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--------------------------------------------------------------------------------

Q1]a)DefineFuel.Whyagoodfuelmusthavelowashcontent? (3)

Solution:-

Fuelscanbedefinedas,“substanceswhichundergocombustioninthepresenceof

airtoproducealargeamountofheatthatcanbeusedeconomicallyfordomestic

andindustrialpurpose.”Thisdefinitiondoesnotincludenuclearfuelbecauseit

cannotbeusedeasilybyacommonman.Thevariousfuelsusedeconomicallyare

wood,coal,kerosene,petrol,dieselgasoline,coalgas,producergas,watergas,

naturalgasetc.thefossilfuelssuchaswood,vegetablesoilsetc.,whichburnsto

produceheatarecalledaschemicalfuels.

Afuelshouldhavelessamountofashcontentbecauseashcontentisconsideredas

thewaste.Itreducesthecalorificvalueofthefuel.Henceagoodfuelshouldhave

lowashcontent.

--------------------------------------------------------------------------------

Q1]b)Namethedifferentmethodsofapplicationsofmetalliccoatings.

Explainmetalcladding. (3)

Solution:-

Thedifferentmethodsofapplicationsofmetalliccoatingsareasfollows:-

 Electroplating

 Electrolessplating

 ZincCoatings

 Packcementation

 Cladding

 Thermalspraying

 Physicalvapordeposition

 Inorganiccoatings



METALCLADDING:-

Cladding isthebondingtogetherofdissimilar metals.Itisdifferentfrom
fusion welding or gluing asamethodtofastenthemetalstogether.Claddingisoften
achievedby extruding twometalsthrougha die aswellas pressing or rolling sheets
togetherunderhigh pressure.

Metalcladdingisatypeofprotectivecoating,wheretheprotectivematerialsuchas
metalpowderorfoilisbondedtoasubstratebyapplyingheatand/orpressure.The
studyofmetalcladdingissignificantbecausethismethodofcorrosionprotection
andwearprotectionisgenerallyveryreliableandcost-effective.Inaddition,the
processparameterscanbeoptimizedfordifferentmetalsandcompositesinvarious
criticalapplications.

--------------------------------------------------------------------------------

Q1]c)AsampleofcoalcontainsC=66%,O=28%,H=4%,S=1.5%,N=

0.8%andash=0.2%.CalculatetheG.C.V andN.C.Vofthecoal. (3)

Solution:-

Given:-C=66% O=28% H=4% S=1.5% N=0.8% ash=0.2%

Tofind:-GCVandNCV

GCV= kCal/kg
1

100[8080×C+34500 +2240×S(H-O8) ]
=

1

100[8080×66+34500 +2240×1.5(4-288) ]
=

1

100
[533280+17250+3360]

=
1

100
[533280+17250+3360]

GCV=5538.9kCal/kg

NCV=GCV-[ ×587
9H

100 ]
=5538.9-[ ×587

9×4

100 ]
NCV =5327.58kCal/kg



--------------------------------------------------------------------------------

Q1]d)Givethecomposition,propertiesandusesofGunmetal. (3)

Solution:-

Elementcomposition

(gunmetal)

Properties Uses

Cu=85%

Zn= 4%

Sn= 8%

Pb= 3%

highlystrong,canresist

explosion,hard,tough.

Forhydraulicsfittings,

highpressuresteam

plantsmarinepumps,

waterfillings.

--------------------------------------------------------------------------------

Q1]e)Explain‘DesignforEnergyEfficiency’principleofGreen

chemistry. (3)

Solution:-

Theaim ofgreenchemistryistoincreasetheenergyefficiencyofachemical

processbyproperdesignwhichincludes:

1.Useofcatalystsandbyavoidingtheuseoffossilorgaseousfuelswhich

releasesolidorgaseouspollutants.

Forthis,wecansubstituentslikesolarenergy,microwaveradiations,ultra

soundetc.

