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CHEMISTRY

METALSTOPIC

DefinitiveguideMetalwork

MrIsabokeMicah0714497530

a)Introductiontometals

Therationaleofstudyingmetalscannotbeemphasized.Sinceages,theworld
over,metalslikegoldandsilverhavebeenusedforcommercialpurposes.
Theperiodicityofalkaliandalkalineearthmetalswasdiscussedinyear2of
secondaryschooleducation.Thistopicgenerallydealswith:

(a)Naturaloccurrenceofthechieforesofthemostusefulmetalsfor
industrial/commercialpurposes.
(b)Extractionofthesemetalsfrom theiroresforindustrial/commercial
purposes.
(c)industrial/commercialusesofthesemetals.
(d)mainphysicalandchemicalproperties/characteristicofthemetals.

Themetalsgivendetailedemphasishereare;Sodium,Aluminium,Iron,Zinc,
LeadandCopper.



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 2

Themaincriteriausedinextractionofmetalsisbasedonitspositioninthe
electrochemical/reactivityseriesanditsoccurrenceontheearth’scrust.

1.SODIUM

Positionontheearth’s

crust

Ifnearthesurface,open

castmining/quarrying

isused

Ifdeepontheearth’s

crustdeepminingis

Iftheoreislowgradeoil,water,and

airisblownformingafroth(froth

flotation)toconcentrate

Theorefirstroastedifitisacarbonateor

sulphideofZinc,Iron,Tin,Lead,and

Coppertoform theoxide

Electrolysisoftheoreisusedfor

reactivemetals;Potassium,

Sodium,Magnesium,Calcium,

Theoxideisreducedusingcarbon/

carbon(II)oxideinafurnaceifitismade

ofZinc,Tin,Lead,CopperandIron
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a)Naturaloccurrence
Sodium naturallyoccursas:

(i)Brine-aconcentratedsolutionofsodium chloride(NaCl(aq))in
saltyseasandoceans.
(ii)Rocksalt-solidsodium chloride(NaCl(s)
(iii)Trona-sodium sesquicarbonate(NaHCO3.Na2CO3.2H2O)
especiallyinlakeMagadiinKenya.
(iv)Chilesaltpeter-sodium nitrate(NaNO3)

b)(i)
ExtractionofSodium from brine/ManufactureofSodium

hydroxide/Theflowingmercurycathodecell/TheCaster-Keller
process

I.Rawmaterials

(i)Brine-concentratedsolutionofsodium chloride(NaCl(aq))
from saltyseasandoceans.
(ii)Mercury
(iii)Waterfrom river/lakes

II.Chemicalprocesses

Saltylakes,seasandoceanscontainlargeamountofdissolved
sodium chloride(NaCl(aq))solution.
Thissolutionisconcentratedtoform brinewhichisfedintoan
electrolyticchambermadeofsuspendedCarbongraphite/titanium as
theanodeandacontinuousflowofMercuryasthecathode.Note
Mercuryistheonlynaturallyoccurringknownliquidmetalatroom
temperatureandpressure

Questions

I.Writetheequationforthedecompositionoftheelectrolyteduringthe
electrolyticprocess.

H2O(l) H+(aq) + OH-(aq)

NaCl(aq) Na+(aq) + Cl-(aq)

II.Nametheionspresentinbrinethatmovestothe:

(i)Mercurycathode;H+(aq),Na+(aq)

(ii)Titanium/graphite;OH-(aq),Cl-(aq)



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 4

III.Writetheequationforthereactionthattakeplaceduringthe
electrolyticprocessatthe;

Cathode;2Na+(aq)+ 2e 2Na(s)

Anode; 2Cl-(aq) Cl2(g) +2e
Note

(i)Concentrationof2Cl-(aq)ionsishigherthanOH-ionscausing

overvoltagethusblockingOH-ionsfrom beingdischargedatthe
anode.

(ii)ConcentrationofNa+(aq)ionsishigherthanH+ionscausing

overvoltagethusblockingH+ionsfrom beingdischargedatthe
cathode.

IV.Nametheproductsofelectrolysisintheflowingmercury-cathode
cell.

(i)Mercurycathode;Sodium metalasgreysoftmetal/solid

(ii)Titanium/graphite;Chlorinegasasapalegreengasthatturns
moistblue/redlitmuspapersredthenbleachesboth.Chlorine
gasisaveryusefulby-productin;

(i)making(PVC)polyvinylchloride(polychloroethene)pipes.
(ii)chlorination/sterilizationofwatertokillgerms.
(iii)bleachingagent
(iv)manufactureofhydrochloricacid.

Sodium producedatthecathodeimmediatelyreactswiththemercury
atthecathodeformingsodium amalgam(NaHg)liquidthatflowoutof
thechamber.

Na(s)+ Hg(l) NaHg(l)

Sodium amalgam isaddeddistilledwaterandreactstoform sodium
hydroxidesolution,freemercuryandHydrogengas.
2NaHg(l)+2H2O(l) 2NaOH(aq)+2Hg(l)+H2(g)

Hydrogengasisaveryusefulby-productin;
(i)makingammoniagasintheHaberprocess
(ii)manufactureofhydrochloricacid
(iii)inweatherballoonstoforecastweather
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(iv)asrocketfuel
Astheelectrolysisofbrinecontinues,theconcentrationofCl-ions
decreasesandoxygengasstartbeingliberated.Continuousfeedingof
theelectrolyteisthereforeverynecessary.

III.Usesofsodium hydroxide
Thesodium hydroxideproducedisverypureandisusedmainlyin:

(i)Makingsoapyandsoaplessdetergents.
(ii)makingcelluloseacetate/rayon

IV.Diagram showingtheManufactureofSodium hydroxidefrom the
flowingMercury-cathodecell.

V.EnvironmentaleffectsofManufactureofSodium hydroxidefrom
theflowingMercury-cathodecell.
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1.MostoftheMercuryusedatthecathodeisrecycled;
(i)toreducethecostbecausemercuryisexpensive
(ii)toreducepollutionbecausemercurykillsmarinelife.
(iii)becauseitcauseschromosomal/geneticmutationtohuman

beings.

2.Chlorineproducedattheanode;
(i)hasapungentirritatingsmellthatcausesheadachetohuman

beings.
(ii)bleachesanywetsubstance.
(iii)dissolveswatertoform bothhydrochloricacidand

chloric(I)acid
Bothcausemarinepollutionandstomachupsets.

b)(ii)
Extractionofsodium from rocksalt/TheDownscell/process

I.Rawmaterials
(i)Rocksalt/solidsodium chloride
(ii)calcium(II)chloride

II.Chemicalprocesses.
Rocksalt/solidsodium chlorideisheatedtomoltenstateina
chamberlinedwithfirebricksontheoutside.

Sodium chloridehasameltingpointofabout800oC.Alittlecalcium (II)
chlorideisaddedtolowerthemeltingpointoftheelectrolytetoabout

600oC.
Themoltenelectrolyteistheelectrolyzedinacarbongraphiteanode
suspendedatthecentreandsurroundedbysteelcathode.

Questions
I.Writetheequationforthedecompositionoftheelectrolyteduringthe
electrolyticprocess.

NaCl(l) Na+(l) + Cl-(l)
Note:Inabsenceofwater,theionsareinliquidstate.

II.Nametheionspresentinmoltenrocksaltthatmovetothe;

(i)Steelcathode-Na+(l)

(ii)Carbongraphiteanode-Cl-(l)
III.Writetheequationforthereactionthattakeplaceduringthe
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electrolyticprocessatthe;
(i)Steelcathode

2Na+(l) + 2e 2Na(l)
(ii)Carbongraphiteanode

2Cl-(l) Cl2(g) + 2e
IV.NametheproductsofelectrolysisintheDownscellat;

(i)Cathode:
GreysolidSodium metalislessdensethanthemolten

electrolyteandthereforefloatontopofthecathodetobeperiodically
tappedoff.

