Maetals (Part 1)

Learning Objectives

Propertics of mEta's operties of metals as solids having high melting and boiling points,

describe the general physical pr e  their structure
ricity in terms of thel
malleable, good conductors of heat and electricity - eloment, e.q. brass; stainless steel

i a mixture of a metal with anothe
e Topreah iagrams of structures

[ ' ' lloys from d
identify representations of metals and a . . ‘
expla:'?w, why alloys have different physical properties to their constituent elements

Reactivity of metals : i ium, silver,
« place in order of reactivity calcium, copper, (hydrogen), iron, lead, magnesium, potassium,

sodium and zinc by reference to ' . .
(i) the reactions, if any, of the metals with water, steam, dilute hydrochloric acid (*and oxygen)

(ii) the reduction, if any, of their oxides by carbon and/or by hydrogen . o ted
e describe the reactivity series as related to the tendency of a metal to form its positive ion, illustrate

by its reaction with
(i) the aqueous ions of the other listed metals
(ii) the oxides of the other listed metals

e deduce the order of reactivity from a given set of experimental results 3
describe the action of heat on the carbonates of the listed metals and relate thermal stability to the

reactivity series

e explain unreactivity of aluminium
discuss the displacement reaction taking place in Thermit Reaction (aluminium and oxides of iron)

and relate to exothermic reaction and its use in railway tracks

Extraction of metals

e describe the ease of obtaining metals from their ores by relating the elements to their positions in
the reactivity series

e explain how reactivity of metals determines the methods of extraction

e extraction of metal from its oxides (up till ‘iron’ with hydrogen and ‘zinc’ with carbon)

Iron
* describe and explain the essential reactions in the extraction of iron using haematite, limestone and

coke in the blast furnace

* describe steels as alloys which are a mixture of iron with carbon or other metals and how controlled
use of these additives changes the properties of the iron, e.g. high carbon steels are strong but
brittle whereas low carbon steels are softer and more easily shaped

* state the uses of mild steel, e.g. car bodies: machinery, and stainless steel, e.g. chemical plants;
cutlery; surgical instruments

* describe the essential conditions for the corrosion (rusting) of iron as the presence of oxygen and
water,: prevention of rusting can be achieved by placing a barrier around the metal, e.g. painting;
greasing; plastic coating; galvanising

* describe the sacrificial protection of iron by a more reactive metal in terms of the reactivity series
where the more reactive metal corrodes preferentially, e.g. underwater pipes have a piece of
magnesium attached to them

Recycling of metals

o d_escribe metal ores as a finite resource and hence the need to recycle metals, e.g. recycling of iron

: _ discuss the social, economic and environmental issues of recycling metals

\:;flzgss metal recycling industry in Singapore (e.g. Eco-Recycling Park at Tuas) and other parts of the

*discuss how Singapore promotes 3 R’s;

*propose plans and programs that can support recycling of metals
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1.1

METALS

e

Metals are elements which lose electrons to form positive ions (except hydrogen).

Metal ions are closely packed together in a regular 3-dimensional pattern of la
valence electrons from each atom free to move at random in the space between the

forming a ‘sea’ of valence electrons. TSR

free-moving valence electrons.

tticev Wlth

the
Mety) iONS

A metallic bond is the electrostatic force of attraction between positive metal ions and 'seq’ of

1.2 DIFFERENCES IN PROPERTIES BETWEEN METALS & NON-METALS

(A) PHYSICAL PROPERTIES
Physical Metals Non-metals
Properties
Examples Copper, sodium, gold Hydrogen, carbon, oxygen
Appearance | Are usually shiny (lustrous) and can be | Are usually dull and cannot be polished
polished
Melting and | Most are solids at room temperature with | Are usually liquids or gases at room
Boiling high melting and boiling points temperature with low melting and boiling 1‘
points points ;“
(exception: mercury with melting point of y‘
-39°C, Group 1 metals, etc.) (exception: diamond, silicon and graphite “
have high melting points due to their giant|
molecular structures) "
t
Heat and Are good conductors of heat and electricity | Are poor conductors of heat and electricity ‘
Electrical (exception: graphite)
Conductivity
Density Have relatively high densities Have relatively low densities
Malleability Malleable — can be bent and beaten into | Brittle (breaks without bending and
different shapes stretching)
Ductility Ductile — can be stretched and pulled into | Not ductile

wires

]




Why are metals ductile and malleable?

e Atoms in pure metals are packed in layers in an orderly manner.

. Atoms in pure metal are of the same size. This allows the orderly layers of the same sized
atoms to slide over each other easily when a force is
and malleable.

applied. Hence, pure metals are ductile
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Why do metals have high melting and boiling points?

Atoms in a metal are packed tightly in layers and are held together by strong metallic bonds.

e Large amount of energy is needed to overcome the strong electrostatic forces of attraction
between positive metal ions and the ‘sea’ of free-moving valence electrons.

Why do metals conduct electricity?

3 . o =
e Presence of ‘sea’ of free-moving valence electrons helps to conduct electricity.

(B) CHEMICAL PROPERTIES

bl

Chemical Metals Non-metals
Properties

|
|

negative ions by gaining'
electrons.

Formation of
jons

Form positive ions by losing electrons. Form

E.g. Na —> Na* + €
Mg - Mg* + 2¢€ E.g. Cl, + 2 - 2Cr

0, + 4e - 20%
Metals are good reducing agents.

Formation of | Form basic oxides or ampbhoteric oxides | Form acidic oxides or neutral oxides by

oxides by burning / reacting with oxygen. burning / reacting with oxygen.
E.g. 4Na(s) + O2(9) — 2Na,O(s) E.g. S(s) + 02(9) > SO2(9)
27Zn(s) + O2(9) — 2Zn0O(s) 2H(g) + O2(g) = 2H0()

Soluble basic oxides dissolve in water to Soluble acidic oxides dissolve in water to
form alkalis. form acids.

