydrogen gas 

Hydrogen !{itS is pass('d over th(' nH.'tal oxide. It acts as a reducin~ 
a~en t. Hydrogen redun's oxides of some metals. su('h as iron. 
t:opper and silver. to the metals as shown by the ('quat ion: 

metal oxide + hydrogen --.. meta I + stea m 

Oxides or react ive metals such as po tass ium. sodium. caldUIll. 
magnesium and zinc, are not reduced by hydrogen. Table 14.6 
summarises the read ions o f metal oxides with hydrogen. 

Metal oxide Reaction with hydrogen 

Potassium OXide (K]O) 
Sodium OXide (Na20) 
Calcium oxide (CaD) 
Magnesium oKide (MgO) 
ZinC OKide (ZnO) 

Iron(lI) oKlde (FeO) 
lead(lI) OXide (PbO) 
Copper(lI) oxide (CuD) 
Silver oxide (Ag20) 

Heated metal oxides are not reduced 

Heated metal oxides are reduced. 

Table 14.6 The redu(tion of metal o)[ides with hydrogen 
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1. A summary of the reactions of metals with water and dilute acids: 

potassium 
sodium 

calcium 

magnesium 
ZinC 

Iron 

react with (old water and steam 

reacts with cold water and steam 

react with steam 

reacts with steam 

explosive reaction 

--1----- ------
violent reaction 

moderately fast reaction 

-- 1-------------
slow react ion 

lead 
(opper 
silver 

no reaction with water or steam no reaction 

Reactivity series 2. Metals are listed in the reactivity series from 
the most reactive to the least reactive. most reactive K 

Na 
Ca 
Mg 
Zn 
Fe 
Pb 
(H) 
Cu 

least reactive Ag 

3. Oxides of metals above zinc cannot be reduced by heating with (arbon. 
4. Oxides of metals above iron cannot be reduced by heating with hydrogen. 

Worked Example 
Aluminium (AI) is above zinc but below magnesium in the reactivity 
series. Predict the reaction between aluminium and hydrochloric add. 

Thought Process 
Order of reactiVIt y: magnesium> alumInium > zinc. Since 
magnesIum and zinc react rapidly w ith hydrochloric acid to form the ir 
metal chlorides and hydrogen, aluminium will undergo the same 
react ion. 

Answer 
Alumin ium wi ll react rapid ly With hydrochlor ic ad d to form aluminium 
chloride (A tC/) and hydrogen. 

Questions 
, . Manganese (Mn) is between magnesium and iron in the reactivity 

series. It reacts with steam to form manganese(ll) oxide. Write the 
equation for the reaction . 
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_ _ blue copper(ll) 
sulphate solution 

green iron(ll) 
- sulphate solution 

l ~ ___ .L reddish-brown 
- copper metal 

Fig. 14.12 Iron displaces copper 
from copper(lI) sulphate solution. 

1. Copper often appears 
pink when it is freshly 
formed (displaced). 

2. Iron(lI) sulphate is 
prep(lred using excess 
acid so that It does not 
break down easily. 

2. Why are hot water tanks made of copper and not steel? 

3. a) X is a metal which does not react with (old water but reacts 
with steam to form a white oxide. Which two metals (ould 
be X? 

b) The reaction between X and dilute hydrochloric acid is 
moderately fast at room temperature. From this observation, 
deduce the identity of X. 

The Displacement Reactions of Metals 

More reactive metals can displace less reactive metals from their 
salt solutions. For example. solid iron displaces copper ions from 
a solution o f copper(lI) sulphate (Fig. 14.12). Due to the action of 
iron. <.:opper metal is precipitated out of the solution as a pink or 
a reddish-brown solid. 

The reaction can be represented by the equation below: 

iron + copper(tl) sulphate -~ .. iron(ll) sulphate + copper 

Fe(s) + CuSO,,(aq) -~.. FeS04(aq) + Cu(s) 

The ionic equation is 

Fe(s) + Cu 2"(aq) -_.. Fe2+(aq) + Cu(s) 

In other words. atoms of the more reactive metal become ions 
and form compounds while ions of the less reactive metal change 
back to atoms. The following experiment investigates more of 
these displacement reactions. 

ExperI ment 1 
To investigate the displacement of metals from their solutions by 
another metal. 

Procedure 
I. Solut ions of the following salts are prepared in separate test 

tubes. 

• Copper(l l) sulphate 

• Leadell) nitrate 

• Zinc sulphate 

• Iron(ll) sulphate 

• Magnesiufll sulphate 

2. A clean strip of copper os placed into each solution. What 
happens then is recorded. 

]. The experiment is repeated with clean strips of lead. zinc. 
magnesium and iron nails using fresh salt solutions. 
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Table 14.7 shows some of the observations for the experiment. 

Salt Magnesium Zinc sulphate Copper(ll) solution Lead(lI) nitrate Iron(lI) sulphate Metal sulphate sulphate 

Magnesium Solution Blue solution turns Solution remains Pale green solution 
remains colourless. Reddlsh- colourless. Grey turns colourless. 
colourless. Grey brown deposit of deposit of lead Grey deposit of 
deposit of zinc copper formed on formed on Ifon formed on 
formed on magnesium magne-;Ium magnesium 
magnesium Mg(s) ... CuSO. (aq) Mg(s) + Mg(s) ... FeSO.(aq) 
Mg(,» ... • (u(s) ... Pb(NO .. ), (aq) • Fe(s) ... 
ZnSO. (aq) MgSO. (aq) - _ Pb(s) + MgSO.(aq) 

.. In(s) + Mg{NOlh(aq) 
MgSO.(aq) 

Zinc No reaction Blue solutIOn turns Solution remains Pale green solution 
colourless. Reddlsh- colourless. Grey turns colourlen 
brown depOSit of deposit of lead Grey depOSit of Iron 
copper formed on formed on zmc. formed on zmc. 
zmc. Zn(s) + Zn(s) + FeSO.(aq) 
Zn(s) + CuSO.(aq) Pb(N01h(aq) • Fe(s) + 