(ii)Anode:
Palegreenchlorinegasthatturnsmoist/damp/wetblue/red
litmuspapersredthenbleaches/decolorizesboth.Chlorinegasis
againaveryusefulby-productin;

(i)making(PVC)polyvinylchloride(polychloroethene)pipes.
(ii)chlorination/sterilizationofwatertokillgerms.
(iii)bleachingagent
(iv)manufactureofhydrochloricacid.

Asteeldiaphragm/gauzeissuspendedbetweentheelectrodesto
preventrecombinationofsodium atthecathodeandchlorinegasat
theanodebacktosodium chloride.

III.Diagram showingtheDownscell/processforextractionofsodium
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IV.Usesofsodium.
1.Sodium vapourisusedassodium lampstogiveayellowlightin
streetlighting.
2.Sodium isusedinmakingveryusefulsodium compoundslike;

(i)Sodium hydroxide(NaOH)
(ii)Sodium cyanide(NaCN)
(iii)Sodium peroxide(Na2O2)
(iv)Sodamide(NaNH2)

3.AnalloyofPotassium andSodium isusedascoolantinnuclear
reactors.

V.EnvironmentaleffectsofDownscell.

1.Chlorineproducedattheanode;
(i)hasapungentirritatingsmellthatcausesheadachetohuman

beings.
(ii)bleachesanywetsubstance.
(iii)dissolveswatertoform bothhydrochloricacidand
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chloric(I)acid
Bothcausemarinepollutionandstomachupsets.

2.Sodium metalrapidlyreactwithtracesofwatertoform alkaline
Sodium hydroxide(NaOH(aq))solution.ThisraisesthepHof
rivers/lakeskillingaquaticlifeincaseofleakages.

VI.TestforpresenceofNa.

IfacompoundhasNa+ionsinsolid/molten/aqueousstatethenit
changesanon-luminousclear/colourlessflametoayellowcoloration
butdoesnotburn
Experiment

Scoopaportionofsodium chloridecrystals/solutioninacleanmetallic
spatula.Introduceittoaclear/colourlessBunsenflame.

Observation Inference
Yellowcoloration Na+

Practice
(i)Calculatethetimetakeninhoursfor230kgofsodium tobe
producedintheDownscellwhenacurrentof120kAisused.
(ii)Determinethevolumeofchlorinereleasedtotheatmosphere.
(Na=23.0),Faradayconstant=96500C.Imoleofagas=24dm3atr.t.p)
Working:

Equationatthecathode:

2Na+(l)+2e->2Na(l)
2moleofelectrons=2Faradays=2x96500C depositsamass=
molarmassofNa=23.0gthus;

23.0g -> 2x96500C
(230x1000)g -> 230x1000x2x96500

23

=1,930,000,000/1.93x109C

Time(t)inseconds =Quantityofelectricity
Current(I)inamperes
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Substituting

=1,930,000,000/1.93x109C
120x1000A

=16,083,3333seconds/268.0556minutes
=4.4676hours

VolumeofChlorine
Method1

Equationattheanode:

2Cl-(l)->Cl2(g)+2e
From theequation:
2molesofelectrons=2Faradays =2x96500C

2x96500C ->24dm3

1,930,000,000/1.93x109C->1,930,000,000/1.93x109Cx24
2x96500C

VolumeofChlorine=240,000dm3/2.4x105dm3

Method2

Equationattheanode: Cl-(l)->Cl2(g)+2e
MoleratioofproductsatCathode:anode=1:1
Molesofsodium atcathode=(230x1000)g=10,000moles

23
10,000molesofNa = 10,000molesmolesofChlorine
1molesofChlorinegas = 24000cm3
10,000molesofChlorine->10000x24

=240,000dm3/2.4x105dm3

Method3

Equationattheanode:Cl-(l)->Cl2(g)+2e
RatioofFaradaysofproductsatCathode:anode=2:2
=>2x96500Cproduce24000cm3ofchlorinegasThen:

1,930,000,000/1.93x109C->

1,930,000,000/1.93x109Cx24=240,000dm3
2x96500
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(iij)Thesodium metalproducedwasreactedwithwatertoform
25000dm3solutioninaCaster-Kellertank.
(a)Calculatetheconcentrationoftheresultingsolutioninmolesper
litre.
(b)Thevolumeofgaseousproductsformedats.t.p(1moleofgas
=22.4dm3ats.t.p)

ChemicalequationatCaster-Kellertank
2Na(s)+2H2O(l)->2NaOH(aq)+H2(g)

MoleratioNa:NaOH=2:2=>1:1
MolesNa=10000moles=10000molesofNaOH
25000dm3->10000molesofNaOH
1dm3 ->10000x1 =0.4M /0.4moles/dm3

25000

MoleratioNa:H2(g)=2:1
MolesNa=10000moles=5000molesofH2(g)
VolumeofH2(g)=molesxmolargasvolumeats.t.p

=>5000molesx22.4dm3
=120,000dm3

(iv)Thesolutionformedwasfurtherdilutedwithwaterforatitration
experiment.25.0cm3ofthedilutedsolutionrequired20.0cm3of
0.2M sulphuric(VI)acidforcompleteneutralization.Calculatethe
volumeofwateraddedtothedilutedsolutionbeforetitration.

Chemicalequation
2NaOH(aq)+H2SO4(aq)->Na2SO4(aq)+H2O(l)

MolesratioNaOH:H2SO4 = 2:1
MolesratioH2SO4=molarityxvolume=> 0.2M x20

1000 1000

=4.0x10-3moles

MolesNaOH=2x4.0x10-3moles=8.0x10-3moles

MolarityofNaOH=Molesx1000=>8.0x10-3molesx1000
volume 25
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=0.16molesdm-3/M

Volumeusedduringdilution
C1V1=C2V2 => 0.4M xV1 =0.16M x25

=0.16M x25 =10cm3
0.4

(a)Belowisasimplifieddiagram oftheDownsCellusedforthe
manufactureofsodium.Studyitandanswerthequestionsthat
follow

(i)Whatmaterialistheanodemadeof?Giveareason(2mks)
Carbongraphite/Titanium
Thisbecausetheyarecheapandinert/donotinfluence/affectthe
productsofelectrolysis

(ii)Whatprecautionistakentopreventchlorineandsodium from re-
combination?(1mks)
Usingasteelgauze/diaphragm separatingthecathodefrom anode
(iii)Writeanionicequationforthereactioninwhichchlorinegasis

formed (1mk)

2Cl-(l) -> Cl2(g) + 2e

(b)IntheDownsprocess,(usedformanufactureofsodium),a
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certainsaltisaddedtolowerthemeltingpointofsodium chloride

from about8000Ctoabout6000C.
(i)Namethesaltthatisadded (1mk)

Calcium chloride
(ii)Statewhyitisnecessarytolowerthetemperature(1mk)

Toreducethecostofproduction

(c)Explainwhyaqueoussodium chlorideisnotsuitableasan
electrolyteforthemanufactureofsodium intheDowns
process(2mk)
Thesodium producedreactexplosively/vigorouslywithwaterinthe
aqueoussodium chloride
(d)Sodium metalreactswithairtoform twooxide.Givetheformulae

oftwooxides (1mk)
Na2O Sodium oxide(inlimitedair)
Na2O2 Sodium peroxide(inexcessair)

