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

Q1](a)Discussthedrawbackofnaturalrubber. (3)

Ans:-Thedrawbacksofnaturalrubberareasfollows:

 Itswellsconsiderablyinorganicsolventsandgraduallydisintegrates.

 Ithaslittledurability.

 Whenstretchedtoagreaterextent,itsufferspermanentdeformation,becauseofthe

‘sliding’orslippageofsomemolecularchainsovereachother.

 Itisweak:itstensilestrengthisonly200kg/ .cm
2

 Naturalrubberisbrittlebelow10℃andabove50℃,itbecomessoft.Henceitisuseful

onlyinlimitedtemperatureranges.

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

Q1](b)Explainthedisinfectionofwaterbyadditionofbleachingpowder. (3)

Ans:-Insmallwater-works,about1kgofbleachingpowderper1,000kilolitresofwateris

mixedandwaterisallowedtostandundisturbedforseveralhoursthechemicalaction

produceshypochlorousacid

CaOC + O→Ca +Cl
2

H
2

(OH)
2

l
2

C + O→HCl+HOCll
2

H
2

germs+HOCl→germsarekilled

Thedisinfectingactionofbleachingpowderisduetothechlorinemadeavailablebyit.

Drawbacks:

1.Bleachingpowderintroducescalcium inwater,therebymakingitmorehard.

2.Bleachingpowderdeteriorates,duetoitscontinuousdecompositionduringstorage.So

wheneveritisadded,ithastobeanalysedforitseffectivechlorinecontent.

3.Onlyacalculatedquantityofbleachingpowdershouldbeused,sinceanexcessofit

givesabadtasteandsmelltotreated-water.

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

Q1](c)WhatarethelimitationsofPhaserule? (3)

Ans:-Thelimitationsofphaseruleareasfollows:

1.Itcanbeappliedtosystem inequilibrium.Itisnotofmuchhelpwhensystem attain

equilibrium veryslowly.



2.Itappliesonlytosingleequilibrium state.Itdoesnotindicateotherpossibleequilibrium

inthesystem.

3.Phaseruleconsideronlythenumberofphase,butnottheirquantities.Evenaminute

quantityofphaseswhenpresentaccountstowardsnumberofphases.

4.Allphasesmustbepresentunderthesameconditionofthetemperature,pressureand

gravitationalforces.

Solidandliquidphasesmustnotbeinfinely-dividedstate,otherwisedeviationsoccur

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

Q1](d)Discussfullerenes.Giveitsapplications. (3)

Ans:-:-Oneofthenano-formsofthecarbonisBuckminsterfullerene( ).AfullereneisaC
60

moleculeofcarbonintheform ofahollowsphere,ellipsoid,tubeandmanyothershapes.

Sphericalfullerenearealsocalledasbuckyballsandresemblesfootball.Fullerenehave12

pentagonsand20hexagons.Acommonmethodusedtoproducefullereneistosendalarge

currentbetweentwonearbygraphiteelectrodesinaninertatmosphereofArgon.Theresulting

carbonplasmaarcbetweentheelectrodescoolsintosootyresiduesfrom whichmany

fullerenescanbeisolated.

PROPERTIESOFFULLERENE:

 Itismustardcolouredsolid,whichappearsbrowntoblackwithincreasingthicknessof

itsfilm.

 Onsublimation,itformstranslucentmagentaface-centeredcubiccrystals.

 Itismoderatelysolubleinaromatichydrocarbonsgivingmagentasolution.

 Asapuresolid,itiselectricallyinsulating.Withproperimpurityaddition,itcanbemade

highlyconductiveandsuperconductive.

USESOFFULLERENE:

 Itisusedforthepreparationofelectronicandmicroelectronicdevices.

 Itisusedforthepreparationofnon-linearopticaldevices.

 Itisusedforthepreparationofbatteriesaschargecarriers.

 Itisusedforthepreparationofsuperconductors.

 Itisusedforthepreparationofsoftferromagnetwithzeroremanence.