• Cu(s) + • Pb(s) + ZnSO.(aq) 
ZnSO.(aq) Zn(NOJh(aq) C_ No reaction. No reaction No reaction. No reaction 

Lead No reaction. No reaction Blue solution turns No reaction 
colourless. Reddish · 
brown depOSit of 
copper formed on 
lead. 
Pb(s) + CuSO.(aq) 

• Cu(s) + 
PbSO.(aq) 

I .... No reaction No reaction Blue solutIOn Colourless solution 
turns pale green . turns pale green 
Reddish-brown Grey depOSit of 
deposit of copper lead formed on 
formed on iron. iron. 
Fe(s) + CuSO.(aq) Feh) + 

• Cu(s) + Pb(NOJh(aq) 
FeSO.(aq) • Pb(s) + 

Fe(NOJ,(aq) 

Table 14.7 Observations for some disp lacement reactions 

From the results in Table 14.7, you can see that a meWI higher up 
If/ille reactIVity serie.~ 11.)111 displace a metallhat is lower III tire senes 
from lIs salt solutioll . 

Link 
Displacement react ions also 
take place between 

Metal displacement rea ctions are redox rea ctions 
In a metal d isplacement react ion. the more reactive meta l is 
oxidised whi le the less reacti ve metal is reduced. Thus, a 
d isplacemen t reaction is a redox reaction . 

• 

non metals, for e~ample, 
between the halogens In 
Group VII of the PeriodiC 
Table Find out more m 
chapler 16 
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magnesium ribbon 

lj;;;;;;t crucible 

'-__ ~ ________ oI- sand 

mixture of zinc 
powder and 
copper(lI) oXide 

fig. 14.13 Reaction between zinc 
and copper(lI) oxide 

For example, in the reaction between iron and copper(lI) sulphate. 
the more reactive metal , iron. reduces the copper(lI) ions to 
copper. At the same time, iron itself is oxidised to the iron(lI) ions. 
The ionic equation for the reaction is 

Copper(n) ion~ are reduced to become copper atoms, 

r I 
Fe(s) + Cu1'(aq) - _ . Feh(aq) + Cu(s) 

I t 
Iron atOffi\ (lfe OXldlsed to become Ifon(lI) ions 

A s imilar redox reaction occurs when a piece of magnesium is 
dipped into a copper(lI) salt solution to displace copper. The more 
reactive metal. magnesium, reduces the copper(lI) ions to copper. 
Magnesium itself is oxidised to the magnesium ions. 

Copper(lI) lOllS are reduced to become copper atoms 

I , 
Mg(s) + Cu" (aq) - _ . Mg"(aq) + Cu(s) 
I t 

Magnesium atoms afe o)( idised to become magnesium ions. 

On the other hand, if a piece of copper foil is dipped into magnesium 
sulphate solution, no reaction occurs. 

no change 

I -. 
Cu(s) + Mg"(aq) - _. CutS) + Mg" (aq) 
I t 

IlO change 

You can see from the above ioni<: equations that a metal higher up 
in the reactivity series has a greater tendency to form positive ions. 
This is why a more reactive metal can displace a less reactive metal 
from its salt solution. Copper is less reactive than magnesium. It 
has a lower tendency to form ions compared to magnesium. Thus. 
it cannot displace magnesium from its salt solution. 

Reaction Between a Metal and the Oxide of 
Another Metal 

A more reactive metal has a higher tendency to form its posit ive 
ions compared to a less reactive metal . This is why a more reactive 
metal can reduce the oxide of a less reactive metal. An example is 
the react ion between zinc and copper(ll) oxide. Fig. 14 .13 shows 
the apparatus used to study the reaction. 

The magnesium ribbon acts as a fuse . When the magnes ium ribbon 
is ign ited, it provides enough energy to start the reaction between 
zinc and copper(ll) oxide to form zinc oxide and copper. 
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Since zinc is more reactive than copper, it will form positive ions 
more readily. Zn l . ions react with 0 2- ions from copper (11) ox ide 
to form zinc oxide. In the process, copper(11) oxide is reduced to 
cOPI)er. 

zinc + copper(lI) oxide --•• zinc oxide + (opper 

Zn(s) + CuO(s) - _ . ZnO(s) + Cuts) 

The more rt!£lctlVe the metal IS, the more readily It forms compounds. 
On the o ther hand. unreactive metals tend to stay uncombined. 
Therefo re. if the experiment shown in Fig. 14. 13 is repeated using 
a mixture of zinc oxide and copper powder, no reaction will occur. 

copper(lI) 
carbonate 

Action of Heat on Metal Carbonates 

Some compounds are more difficult to decompose by heat than 
others . This means that these compounds arc more stable to heat 
than others. The thermal stab ility of metal carbonates can be n 
tested by heating them in a dry test tube (Fig. 14.14). Table 14.8 
summarises the action of heat on some metal ca rbonates. 

Metal carbonate Observation 

unaffected by heat Potassium <arbonate, K1CD3 
Sodium <arbonate, Na2CD] 

-=-=-=~-f--
Cal<lum <arbonate, (aCO] 
MagneSium carbonate, MgCO] 
Zin< <a rbonate, ZnCD] 
Iron(ll) <arbonate, FeCDl 

lead(lI) <arbonate, PbCO] 
Copper(ll) <arbon ate, CuCD3 

Silver carbonate, A92CO] 

decompose into metal OXide and 
<arbon diOXide on heating 

decomposes into silver and <a rbon 
dioxide on heating 

T;IIble 14.8 Action of heat on metal carbonates 

You can see that the thermal stability of the metal carbonates is 
relat ed to the position o f the metal in the reactivity series. The 
more reactive the metal is, the more difficulf if is fo decompose its 
compounds. Therefore, sodium and potassium carbonat es are not 
affected by heal. 