2.ALUMINIUM
a)Naturaloccurrence

Aluminium isthemostcommonnaturallyoccurringmetal.Itmakes7%
oftheearthscrustas:

(i)Bauxiteore-Hydratedaluminium oxide(Al2O3.2H2O)
(ii)Micaore-Potassium aluminium silicate(K2Al2Si6O16)
(iii)Chinaclayore-aluminium silicate(Al2Si6O16)
(iv)Corrundum-Anhydrousaluminium oxide(Al2O3)

b)Extractionofaluminium from Bauxite/Hallscell/process)
Themainorefrom whichaluminium isextractedisBauxiteore-
hydratedaluminium oxide(Al2O3.2H2O).
Theoreisminedbyopen-casteminingmethod/quarryingwhereitis
scoopedtogetherwithsilica/sand/silicon(IV)oxide(SiO2)andsoil/
iron(III)oxide(Fe2O3)asimpurities.
Themixtureisfirstdissolvedinhotconcentratedsodium/potassium
hydroxidesolution.
Thealkalisdissolvebothbauxiteandsilicon(IV)oxide.
Thisisbecausebauxiteisamphotellicwhilesilicon(IV)oxideisacidic.
Iron(III)oxide(Fe2O3)isfilteredof/removedasaresidue.
Carbon(IV)oxideisbubbledintothefiltratetoprecipitatealuminium (III)
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hydroxide(Al(OH)3)asresidue.

Thealuminium (III)hydroxide(Al(OH)3)residueisfilteredoff.Silicon
(IV)oxideremaininthesolutionasfiltrate.Aluminium (III)hydroxide
(Al(OH)3)residueisthenheatedtoform purealuminium
(III)oxide(Al2O3)

2Al(OH)3(s) Al2O3(s) + 3H2O(l)

Purealuminium (III)oxide(Al2O3)hasaveryhighmeltingpointof

2015oC.
Alotofenergyisrequiredtomelttheoxide.
Itisthereforedissolvedfirstinmoltencryolite/sodium
hexafluoroaluminate(III)/Na3AlF6tolowerthemeltingpointtoabout

800oC.

ThemoltenelectrolyteisputintheHallcellmadeupofasteeltank
linedwithcarbongraphiteandananodesuspendedintotheelectrolyte.
Duringtheelectrolysis:

(i)Atthecathode;

4Al3+(l)+12e 4Al(l)

(ii)Attheanode;

6O2-(l) 3O2(g) + 12e

Aluminium isdenserthantheelectrolytethereforesinktothebottom
oftheHallcell.
Atthistemperature,theOxygenevolved/producedattheanodereacts
withcarbonanodetoform carbon(IV)oxidegasthatescapetothe
atmosphere.

C(s)+O2(g) CO2(g)
Theanodethusshouldbecontinuouslyreplacedfrom timetotime.

Flowchartsummaryofextractionofaluminium from Bauxite
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Bauxite(Al2O3.2H2O)orewith
impuritiesFe2O3andSiO2

PowderedmixtureCrush(increase

surfacearea)

Hotconcentrated

sodium hydroxide

Iron(III)oxide-Fe2O3as

residue

Sodium aluminate

(NaAl(OH)4)

andsodium silicate

(Na2SiO3)asfiltrate

Carbon(IV)oxide

Aluminium hydroxide

(Al(OH)3)asresidue
Sodium silicate(Na2SiO3)

Aluminium

(III)Oxide

Roast

at

Cryolite

Electrolysi
s

Oxygengasatanode
Purealuminium

sinksinHall

cell
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c)Diagram showingtheHallcell/processforextractionofBauxite

d)Usesofaluminium
(i)Inmakingaeroplaneparts,buses,tankers,furniturebecause
aluminium isverylight.
(ii)Makingduralumin-analloywhichisharderandhasahighertensile
strength
(iii)Makingutensils,saucepans,spoonsbecauseitislightandgood
conductorofelectricity.
(iv)Makingoverheadelectriccablesbecauseitislight,ductileandgood
conductorofelectricity.
(iv)UsedinthethermiteprocessforproductionofManganese,
Chromium amdTitanium.
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e)Environmentaleffectsofextractingaluminium from Bauxite.
Carbon(IV)oxidegasthatescapetotheatmosphereisagreenhouse
gasthatcausesglobalwarming.
Bauxiteisextractedbyopencasteminingthatcauses
soil/environmentaldegradation.

f)TestforpresenceofAl3+

IfanoreissuspectedtocontainAl3+itis;
(i)addedhotconcentratedsulphuric(VI)/Nitric(V)acidtofreethe

ionspresent.
(ii)thefreeionsarethenaddedaprecipitatingreagentlike2M

sodium hydroxide/2M aqueousammonia.

Observation Inference
Whiteprecipitateinexcess2M NaOH(aq) Pb2+,Al3+,Zn2+

Whiteprecipitateinexcess2M NH3(aq) Pb2+,Al3+

NoblackprecipitateonaddingNa2S(aq) Al3+

Nowhiteprecipitateonaddingeither
NaCl(aq),HCl(aq),H2SO4(aq),Na2SO4(aq)

Al3+

Practice

1.AnunknownrockXwasdiscoveredinUkraine.Testwithdilutesulphuric
(VI)acidshowsrapideffervescencewithproductionofacolourlessgasAthat
formsawhiteprecipitatewithlimewaterandcolourlesssolutionB.Onadding
3cm3of2M sodium hydroxide,awhiteprecipitateCisformedthatdissolvesto
form acolourlesssolutionDonaddingmoresodium hydroxide.Onadding2M
aqueousammonia,awhiteprecipitateEisformedwhichpersistinexcess
aqueousammonia.Onwhichonadding5cm3of1M Lead(II)nitrate(V)toFa
whiteprecipitateGisformedwhichremainsonheating.

Identify:
A
Hydrogen/H2

B
Aluminium sulphate(VI)/Al2(SO4)3

C
Aluminium hydroxide/Al(OH4)3

D
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Tetrahydroxoaluminate(III)/[Al(OH4)3]-

E
Aluminium hydroxide/Al(OH)3

F
Aluminium chloride/AlCl3

2.Aluminium isobtainedfrom theorewiththeformulaAl2O3.2H2O.Theoreis
firstheatedandrefinedtoobtainpurealuminium oxide(Al2O3).Theoxideisthen
electrolysedtogetAluminium andoxygengasusingcarbonanodesandcarbon
ascathode.Givethecommonnameoftheorefrom wherealuminium is
extractedfrom ½ mark

Whatwouldbetheimportanceofheatingtheorefirstbeforerefiningit?1mark
Toremovethewaterofcrystallization
Therefinedorehastobedissolvedincryolitefirstbeforeelectrolysis.Whyisthis
necessary?1½ mark

Tolowerthemeltingpointofaluminium oxidefrom about2015oCto900oCso
astolower/reducecostofproduction

Whyarethecarbonanodesreplacedeverynowandtheninthecellfor
electrolysingaluminium oxide? 1mark
Oxygenproducedatanodereactwithcarbontoform carbon(IV)oxidegasthat
escape
Statetwousesofaluminium
Inmakingaeroplaneparts,buses,tankers,utensils, saucepans,spoons

Makingoverheadelectriccables
Makingduralumin
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3.IRON
a)Naturaloccurrence

Ironisthesecondmostcommonnaturallyoccurringmetal.Itmakes
4%oftheearthscrustas:

(i)Haematite(Fe2O3)
(ii)Magnetite(Fe3O4)
(iii)Siderite(FeCO3)

b)Theblastfurnaceforextractionofironfrom Haematiteand
Magnetite

a)Rawmaterials:
(i)Haematite(Fe2O3)
(ii)Magnetite(Fe3O4)
(iii)Siderite(FeCO3)
(iv)Coke/charcoal/carbon
(v)Limestone

b)Chemicalprocesses:

Ironisusuallyextractedfrom Haematite(Fe2O3),Magnetite(Fe3O4)
Siderite(FeCO3).Theseorescontainsilicon(IV)oxide(SiO2)and
aluminium(III)oxide(Al2O3)asimpurities.
Whenextractedfrom siderite,theoremustfirstberoastedinairto
decomposetheiron(II)CarbonatetoIron(II)oxidewithproductionof
carbon(IV)oxidegas:

FeCO3(s) FeO(s) + CO2(g)

Iron(II)oxideisthenrapidlyoxidizedbyairtoiron(III)oxide(Haematite).