2.Carryingoutthesyntheticmethodsattheambienttemperatureandpressure.

3.Properheattransfer.

4.Minimum wastageofenergyduringtheprocess.

5.Usingfermentationprocessrequiringverylowenergyandalsotheproducts

arelessharmful.

-------------------------------------------------------------------------



Q1]f)Givethefunctionsofmatrixphase (3)

Solution:-

Functionsof matrixphase areasfollows

1.Tobindreinforcingparticle/fibrestrongly
2.Itactsasmedium fordistributionofappliedloadtothedispersedphase.
3.ItkeepsthereinforcingfibreIproperorientationforthehighstrength

development
4.Itpreventspropagationofcracksduetoitsplasticity

--------------------------------------------------------------------------------

Q1]g)Statethecharacteristicsofagoodpaint (3)

Solution:-

1)Itspowertocoverthesurfaceshouldbeashighaspossible.

2)Itsconsistencyshouldbeadequatesothatitcanbespreadeasily.

3)Ondryingitshouldbeabletogivestrong,uniform,highlyadherentandimpervious

film.

4)Thelayershouldnotbecracked,peeledorblisteredondrying.

5)Thelayershouldbewashableanddurable.

6)Itscolourshouldnotbechangedonprolongedexposuretoair.

7)Itscorrosionresistanceshouldbehigh.

8)Thetextureofthedriedcoatshouldbesmooth,uniform andglossy.

--------------------------------------------------------------------------------

Q2]a)Withasuitablediagram explainelectrochemicalmechanism of

rustingofironinneutralaqueousmedium (6)

Solution:-

EvolutionofHydrogentype

Corrosion,bythismechanism occursusuallyifenvironment,surroundingtothe

metalisacidic.



Example:Pipelinesmadefrom ironmetalgetcorrodedifindustrialwastematerial,

orsolutionsofnon-oxidisingacids,istransportedthroughthem.

Thefollowingreactionoccurs

From abovereactions,wecansaythattheflowofelectronstakesplacefrom the

anodetothecathode.Theseelectronsaregainedbycathodicreaction,andat

cathodeH+ionsareeliminatedasH2gas.Theoverallmechanism canbe

representedas

Fe+2 → +H
+

Fe
2+

H
2

ThusdisplacementofH2ionsfrom acidicsolutionbymetalionstakesplace.

Thus,allmetalshavetendencytogetdissolvedintheacidicsolutionwith



simultaneousevolutionof gas.H
2

Absorptionofoxygentype

Rustingofironinneutralaqueoussolutionofelectrolytesinthepresenceof

atmosphericoxygenisthemostcommonexampleofthistypeofcorrosion

(mechanism).

Thus,ironmetalinsuchcasesisalwayswithacoatofthinfilm ofironoxide(Fe2O3).

Since,thefilm isporousinnature,thesurfaceofironexposedtoatmosphereactsas

ananodewhilerestofsurfaceactsasacathode.

Anodicreaction

Fe+ → 2Fe
2+

e
+

Thus,atanodeirondissolvesasferrousionswithliberationofelectrons.



Cathodicreaction

Theliberatedelectronsflowthroughironmetalfrom anodetothecathode,where

electronsareinterceptedbythedissolvedoxygenas

+ O + 2 → 2
1

2
O
2

H
2

e
-

OH
-

Ifthesupplyofoxygenislimited,theproductformedmaybeFerroso-ferric

hydroxide.

Ifoxygensupplyisincreased,cathodicreactionisinfluencedformingmorenumber

ofOH–ions,andsubsequentlyanodicreactionisalsoinfluenced,eliminatingmore

numberofelectrons,therebyincreasingtherateofcorrosion.