. 
The carbonates of metals below sodium in the reac ti vity series 
decOml)OSe to form the oxides of the metals and carbon dioxide. 
[n the case of silver carbonate, the silver oxide produced is 
thermally unstabl e. It further decomposes to form si lve r. 

limewater 

Fig. 14.14 Action of heat on ;II 
metal (arbonate 

• 
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KeYldeas 
A metal that is higher 
up in the reactivi ty series 
has a greater tendency to 
form positive ions than a 
metal lower in the series. 
• A metal that is higher 

up in the reactivity 
series will displace a 
metal that is lower 
in the series from the 
salt solution or oxide 
of the Jess reactive 
metal. 

• A more reactive metal 
will form compounds 
more readily than a 
less reactive metal. 

• Carbonates of metals 
higher up in the 
reactivity series are 
more thermally stable 
than carbonates of 
metals lower in the 
reactivity series. 

Using the Reactivity Series 

The reactiv i ty series is useful for 
I. predicting the behaviour of a metal from its position in the 

reactivit y se ri es. 
2. pred icting the posi t ion of an unfamiliar metal in the react ivi ty 

series from a given set of experimental results. 

Example I 
Tin is below iron but above lead in t he reactivi t y series. Pretlict 
the reaction between Un(lI) oxide. SnO. and 
a) ca rbon. 
b) magnesium. 

SO/utIO'" 
a) Order of reacti vity: iron > tin> lead. Since the oxides o f bo th 

iron and lead can be reduced by car bon, tin(lI) oxide w ill 
undergo the same react ion. Tin(JI) oxide wi ll be reduced by 
carbon on heating to fo rm t in and carbon monoxid e. 

b) Magnesium is mo re reacti ve t han tin. It has a higher tendency 
to fo rm its pos iti ve ions (and com pounds). Thus, i t w ill reduce 
l in( lI) oxide to tin and form magnesium oxide al the same time. 
Tin( lI) oxide will react with magnes ium to form magnesium 
ox ide and ti n. 

Example 2 
When a piece of chromiulll is placed in zinc sulphate solution. 
no reaction occurs. When a mixture of chromium powder and 
iron(llJ) oxide is heal f'd strongly. a reaction takes p lace. Deduce 
the position of chromiullI in the readivity series. 

SolutIOn: 
Since chromium does not react with zinc su lphate solu t ion, it 
must be less reac tive than zinc, i .e. below zinc in the react ivi t y 
seri es. Since it reacts with iron(lII) oxide, it must be mo re reac tive 
than iron. Thus, c hromium is below zinc but above iron in the 
reac ti vity ·series. 

Knowing the reac ti vi ty ser ies also helps us to choose suitable 
method s fo r extracting metals and 10 prevent iron from rusting. 

• 
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Questions 
1. The following experiments were carried out on the metals W, X, Y 

and Z. 
• Z displaces W from the salt solution of the metal W. 
• W displaces X from the salt solution of the metal X. 
• X displaces Y from the salt solution of the metal Y. 

What IS the order of reactivity of these metals, placing the most 
reactive metal first? 
AW>X>Y>Z 
BX>W>Y>Z 
(y>w>x>z 
DZ>W>X > Y 

2. Describe the colour change in (opper(lI) carbonate when it is 
heated strongly. What happens when dilute sulphuric acid is 
added to the heated salt? Write balanced equations for the 
reactions. 

14.3 Extracting Metals 

Only a small number o f metals (Ihe very unreactive ones), slich as 
gold and platinum, occur freely in nature as uncombined metals. 
Most metals react w ith other elements to form ores. Obtaining 
metals from their ores generall y involves three major stages: 
I. Concentrating the ore 
2. Extracting crude metal from the ore 
3. Refining crucie metal to obtain the pure metal (see chapter 15) 

ore concentration reduction of ore refining 

..... ~ <l:3 ~ 
Ore in the 

ground 
Ore mixed 
with earth, 
rock, etc. 

Ore with 
little waste 

material 

Crude 
impure 
metal 

Fig. 14.15 The stages Iflvolved in obtaining metals from their ores 

Concentrating m etal ores 
An ore is a compound of tile metal (usually the oxides. sulph ides. 
chlorides o r carbonates) mIxed witll farge amollflts of earfh and 
rock. Earth and rock are removed before metal is extracted frOm 
the ore. This results in a metal o re that contains little waste 
material. 
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~em-Aid 
I Non-metal~ such <IS 

hydrogen and carbon are 
also listed WI the reactivity 
series Carbon IS placed 
above zinc and below 
alummium Therefore. 
carbon (an reduce the 
compound~ ot ZinC and 
compounds of metals below 
lmc In Ihe reactivity !>Cries 

waste gases 

! ! 

haematlte, 
coke and 
limestone 

hot ai, - 1?1l ~ - hot a" 

Sla;nll=~~ 
...... molten iron 

Fig_ 14.11 A simple diagram 
of a blast furnace 

Extra cting m eta l fro m ores 
There are two main methods for extracting metals from their o res: 
1. Reducing the metal compound (ore) to the metal using carbon 
2. Using electri c it y to decompose the molten metal compound 

(ore) to the metal 

The position of a metal in the reactivity series determines ttl(' 

method used for its ext raction. The methods used for extrac ling 
50111(' common metals are summarised below 

increasing 
reactivity 
of metals 

potassium (K) 
sodium (Na) 
calcium (Ca) 
magnesium (Mg) 
aluminium (AI) 

zinc (Zn) 
iron (Fe) 
lead (Pb) 
copper (Cu) 
silver (Ag) 

gold (Au) } 

extracted by uSing 
electrici t y to decompose • the molten metal 
compounds (electrolysis) 
>--------' 

extracted by reducing the 
.. metal oxide~ USing carbon 

(reduction) 

found naturally 
• uncombmed as meta ls 

Fig. 14.16 Method~ of extracting metal$ based on their reactivity 

In general. the //lore reClctlVe tilt> metCllls. the /iClrder it /\ to extract 
the metal from ils ore. Reactive metals such as sodium, potassiulll. 
calcium . magnesiulll and aluminiulll cannot be extracted by 
reduction with carbon. The compounds of these metals are v('ry 
difficult to split up. These metals are ext rac ted using eledricily. in 
a process ca lled eie{·troiysis (see ('hapler 15). 