4FeO(s) + O2(g) 2Fe2O3(s)

Haematite(Fe2O3),Magnetite(Fe3O4),cokeandlimestoneareallthen
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fedfrom topintoatall(about30metresinheight)taperedsteel
chamberlinedwithrefractorybrickscalledablastfurnace.
Thefurnaceiscoveredwithinverteddoublecaptoprevent/reduce
amountofanygasesescaping.

Nearthebase/bottom,blastofhotairatabout1000K(827oC)is
driven/forcedintothefurnacethroughsmallholescalledTuyeres.
Astheairenters,itreactswithcoke/charcoal/carbontoform
carbon(IV)oxidegas.Thisreactionishighlyexothermic.

C(s)+O2(g) CO2(g)∆H=-394kJ
Thisraisesthetemperatureatthebottom ofthefurnacetoabout

2000K(1650oC).AsCarbon(IV)oxidegasrisesupthefurnaceitreacts
withmorecoketoform carbon(II)oxidegas.Thisreactionis
endothermic.

CO2(g)+C(s) 2CO(g)∆H=+173kJ

Carbon(II)oxidegasisastrongreducingagentthatreducestheoresat
theupperpartsofthefurnacewheretemperaturesareabout

750K(500oC)i.e.
ForHaematite;

Fe2O3(s) + 3CO(g) 2Fe(s)+CO2(g)
ForMagnetite;

Fe3O4(s) + 4CO(g) 3Fe(s)+4CO2(g)

Ironisdenserthanironore.Asitfallstothehotterbaseofthefurnace
itmeltsandcaneasilybetappedoff.
Limestonefedintothefurnacedecomposestoquicklime/calcium
oxideandproducemorecarbon(IV)oxidegas.

CaCO3(s) CaO(s)+CO2(g)

Quicklime/calcium oxidereactswiththeimpurities
silicon(IV)oxide(SiO2)andaluminium(III)oxide(Al2O3)intheoretoform
calcium silicateandcalcium aluminate.

CaO(s)+SiO2(s) CaSiO3(l)
CaO(s)+Al2O3(s) CaAl2O4(l)

Calcium silicateandcalcium aluminatemixtureiscalledslag.Slagis
denserthanironorebutlessdensethanironthereforefloatonthe
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pureiron.Itistappedatdifferentlevelstobetappedoffforusein:
(i)tarmacingroads
(ii)cementmanufacture
(iii)asbuildingconstructionmaterial

(c)UsesofIron
Ironobtainedfrom theblastfurnaceishardandbrittle.ItiscalledPig
iron.Itisremelted,addedscrapsteelthencooled.Thisironiscalled
castiron.
Ironismainlyusedtomake:
(i)gates,pipes,engineblocks,rails,charcoalironboxes,lampposts
becauseitischeap.
(ii)nails,cutlery,scissors,sinks,vats,spanners,steelrods,andrailway
pointsfrom steel.
Steelisanalloyofironwithcarbon,and/orVanadium,Manganese,
Tungsten,Nickel,Chromium.Itdoesnotrust/corrodelikeiron.
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e)EnvironmentaleffectsofextractingIronfrom Blastfurnace

(i)Carbon(IV)oxide(CO2)gasisagreenhousegasthat
causes/increasesglobalwarmingifallowedtoescape/leakfrom the
furnace.
(ii)Carbon(II)oxide(CO)gasisahighlypoisonous/toxicodourlessgas
thatcankillonleakage.
Itispreferentiallyabsorbedbythehaemoglobininmammalsinstead
ofOxygentoform astablecompoundthatreducefreehemoglobinin
theblood.
(iii)Haematite(Fe2O3),Magnetite(Fe3O4)andSiderite(FeCO3)are
extractedthroughquarrying/opencastminingthatcausesoil/
environmentaldegradation.

f)TestforthepresenceofIron

IronnaturallyexistinitscompoundasFe2+/Fe3+

IfanoreissuspectedtocontainFe2+/Fe3+itis;
(i)addedhotconcentratedsulphuric(VI)/Nitric(V)acidtofreethe

ionspresent.
(ii)thefreeionsarethenaddedaprecipitatingreagentlike2M

sodium hydroxide/2M aqueousammoniawhichforms;
I)aninsolublegreenprecipitateinexcessof2M sodium

hydroxide/2M aqueousammoniaifFe2+ionsarepresent.
I)aninsolublebrownprecipitateinexcessof2M sodium

hydroxide/2M aqueousammoniaifFe2+ionsarepresent.

Observation Inference
greenprecipitateinexcess2M NaOH(aq) Fe2+

greenprecipitateinexcess2M NH3(aq) Fe2+

brownprecipitateinexcess2M NaOH(aq) Fe3+

brownprecipitateinexcess2M NH3(aq) Fe3+

Practicequestions
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4.COPPER
a)Naturaloccurrence

Copperisfoundasuncombinedelement/metalontheearthscrustin
Zambia,Tanzania,USAandCanada.Thechieforesofcopperare:

(i)Copperpyrites(CuFeS2)
(ii)Malachite(CuCO3.Cu(OH)2)
(iii)Cuprite(Cu2O)

b)Extractionofcopperfrom copperpyrites.
Copperpyritesarefirstcrushedintofinepowder.Thepowderedoreis
theaddedwaterandoil.Thepurposeofwateristodissolvehydrophilic
substances/particle.Thepurposeofoilistomakecovercopperore
particlesoastomakeithydrophobic
Airisblownthroughthemixture.Aircreatesbubblesthatstickaround
hydrophobiccopperore.Theairbubblesraisethroughbuoyancysmall
hydrophobiccopperoreparticlestothesurface.Aconcentratedore
floatsatthetopasfroth.Thisiscalledfrothflotation.The
concentratedoreisthenskimmedoff.Theoreisthenroastedinairto
form copper(I)sulphide,sulphur(IV)oxideandiron(II)oxide.

2CuFeS2(s)+4O2(g) Cu2S(s)+3SO2(g)+2FeO(s)
Limestone(CaCO3)andsilicon(IV)oxide(SiO2)areaddedandthe



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 24

mixtureheatedinabsenceofair.Silicon(IV)oxide(SiO2)reactswithiron
(II)oxidetoform Ironsilicatewhichconstitutestheslagandis
removed.

FeO(s) + SiO2(s) FeSiO3(s)
Theslagseparatesofffrom thecopper(I)sulphide.Copper(I)sulphideis
thenheatedinaregulatedsupplyofairwheresomeofitisconverted
tocopper(I)oxide.

2Cu2S(s)+3O2(g) 2Cu2S(s)+ 2SO2(g)
Themixturethenundergoselfreductioninwhichcopper(I)oxideis
reducedbycopper(I)sulphidetocoppermetal.