--------------------------------------------------------------------------------

Q2]b)(i)0.5gm ofcoalsamplewasburntinBombCalorimeter

experimentproduced0.06gm ofBaS .CalculatepercentageofO
4

sulphur. (3)

(ii)WhatareGreenSolvents?GivetwoindustrialapplicationsofGreen

solvents. (2)

Solution:-

1.Given:- weightofcoalsample=0.5gm weightofBaS =0.06gmO
4

%S= × ×100
weightofBaS pptO

4

weightcoalsample

32

233

%S= × ×100 = ×100 =1.14%
0.05

0.6

32

233

1.6

139.8

%S=1.14%

2)Supercritical isthesubstanceswhichexistsasavapourandliquidatcriticalCO
2



temperatureandpressure.It’safluidstateof .Supercritical isgreensolventCO
2

CO
2

asitdoesnotproduceanyhazardouswaste.Ithaslowtoxicityandcanbeusedat

relativelylowtemperature.

APPLICATIONS:-

1.Decaffeination

2.Itisusedasdrycleaningsolvent.

3.Itisusedastheextractionsolventforcreationofessentialoils.

--------------------------------------------------------------------------------

Q2]c)Writeashortnoteon‘SandwichPanel’.Mentiontheir

applications. (4)

Solution:-

Sandwichpanel

Thisisatypeoflayeredcomposite.Itconsistsof:

(1)“Faces”areformedbytwooutersheets,e.g.Titanium ,steel,aluminium

alloys,plywood,fibrereinforcedplasticmaterial.

(2)“Core”whichislayeroflessdensemateriall.e.g.Syntheticrubbers,

foamedpolymers,inorganiccementingmaterialetc.

Allabovethreelayersarejointtogetheradhesive.Inthese“faces”arecapableof



bearingtransversebendingstresses.The‘core’performsfunctionsrelatedto

functionalproperties.

(i) Separationoffacesfrom eachother.

(ii) Resistingdeformationsperpendiculartothefaceplane.

(iii) Providingcertaindegreeofshearrigidityalongaboveplaneswhichare

perpendiculartothe‘faces’.

Withincreaseinthicknessofcore,itsstiffnessincreases.‘honeycomb’structure

whichcontainthinfoilsforminginterlockedhexagonalcellswiththeiraxesoriented

atrightanglesinthedirectionoffacesheet.

Properties

Thesehavefollowingproperties:

1)Excellentdimensionalstability

2)Resistanttoabrasionandcorrosion

3)Hightensilestrength

4)Lowdensity

5)Highelasticitymodulus

Application

Theseareusedin:

1)Aircraftforwing,fuselageandskinsoftailpane.

2)Inroofs,wallsandfloorofbuilding.

--------------------------------------------------------------------------------

Q3]a)WhatisCracking.Withthehelpofdiagram explainFixedBed

Catalyticcracking. (6)

Solution:-

Crackingistheprocessofbreakingofhighermolecularweighthighboilingfraction



intolowermolecularweightlowboilingfraction.Theequationbelowshowsuch

cracking:

+C
12
H
26

⃗
heat/catalyst C

7
H
16

C
5
H
10

Dodecane heptane pentane

FIXED BED CATALYTIC CRACKING:

Itisatypeofcatalyticcrackingcarriedoutinpresenceofacatalystathigh

temperatureandlowmoderateornoappliedpressure.

 Inthistypeofcrackingthecatalystisintheform ofgranulesorpelletsand

thebedsofthesecatalystarefiredincatalysttowers.

 Oilvapourstobecrackedarepassedthroughthebedsatthecracking

temperatureunhlthecatalystbecomescarbonised.

 Burningoffthedepositedcarbonthenregeneratesthecatalyst.

 Duringreactivationofcatalystoilvapoursaretransferredthroughthesecond

catalystchamber.

 30.40%ofchargeisconvertedintolowmolecularweightandabout4%Cis

formed.

 Infiredbedcatalystprocesschargeispassedthroughaheaterandheated

theretocrackingtemperaturevapoursarepassedoveraseriesoftray

containingcatalyst.