E.g. NaxO(s) + H,O(/) — 2NaOH(aq) E.g. S02(g) + H20() — HzSOs(GQ)J
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21 ALLOYS

nd many of them ma
Pure metals are not commonly used as they are soft a ¥ corroge easily |
\

reacting with oxygen and water.

der and stron
: use they are harder and stronger
*  Most metals are used in the form of alloys S re other elements.

e An alloy is a mixture of a metal with one or mo

b T it metals, e.g. resis
e Some alloys have special properties not found in individual 9 tant to Corrogj,, |

than pure Mety
S,

etals?
Why are alloys stronger and harder than pure m

i nt size fr :
« This is because in alloys, atoms of added element have @ different size from atoms ip yp,, bure

metal.
e This disrupts the orderly arrangement of a
e Hence. it is much harder for the atoms to s

toms in puré metals.
lide over each other when a force is applied.

Structure of an alloy

atom of other
element

main metal atom

2.2 COMMON ALLOYS

Alloy Composition Property Uses
Mild steel iron, carbon hard and strong car bodies, machinery, |
buildings, ships 3
Stainless steel iron(73%) . strong and resistant to corrosion cutlery, hospital and ‘N
riihcrf:l(lg"r/n)“ 8%) chemical equipment, pipes in |
(] . |
carbon(1%) chemical industries ‘-\
. I
Shon Gappe, tin hard and strong medals, swords, statues |
1
Brass I
copper(uiz) does not corrode easily; decorative ornaments \
zinc(30%) ell i ' insof |
yellow colour like gold musical instruments, pins of \
L power plug
Solder ~t'n(50°/\
0) low melti i
lead(50%) ng point joining metals
Duralumin aluminium cone]
minium, copper,
) + | ight, stron
magnesium, 9 and durable aircraft parts
manganese
[ Cupronickel W
| silvery appear
an :
w coins
Chemistry/ Metals



3.1 REACTIVITY SERIES OF METALS

Metals can be listed in order of their chemical reactivity as given below.

The Reactivity Series of Metals
Potassium Most Reactive
Sodium Ar
Calcium
Magnesium
Aluminium
(Carbon)
Zinc

Iron

Tin

Lead
(Hydrogen)
Copper

Silver
LGold Least Reactive

A metal ‘high up’ in the reactivity series:
e reacts vigorously and quickly with chemicals;

e corrodes easily;

e readily gives up electrons in reactions to form positive ions.

A metal ‘low down’ in the reactivity series:
¢ does not react vigorously with chemicals;

¢ does not corrode easily;
does not readily give up electrons in reactions to form positive ions.

Note:

A metal higher up in the reactivity series has a greater tendency to lose electrons to form
positive ions than a metal lower down in the reactivity series.

* Hydrogen is not a metal. It is placed in the reactivity series as a reference — metals below

hydrogen in the series do not react with acids to produce hydrogen gas.



3.2 REACTION OF METALS WITHC

i Metal

Reaction with cold water or steam

. cold water

Potassium
(Group 1)

e Reacts very violently in cold watel
Highly exothermic

d Pfta:sium m_d_Lg_x_i_g_g__S__O_'}Lt_iQﬁ and

hydrogen gas produced

e Potassium darts rapidly

water and melts.

Fizzing occurs -

e The hydrogen ignites NS
is also set on fire, with spar

on the surface of

tantly. The metal
ks and a lilac

flame

oLD WATER OR STEAM

Chemical g ‘ I‘
(with state g 2ton

———

S
2K(s) + 2H,0(/)— 2K6;{§;)‘”
+
H

*All
G

potassium

alkali solution {
KOH(aq) y

Sodium
(Group 1)

e Reacts violently in cold water
Sodium hydroxide solution and hydrogen

gas produced

« Sodium darts rapidly on the surface of
water and melts into silvery ball

o Fizzing occurs

e Sodium may catch fire and burn with
yellow flame

Note: If indicator is added:
e green universal indicator turns violet
¢ red litmus turns blue

2Na(s)+2HzO(1)—>2NaOH(aq)+ Hz(g)

sodium

alkali solution
NaOH(aq)

Calcium
(Group 2)

e Reacts readily with cold water

¢ Rapid effervescence seen, colourless and
odourless gas evolved

e Calcium__hydroxide solution
hydrogen gas produced

 Colourless solution soon turns cloudy as

calcium hydroxide is only slightly soluble
in water

and

Ca(s) + 2H0(!)->Ca(OH)x(aq)Hlg)

Q/ hydrogen gas

|

calcium |

Magnesium
(Group 2)

Chemistry/ Metals

* Reacts very slowly with cold water with
a few bubbles of hydrogen gas produced

Hot magnesium ;
reacts viol i
it ently with

* Magnesium _oxide

produced

S“Very/gre 2

Y magnesium soj

and bright White i fur
the reaction

and hydrogen gas

low ns white
glow is produced during

o }
Mg(s) + Hz0(g) — MgO(s) + H:(d) |

glass
wool

soaked
in water

hydrogen gas

metal

BO
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*Aluminium
(Group 13)

Zinc

jon with cold water or steam

Reacti

Aluminium metal does not seem to react

with water or steam
This is because alumin
a thin layer of non-
oxide which adheres
e ) .
and protects it from reacting

jum is covered with
orous aluminium
strongly to the metal

Does not react with cold water

Hot zinc reacts readily with steam

Zinc oxide and hydrogen gas produced
Grey zinc solid slowly becomes coated
with a yellow solid which becomes white
when cold

Chemical Equation
with state s mbols
Formation of non-porous protective

layer of AlOs!