The metals placed in the middle of the react ivity seri es. SUdl 
as zinc and iron, are not so reactive. They are readily ext rac ted 
by reducing their oxides with carbon. The metals lowest in 
tile reactivity series, such as gole!. can be founel in nature as 
uncombined elemen ts. 

Extractillglron from Haematilc 

The main o re of iron is haemalite. Haematite contains iron( JII) 
oxide mixed with impurities such as sand and clay. Iron is 
extracted from haematite in a blast fur nace (Fig. 14 .17). 
Haernatite, coke (whic h is mainly carbon) and limestone 
(calc ium carbonate) are added at the top of the blast furnace. 
Blasts o f hol air are blown into the furnace near the bo ttom. 

-------------
WWW.OURPGS.COM



Fig. 14.1R is a simple now chart of what goes on in a blast furnace. 

limestone hot air (oxygen) 

r slag 

Iron are , • blast furnace 
, 

L 
~ 

molten iron 
coke waste gases 0 

, 0 

Fig. 14.18 A simple flow chart for e)(tracting iron in a blast furnace 

Wha' chemical reactions take place ill the blast furllace? 
In the blast furnace . a series of chemical reactions takes place. 

t. Carbon dioxide is produced. 
The carbon in coke burns in a blast of hot air to produce carbon 
dioxide. This reaction produces a lot of heat. 

carbon + oxygen heat b d ' 'd --.. car on IOXI e 

Cis) + 0 ,(9) 

The limestone (calcium carbonate) is decomposed by heat to 
produce carbon dioxide and calcium oxide (quicklime). 

calc ium carbonate 
heat 

CaC01(s) • 

heot . . 
-'--"-' •• calCium OXide 

2. Carbon monoxide is produced. 

+ carbon dioxide 

As the carbon dioxide rises up the furnace, it reacts with more 
coke to form carbon monoxide. 

carbon + carbon dioxide 
heat 

• carbon monoxide 

C(s) + CO
2
(g) heat , 2CO(g) 

3. Haematite is reduced to iron. 
The carbon monoxide reduces the iron(lIl) oxide in haematite 
to iron. 

iron(lll) oxide 
heat 

+ carbon • molten Iron + carbon dioxide 
monoxide 

heat 
• 

The iron formed is molten and runs to the bottom of the 
furnace. Hot waste gases containing carbon monoxide, carbon 
dioxide and nitrogen escape through the top of the furnace. 

o 

Upon heating. calcium 
carbonate breaks down Into 
calcium o~lde and carbon 
dlo)(ide This proces~ IS called 
thermal decomposition. 

A blast furnace can be 50 - 70 m 
high. It is constructed from steel 
and lined with fireproof bricks 
inside. 
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Dumping blast furmllce slag 

4. Impurities are re moved . 
Iron o rc contains the un purities sand and clay. whICh are 
sil icon oxides. Limestone is added to remove these impurities. 

In step 1, you saw tha I the limes to ne (calcium carbonate) 
breaks down to form calcium oxide and carbon dioxide. The 
calcium oxide. a basic oxide. reacts with silicon(\V) oxide 
which is acidic , and with other impurities. to form a molten 

slag. 

heat 
calcium oxide + silicon(IV) oxide • calcium silicate 

hlag) 

heat 
• 

The ligh ter slag floats on top of the molten Iron. The slag and 
iron are tapped off separately at the bottom of the furnace. 
So lidified slag is mainly used for road surfacing. 

, . The method used to extract a metal from its ore depends on 
the position of the metal in the reactivity series. 
• Metals higher up in the series need to be extracted using 

electricity. 
• Metals lower in the series can be extracted by reduction 

with carbon. 
2. Iron is extracted from haematite (Fe20) in the blast furnace 

by reduction with coke (carbon). Limestone (calcium carbonate) 
is added to remove impurities. 

Worked Example 
Which substance is a reducing agent in the blast furnace for the 
production of iron? 

A Air B Calcium carbonate 
C Carbon monoxide D Si l lcon(IV) oXide 

Thought Process 
A reducing agent removes oxygen from another substance. Carbon 
monoxide removes oxygen from iron(llI) oxide (in haematite) to form 
Iron . 

A.nswer 
C 

• 

• 
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Questions 
1, The positions of barium and tin in the reactivity series are shown 

below. 

barium 
calcium 
Iron 
tin 
copper 

increasing 
reactivity 

Suggest the method that would be most suitable for extracting 
these metals from their respective ores 
a) Barium 
b) Tin 

2. Name the foHowing substances present in the blast furnace during 
the extraction of iron from haematite. 
a) Four ionic compounds 
b) Two reducing agents 

14.4 The Uses of Iron and Steel 

The iron that is extracted from the blast furnace is known as cast 
iron (or pig iron). Most of it goes into producing steel. 

What is sleel? 
Steel is an alloy of iron with carbon and/or other metals. There 
are Illany types of steel. Depending on the amount of carbon and 
other metals added, and the type of metals added 10 iron. each 
type of steel has its own special properties and uses. 