 Generallycatalystusedarecrystallinealuminasilicatebentonite,bauxiteand

zeolite.Thereactionchamberismaintainedat425°Cwithapressureof1.5

/ .cm
2

 Thecrackedgasesaretakenoutfrom topofthereactionchamberand

allowedtopassintofractioningtowerwheregasolinefractioniscollected.

 Gasolinevapoursarecooledandcondensedincondenserandgasolineis

senttostabilizerwherecertaingasesareremoved.

 Theoctanevalueofthisgasolineisabout80-85.

--------------------------------------------------------------------------------

Q3]b)i)DifferentiatebetweenBrassandBronze (3)

ii)DefineStresscorrosionwithanexample (2)

Solution:-

i)

BRASS BRONZE

1.BrasscontainsCuandZn 1.BronzecontainsCuandSn

2.Highermalleability 2.lowermalleability

3.Yellow 3.redishbrown

4.Usedfordecorative10wfriction

applications

4.usedinshipfittings,propellers

5.Corrosionresistant 5.Itisresistancetoseawater

6.Notashardassteel 6.Betterconductorofelectricityandheat

thansteels

ii)StressCorrosion:

Stresscrackingitiscombineeffectofstatictensilestressandthecorrosion
environmentonthemetal.Stresscorrosionischaracterizebyahighlylocalized
attackoccurringwhenoverallcorrosionisnegligible.



Forstresscorrosiontooccur,thepresenceoftensilestressspecificcorrosive
environmentarenecessary

Thecorrosiveagentsarehighly:

 Causticalkalisandstoringnitrateformildsteel.
 Tracesofammoniaforbrass.
 Acidchlorideselectionforstainlesssteel

Thistypeofcorrosionisseeninfabricatedarticlesofcertainalloyslikehighzinc
brassesandnickelbrassesduetothepresenceofstressescausedbyheavy
workinglikerollingdrawingorinsufficientannealingpuremetalarerelativelyimmure
tostresscorrosion.

Itisgenerallybelievedthatstresscorrosioninvolvesinlocalizedelectrochemical
corrosionoccurringalongthenarrowpath,forminganodicareawithrespectto
largercathodicareasofthemetalsurface.Presenceofstressproducesstrainwhich
resultinlocalizedzoneofhigherelectricalpotential.Thesesbecomesochemically
activethattheyareattackedevenbymildcorrosiveenvironmentresultingthe
formationofcrack.

Undersufficientlyhightensilestressandspecificenvironmentnearlyalloysare
susceptibletocorrosion.

--------------------------------------------------------------------------------



Q3]c)Calculatethe%atom economyofthefollowingreactionw.r.tthe

productAllylChloride (4)

C -CH=C +C →Cl-C -CH=C +HClH
3

H
2

l
2

H
2

H
2

Solution:-

--------------------------------------------------------------------------------

Q4]a)Howdothefollowingfactorsaffecttherateofcorrosion (6)

i) Passivecharacterofmetal

ii) pHofmedium

iii) purityofmetal

Solution:-

Passivecharacterofmetal

Natureofmetaldependsuponitspositioningalvanicseriesandpotentialdifference.

Therateofcorrosionisinverselyproportionaltotheareasofanode.

Rateofcorrosionα
1

areaofanode

Ifcathodicareaislargethendemandof from anodeismore.Themore areshede
-s

e
-

andanodeisoxidisedmore.Therateodcorrosionincreasewiththeincreaseof

cathodicarea.

pHofmedium

 lesserthanpH=7themedium isacidicandinacidicmediatherateof



corrosionishighest.

 MorethanpH=7themedium isalkalineandtherateofcorrosionisless.The

alkalinityalsohelpstobringmineralaciditydownandthuscorrosionreduces.

 Howeverifoxygenisabsorbedinalkalineorneutralmedium thenrateof

corrosionincreasesduetooxygenabsorptionmechanism.