4Al(s) + 302(g) > 2AL03(S)

%
e

Protective non-
porous coat of
aluminium
oxide

Zn(s) + H.0(g) = ZnO(s) + H2(9)

Iron

Does not react with cold water

Red hot iron reacts slowly with steam
Iron(ILIIT) oxide (Fe;04) and hydrogen
gas formed
Grey iron solid turns red hot on heating
and black when cooled

3Fe(s) + 4H,0(g) — Fe304(s) + 4H2(g)

Lead

Copper

Silver

Gold

No reaction with cold water or steam

Chamictn:/ NMatale
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3.3 REACTION OF METALS WITH DILUTE ACIDS

* Metals below hydrogen in the reactivity series d

o not react with acids to Produce

Nilpmmr . hydr
* Metals above hydrogen in the reactivity seres can displace hydrogen gas from dilute :gijn ag
8,

- ———
— Salt + Hydrogen

Reactive metal + Acid

Metal

Reaction with dilute hydrochloric acid

Potassium
(Group 1)

e Reacts exglosively ‘
(Should NOT be carried out in school

Sodium
(Group 1)

laboratory)

T Af:T\e‘m&i;Eélﬁ-Edﬁ'a ion
; t
| (with _§t§!e,,symbl§|2
2K(s) + 2HC/(aq) —» 2KC/(aq) +H
dg)

49)

Calcium
(Group 2)

e Reacts violently
e Very rapid effervescence seen,

colourless and odourless gas evolved
e Colourless calcium chloride solution
and hydrogen are formed

|

|

Ca(s) + 2HC/(aq) - CaCly(ag) + s
209)

Magnesium
(Group 2)

e Reacts rapidly

e Rapid effervescence seen, colourless
and odourless gas evolved

e Colourless magnesium chloride
solution and hydrogen are formed

Mg(s) + 2HC/(aq) > MgCry(aq) + Ha(g)

*Aluminium
(Group 13)

Zinc

e Aluminium does not seem to react at
first as it is covered by a layer of non-
porous aluminium oxide which
adheres strongly to the metal

7
/ aluminium /’/algminium
////////// oxide

///////// 7] | coatof
/7

. H_owever,‘hydrochloric acid will react
with a.xlu.mmium oxide to form soluble
aluminium chloride and water

* Once the oxide Ia
the reaction bet
and acid is ra
reactive

. Steady \\m

effervescence

yer is reacted away,
ween the aluminium
Pid as the metal is

ydrogen are formed

Chemistry/ Metals

AL;0O5(s) + 6HC/(aq) — 2AICIs(aq) +
protective 3H:0(1)
oxide layer

2Al(s)+ 6HCI(aq)— 2AICH(aq)+ 3Ha(g)

(Al underneath exposed once ALO3 |
layer is reacted away) ‘

Zn(s) + 2HC/(aq) — ZnClx(aq) + HAd

B8



Chemical Equation

"—’_‘_—"’——_‘—'—t" . -
; i cid
fm’ RBagtan iy AR hydrochlorlc ’ with state s mbols
e e | ontadh s Hial
* + 2HCI(aq) > FeCl2(aq 2
e . Slow effervescence seen, colourless Fe(s) (aq)
and odourless gas evolved .
. Pale green iron 11) chloride solution
and hydrogen are formed
]
*Lead « Reacts very slowly and reaction stops
(GrOUp 14) before Cornp]etion Pb(S) + ZHC[(aq) - PbClz(S) + Hz(g)
« Insoluble lead(ll) chloride salt formed
will coat onto surface of the lead metal
E and prevent further reaction between
| the acid and lead metal
s I
| I—————
Copper
Silver No reaction with dilute hydrochloric
acid
[ Gold J
Note:

1.

Most metals do react with dilute nitric acid b

of the acid and the nature of the metals. Oxi

hydrogen gas.

E.g.

Zn(s) + 4HNOs(aq) — Zn(NOs)2(a

ut the products formed depend on the concentration
des of nitrogen (NO, NOz) may be formed instead of

q) + 2NO2(g) + 2H20())

2 Dilute nitric acid can oxidise unreactive metals such as copper.

E.g.

3Cu(s) + 8HNOs(aq) — 3Cu(NOs)2(aq) + 2NO(g) + 4H20()




Summary

1. Reaction of Metal with Water/Steam

Reactive metal + cold water — metal hydro
(K, Na, Ca)

xide solution (alkali) + khydr(',ge’n

Note: Magnesium does react with cold water but very slowly.

Heated moderately reactive metal + steam — metal oxide (insoluble) + hydroger; » %
(Mg, Zn, Fe) ‘

-
l Unreactive metals (Pb, Cu, Ag, Au) will NOT react with cold water or steam

T

2. Reaction of Metal with Dilute Hydrochloric Acid

Metal +
(above hydrogen

Dilute hydrochloric acid — metal chloride + hydrogen gas
in the reactivity series)

Quick Check: ) _ )
1 The table shows the results of adding metals, P, Q and R to dilute hydrochloric acid and to
water.
Metal Dilute hydrochloric acid Water |
P Hydrogen produced Hydrogen produced ]
Q Hydrogen produced No Reaction |
R No reaction No reaction |
Rank the above metals from the most reactive to the least reactive.
2. The following shows a list of metals in order of their reactivity series.
Most Reactive _ » Least Reactive
Calcium Magnesium Zinc

Iron Lead Copper

() Which of the metals will react most quickly with cold water?
Equation:

(b) Na A . .
me the metal which will react with steam but only react slowly with cold water.

(¢) Name the gag
Identify this gq
Gas is

Test:

Produced duri ion i
5 uring the reaction in (a) and (b). Describe how you would test and




, DISPLACEMENT OF METALS FROM METAL SALT SOLUTIONS
4. s iz g etant ol

I

rom its salt solution.

A more reactive metal will dis lace the less reactive metal f
more reav.t= aispiact less reactive

e

‘.___,__,'——-—‘—'_'—’—_———_

dily to form positive ions.

ctive metal loses electrons more rea
rom the more reactive metal to form the metal

ore rea

Am
o lons of the less reactive metal accept the electrons f
toms.

o)

displace the less reactive metal from its salt solution.

er/faster the displacement

« Hence, a more reactive metal will
the two metals in the reactivity series, the easi

e The further apart
reaction.
. Such displacement reaction is often accompanied by
- changein appearance(colour) of metal,

- change in colour of salt solution,
- heat change (heat evolved).

Example:
Experiment: An iron nail is placed in copper(Il) sulfate solution.
4 \ 1
W l—test fe—— test
tube tube

| reddish brown copper

iron . » ;
solid on iron nail

1 .
nail

<« blue <« pale green
copper(1l) iron(II)
sulfate sulfate
solution solution

Equation: Fe(s) + CuSOs4(aq) — Cu(s) + FeSO4(aq)
Observations:

(1) The iron nail is coated with a reddish brown solid.
(2) The blue copper(ll) sulfate solution turns pale green after some time.

Explanation:
« Iron, being more reactive than copper, loses electrons more readily than copper.