How is steel made from cast iron? 
Sleel-making involves oxidation, followed by alloying. The 
impurities in iron are removed by passing pure oxygen 
through molten casl iron. Carbon and small amounts of other 
metals are then added to produce different types of steel with 
special properties (Fig. 14.19). 

limestone - , hot air oxygen carbon and small 
amounts of other metals 

Iron ore -+-~ blast furnace cast iron_---fu-'"1a-c-e--f.--~ steel~ alloy steel 

coke -~ 

----.c-,--....J stage I stage II 
I '--- slag 

calcium carbonate 

Fig. 14.19 Making steel from iron ore 

slag 
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oxygen IS blown in 

sulphur dioxide 
and carbon dioxide 
are blown 

molten Iron 

Fig. 14.20 Purifying (1st iron 

Most metals can be recyded. 
State three reasons why the 
recycling of metals is important 
in modern society. 

--' "tc'~'C" ' ... ,.;; .re made of mild steel. 

I. Removing impurilies by oxidation 
The common impurities in cast iron are non-metals such as 
carbon. sulphur, phosphorus and silicon. To remove these 
impurities, cast iron is first melted and poured into a large 
container (Fig. 14.20). Pure oxygen at high pressure is then 
blown through the molten iron to oxidise the impurities. The 
impurities form gases, such as sulphur dioxide and carbon 
dioxide. that are blown out of the furnace. 

Calcium carbonate is later added to the furnace. At high 
temperatures, calcium carbonate decomposes to form calcium 
oxide which reacts with silicon(JV) oxide and phosphorus 
oxide to form slag. 

The slag can be poured off. The molten metal left behind is 
pure iron, also known as wrought iron. Wrought iron is soft and 
bends easily. It is used for making garden gales and chains. 

2. Adding other clements to make the various types of steel 
Carbon and other metals are now stirred into the molten iron 
in the correct amounts to make steel with sppdal properties. 

Whllt are the uses of steel? 
Although there are many different types of steel. it is convenient 
to group them into two main categories - carbon steels and alloy 
steels. 

Carbon steels 
These are general purpose steels which contain mainly iron and 
carbon. Mild steel (low carbon steel) contains 99.5'X, iron and up 
to O.25'X, carbon. It is strong and malleable. It is used to make car 
bodies and machinery. 

High carbon steel contains 0.45 - \.5'10 carbon. It is strong bul 
brittle. High carbon steel is used to make knives, hammers. chisels, 
saws and other cutting and boring lools. 

Alloy steels 
Alloy steels consist of iron and carbon together with one or more 
of the following metals: manganese (Mn). nickel (Ni), chromium 
(Cr), tungsten 0V) and vanadium (V). The reason for adding these 
metals is to change the properties of the steel. 

For example, in manganese steel used for making springs and drills, 
manganese is added to increase its strength and hardness. Nickel 
and chromium 'e added to increase resistance to co rrosion. 

Stainless steel is an alloy of iron, chromium, nickel and a little 
carbon. It does not rust and is, therefore, used extensively for 
making cutlery and surgica l instruments. It is also used in chemical 
plants because it is extremely durable and is resistant to corrosion 

Stainless steel is used to make surgical even when heated. 
tools be(iluse it does not rust. 
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Ideas 
1. Iron extracted from the blast furnace is mainly used to produce 

steel. 
2. Steel is an alloy of iron with carbon andlor other metals. 
3. Adding different amounts of carbon or metals, and adding 

different metals to iron produce alloys with different properties. 
4. High carbon steels are strong and brittle; low carbon steels are 

softer and more easily shaped. 
5. The uses of stee l are g iven in the table below. 

mild steel 

carbon stee l 

sta inless steel 

Wlral is rusting? 

car bodies and machinery hard, strong and 
malleable 

cutting and boring tools strong but brittle 

equipment in chemical 
plants, cutlery and 
surgical instruments 

resistant to corrosion 

It was mentioned in section 14.1 that metals may react with air and 
water. and co r rod e. When an objec t made o f iron is exposed to 
moist air for some lime, a redd ish-brown substance slowly fo rms 
on the surface o f the metal. This substance is called rU8t and has 
the chemical name hydra/ed iroll( lII) oxide. 

The process that produces ru st is known as rU8ting o r the 
corrosion of iron. It is the slow ox idation of iron to fo rm hydrated 
iron( lll ) oxide ( rust ). The equation fo r rusting is 

Iron + oxygen + water ,. hydrated Iron CHI) oxide 
(rust) 

([he x in the chem ica l form LJ 1.1 of hydri.l ted iron(11 I) oxide indicates 
the number of water molec ules present in the compound.) 

What conditions are essential for rU!~ting? 
The experiment on page 250 investi gates the essential conditions 
for rustin g. 

Have you ever left safety 
pins made of Iron or steel by 
the sink and forgonen about 
them? What do you notice on 
the pins after a lew days? 
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Test tube A Test tube B 

boiled 
distilled 

water 

dean nal! 

cotton 
wool --t:=J 

anhydrous 
calcium 

chloride 

Test tube C Test tube D 

boiled 
distilled 

water 

sodium 
chloride 
solution 

Fig. 14.21 Studying the 
conditions necessary for rusting 

SCientists have shown that 
It IS oxygen in the ,ur that is 
essenttal for rust ing Think of 
WClys to modify eJ(penment 2 to 
verify thiS filet. 

ThiS iron chain rusts rapidly beuuse 
it is exposed to salt in t he air. 

ExperVment 2 

To investigate the conditions necessary for rusting. 

Procedure 
1. The iron nails are cleaned with sandpaper to remove any rust 

present. 
2. The iron nails are then placed in four different test tubes as 

shown in Fig. 14.21. 
3. After one week. the iron nails are examined and their 

appearance is noted. 

The results of the experiment are summarised in Table 14.9. 

Conditions 
Test tube II!I!!I!!I!!!!mIl!!lllm!ll Observation 

A ,.s no no rusting 

B no ,es no rusting 

C yes yes nails rusted 

0 y.s yes nails rusted heavIly 

Ta ble 14.9 Results of experiment 2 

The results obtained show two important facts about rusting: 
I. Both air and water are needed lor rusting to occur. 
2. The presence of sodium chloride increases the speed of 

rusting. 