Purityofmetal

 Higherthepurityofmetal,therateofcorrosionisless.

 Theimpuritiesinmetalarenonmetalandothermetalshenceincaseofcell

formationelectrolytetherateofcorrosionincreasesincredibly.

PurityofZn Rateofcorrosion

1.99.999 1

2.99.99 2650

3.99.95 5000

--------------------------------------------------------------------------------

Q4]b)i)WhatisGreenChemistry.Giveitssignificance (3)

ii)Definethefollowing:a)MatrixPhase b)Dispersedphase (2)

Solution:-

GreenChemistry

Itisdefinedasinventiondesignandapplicationofchemicalproductsandprocessto

reduceortoeliminatetheuseandgenerationofhazardoussubstances.

PrinciplesandsignificanceofGreenChemistry:

1.prevention

2.catalysis

3.atom economy

4.lesshazardouschemicalsynthesis



5.designfordegradation

6.energyefficiency.

MatrixPhase

Matrixmaterialshouldhavethepropertiessuchas:

1.Itshouldhaveadequateductility.

2.Itshouldpossesslowerelasticmodulesascomparedtothatofthefibreused.

3.Itshouldgetbondedtofibreverystrongly,butwithminimum pulloutoffibre.

Thematrixmaterialisselectedonthebasisofthepropertiesmentionedin

combinationofthefibre.Theproperchoiceofmatrixandfibregivesbondingand

ultimatelyagoodcompositematerial.

Example:-metalssuchasAl,Cuwhichshowshighductilitybondedtothe

polymerssuchasthermoplasticsandthermosetsaremostwidelyusedasmatrix

material.

Dispersedphase

Itisthestructureconstituentwhich,determinestheinternalstructureofcomposite.

Thedispersedphasecomprisesoffibres.Normallywithsmalldiameterpreferredof

bulkones.Whiskersarespecialtypeoffibres,whichareverythinsinglecrystals.

--------------------------------------------------------------------------------

Q4]c)WriteashortnoteonShapememoryalloy. (4)

Solution:-

SHAPEMEMORYALLOY

Shapememoryalloys(SMAS)areauniqueclassofmetalalloysthatcanrecover

apparentpermanentstrainswhentheyareheatedaboveacertaintemperature.The

SMAShastwostablephasethehightemperaturephasecalledausteniteandthelow

temperaturephase,calledmartensite.

Application:



(i) Bones:Brokenbonescanbemendedwithshapememoryalloys.Thealloy

platehasmemorytransfertemperaturethatisclosetobodytemperature

andisattachedtobothendsofthebrokenbone.From thebodyheat,the

platewantstoconstructandretaintheoriginalshape.Thereforeexisting

compressionforceonthebrokenboneattheplaceoffracture.

(ii) Piping:Thefirstconsumercommercialwasashapememorycouplingfor

pipinginoilpipesforindustrialapplicationandwaterpipesandsimilar

typeofpipingforconsumerapplication.

(iii) Dentistry:Shapememoryalloysareusedinasfixationdevicesfor

osteptomiesinorthopaedicsurgeryandindentalbracestoexertconstant

toothmovingforcesontheteeth.

--------------------------------------------------------------------------------

Q5]a)Calculateweightandvolumeofairrequiredforcomplete

combustionof1 ofgaseousfuelwhichpossessbyvolume;m
3

=35%, =5%,CO=15%, =40%, =1%,watervapour=4%.CH
4

C
2
H
4

H
2

N
2

(MolecularWeightofair=28.949) (6)