Cu2S(s)+2Cu2O(s) 6Cu(s)+ SO2(g)
ThecopperobtainedhasIron,sulphurandtracesofsilverandgoldas
impurities.Itisthereforeabout97.5%pure.Itisrefinedby
electrolysis/electrolyticmethod.
Duringtheelectrolysisofrefiningcopper,theimpurecopperismade
theanodeandasmallpurestripismadethecathode.
Electrodeionizationtakesplacewhere:
Attheanode;

Cu(s) Cu2+(aq)+ 2e
Note:Impurecopperanodedissolves/erodesintosolutionand
decreasesinsize.
AttheCathode;

Cu2+(aq)+ 2e Cu(s)
Note:Thecopperionsintheelectrolyte(CuSO4)arereducedand
depositedascoppermetalatthecathode.Thecopperobtainedis
99.98%pure.
Valuabletracesofsilverandgoldcollectatthebottom ofthe
electrolyticcellassludge.Itisusedtofinancetheextractionofcopper
pyrites.

(c)Flowchartsummaryofextractionofcopperfrom Copperpyrites

Copperpyrites(CuFeS2)ore
withimpuritiesFe2O3andSiO2

Froth

flotation

Crush(increase

surfacearea)

OilWater
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Electrolyticpurificationofimpurecopper

Concentratio

nchamber
1stroasting

chamber

Silicon(IV)
oxide

Smeltingfurnace

2ndroasting

furnace

Calcium

aluminate

(CaAl2O4)slag

Limeston

e

Sulphur(IV)Oxide

IronSilicate

(FeSiO3)Slag

Anode;ImpureCoppereroded.
Cathode;PureCopper

deposited.

Excessair

Limited
air

Sulphur(IV)Oxide

SelfImpurecopper

Rockyimpurities

Cu2S

Cu2S,Cu2O

ElectrolysisusingCopper
electrodes
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d)Usesofcopper
Copperismainlyusedin:
(i)makinglowvoltageelectriccables,contactswitches,cocketsand
plugsbecauseitisagoodconductorofelectricity.
(ii)Makingsolderbecauseitisagoodthermalconductor.
(iii)Makingusefulalloyse.g.

-BrassisanalloyofcopperandZinc(Cu/Zn)
-BronzeisanalloyofcopperandTin(Cu/Sn)
-Germansilverisanalloyofcopper,ZincandNickel(Cu/Zn/Ni)

(iv)Makingcoinsandornaments.

e)Environmentaleffectsofextractingcopperfrom Copperpyrites
(i)Sulphur(IV)oxideisagasthathasapungentpoisonoussmellthat
causesheadachetohumaninhighconcentration.
(ii)Sulphur(IV)oxidegasifallowedtoescapedissolvesinwater
/rivers/raintoform weaksulphuric(IV)acidloweringthepHofthe
waterleadingtomarinepollution,acceleratedcorrosion/rustingof
metals/roofsandbreathingproblemstohumanbeings.
(iii)Copperisextractedbyopencasteminingleadingtoland
/environmental/soildegradation.
f)Testforthepresenceofcopperinanore

CoppernaturallyexistinitscompoundasCu2+/Cu+

Copper(I)/Cu+isreadilyoxidizedtocopper(II)/Cu2+

IfanoreissuspectedtocontainCu2+/Cu+itis;
(i)addedhotconcentratedsulphuric(VI)/Nitric(V)acidtofreethe

ionspresent.
(ii)thefreeionsarethenaddedaprecipitatingreagent;2M sodium

hydroxide/2M aqueousammoniawhichforms;
I)aninsolubleblueprecipitateinexcessof2M sodium

hydroxideifCu2+ionsarepresent.
I)aninsolubleblueprecipitatein2M aqueousammoniathat

dissolvetoroyal/deepbluesolutioninexcessifCu2+ionsarepresent.
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Observation Inference
blueprecipitateinexcess2M NaOH(aq) Cu2+

blueprecipitate,dissolvetoroyal/deepblue
solutioninexcess2M NH3(aq)

Cu2+

g)Samplequestions
Copperisextractedfrom copperpyritesasintheflowchartoutlined
below.Studyitandanswerthequestionsthatfollow

5.ZINCandLEAD

a)Naturaloccurrence

Zincoccursmainlyas:
(i)Calamine-Zinccarbonate(ZnCO3)
(ii)Zincblende-Zincsulphide(ZnS)

LeadoccursmainlyasGalena-Lead(II)SulphidemixedwithZincblende:

b)ExtractionofZinc/Leadfrom Calamine,ZincblendeandGalena.
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DuringextractionofZinc,theoreisfirstroastedinair:
ForCalamineZinccarbonatedecomposetoZincoxideandcarbon(IV)
oxidegas.

ZnCO3(s) ZnO(s) + CO2(g)
Zincblendedoesnotdecomposebutreactswithairtoform Zincoxide
andsulphur(IV)oxidegas.
Galenaasausefulimpurityalsoreactswithairtoform Lead(II)oxide

andsulphur(IV)oxidegas.

2ZnS(s)+3O2(g) 2ZnO(s) + 2SO2(g)
(Zincblende)

2PbS(s)+3O2(g) 2PbO(s) + 2SO2(g)
(Galena)

Theoxidesaremixedwithcokeandlimestone/Iron(II)oxide/
Aluminium (III)oxideandheatedinablastfurnace.
Atthefurnacetemperatureslimestonedecomposestoquicklime/CaO
andproduceCarbon(IV)oxidegas.

CaCO3(s) CaO(s)+CO2(g)

Carbon(IV)oxidegasreactswithmorecoketoform theCarbon(II)oxide
gas.

C(s) +CO2(g) 2CO(g)

BothCarbon(II)oxideandcarbon/coke/carbonarereducingagents.
Theoxidesarereducedtothemetalsbyeithercokeorcarbon(II)oxide.

ZnO(s) + C(s) Zn(g)+CO(g)
PbO(s) + C(s) Pb(l)+CO(g)

PbO(s) + CO(s) Pb(l)+CO2(g)
PbO(s) + CO(s) Pb(g)+CO2(g)

Atthefurnacetemperature:
(i)Zincisagas/vapourandiscollectedatthetopofthefurnace.It
iscondensedinasprayofmoltenleadtopreventreoxidationto
Zincoxide.Onfurthercooling,Zinccollectsonthesurfacefrom
whereitcanbetappedoff
(ii)Leadisaliquidandisaletotrickletothebottom ofthefurnace
from whereitistappedoff.
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Quicklime/CaO,Iron(II)Oxide,Aluminium(III)oxideareusedtoremove
silica/silicon(IV)oxideassilicateswhichfloataboveLeadpreventing
itsreoxidationbacktoLead(II)Oxide.

CaO(s)+SiO2(s) CaSiO3(s/l)
(Slag-Calcium silicate)

FeO(s)+SiO2(s) FeSiO3(s/l)
(Slag-Ironsilicate)

Al2O3(s)+SiO2(s) Al2SiO4(s/l)
(Slag-Aluminium silicate)

c)FlowchartonextractionofZincfrom Calamine,Zincblende.

d)FlowchartonextractionofLeadfrom Galena

Zincore

(calamine/Zinc

blende

Powdered

ore

Frothflotation Roastingchamber

Oil Water CO2from

calamine

SO2from

Zinc

Reduction

chamber

Iron/aluminium/

Coke

Slag(Iron

silicate/

aluminium

silicate/calcium

silicate)

CondenserFiltration

Granulatingtank

Leadliquid

Water

Granulated
Zinc

Leadore/Galena Powderedore

Frothflotation

Roasting

oil Water

Iron/Limestone coke
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e)UsesofLead

Leadisusedin:
(i)makinggun-burettes.
(ii)makingprotectiveclothesagainstnuclear(alpharays/particle)

radiationinanuclearreactor.
(iii)Mixedwithtin(Sn)tomakesolderalloy

f)UsesofZinc
Zincisusedin:

(i)Galvanization-whenironsheetisdippedinmoltenZinc,athin
layerofZincisformedonthesurface.SinceZincismorereactivethan
iron,itreactswithelementsofair(CO2/O2/H2O)toform basicZinc
carbonate(ZnCO3.Zn(OH)2).Thissacrificialmethodprotectsironfrom
corrosion/rusting.