Resides sodium chloride, acidic substances such as sulphur 
dioxide and carbon dioxide also speed up the rusting process. 
Thus, iron objects near the sea and in industrial areas corrode 
more rapidly because of the presence of salt and other pollutants 
in the air. 

Rust Prevention 

Rust is very brittle and flaky. Thus, when iron corrodes, the rusted 
surface of the metal flakes away. This produces a new metal 
surface to corrode. Event ually, all of the metal will rust and flake 
away. There are three general methods of rust prevention - using 
a protective layer, using a sacri ficial meta l and using alloys. 

How does using a protective layer prevent ru s ting? 
In order to prevent iron from rusting, it has to be kept away from 
water and oxygen. One general method of 'rust proofing' is to 
coat the metal object wi t h a protective layer of substance. This 
includes coat ing the iron/steel surface with paint or grease, 
covering it with plas t ic, elec troplating i t or d ip plating iI. 
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Both electroplating and dip plating involve galvanising. i.e. 
coating iron/steel with a layer of another metal. Electroplating 
uses electricity to do this. Dip plating is the process of dipping 
iron into molten zinc or tin . A thin fi lm of zinc or tin then covers 
the iron/steel. This layer prevents wate r and air from coming into 
con tact with the iron or steel surface. 

U.~h,g a sacrificial metal 
Fixing bars of zinc to a ship's hull prevents the ship's steel body 
from rusting (Fig. 14.22). Heavy blocks of magnesium attached 10 
underground pipes made of iron protects the pipes from rusting 
(Fig. 14,23). These meta ls attached are more reactive than iron 
and will corrode instead of iron. As long as magnesium or zinc 
is present. iron wil l not rust. This is called sacrificial protection 
because the magnesium or zinc is 'sacrificed' to protect the iron 
or steel. 

Using aUoys 
The best known rust-resistant alloy of iron is stainless steel. 
Stainless steel contains nickel and chromium. On exposure to air 
and moisture. a very hard coating of chromium(lll) oxide, Cr20:1. 
forms on the surface of stainless steel, protecting it from further 
corrosion . 

Table 14.10 summarises the common methods of rust prevention. 

.. 

~ . . seawat~r 

a zinc bar bolted to 
the ship's hull 

Fig 14.22 Rust prevention 
using a sauifidal metal 

fig 14.23 Sauificial protection 
of underground pipes 

painting large objects like cars, ships 
and bridges 

If the paint on the metal surface is scrat(hed, rusting 
will take place under the painted surface. 

oiling or greasing tools and machine parts The protective film of oil or grease gathers dust and 
must be renewed. -+-

plastic coating kitchenware such as draining If the pJasti( layer is torn, the Iron narts to rust 
k rac s 

galvanising water buckets, dustbins, 'zinc' The metal does not rust even if the zinc layer IS 
(ZinC plating) roofs, kitchen sinks ~m.g'd. (Th" " b,,""," ,;nc "mm, , .. <I,,, th.n 

iron. So zinc corrodes instead of Iron.) 

tin-plating food cans If the tin layer is scratched, the iron beneath It rusts. 

chrome-plating taps, kettles, bi<ycle handle ThiS gives a bright shiny finish as well as rust protection. 
bars 

--
metal block underground pipes, ships, legs Magnesium and zinc corrode In place of iron because 
of zinc or of steel piers they are more reactive metals. 
magnesium 

stainless steel cutlery, surgical instruments, Stainless steel contains ch romium and nickel. which do 
pipes in chemi(al plants not rust. 

Table 14.10 Various metho ds of rust prevention 
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1. Rusting is the oxidation of iron to form hydrated i(on(lII) oxide. 
It only occurs in the presence of both oxygen and water. 

2. Rusting can be prevented by placing a protective layer over 
the metal. This indudes painting, greasing. applying a plastic 
(oating over the metal surface or galvanising. 

3. Placing a protective layer over iron prevents rusting because 
the protective layer stops oxygen and water from coming into 
contact with the metal. 

4. Rusting can be prevented by sacrificial protection, i.e. attaching 
a more reactive metal to the iron or steel object. Rusting is 
prevented because oxygen reacts with the more reactive metal. 

Questions 
1. Descr ibe how rusting is prevented on 

a) the movmg parts of a machtne. 
b) food cans. 
c) kitchen sink taps. 
d) the parts of a steet pIer submerged in water. 

2. The diagram shows a simple experiment on rusting . What 
information can be drawn from the experiment? 

+ _iron wool 

L_1J_~:t- w ater 

At the begirming of the ex.periment 

14 Rec a 

... --1f-

Iron wool 
+ - becoming 

r u ~ty 

L_1J_~:t- water 

After one week 

M etals are finite r esources. This means that tile amounts of the 
various metals IfI the Earth are limited. Over the centuries . we have 
used up much of the Earth 's metal resources. With the increasing 
d emand for metals. our natural resources will not last much 
longer. Fig. 14.24 shows approximately how long it will take for 
the reserves of some meta ls to run out. 

• 
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Aluminium 

Copper 

-• -• 
" 

, 50 lead 

140 nn 

o 100 

300 Iron 

, 
200 300 

400 ChromIum 

, • 
400 

Number of years 

Fig. 14.24 Approximate t ime for the reserves of some metals to run out 

Some metals such as chromium and iron are so abundant that iI 
is difficult to believe they can ever run out. On the other hand, 
metals such as lead and tin are in very short supply. The reserves 
of these metals could run out in your lifetime! The wor ld's reserves 
of raw metals may last longer if 
• we find new ore deposits using advanced technology like 

satellites. 
• we find substitutes to replace metals so that we can use the 

existing metals more sparingly. A good example is the 
replacement of some metal parts in cars with plastic or ceramic 
parts . Optical fibres made of special glass are replacing the 
metal wires used in communications instruments. 

• we recyc le metals. Metals are readily recycled - old metal 
objects can be crushed and melted for reuse (Fig. 14.25) . 