Solution:-

component reaction VolumeofO
2

= 0.35CH
4

m
3 C +2 → +2 OH

4
O
2

CO
2

H
2

0.35×2=0.7m
3

=0.05C
2
H
4

m
3 +3 →2 +2 OC

2
H
4

O
2

CO
2

H
2

0.05×3=0.15m
3

CO=0.15m
3

CO+ →
1

2
O
2
CO

2
0.15× =0.075

1

2
m

3

=0.4H
2

m
3

+ → OH
2

1

2
O
2
H
2

0.4× =0.2
1

2
m

3

Volumeoftotal required=1.125O
2

m
3

availableInfuel=0.00O
2

Net required=1.125O
2

m
3

Volumeofairrequired=1.125× =5.357 =5357Ltrs.
100

21
m

3
m

3



Weightofair

22.4litres = 28.94kgair

5357litres=5357×28.94/22.4kgofair=6921kgofair.

Volumeofair=5.357 or 5357litresm
3

Weightofair=6921kg

--------------------------------------------------------------------------------

Q5](b)(i)ExplainGalvaniccorrosionwithaneatlabelleddiagram. (3)

(ii)Whatismeantbycrackingofpetroleum. (2)

Solution:-

a.Thenameofthistypeofcorrosionisindicativethattheremustbeformation

ofagalvaniccellonmetalsurfacecausingcorrosion.Suchcellsgetsetupall

alongthesurfaceofmetalwhenitfacestheelectrolyticenvironmentandtwo

dissimilarmetalsincontact.

b.Forexample,inshipsfloatingontheseawater,theportionofitincontact

withmarinewatergetscorroded,ifthereisadifferenceinthematerialsused

inassemblingtheship.Ifmetalironorbrassalloyisusedtogethertojoin

variousparts,duetodifferenceinpotential,agalvaniccellgetsset,leadingto

corrosion.

c.Insuchcasesallalongthesurfaceofmetalsmallgalvaniccellsaresetup,

whereareaofhighpotentialactsasananodeandtheonewithlowerpotential

actsasacathode.

d.Theportionofmetalactingasanode,deterioratesandatcathodethe

cathodicproductgetsevolved/deposited,dependingupontheenvironment,

andmechanism ofthecorrosion,i.e.byabsorptionofoxygenorevolutionof

hydrogen,asthecasemaybe.

e.Thecasewheretheformertypeofmechanism takesplaceisseenin

electrolytic/alkalineenvironmentwhilethelattertypeisseeninacidic

environment.

f. Therateofcorrosionisobviouslyveryhighinlattertype.Informerone,for

ironmetalgenerallythreetypesofironoxidesareformedinsuccessionwith

theincreasingvalencyofiron.Forexample:FeO,Fe2O3andFe3O4.



g.Insuchtypeofenvironment,onmetalsurfacesmallanodicandcathodic

areasareformed.Here,cathodicareaisslightlylargerandhencerateof

corrosioniscomparativelyhigher.Themechanism ofcorrosioninslightly

alkalinemedium,proceedsas,Atanode

Toavoidtheformationofgalvaniccells,

a)Themetalsshouldbepure.

b)Thematerialsusedtoassemblethedifferentparts

shouldbeofsamepotentials.

c)Moistureandotherelectrolytic/aqueousmedium,if

present,othercorrosioncontrollingmethodsmaybe

used.

Crackingistheprocessofbreakingofhighermolecularweighthighboilingfraction

intolowermolecularweightlowboilingfraction.

Theequationbelowshowsuchcracking:

+C
12
H
26

⃗
heat/catalyst(cracking)C

7
H
16

C
5
H
10

Dodecane Heptane Pentane

 Fixedbedcatalyticcracking:

Itisatypeofcatalytecrackingcarriedoutinpresenceofcatalystathigh

temperatureandlowmoderateornoappliedpressure

 Inthistypeofcrackingthecatalystisintheform ofgranulesorpelletsand

thebedsofthesecatalystarefiredincatalysttowers.

 Oilvapourstobecrackedarepassedthroughthebedsatthecracking

temperatureunhlthecatalystbecomescarbonized.

 Gasoline,vapourarecooledandcondensedandcondensedinacondenser

andgasolineissenttothestabilizer,wherecertaingasesareremoved.