« lron displaces copper from blue copper(l]) sulfate solution. Reddish brown copper solid and pale
green iron(11) sulfate solution are formed.

lonic Equation: Fe(s) + Cu?*(aq) — Fe?*(aq) + Cu(s)

Half Equations: Fe — Fe?" +2e

oxidised

Cu?®+2e — Cu

reduced
Qn:_ Exp.la_m why this is a redox reaction in terms of electrons transfer.
Feis ox_ldlsed as Fe loses electrons to form Fe?*.
CuSO0; is reduced as Cu?* gains electrons to form Cu.




Quick Check:
including state symbols) for the fO“‘JWinq
Y Ian

1. Write the chemical and ionic equations -
e :”"L")

(if any).

(a) zinc and silver nitrate solution o I (NO ), (g o) t 0 Aﬁ) (9

21 AaNQ; (aq) ——
ion:  INLS) 1A —
Equation In*tcaq) 4 ')Aﬂj (5)

1o 4 A3t RO 7 o
Cupper cannot ditploce MagnEsin af copper WACH W‘"\‘W«m

. 4 a 0
(b) copper and magnesium chloride solution ™M ay\,{&NM
(q ) + Mg,((; (aq

lonic Equation:

- No veachion

Equation:

lonic Equation:

(c) magnesium and iron(ll) sulfate solution

Mgcr) 1 Felby caq) -
ey + B> o) Mj\”“‘%\ tFen

Fe () + quﬁ (aq)

Equation:

lonic Equation:

What would you observe in this reaction?

1) P“\C :!W’“ Ml “w fms oo £ 4-
2) GMA{\@“M G«Ymc&

(d) zinc and copper(Il) sulfate solution
e+ WShay) = Wiyaq) * Cu €5)

e + W 2 e + )

Equation:

lonic Equation:

What would you observe in this reaction?
1 Bxf “mgm et o it
- g
2) k 1\ by clld porm
o ] (o aa
5 i QN t W
- Metal X displaces meta| .
solutions of its salt, butanso’tY mag':d|z from solutions of their salts. Metal Z displaces metal Y fro™
al X from a solution of its salt.

Place X, Y ang z i

order of their reactivity.
2 .
AR tremgy i, 1 ‘% 4 a i
@ MR &M A

Chemistry/ Metals



e rom the metal oxide.

) f
A more reactive metal will displace a less reactive metal
oxide of a less reactive metal (both' in
ill displace the less reactive

thoroughly mixed with the'
ly heated, the more reactive metal w

2 DISPLACEMENT OF METALS FROM METAL OXIDES
4. //// _, _“__,,/W

If a more reactive metal is
powder form), and strong
metal from the oxide. t

i i amo
This type of reaction is called thermit reaction, because of the grea

unt of heat released.

Example: Thermit reaction between aluminium and iron(111) oxide

+ Fe,0;(s) heatedstrongly, Al,Os(s) + 2 ge(l)

Equation: 2A/(s) ’
\M\}W,»jz (Vi

Redwcing Agen
Observation: Reaction is very exothermic with a lot of heat and light energy given out.

Explanation:

e Aluminium, being more reactive than iron, loses electrons more readily than iron.
« Aluminium displaces iron from iron(IlI) oxide. Molten iron and aluminium oxide are formed.

Application:

This reaction is used to produce iron to weld railway lines together.
The reaction mixture is placed around the gap between railway lines and ignited with a fuse.

The molten iron formed flows into the gap to weld the rails together.

fuse

I _mixture of aluminium
and iron(III) oxide

molten iron
"'""'“"‘" ~ railway line



4.3 REDUCTION OF METAL OXIDES WITH NON-METALS

(i) Reduction with Carbon

s and
* Carbon can remove oxygen from the oxides of some metals and reduce the OX!deSt

'Oy

— o
L h?at » metal + carbon dioxide

metal oxide + carbon - —

—
—

MOl = le: | (]
bt nces ST o acuote) + cto) - 20uts) + coute

The more reactive the metal, the harder it is for carbon to take oxygen away fror, its Orides

Oxides of metals that are above zing in the reactivity series are often not reduced by carbop,

This is an important reaction in chemical industry as metgls that are be!ow ailumlmum in the
reactivity series are often extracted from their ores by reduction of metal oxide with carbon,

(i) Reduction with Hydrogen

e Hydrogen can also be used for reducing some metal oxides to their metals.

heat
metal oxide + hydrogen ——» metal + water \‘

* The more reactive the metal, the harder it is for hydrogen to take oxygen away from its oxides

¢ Oxides of metals that are above iron in the reactivity series are often not reduced by hydrogen.

Example: Reduction of copper(Il) oxide by hydrogen.

Equation: CuO(s) + Hy(g) - Cu(s) + H20(g)

copper(Il) oxide

hydrogen ——.

- At the end of
Cools dowy,

- Thisis to prey




FECT OF HEAT ON METAL CARBONATES

EF |
i i carbon dioxide.
Most carbonates decompose when heated, producing metal oxide and
i _  —Equatio
Equation

[ J //”_—‘
”/M/m Condition
arbonate
K2COs Not decomposed by heat
i e. carbonate stable to heat

Na.COs

kCaCOa# CaO + CO2

Very strong heating

CaCOs

MgCOs —> MgO + CO2

ZnCO; —» ZnO + CO2

Moderate heating
FeCO; — FeO + CO2

PbCO; — PbO + CO2

Gentle heating CuCO3; —» CuO + CO2
green  black

Ag2COs Note: 2Ag,CO; —» 4Ag + Oz + 2CO2
e silver carbonate

decomposes to give silver,
oxygen and carbon dioxide.

e This explains why silver
carbonate must be keptin a

cool place

Note: Al(CO3)s and Fez(COs)sdo not exist.

The more reactive the metal, the.more thermally stable is the carbonate; i.e. the metal
carbonate is Jessigasily decomposed.

A greater amount of energy (higher temperature) is required to decompose the compound of
a more reactive metal.