(ii)Asnegativeterminalandcasingindry/Laclanchecells.
(iii)Makingbrassalloywithcopper(Cu/Zn)

g)EnvironmentaleffectsofextractingZincandLead.
(i)LeadandLeadsaltsarecarcinogenic/causescancer
(ii)Carbon(IV)oxideisagreenhousegasthatcauses/accelerateglobal
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warming.
(iii)Carbon(II)oxideisacolourlessodourlesspoisonous/toxicgasthat
combineswithhaemoglobininthebloodtoform stable
carboxyhaemoglobinreducingfreehaemoglobinleadingtodeath.
(iv)Sulphur(IV)oxideisagasthathasapungentpoisonoussmellthat
causesheadachetohumanifinhighconcentration.
(v)AnyleakagesinSulphur(IV)oxidegasescapestothewaterbodiesto
form weaksulphuric(VI)acidloweringthepHofthewater.Thiscauses
marinepollution/deathofaquaticlife,acceleratedrusting/corrosionof
metals/roofsandbreathingproblemstohumanbeings.

h)TestforpresenceofZinc/Lead.

IfanoreissuspectedtocontainZinc/Leaditis:
I.addedhotconcentratedNitric(V)acidtofreetheionspresent.
Note:
ConcentratedSulphuric(VI)acidformsinsolublePbSO4thuscannotbe

usedtofreetheionsinLeadsalts.
II.thefreeionsarethenaddedaprecipitatingreagentmostly2M
sodium hydroxideor2M aqueousammoniawiththeformationof;

(i)asolubleprecipitateinexcessof2M sodium hydroxideifZn2+,

Pb2+,Al3+ionsarepresent.
(ii)awhiteprecipitatethatdissolvestoform acolorlesssolutionin

excess2M aqueousammoniaifZn2+ionsarepresent.
(iii)aninsolublewhiteprecipitateinexcess2M aqueousammonia

ifPb2+,Al3+ionsarepresent.

(iv)Pb2+ionsform awhiteprecipitatewhenanysolubleSO4
2-,SO3

2-,

CO3
2-,Cl-,isaddedwhileAl3+ionsdonotform awhiteprecipitate

(v)Pb2+ionsform ayellowprecipitatewhenanysolubleI-(e.g.

Potassium/sodium Iodide)isaddedwhileAl3+ionsdonotform a
yellowprecipitate.

(vi)Pb2+ionsform ablackprecipitatewhenanysolubleS-(e.g.

Potassium/sodium sulphide)isaddedwhileAl3+ionsdonotform a

blackprecipitate.i.e;

Observation Inference
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Whiteprecipitateinexcess2M NaOH(aq) Zn2+,Pb2+,Al3+ions

Whiteprecipitatethatdissolvestoform a

colourlesssolutioninexcess2M NH3(aq)
Zn2+ions

Whiteprecipitateinexcess2M NH3(aq) Pb2+,Al3+ions

Whiteprecipitateonaddingabout4drops

ofeitherNa2CO3(aq),Na2SO3(aq),

Na2SO4(aq),H2SO4(aq),HCl(aq),NaCl(aq)

Pb2+ions

Yellowprecipitateonaddingabout4drops

ofofKI(aq).NaI(aq)
Pb2+ions

Blackprecipitateonaddingaout4dropsof

Na2S(aq)/K2S(aq)
Pb2+ions
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6.GENERALSUMMARYOFMETALS

a)Summarymethodsofextractingmetalfrom theirore

Themaincriteriausedinextractionofmetalsisbasedonitspositioninthe
electrochemical/reactivityseriesanditsoccurrenceontheearth’scrust.

Positionontheearth’s

crust

Ifnearthesurfaceuse

opencastmining/

quarrying

Ifdeeponthe

earth’scrustuse

Addoil,water,andblowairtoform

frothtoconcentratetheoreifitisa

Roasttheorefirstifitisa

carbonate/sulphideofZinc,

Iron,Tin,Lead,andcopperto

form theoxide

Electrolysetheoreifitismadeof

reactivemetals;Potassium,

Sodium,Magnesium,Calcium,

Reducetheoxideusingcarbon

inafurnaceifitismadeofZinc

,Tin,Lead,CopperandIron
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b)Summaryofextractionofcommonmetal.
Metal Chief

ore/s
Chemical
formulaof
ore

Methodofextraction Mainequationduring
extraction

Sodium Rocksalt NaCl(s) Downsprocess
Throughelectrolysis
ofmoltenNaCl(CaCl2

lowerm.ptfrom 800oC

->600oC)

Cathode:

2Na+(l)+2e->2Na(l)
Anode:

2Cl-(l)->Cl2(g)+2e

Sodium/
sodium
hydroxide

Brine NaCl(aq) Flowingmercury
cathodecell
Throughelectrolysis
ofconcentrated
NaCl(aq)

Cathode:

2Na+(aq)+2e->2Na(aq
)
Anode:

2Cl-(aq)->Cl2(g)+2e
Aluminiu
m

Bauxite Al2O3.2H2O Hallsprocess
Throughelectrolysis
ofmoltenAl2O3.
(Cryolitelowerm.pt

from 2015oC->

800oC)

Cathode:

4Al3+(l)+12e->4Al(l)
Anode:

6O2-(l)->3O2(g)+12e

Iron Haematit
e
Magnetit
e

Fe2O3

Fe3O4

Blastfurnace
Reductionoftheore
bycarbon(II)oxide

Fe2O3(s)+3CO(g)
2Fe(l)

+3CO2(g)

Fe3O4(s)+4CO(g)
3Fe(l)

+4CO2(g)
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Copper Copper
pyrites

CuFeS2 Roastingtheoreinair
togetCu2S.
HeatingCu2Sorein
regulatedsupplyof
air.
ReductionofCu2O by
Cu2S

2CuFeS2(s)+4O2(g)->
Cu2S(s)+3SO2(g)
+2FeO(s)

2Cu2S(s)+3O2(g)->
2Cu2O(s)+2SO2(g)

Cu2S(s)+2Cu2O(s)->
6Cu(s)+SO2(g)

Zinc Calamin
e

ZnCO3 Roastingtheoreinair
togetZnO
Blastfurnace
/reductionofthe
oxideby
Carbon(II)Oxide/Carb
on

ZnCO3(s)->ZnO(s)+
CO2(g)

2ZnS(s)+3O2(g)->
2ZnO(s)+2SO2(g)

ZnO(s)+CO(g)->
Zn(s)+CO2(g)

Lead Galena PbS Blastfurnace-
Reductionofthe
oxideby
carbon(II)oxide
/Carbon

PbO(s)+CO(g)->
Pb(s)+CO2(g)

c)Commonalloysofmetal.
Alloyname Constituentsofthe

alloy
Usesofthealloy

Brass CopperandZinc Makingscewsandbulbcaps
Bronze CopperandTin Makingclocksprings,electrical

contactsandcoppercoins
Soldier LeadandTin Soldering,joiningelectricalcontacts

becauseofitslowmeltingpointsand
highthermalconductivity

Duralumin Aluminium,Copperand
Magnesium

Makingaircraft,utensils,windows
framesbecauseofitslightweightand
corrosionresistant.