 Theoctanevalueofthisgasolineisabout80-85.

--------------------------------------------------------------------------------

Q5](c)ExplainConvectionalandGreenrouteofmanufacturingof

Carbaryl.BythisreactionwhichprincipleofGreenchemistryisshown.(4)

Solution:-

StructureofCarbaryl

(1)Traditionalroute

Carbarylispreparedonlargescalebytreatingmethyl-isocyanatewith1-naphthol,

AmineistreatedwithPhosgenetogetmethyl-isocyanate.Carbarylisproduced

bytreatingmethylisocyanatewith1-naphthol.

(2)Withusingnaphthol-1andmethylcarbamoylchloride:

IntheseroutesofsynthesisofCarbarylhighlyroxicsubstancessuchas



phosgene,methylisocyanateandmethylcarbamoylchlorideareused.

Wehavedevelopedanewandcost-effectiveapproachtosevensynthesis

withoutusingoftoxicreagents:

Routesofsevensynthesis:

1)Withusingnaphthol-1andphosgene

2)Greenroute

1-naphtholtreateddirectlywithequalquantityofphosgeneinalkalinemedium to

getchloroformate,whichisthentreatedwithmethylaminetogivecarbaryl

Alternatively,1-naphotholisfirstconvertedtoitschloroformatewhichisthen

treatedwithmethylaminetogivethedesiredproduct.



Greenerroutesynthesisalsousesexactlythesamereagents,butthesearetakenin

adifferentsequence.Hencethissynthesisavoidsthepreparationofmethyl

isocyanate.Butuseofphosgeneandmethylamineisstillneedstobeavoided.

Researchisinprogress.

--------------------------------------------------------------------------------

Q6](a)Whatispowdermetallurgy?ExplainInjectionmouldingmethod

ofcompaction. (6)

Solution:-

Powdermetallurgyisaprocesswhichdealswiththeproductofusefulcomponents

from finemetalpowdersfrom individualsmixedoralloyedwithorwithoutthe

inclusionofnon-metallicconstituents.

Theblendedandmixedmetalpowdersarethenfedintosuitablediestogivethem

desiredshape.Thisprocessrequiresspecificpressure.Thisisanimportantstepin

powdermetallurgy,becausepropershapeoffinishedproductgovernsmany

properties.

Advantages:-

1.Dimensionalaccuracyandfinishofthematerialsareexcellent.

2.Porosityofmaterialcanbecontrolled;alongwithcontroloversize,shapeand

distributionofpores,toachievedesiredproperties.

3.ByPM itispossibletoproducematerialswithpropertiessimilartotheparent

metalsunlikeintypicalalloying.



Disadvantages:-

Powdermetallurgyhassomedisadvantageswhichlimitsitsapplicationsinsomeof

thesituations.

ThedisadvantagesordrawbacksofP.M.canbesummarizedas:

1.Theprocessisnotsuitableformanufactureofsmallnumberofcomponents,

becauseofhighinitialinvestmentontoolinganddiecastandother

equipment.

2.Theprocessdoesnotsuitforformingcomponentsfrom metalslikeMg,Al,Zr

,Tietc.thisisbecausesuchmetalsinpowderfrom mayexplodeandcause

firehazardswhentheycomeincontactwithair.

3.Storageofmetalpowdersrequiresprecautions,becausepowdermetalsget

oxidisedinairifexposed.Thiscauseswastage.

Powderinjectionmoulding(PIM)

Themetal/ceramicpowderisconvertedintosuitablefeedstock.Thenitis

mixedwithachemicalcompoundwhichactsasbinder.Theroleofbinderisto

impactflowproperlytofeedstockwhichenabletobemouldableunderconditions

oftemperature.Thefeedisheated,tomeltandthenisforcedthroughsprueand

runnerchannel.