Howgver, potassium carbonate and sodium carbonate do not decompose even upon
heating at high temperature. — B




Self Check Exercise
1

ion ir ing magnesium,
The diagram below shows the reaction involving

magnesium

Cotton wool
with water

bubbles

' e?
What are the products for the reaction abov

i ' drogen .
Magnesium hydroxide and hy -
Magnesium hydroxide, hydrogen and steam ( ( )
Magnesium oxide and hydrogen o
Magnesium oxide, hydrogen and stea

o0 wr

2 Experiments were carried out to determine the positions .of metals X, Y and Z!‘in the
reactivity series. The table shows the results.

f 3 ]

L"’ ‘f%‘ g r!“n:v'&‘\. = L & 4
M%@l‘m@iﬁ@{ fv,“ﬁ (VI ') "’ ‘i ";m

Test Metal X Metal Y Metal Z
Reaction between metal and Effervescence No V|S|ple Effervescence
hydrochloric acid observed observation observed

Heating the metal oxide with Metal oxide Metal oxide Metal oxide
carbon reduced reduced not reduced

Place the three metals in order of decreasing reactivity.

A X 2Y
B Y, X2
C ZXY
5 XY.2 (Y

Element U gives hydrogen 0
nl
What could elements ; 4 wher:n)

U, Vand W be
U Vv
g ccalcium Copper siX/Ver
opper ' '
8 o zinc Sodium

zinc Copper calcium D



In the apparatu

s shown, gas P

is passeq over suie =

4
No reaction occurs if P and Q are
P Q
A hydrogen lead(11) oxide ‘
B hydrogen calcium oxide )
C oxygen carbon ( Q} /
D oxygen sulfur
5 Which carbonate takes the shortest time to decompose?
K2COs3
B\ CaCOs , ok ,
C  ZnCO; - mpre reOChive £ 000N LW ( D }
D CuCOs |
Qn | Ans | Explanation
1 C Hot magnesium reacts with steam to produce magnesium oxide and hydrogen.
Mg(s) + H20(g) - MgO(s) + Hz(g)

Z C Test Metal X Metal Y Metal Z
Reaction Effervescence No visible observation Effervescence
between observed (shows that X is below observed
metal and (shows that X hydrogen in the (shows that Z is
hydrochloric is above reactivity series, thus above hydrogen in
acid hydrogen in metal Y is the least the reactivity series)

the reactivity | reactive among the 3
series) metals)

Heating the Metal oxide Metal oxide reduced Metal oxide not

metal oxide reduced reduced

with carbon (shows that metal Z i
the most reactive
metal as carbon is
unable to take the
oxygen away from

Z oxide)




— s aqueous nitrate o3
I E‘l(\lnl‘l\\ U (‘IS\'\L\(‘("K ‘,“\”“\”‘ Vv {from the aq 3 tey of Vv > U is

| than Vv
an \ ive hydrogen > Wis a highy

|
| Eleme Jacts with cold water tog
| Eleme nt W reacts wil on heated with steam < 1 i,

Y Mitee '
2 e

y 1€,
Wlve ,

| ,‘ Element U gives hydrogen only wh 3 2 m'"kzr;‘@,’.'(‘ﬂ"‘
1 1 - - [ £
metal fea
U v . Y
| i = : copper silver (not a ki
A | calcium (calcium reacts with Pl it a high

reacti ot i
| cold water to give hvd“)gm") -lIVe Metal)

| cor ' T o |zinc ‘sodi
! B | coppet (copper does not ' zinc ndium
react with steam, copper 1S
| less reactive than zinc)
| —
copper calcium

c ' silver (silver does not react
| with steam)

. T
»__i——f——// calciu
|D |zinc copper aaall

1 e
_ | :
4 B | A hydrogen is able to reduce lead(11) oxide
' | B: hydrogen is unable to reduce calcium oxndg .
C: oxygen reacts with carbon to give carbon dioxide
D sulfur reacts with oxygen to give sulfur dioxide

5 D The more reactive the metal, the more thermally stable is the carbonate.
| | Since the reactivity of K> Ca> Zn> Cu,
the thermal stability of K2CO3> CaCOs > ZnCOs3 > CuCOs.

K,CO: does not decompose. Time taken for the carbonates to decompose decreases
in this order. K.CO3s> CaCO3 > ZnCO3 > CuCOs,

Therefore, CuCO3; decomposes the fastest.

Chemistry/ Metals
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B Metals (Part 2)

6.1 THE EXTRACTION OF METALS

Most metals are found in the ground as compounds in the form of ores.

extract the metals.

These ores are solids that miners dig from earth to
lfides, chlorides and carbonates)

usually in the form of oxides, su

. Ores are compounds of metals (
ties such as earth and rock.

mixed with large amount of impuri

e Extraction of metal from its ore involves:

(1) getting rid of the impurities to obtain concentrated form of the mineral.
(2) obtaining metal from the mineral. The method to extract the metal depends on the position

of the metal in the reactivity series.

There are two main methods for extracting metals:

(1) Electrolysis
(2) Reduction of metal oxide using reducing agents such as carbon etc.

METHODS OF EXTRACTING METALS

B Metal Method to extract metals J
Very reactive metals
Potassium ; . .
T Sodium o Always exist as compounds with strong chemical bonds.

Calcium o Electrolysis is used to break down the molten ionic
Magnesium compounds to obtain the metals.
Aluminium = .
e Electrolysis is an expensive method to extract metals as large
amount of electricity is used.

Moderately reactive metals

Increasing Izrlgr(: « Metals usually found as oxides or sulfides.
reactivity : . . 4 "
of metals Lde o Usually extracted by reducing their oxides with carbon.
Coiaper e The sulfides are first heated in air to form oxides.
Silver « The oxides are then heated with carbon to obtain the metal.

E.g. Extraction of zinc from its ore containing zinc sulfide

27nS + 302 — 2Zn0O +2S0:
27Zn0 + C —2Zn+CO2

Unreactive metals
G(-)Id e Gold and platinum are found naturally uncombined in the
Platinum
ground as elements.

Chemistry/ Metals
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6.2 THE EXTRACTION OF IRON

The main ore of iron is haematite.

Hae.matite contains mainly iron(111) oxide (Fe;03) mixed with impurities such 4 sang
(mainly silicon dioxide), phosphorus and sulfur. nd Clay

Iron is extracted from haematite in the blast furnace.