Steel Iron,Carbon
,Manganeseandother

metals

Railwaylines,carbodiesgirdersand
utensils.

Nichrome Nichromeand
Chromium

Provideresistanceinelectricheaters
andovens
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Germansilver Copper,ZincandNickel Makingcoins

d)Physicalpropertiesofmetal.
Metalsform giantmetallicstructurejoinedbymetallicbondfrom electrostatic
attractionbetweenthemetalliccationandfreedelocalizedelectrons.
Thismakesmetalstohavethefollowingphysicalproperties:

(i)Highmeltingandboilingpoints
Thegiantmetallicstructurehasaveryclosepackedmetalliclatticejoinedby
strongelectrostaticattractionbetweenthemetalliccationandfreedelocalized
electrons.Themoredelocalizedelectronsthehigherthemelting/boilingpoints
e.g.

Aluminium hasameltingpointofabout2015oCwhilethatofsodium isabout

98oC.Thisismainlybecausealuminium hasmore/threedelocalizedelectrons
thansodium/hasone.

Aluminium hasaboilingpointofabout2470oCwhilethatofsodium isabout

890oC.Thisismainlybecausealuminium hasmore/threedelocalizedelectrons
thansodium/hasone.

(ii)Highthermalandelectricalconductivity
Allmetalsaregoodthermalandelectricalconductorsasliquidorsolids.The
moredelocalizedelectronsthehigherthethermalandelectricalconductivity.e.g.

Aluminium hasanelectricalconductivityofabout3.82x19-9ohmspermetre.

Sodium hasanelectricalconductivityofabout2.18x19-9ohmspermetre.

(iii)Shiny/Lustrous
Thefreedelocalizedelectronsonthesurfaceofthemetalabsorb,vibrateand
thenscatter/re-emit/loselightenergy.Allmetalsarethereforeusuallyshadesof
greyincolourexceptcopperwhichisshinybrown.e.g.
Zincisbluishgreywhileironissilverygrey.

(iv)Hightensilestrength
Thefreedelocalizedelectronsonthesurfaceofthemetalatomsbindsthe
surfaceimmediatelywhenthemetaliscoiled/foldedpreventingitfrom breaking
/beingbrittle.

(v)Malleable.
Metalscanbemadeintothinsheet.Themetalliccrystallatticeonbeing
beaten/pressed/hammeredontwosidesextenditslengthandwidth/bredthand
isthenimmediatelyboundbythedelocalizedelectronspreventingitfrom
breaking/beingbrittle.
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(vi)Ductile.
Metalscanbemadeintothinwires.Themetalliccrystallatticeonbeing
beaten/pressed/hammeredonallsidesextenditslengthisthenimmediately
boundbythedelocalizedelectronspreventingitfrom breaking/beingbrittle.

Revisionquestions
1.Givensomesoil,dilutesulphuric(VI)acid,mortar,pestle,filterpaper,filterfunnel
and2M aqueousammonia,describewithexplanation,howyouwouldshowthat
thesoilcontainZinc.
Placethesoilsampleinthepestle.Crushusingthemortartoreducetheparticle
size/increaseitssurfacearea.
Adddilutesulphuric(VI)acidtofreetheionsinsoilsample.
Filtertoseparateinsolubleresiduefrom solublefiltrate
Tofiltrate,addthreedropsofaqueousammoniaasprecipitatingreagent.Awhite
precipitateofZn(OH)2,Pb(OH)2orAl(OH)3isformed

Addexcessaqueousammoniatothewhiteprecipitate.IfitdissolvestheZn2+

ionsarepresent.Zn(OH)2reactwithexcessammoniatoform soluble[Zn(OH)4]2+

complex.

2.Intheextractionofaluminium,theoxideisdissolvedincryolite.
(i)Whatisthechemicalnameofcryolite?

Sodium hexafloroaluminate/Na3AlF6

(ii)Whatisthepurposeofcryolite?

Tolowerthemeltingpointoftheelectrolyte/Aluminium oxidefrom about2015oC

to900oC

(iii)NamethesubstanceusedforsimilarpurposeintheDowncell
Calcium chloride/CaCl2

(iv)Analloyofsodium andpotassium isusedascoolantinnuclear
reactors.Explain.
Nuclearreactorsgeneratealotofheatenergy.sodium andpotassium alloy
reduce/lowerthehightemperatureinthereactors.
(v)Aluminium metalisusedtomakecookingutensilsinpreferencetoother
metals.Explain.
Aluminium

(i)isaverygoodconductorofelectricitybecauseithasthreedelocalized
electronsinitsmetallicstructure
(ii)ischeap,malleable,ductileandhashightensilestrength
(iii)onexposuretofire/heatform animperviouslayerthatpreventitfrom
rapidcorrosion.

3.Studytheschemebelowanduseittoanswerthequestionsthatfollow.
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(a)Identify:
(i)solidresidueL

Iron(III)Oxide/Fe2O3

(ii)SolidN
Aluminium hydroxide/Al(OH)3

(iii)FiltrateM
Sodium tetrahydroxoaluminate/NaAl(OH)4andsodium silicate/NaSiO3

(iv)SolidP
Aluminium oxide/Al2O3

(v)GasQ
Oxygen/O2

(vi)ProcessK1
Filtration

(vii)ProcessK2
Electrolysis

(b)WritetheequationforthereactiontakingplaceintheformationofsolidP
from solidN

2Al(OH)3 -> Al2O3(s) + 3H2O(l)
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(c)NameasubstanceaddedtosolidNbeforeprocessProcessK2takeplace.
Cryolite/Sodium tetrahydroxoaluminate/NaAl(OH)4

(d)StatetheeffectofevolutionofgasQon
(i)processK2
Oxygenproducedattheanodereactswiththecarbonanodetoform carbon(IV)
oxidewhichescape.Theelectrolyticprocessneedscontinuousreplacementof
thecarbonanode.
(ii)theenvironment
Oxygenproducedattheanodereactswiththecarbonanodetoform carbon(IV)

oxidewhichescapetotheatmosphere.CO2isagreenhousegasthatcause

globalwarming.

(e)Analuminium manufacturingfactoryrunsfor24hours.Ifthetotalmassof
aluminium producedis27000kg,
(i)Calculatethecurrentused.(Faradayconstant=96500Coulombs,Al=27.0).
(ii)assumingallthegasproducedreactwith200kgofanode,calculatetheloss
inmassoftheelectrode.(Molargasvolumeatroom temperature=
24dm3,C=12.0)

Working
EquationatCathode

Al3+(l) + 3e -> Al(l)
27gAl->3Faradays = 3 x 96500C
(27000kgx1000)g->(27000kgx1000)gx3 x 96500C

27g
=289500000000Coulombs

Current= Quantityofelectricity =>289500000000Coulombs
Timeinseconds 24x60x60

3350690Ampheres
Working
EquationatAnode

2O2-(l) + 4e -> O2(g)
4Faradays -> 4 x 96500C24dm3O2(g)-

289500000000Coulombs ->289500000000Coulombsx24dm3
4 x 96500C

18,000,000dm3
Chemicalequationatanode

O2(g)+ C(s)-> CO2(g)
Method1
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24dm3ofO2(g) -> 12.0gCarbon
18,000,000dm3ofO2(g) -> 18,000,000dm3x12=9000000g =9000kg

24dm3 1000g
Lossinmassofthecarbongraphiteanode=9000kg
NB:Massofthecarbongraphiteanoderemaining=27000kg-9000kg=18000kg

Theflowchartbelowshowstheextractionofironmetal.Useittoanswerthe
questionsthatfollow.