--------------------------------------------------------------------------------



Q6](b)(i)Explaincharacteristicsofcompositematerials. (3)

(ii)Definepaint?Giveany2functionsofThinners. (2)

Solution:-

i) Strongerandsnifferthanmetals

Forsamestrength,lighterthansteelby80%andAlby60%

ii) Highlycorrosionresistant

iii) Tailorablethermalexpansionproperties.

Canbecompoundedtocloselymatchsurroundingstructurestominimise

thermalstress

iv) Exceptionalformability

Compositescanbeformedintomanycomplexshapesduringfabrication.

v) Stealthproperty

Itcanbemadelowobservablebyradarbyseedingappropriatematerials.

ii)Paints canbedefinedas:“Aliquidsolutionof pigment and solvent,whichis

appliedondifferentsurfacesfordecorativeorprotectivereasons.”

Itcanalsobedefinedas:”Dispersionof pigment inasuitabledryingoilinthe

presenceofa solvent ( paint thinner )isknownaspaint.”

Functionsofthinnerinpaintareasfollows:-

1.Theysuspendpigmentsinthepaint

2.Theyincreaseelasticityofthepaintfilm

3.Theyevaporateeasilyandhelpthedryingofthefilm.

--------------------------------------------------------------------------------



Q6](c)ExplainthedeterminationpercentageofMoisturecontentinthe

coalSample.Giveitssignificance. (4)

Solution:-

1.      TotalMoisture: Thecoalwhichhasbeenexposedtocontactwithwaterin

theseam orinawashery,orcoalwettedbyrain,maycarryfreeorvisiblewater.This
waterplusthemoisturewithinthematerial,isreferredtoastoastotalmoisture.

2.      SurfaceorFreeMoisture: Freemoistureisthatquantityofwaterwhichis

physicallyadheringtocoal.Thisisthatquantityofwaterwhichismorethanthe
moistureholdingcapacityofacoal.

Determination:

1.      TotalMoisture: 

Thetotalmoistureisdeterminedintwostages:

a.       StageOne(Airdrying):1Kgofcoalsamplecrushedtopassasquaremeshof
12.5mm isdeliveredinasealedcontainer.Thesampleandthecontaineris
accuratelyweighedtonearest0.5g.Thesampleweightismeasuredasdifferencein
weightofsamplewithcontainerandtheweightofthecontainer.Thematerialisthen
transferredtotrayandissampleisairdriedatatmospherictemperatureinawell-
ventilatedplacefreefrom dust.Thedryingistakentobecompletewhenthechange
inmassduringanhourislessthan0.1percentageofthesample.Thechanged
massofsampleisrecorded.

b.      Stagetwo(ovendrying):Anemptyweighingvesselisheatedat108±2°Cand
weighedaftercoolingfor20min.Theair-driedmaterialiscrushedtopass2.9mm IS
sieve.About10gofthecrushedmaterialisthenspreaduniformlyintheweighing
vesselandweighed.Theuncoveredvesselisheatedinthedryingovenata
temperatureof108±2°C.untilthereisnofurtherlossinmass.Thisnormallytakes
1.5to3h.Thecoverisreplacedandcooledinadesiccatorfor20minandthen
weighed.                   

                           Totalmoisture =X+Y*(1-X/100),

                           Where,

                            X:percentagelossinmassoforiginalinair-drying,

                            Y:percentagelossinmassofairdriedsampleonovendrying.



2.      Free/SurfaceMoisture:

Thefreemoistureisdeterminedfrom totalmoistureandmoistureat96%relative
humidityand40°Cusingthebelowformula:

          FreeMoisture: A-((100-A))/((100-B))*B

         Where,

          A=TotalMoistureasdeterminedasdescribedabove,

          B=Moistureat96%relativehumidityand40°C.

SIGNIFICANCE

Theamountofmoisturecontentshouldbelessinfuel.

--------------------------------------------------------------------------------