M —

The 3 raw materials introduced into the top of the furnace are:

Common Name Chemical Name Formula
|
(@) haematite iron(lll) oxide Fe,0, i
B~
(b) coke carbon C 11
(c) limestone calcium carbonate CaCo,
e Hot air is pushed into the furnace near the bottom.
1. haematite
2. coke
3. limestone
waste gases
waste gases o 1 A g
»

¥~ Dblast of hot air

molten slag »~

molten iron

Chemis.  .als



The

following chemical react

ions take place ih the blast furnace.

ide

i f carbon diox
The production of calben ===
“ T xide and a lot of heat. The heat

()

(i)

Note:

urns in air to produce carbon dio

The coke b
he furnace.

from the combustion heats t

AH = negative

Equation: C(s) + Oa(d) = COz(a)
pose the limestone to produce carbon

i) helps to decom

The heat produced in (a)(
uicklime

dioxide and calcium oxide

Equation: CaCOs(s) = CO,(g) + CaO(s)

limestone quicklime . ' i o
The purpose of the reaction in (a)(ii) is to obtain calcium oxide which is use

remove impurities as shown in (d) below.

(b) The production of carbon monoxide

o}

As the carbon dioxide rises up the furnace, it reacts with more coke to produce

carbon monoxide.

Equation: CO2(qg) + C(s) = 2CO(q) AH = positive
excess coke '\mu\v\ﬁms “ﬁ\"/('(‘

(c) The reduction of haematite

The carbon monoxide reacts with the iron(III) oxide to produce iron.
13 -p
Equation: 3CO(g) + Fe20s(s) — 2Fe(l) + 3CO(q)

In this reaction, iron(III) oxide loses oxygen, we say that iron(IlI) oxide is
reduced.

The carbon monoxide acts as a reducing agent as carbon monoxide gains
oxygen from iron(III) oxide and reduces iron(lII) oxide to iron. o

The iron formed is molten and runs to bottom of the furnace.

(d)  The removal of impurities

Chemistry/ Metals

The main impurities in iron ores are sand and clay which consist primarily of silicon
dioxide. The formula of silicon dioxide is SiOa.

Silicon dioxide is an acidic oxide.

calcium oxide

The limestone added first breaks down in presence of heat to form

(basic oxide). - see (a)(ii)
B21



Calcium oxide is able to react with silicon dioxide to produce Molten

mainly calcium silicate. .
Basi(. & AnAIL ONide |
Equation: &1\0(3) + Si0y(s) - CaSiOu(l)

The slag floats on top of the molten iron.

ff separately from the blast furnace

is known as piq iron.

(®)

© The slag and iron are tapped 0

S The iron extracted from the blast furnace

o Main use of slag: to make road surfaces
Summary

Extraction of iron from iron ore

(haematite) in the blast furnace

To remove oxygen from
iron(III) oxide

To remove impurities

(acidic OXides)
in iron ore

Combustion Reaction (Exothermic)

C(s) + 0O2(g) > CO(g)

Formation of CO using excess coke
COx(g) + C(s) » 2CO(g)

Reduction of iron(IIl) oxide
Fe,0s(s) + 3CO(g) — 2Fe(l) + 3CO2(9)

1. Decomposition (Endothermic
CaCOs(s) — CaO(s) + CO,(g)

(basic oxide)

2. Neutralisation
CaO(s) + SiOz(s) — CaSiOy()
(sand)
(acidic oxide)

(e)

The removal of waste gases

Quick Check:

1
iron?

>

Chemistry/ Metals

In the blast furnace, which reaction

The iron(iyy)

Limestone is added to remov
Slag floats On molten iron at

Hot waste gases containing mainly nitrogen (from hot air), carbon dioxide and
unreacted carbon monoxide, escape through the top of the furnace.

Burning coke in air.

Reacting coke with carbon dioxide.
Reacting iron oxide with coke.
Decomposition of limestone.

oxide is reduceq

by carbon dioxide.

& basic impurities. X
the furnace base.

X

produces most of the carbon monoxide used to extract

B22



6.3 TYPES OF STEEL AND THEIR USES

n of iron from haematite in the blast furnace?

n is not a step in the productio
to produce carbon dioxide

de to produce carbon monoxide

Which reactio !
Carbon(coke) burning in air

A . .

B  Carbon reacting with carbon dioxi ‘
c  Iron(lll) oxide reacting with carbon monoxide to form iron o
D lron reacting with limestone to produce slag ’

The pig iron obtained from the blast furnace is not very useful as it still contains impuriti

which make iron weak and brittle.
Most of these impurities need to be removed before iron is converted to steel.
Steel is an alloy of iron and carbon with small amount of other elements. Steel is stronger and

tougher than iron.

Different types of steel with different physical properties are made by

o varying the amount of carbon
o adding different elements

F Type of steel mild steel high carbon steel stainless steel

(low carbon steel)
iron iron iron, carbon,

0.25% carbon 0.45-1.5% carbon chromium and nickel

Composition

malleable resistant to
corrosion

[Special properties hard, strong and strong but brittle durable and highly

Uses car bodies and tips of drill bits cutlery, surgical and

machinery knives, hammers, dental instruments

chisels, cutting &
boring tools

71

RUSTING

Rust is a reddish-brown substance that forms slowly on the surface of an object made of iron
when the object is exposed to air and moisture for some time. It consists mainly the compound

hydrated iron(I1I) oxide.
Rusting is the slow oxidation of iron to form hydrated iron((I1I) oxide.

Overall chemical equation for rusting:

4Fe + 30, + 2xH,O - 2Fe,0;xH.0O



Conditions for Rustin

tial conditiong _ 2
oxygen are essen Ot ..
©  The following experiment shows that water and 0Xy fing,
% - ol @ ,
oil
cotton*__{_:'\1 )
wool N
ol distilled | sodium
distilled —— water | 225‘33"‘“‘ E
b anhydrous @ on
calcium
ide
@ chlori - :
B
A
Results after one week —
Test tube COLditLO_"lﬂ,’r No rustingi*
Water is present.
: Boiled distiled water has niC;
oxygen and oil stops oxygen in a
from entering.
i ent No rusting
Air (oxygen) is present.
® Anhydrous calcium chlo_rlde, a
drying agent removes moisture in
the test-tube.
ils rusted
Cc Air (oxygen) and water are Nails r
present.
D Air (oxygen) and water are Nails rusted severely
present. Sodium chloride is also
present.
Conclusion

o Both air (oxygen) and water are needed for rusting to occur.

o Presence of sodium chloride increases the speed of rusting.