(a)Identify:
(i)gasP

Carbon(IV)oxide/CO2

(ii)SolidQ
Carbon/coke/charcoal

(iii)SolidR
Carbon/coke/charcoal

(iv)SolidV
Limestone/calcium carbonate/CaCO3

(v)SolidS
Iron/Fe

(b)Writethechemicalequationforthereactionfortheformationof:
(i)SolidS
Fe2O3(s)+ 3CO(g)-> 2Fe(s)+ 3CO2(g)
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(ii)Carbon(II)oxide
C(s)+ CO2(g)-> 2CO(g)

(iii)Slag
SiO2(s) + CaO(s)-> CaSiO3(s)
Al2O3(s)+ CaO(s)-> CaAl2O4(s)

(iv)GasP
C(s) + O2(g)-> CO2(g)

(c)Statetwousesof:
(i)SolidS
Ironisusedinmaking:
(i)gates,pipes,engineblocks,rails,charcoalironboxes,lamppostsbecauseitis
cheap.
(ii)nails,cutlery,scissors,sinks,vats,spanners,steelrods,andrailwaypoints
from steel.
Steelisanalloyofironwithcarbon,and/orVanadium,Manganese,Tungsten,
Nickel,Chromium.
Itdoesnotrust/corrodelikeiron.

(ii)Slag
(i)tarmacingroads
(ii)cementmanufacture
(iii)asbuildingconstructionmaterial

3.Youareprovidedwithsulphuric(VI)acid,2M aqueousammoniaandtwoores
suspectedtocontaincopperandiron.Describewithexplanationhowyouwould
differentiatethetwoores.
Crushthetwooresseparatelyinusingamortarandpestletoreducetheparticle
size/increasethesurfacearea.
Addsulphuric(VI)acidtoseparateportionoftheore.Filter.
Toaportionofthefiltrate,addthreedropsof2M aqueousammoniathen
axcess
Results
Agreenprecipitateinsolubleinexcess2M aqueousammoniaconfirmstheore

containFe2+ion.
Abrownprecipitateinsolubleinexcess2M aqueousammoniaconfirmstheore

containFe3+ion.
Ablueprecipitatethatdissolveinexcess2M aqueousammoniatoform a

deep/royalbluesolutionconfirmstheorecontainCu2+ion.

4.UsetheflowchartbelowshowingtheextractionofZincmetaltoanswerthe
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questionsthatfollow

(a)Name:
(i)twooresfrom whichZinccanbeextracted

Calamine(ZnCO3)
Zincblende(ZnS)

(ii)twopossibleidentityofgasP
Sulphur(IV)oxide(SO2)from roastingZincblende
Carbon(IV)oxide(CO2)from decompositionofCalamine.

(b)Writeapossiblechemicalequationtakingplaceintheroastingchamber.
2ZnS(s) + 3O2(g)-> 2ZnO(s) + 2SO2(g)
ZnCO3(s) -> ZnO(s) + CO2(g)

(c)Explaintheeffectoftheby-productoftheroatingontheenvironment.
Sulphur(IV)oxidefrom roastingZincblendeisanacidicgasthatcauses“acid
rain”ondissolvinginrainwater.
Carbon(IV)oxide(CO2)from decompositionofCalamineisagreenhousegas
thatcausesglobalwarming.

(d)(i)Nameasuitablereducingagentusedinthefurnaceduringextractionof
Zinc.

Carbon(II)oxide

(ii)Writeachemicalequationforthereductionprocess
ZnO(s) + CO(g)-> Zn(s) + CO2(g)

(e)(i)Beforeelectrolysis,theproductsfrom roastingisaddeddilutesulphuric
(VI)acid.Writetheequationforthereactionwithdilutesulphuric(VI)acid.

ZnO(s)+H2SO4(aq)->ZnSO4(aq)+H2(g)

(ii)DuringtheelectrolysisforextractionofZinc,statethe



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 43

I.Anodeused
Aluminium sheet
II.Cathodeused
Leadplatecoatedwithsilver

(ii)WritetheequationfortheelectrolysisforextractionofZincatthe:
I.Cathode;

Zn2+(aq) + 2e -> Zn(s)

II.Anode;

4OH-(aq) ->2H2O(l)+O2(s)+ 4e

(f)(i)Whatisgalvanization
DippingIroninmoltenZinctoform athinlayerofZinctopreventironfrom
rusting.

(ii)Galvanizedironsheetrustaftersometime.Explain
ThethinlayerofZincprotectIronfrom rustingthroughsacrificialprotection.

WhenalltheZinchasreactedwithelementsofair,Ironstartrusting.

(g)StatetwousesofZincotherthangalvanization.
Makingbrass(Zinc/copperalloy)
Makinggermansilver(Zinc/copper/nickelalloy)
Ascasingfordrycells/battery

(h)CalculatethemassofZincthatisproducedfrom thereductionchamberif
6400kgofCalamineoreisfedintotheroaster.Assumetheprocessis80%
efficientineachstage(Zn=64.0,C=12.0,O=16.0)

MolarmassZnCO3(s)=124g
MolarmassZn =64g
MolarmassZnO =80g

Chemicalequation
ZnCO3(s) -> ZnO(s) + CO2(g)
Method1
124gZnCO3 => 80gZnO
(6400kgx1000)gZnCO3 =>(6400x1000)x80= 512,000,000gofZnO

124
100% => 512,000,000gofZnO
80% => 80 x512,000,000g =409600000gofZnO

100
Chemicalequation



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 44

ZnO(s) + CO(g)-> Zn(s) + CO2(g)

80gZnO(s) => 64gZn(s)
409600000gofZnO => 409600000g x 64=327680000gZn

80
100% => 327680000gZn
80% => 80 x327680000gZn = 262144000gofZn

100
MassofZincproduced=262144000gofZn

5.Anoreissuspectedtobauxite.Describetheprocessthatcanbeusedto
confirm thepresenceofaluminium intheore.

Crushtheoretofinepowdertoincreasesurfacearea/reduceparticlesize.
Addhotconcentratedsulphuric(VI)/nitric(V)acidtofreetheions.
Filter.Retainthefiltrate
Addexcessaqueousammoniatoasampleoffiltrate.

AwhiteprecipitateconfirmspresenceofeitherAl3+orPb2+.
Addsodium sulphate,dilutesulphuric(VI)toanotherportionoffiltrate.

NowhiteprecipitateconfirmspresenceofAl3+

OrAddpotassium iodidetoanotherportionoffiltrate.

NoyellowprecipitateconfirmspresenceofAl3+

6.TheflowchartbelowillustratetheindustrialextractionofLeadmetal

(a)(i)Namethechieforethatiscommonlyusedinthisprocess
Galena(PbS)

(ii)Explainwhattakeplaceintheroastingfurnace



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 45

*LATESTHIGHSCHOOLNOTES*
*0714497530*(MrIsaboke)

Mathsform 1-4
Englishform 1-4
kiswahiliform 1-4
chemistryform 1--4
Biologyform 1-4
Physicsform 1--4
Agricultureform 1--4
Businessform 1--4
Creform 1--4
Historyform 1--4
Computerform 1--4
Geographyform 1--4
Homesciencef1--4

I.R.Estudiesf1-4
Setbooksguides
Updated*CPA,CIFAATD*KASNEBnotes
Updated*CPS,CICT,ATD*KASNEBnohtes

UpdatedICTnotes
*_Allthematerialsareinsoftcopyandwe'll

updated



isabokemicah@gmail.com

Novels,UpdatedCPA,CIFA,CICT,CPS,ATD,ICT,HighSchool&PrimaryNotes 0714497530 46

Text/callorWhatsApp*0714497530togetyour
copy_*

*https://wa.me/254714497530*