Impure metal Pure metal Metal object Scrap metal 

Fig. 14.25 Recycl ing metals for reuse 

Let us now discuss the issues surroundin g recyc ling. 

Environmental impact of metal extraction 
Before metals can be extracted from their ores, the land is mined 
for ores. Mined land is usually unsightly and it cannot support 
plant and animal life. 
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An enormous amount of waste material is also generated from the 
extraction process as shown in Fig. 14.26. 

100 tonnes 
metal ore 

(from mining) 

$ 

10 tonnes 
metal 

(from factory) 

+ 
90 tonnes 

waste 
(to landfill) 

Fig. 14.26 About 90% of a metal ore ends up as waste aher the Ulra<tion pr()(ess. 

About 90% of the metal ore used for metal extraction turns out to 
be waste and needs to be disposed of after the metal is extracted. If 
not disposed of carefully, the waste may leach into soil and nearby 
water bodies, polluting land and water. To dispose of the waste, 
huge landfill sites need to be dug. 

The smelting of ores also causes more air pollution compared to 
any other industrial process. In addition. the extraction of metals 
from their ores requires a conlinuous supply of energy. The energy 
is usually generated from burning fossil fuels, which are already in 
scarce supply. 

Advantages of recycling 
If metals are recycled and reused , there will be less need to dig 
for metal ores. With a decrease in mining operations, land will be 
free for other uses such as agriculture. Air and water pollution 
will also be greatly reduced. Fewer landfills will be required to 
dispose of both used metal objects and waste material from metal 
extraction. This will help save on the cost of building landfill sites. 
By recycling metals instead of extracting them from ores, we are 
also conserving our limited fossil fuel reserves. 

A type of mining known as open·pit mining 
leaves very large holes in the ground. 

• .:tt.: . ,.. . . " 
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How are some metals commonly recycled? 
Lead, iron and aluminium are mainly recovered by scrap metal 
recycling. Lead is recovered from car batteries. When a car 
battery no longer works, the lead inside it is reused. A large 
fraction of iron and steel produced today is also recycled from 
scrap metal. Aluminium is recycled mainly from drink cans and 
food containers. 

Economic issues o( recycling 
One problem with recycling metals is that recycling can also 
be extremely cost ly. There is the cost of transport ing the scrap 
metal to the processing plant. The different types of metals must 
be separated before they can be recycled . Additional costs are 
incurred to sort and clean the scrap metal. 

Some metal-producing businesses may decide that the costs are 
too high and that recycling is not worthwhile . This is especially if 
the metal to be recycled is not an expensive nor a very valuable 
one. 

Social issues of recycling 
We need energy. clean ai r and water in o rder to survive. Compared 
to extracting metals from ores, recycling does not produce as much 
waste as that may endanger human health. With the increasing 
human population worldwide. more land will be needed to grow 
food, rear livestock. and build homes. factories. offices and 
highways. Building new mines reduces the land available for these 
o ther important uses. 

Eventually, resources of metal would still be used up. Thus, it 
would be wise to start developing metal recycling programs and 
processes that are cost-effective and environmenta lly friendly 
now. 

Although there are obvious advantages for recycling metals, it will 
take effort and time for communities and businesses to practise 
recycling as a way of life. Everyone will need to real ise that each of 
us plays a vital role in conserving our natural resources. 

Recycliog bios - a (om moo sight along the streets of Singapore 
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KeYldeas 
1. Metals are finite resources and need to be conserved. 
2. Recycling metals 

• helps us to conserve natural resources, such as land 
and fossil fuels. 

• helps us to reduce the environmental problems related 
to extracting metals from metal ores, 

• may save money spent on building landfill sites. 

Worked Example 
Why is it easier to recycle lead than to recycle aluminium? 

Answer 
Lead is below alumin ium in the reactivity series. lead compounds 
can be easily reduced to lead using carbon, unlike aluminium . Lead 
also has a lower melting point than aluminium. Hence, it is easier 
to separate out lead from its mixtures with other substances for 
recycling. 

(Note: Aluminium forms compounds with strong bonds. Waste 
aluminium compounds have to be melted in a molten furnace before 
pure aluminium can be obtained using electrolysis. This is a very costly 
process.) 

Questions 
1. How can other scrap metals be separated from scrap iron? 

2. State three advantages of recycling aluminium. 

Using an industrial-sized magnet 
to 5fparate scrap metals 
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C ncept map 

are mixed with 
other element{s) 

to form 

structure 

from ores using 
electricity 

are ordered 
I- from most 

eactive to least 
reactive in 

are obtained 
as follows 

Reactivity series 

• potassium 
• sodium 
• calcium 
• ":!agnesium 
·zanc 

rl from ores by reduction 
",ith carbon 

• Iron 
• lead 
• (opper 
• silver 

found uncombined • gold 

e.g. to extract iron 
most metals react 

Coke + Umestone + Haematlte 
Ie) lcacO,) lFe,O, + 

impurities ) 

Reactions in blast furnace 

• Cis) + O,lg) -. CO,lg) 

• caCO,ls)hut. caOls) + CO,Ig) 

• C(s) + CO,lg) hut. 2COIg) 

• Fe,O,ls) + 3COIg) -. 2Fe(1) + 3CO,lg) 

• CIO(s) + 510,(1) 

can be conserved by 

Recycling 

the higher 
up the metal. 
the greater -
its tendency 

Positive 
• Ions 

to form 

. . 
Iron requires 
both oxygen 

and water for 

Rusting 

I 
prevented by 

• Greasing 
• Painting 
• Plastic (oating 
• Sacrificial 

protection 

J~;;;;;;;;~;;;;;;;;;;::;:;;;;:;~:;;;;;:;;~~~",,~~~J--. waste gases + ma Iten j ron + sl a9 
(N" CO, CO,) 

• 
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Foundation 

I. Which alloy contains copper as the main 
constituent? 

A Brass 
C Solder 

B Pewter 
o Stainless steel 

2. Which metal docs not react with dilute 
hydrochloric acid? 

A Iron 

C Zinc 
B Sodium 
D Copper 

3. What happens when dean iron filings arc placc< 
in coppcr(lI) sulphate solution? 

A Copper(ll) ions are oxidised. 
B Iron is oxidised. 
C lTon(lII) sulphate is formed. 
o There is no reaction. 