Note:

o Besides sodium
also speed up t

o lron objects near th

Chemistry/ Metals

chloride, acidic
he rusting process.

e Sea and in industria| are
chloride g

and other acidic pol|

Substances such as sulfur dioxide and carbon dioxide

as corrode very rapidly because of the

ut ioxide and nitrogen
P the rusting procasa ants such as sulfur dioxide an
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7.2 RUST PREVENTION

Rust is very brittle and flaky.
new surface to

iface of metal flakes away. This produces

odes, the rusted St
| rust and flake away.

. When iron cort A
ally all the metal wil

corrode. Eventu

There are three main methods of rust prevention:

(1) Using a protective layer

Coat the iron surface with a pro
to air and water

at acts as @ parrier

tective layer (€.9. paint and grease) th

Q

(2) Using @ sacrificial metal

Protect iron against rusting by using a more reactive metal, e.g. zinC

(@)

(3) Using alloys

Use of rust-resistant alloys, e.g. stainless steel

o
/h—f //
Types of rust o \
) Where it is
t
prevention Method used Remarks
Large iron and
steel objects
Painting such as cars,
ships, bridges,
steel pipes étc. X
— If the protective layer is removed, rusting
Oillnq & Tools and occurs as oxygen and water can reach the
greasing machine parts surface of iron and steel.
Plastic gg‘hes hanger,
coating lehenwale
such as draining
racks
_ e |f the tin layer is damaged or scratched,
1. Usmg a oxygen and water can reach the iron,
'protectlve iron will rust very quickly.
ayer : : N
Tin plating | Food cans e This is because iron, being more
reactive than tin, loses electrons
more readily than tin. lron will corrode
very quickly.
e Iron can be coated with chromium using
electrolysis.
e This gives an attractive appearance as
Water taps, car well as rust protection.
Chrome bumpers, ,
plating bicycle handle Chromium is resistant to corrosion as it
bar has a protective coating of hard and
non-porous chromium(Ill) ~ oxide,
Cr,0; on its surface.
B25
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type of rust Method Where it is Remarks
reventi étho d
ntion LLL Zinc has a fairly low meltjn Do
applied by dipping iron of Steel in Int, eas.ly
zinc. lt
o |If zinc layer is damageq iron
rust. \Ot
. Roof of houses,
Zinc platlng) dustbins, water | . zinc, being more reactlvet
Galvanisin etc. iro
( 9) | puckets loses electrons more readily than Iro:
o Hence zinc will corrode in lace of ;
is type of rust rM-
This typ prevention g Callen, |
sacrificial protection &d |
T
o Blocks / bars of zinc are attached tq the
ship’s hulls. |
1 o Sea water and air can reach the steg by
zinc being more reactive than iron i
) steel, loses electrons more readily
Attaching than iron.
metal blocks | giee) hylls of
2. Using a such as zinc ships e Zinc will corrode in place of iron and
sacrificial ¥ protect iron from rusting. |
metal magnesium |
(Sacrificial i
Protection) i
5
bars of |
zinc bolted E
to the 3
ship’s hull ‘
|
Underground Magnesium, being more reactive than
steel pipes

Chemistry/ Metals

iron in steel pipe, Ioses electrons more
readily than iron.

Hence magnesium will corrode in

Place of iron and protect iron from
rusting.

insulated
copper cable

Underground steel pipe

B26



/f’_—/”’—?
r”;;;d’—— Where it is Remarks

W used
Stainless steel is an alloy of iron and carbon
: Cutlery, . . t of ch . d
3. Using rust Using suraical and with quite a large amount 0 chromium an
resistant stainless gental nickel.
iays steel instruments

e

Quick Check:

Each beaker contains two strips of metal fastened together and immersed in dilute hydrochloric acid.

All the strips are of the same size.

A B c D

l—zinc ;

—— silver E ZIAG — zinc L zinc
iron L magnesium g tin

After five minute i i i
s, which beaker will contain the least zinc ions in the solution? Explain your answer

Chemistry/ Metals
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8.1 RECYCLING

—=>TLLING

f the various metal oreg |
Metals are finite resources. This means that the amounts © N the eary,

are limited.

: . »f some metals to run out.
* The figure shows the estimated time for the reserves 0

Meatals

‘ ; Aluminium
i Copper

//:’:j@l Chromium

‘300! Iron

i Number of years
200 =00 400

0 100

s from the Earth’s surface will last longer than others.

e The chart shows that mining of some metal oot seripiis shortages B mstls Such as s

There is enough iron available to last fO( centuries
and tin could occur before the end of this century.

- Hence it is important to make the metals last longer by either recycling them or replacing the
metals with other materials.

« Recycling metals means reusing them by collecting and melting d_own scrap metal to make
blocks of clean fresh metal which can be then used to make new objects.

1. Natural Resource Conservation

IReC?/C“ng metals allows us to conserve the finite metal resources on the Earth and make them
ast longer.

2. Energy Conservation

metal ores.

Example:
Recycling aluminiym sav 0
not needed to degern es 95% of the cost of extractin

' ' sis is
, pose its or e g new metal as expensive electroly
for recycling. €. Hence, aluminium s

oft drink cans are separated from rubbish



efits

3. Environmental Ben
ouse gas emissions through

o Substantial reduction in greenh
less fossil fuels are burned.

practice of recycling metals as

i ini tes a large amount of
ining. Mining of metal ores genera ) ‘

" no disgposed carefully, the waste may leach into soll .and
and water. Mined land cannot support plant and animal

als cuts down O
Is. If the waste is not
polluting land

o Recycling met
waste materia
nearby water bodies,

life.
[ [ /|
o Recycling metals reduces waste disposal problem - €.8. less piles of rusting cars
landfill waste sites needed.

ess

ISSUES OF RECYCLING

8.3

1. Economic Issues of recycling

Recycling metals can be an extremely expensive operation.
racting the metals. This is because of

For cheap metals, recycling can be more costly than ext
the cost incurred in sorting, transporting and cleaning the scrap metal.