4. How is iron extracted from iron(llI) oxide in 
the blast furnace? 

A Oxidise iron(lIl) oxide with carbon 
dioxide. 

s Oxidise iron(lll) oxide with oxygen. 
e Reduce iron(lll) oxide with carbon 

monoxide. 
o Reduce iron (Ill) oxide with limestone. 

5. Which substante is used to remove impurities 
from iron are in the blast furnace? 

~ Carbon 
C Limestone 

B Carbon monoxide 
o Silica 

6. Which pair of metals will slow down rusting when 
they are in contact with steel? 

• Magnesium and copper . 
a Magnesium and zinc. 
C Zinc and copper. 
0 Zinc and lead. 

7. a) Place the metals calcium. potassium and zinc 
in order 01 chemical reactivity towards water, 
stating the most reactive metal first. 

b) Write the chemical equation lor the 
rea<-tion between the most reactive metal 
in (a) and water. 

8. a) Steel is an alloy of iron. Explain what you 
understand by this statement. 

b) Draw diagrams of the structures of iron and 
steel to show their differences. 

9. Magnesium reacts with steam to form 
magnesium oxide and a gas. 

heat resistant wool 
soaked in water 

k t 
magnesium 

ribbon 

IRQ I =:'~ 

n 
a) Name the gas formed during the reaction. 

b) Complete the above diagram to show how 
the gas could be collected. 

c) Describe a test for the gas and state the 

result you would expect to obtain. 

d) This experiment should not be carried out 
using potassium. Why? 

10. a) Explain what is meant by the term 'recycling'. 

b) Why are copper and lead easy to recycle? 

c) Name the resources that are saved by 
recycling. 

Challenge 

1. Metal X reacts with water to give a solut ion Y. 

2. 

Solution Y gives a white precipitate when carbon 
dioxide is passed through it . What is metal X? 

~ Calcium 
C Nickel 

B Lead 
o Potassium 

Which statement about the rusting of iron is not 
correct? 

A Rusting is a redox process. 
B Rusting is accelerated by the presence of 

carbon dioxide. 
C Rusting requires both oxygen and water to 

be present. 

o The composition of rust is Fe30 4,XH20. 

• 
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Four metals. A, B, C and D, are tested with 
water and with dilute hyd rochloric acid. The 
table below shows the results of the experiment. 

Reaellon Reaction Reaction 
Metal with with with 

water steam He l <aq) 

A X I I 
B X X I 
c I I I 
0 X X X 

a) Place th e metals A, 8 , C and D in order, 
staling the most reactive first. 

b) Between which two metals should hydrogen 
be placed in the series in Ca)? 

c) Predict the method used for the extraction of 
metal C. 

a) Nickel is below iron but above lead in the 
reactivity series. Aqueous solutions of nickel 
compounds are green. Predict the 
observations and write the chemical 
equation for the reaction that takes place 
when 
;) nickel Is added to d il ute hydrochloric 

acid. 
ii) nickel is heated in steam. 

b) Predic t how you would expect nickel to 
react when 
;) it is heated with magnesium oxide. 
it) a piece of nickel is added to copper( !!) 

nit rate solution. 
c) ;) From the reactions In (b)(i) and (b)(Ii). 

state which of these metals. nickel, 
magneSium and copper, has the highest 
tendency to form its positive ions? 

Ii) Based on their tendency to form positive 
ions, deduce the positions of magnesium 
and copper with respect to nickel in the 
reactivity ser ies. 

5. The diagram below shows the manufacture 01 
iron from are A in a blast furnace. 

6. 

waste gases 
(includ ing gas E and gas F) 

i t 

, ~_,v,(--- Ore A, substances B 
and C 

D.~ rr· D 

,r • .;n::,,=~1t'II 
molten iron 

Substance B burns in the furnace to produce gas 
E. which is reduced by more B to give gas F. This 
gas reduces the iron are to iron. 

Substance C decomposes to form ca rbon 
dioxide and a white solid G, which reacts with 
si lica to form a molten slag containing calcium 
silicate. Molten iron and slag settle to the base 
of the furnace. 

a) Identify substances A-G. 

b) Write the equation for the reaction between 
G and si lica to form calcium sil icate. 

c) Select one redox reaction that occu rs in the 
blast furnace. Write the equation for this 
reaction and Identify the redUCing agent 
used. 

d) If the haematite is wet. the waste gases 
also contain hydrogen. 
i) Explain, with an equation . how 

hydrogen is formed. 
ii) Why is the formation of hydrogen in 

the furnace dangerous? 

c) Iron is often alloyed to red uce rusting. Name 
one element used for this purpose. 

You are asked to use simple apparatus to 
Investigate the effect o f su lphur dioxide on the 
corros ion o f copper. magnesium and zi nc. 

a) Why must a control be set up for the 
experiment? 

b) Uow do you know if corrosion has occurred? 

c) Predict the metal that will corrode most 
eaSily. Explain you r answer . 
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WARNING: CHARI 
ONLY RECHARGEABLE MICIR-' 

HYDRIDE OR NICKEl·CADMII 
BAnERIES CHARGING AMY 01 

TYPE OF RECHARGEABLE OR I 
RECHARGEABLE 10lSPliSABLEl IA 

MAY CAUSE THEM TO LfAI_ ,UF 
OR EXPLODE, RESULTING IN PER 

INJURY AND PftOP-lRTV OA/III 

CAUTION: .",Of.lf" 
SHOCK. DRY LOCAT'O,ll USE Oll l 
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