2. Social Issues of recycling
It takes time and effort for communities to adopt recycling as a lifestyle, so it might not be

immediately effective.

3. Environmental Issues

Recycling can cause pollution problems.

Example:
Car batteries contain a lot of lead. When old batteries are smelted down to extract and recycle

lead. The smelting process ' i - Lo
S RTREE ap can send a lot of toxic lead fumes into the air, resulting in polluting the



as shown and left for a

beater dife o coati [ is the iron least likely to rust?
4 Er?srside by a different coating. In which beaker 1S
i aint
A magnesium B ron p
/
Al water
~4{-water Al
= D
5 The diagram compares the amount of carbon in two types of steel, P and Q.
3
amount
of P
carbon

Q

Which two diagrams correctly compare the strength and brittleness of P and Q7

A 4 } 0 P
strength brittleness
P Q
B
4
b (P P
strength brittleness
Q Q
C
Q Q
strength brittleness
p P
D
P Q
strength brittleness
P
Q

Chemistry/ Metals

week. Each piece of iron was protected on
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Self Check Exercise

Self Check Exercise
1
molten iron?
A Calcium oxide
B Carbon monoxide
C Carbon dioxide
D Silicon dioxide

2 Molten iron and molten slag can be tapped
Which property allows the two to be separa

ooOwx»

One of them is ionic compound wh
Both substances have different me
They are immiscible liqui
Molten slag has a lower

ds.

3 Four experiments on rusting are shown.

1

1

not rusty

— dry air

15°C

&— paper-clip

after 1 week

— tap water
15°C

rusts

— paper-clip

after 1 week

ile the other is cova_lent.
lting and boiling points.

density than molten iron.

-

— oil

—~— boiled tap

water 15°C

— paper-clip

not rusty
after 1 week

In the extraction of iron in the blast furnace, which substance reacts with haemagitg,

off separately at the bottom of the biast furnace
ted this way? B

~_=t—tap water
-~} 25°C

%* paper-clip

rusts

after 1 week

Which experiment(s) can be used to show that water is needed for iron to rust?

A 1only
B 1and2
C 2and4
D  3only
Chemistry/ Metals

to Progy, s

B30



K .
As molten iron and slag are immiscible liquids, they do not mix. Hence, the lower

Explanation

Reactions in blast furnace

A: Reaction of calcium oxide: CaO(s) + SiOx(s) — CaSiOx())
B: Reaction of carbon monoxide: 3CO(g) + Fe20s(s) — 2Fe(l) + 3CO,(g)
C: Reaction of carbon dioxide: CO5(g) + C(s) -» 2CO(g)

D: Reaction of silicon dioxide: SiOy(s) + CaO(s) —» CaSiOs(l)

density slag floats on top of the molten iron, and they can be tapped off Separately.

A: 1 only — shows that iron does not rust in the absence of water but no com

Parison tq
whether iron will rust in water.

B: 1 and 2 — 1 shows that iron does not rust in the absence of water (contro|
experiment), 2 shows that iron rust in the presence of water.

|

g |

C: 2 and 4 - both showed rusting but does not prove that water is a factor required fo, |

rusting. l‘

D: 3 only — shows that water is present but iron still did not rust.

A: Magnesium, being more reactive than iron, loses electrons more readily than iron.

Hence magnesium will corrode in place of iron and protect iron from rusting. |
B and C: Paint and grease protects the iron by acting as a barrier to air and water. In
this example, the paint and grease did not cover the entire iron. Thus, the iron will rust, |
(However, even in the event that the paint and grease covers the iron, when the layer is |
scratched or damaged, rusting still occurs as oxygen and water can reach the surface of iron.) |

D: Iron being more reactive than copper, loses electrons more readily than copper.
Thus, iron will corrode very quickly.

P — high carbon steel (strong and brittle)
Q —low carbon steel (hard, strong and malleable)

Therefore,
strength of P > strength of Q
Brittleness of P > brittleness of Q




S——— P ———

[ The Chemical Properties of Metais: the reactivity series ~—~~  — —_

R

. . . g
Al is resistant to corrosion because of NON-POrous AlO- on \s sukace

Readiness to form = ] = [ ca l N.'g [_Art ] 2l [ Fe 1 (o> | < T cu
/positive ions / " Increasing readiness to lose electrons and form positive ions
Reducing agents : :
/(readinegs t% give . Increasing strength of reducing agents
away electrons)
With water React with cold water to form Do not react with cold water (except Mg).
V/ metal hydroxide and React with steam (except A/) with No
hydrogen. increasing difficulty to form metal oxide reaction No reaction
and hydrogen.
2Na + 2H,0 —» 2NaOH + H, >
Zn+H,O0—» ZnO + H;
With dilute React explosively Liberate hydrogen with increasing strength Insoluble
HC/(aq)/H2S0a4(aq) < salt No reaction
v metal + acid - salt + H \f/\(/)i;ani?ute
HCU/H,SOs o redug«g w ot
Reduction of Not reduced Reduced with increasing ease: CuO + H, - Cu + H0
. o of fow
oxides with H; >

Reduction of
oxides with C

Not reduced

Reduced with increasing ease: 2CuO + C —» 2Cu + CO;

reduct (o g

Displacement
reaction

Metals higher in the reactivity series displace metals lower in the series from its salt solutions/oxide.

Zn(s) + CuSO4(ag) — ZnS04(aq) + Cu(s)
2Al(s) + Fez03(s) — ALOs(s) + 2Fe(l)

Properties of 1. soluble in water. Insoluble in water; on heating, generally decompose to oxide & carbon dioxide with increasing ease
carbonates 2. on heating, will >
not decompose. CaCOis) — CaO(s) + COxg) (very high temp)
white white
ZnCOs(s) — 2ZnO(s) + CO2A9)
white yellow(hot); white(cold)
CuCOs(s) — CuO(s) + CO2(9) ** 2Ag,COs(s) > 4Ag(s) + 2C0Oz(g),+ O2(9)
black )€ -
green — Hutporg
yrea/iay
WMpUed
Chemistry/ Metals e