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

Q1](e)WriteanoteonGreases. (3)

Ans:-lubricatinggreaseisasemisolidconsistingofthickeningagentsuchasmetallicsoaps,

dispersedthroughoutliquidlubricatingoil.Theliquidlubricantmaybepetroleum oiloreven

syntheticoilanditmaycontainanyoftheadditivesforspecificrequirement.

GREASESAREUSEDUNDERFOLLOWINGCONDITION:-



 Insituationswheretheoilcannotremaininplaceduetohighload,lowspeed,

intermittentoperations,suddenjerksetc.

 Whenthemachineisworkedatslowspeedandhighpressure.

 Insituationswherebearinghastobeprotectedagainstentryofdirt,dust,moistureetc

becausegreasesarelessliabletocontaminationbythese.

 Insituationswheredrippingorspurtingofoilisundesirablebecauseunlikeoils,greases

ifuseddonotsplashordripoverarticlesbeingpreparedbythemachinese.g.,machines

usedinpaper,food,textileanddyingindustry.

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

Q1](f)A10mlofsampleofwaterwasrefluxedwith20mlpotassium dichromate

solutionandafterrefluxingtheexcessunreacteddichromaterequired26.2mlof

0.1M FASsolution.Ablank10mlofdistilledwateronrefluxingwith20mlof

dichromatesolutionrequired36mlof0.1M FASsolution.CalculatetheCODof

wastewater. (3)

Ans:-Givendata :- Vb=36ml Vt=26.2ml

N =0.1M Ve=10ml

Tofind:- COD

Solution:- COD =
×Normality×8000(Vb-Vt)

Ve

=
×0.1×8000(36-26.2)
10

=784ppm

HencetheCODvalueis784ppm.

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

Q1](g)Discusstheroleofpolymerinmedicineandsurgery. (3)

Ans:-Materialswhicharenotcausingadverseeffectonbloodandothertissuescanbeused

indiagnostic,surgicalandcanbeimplantedinthebody.Theycanbedevelopedfrom metals,

ceramicsandpolymers.Usesofpolymersinthefieldofmedicineandsurgeryareincreasing

daybyday.Characteristicsofbiomedicalpolymersare:

1.shouldbebio-compatible,canbefabricatedintodesireshapeorform withoutbeing

degraded.

2.canbeeasilysterilizedwithnoalterationinproperties,shouldhaveoptimum physicaland

chemicalproperties.

Examplesareasfollows:

POLYMER APPLICATION



1.PMMA. Contactlenses.

2.siliconrubber,polyurethane. Heartwalls,draintubes.

3.Polyvinylchloride. Disposablesyringes.

4.polyalkylsulphone. Membraneoxygenator.

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

Q2](a)Calculatetheamountoflime(85%pure)andsoda(95%pure)requiredto

softenonemillionlitreofwaterwhichcontainsCaC =12.5ppm,MgC =8.4ppm,O
3

O
3

CaC =22.2ppm,MgC =9.5ppm,C =33ppm,HCl=7.3ppm,organicmatter=l
2

l
2

O
2

16.8ppm (6)

Ans:-

Impurities(mg/lit) Multiplicationfactor CaC equivalentO
3

(mg/lit)

Requirement

CaC =12.5O
3

100

100
12.5× =12.5

100

100

L

MgC =8.4O
3

100

84
8.4× =10

100

84

2L

CaC =22.2l
2

100

111
22.2× =20

100

111

S

MgC =9.5l
2

100

95
9.5× =10

100

95

L+S

C =33O
2

100

44
33× =75

100

44

L

HCl=7.3 100

73
7.3× =10

100

73

L+S

NaCldoesnotreactwithlimeandsoda.

LIME= ×
74

100
[CaC equivalentof2×MgC +CaC +MgC+HCl+CO

3
0
3

O
3

l
2

O
2
]

×
Volumeofwater

1000

100

%purity

= ×[2×10+12.5+10+10+75]× ×
74

100

10
6

1000

100

85

=111000gms.

SODA= × × .
106

100
[CaC equivalentofCaC+MgCO

3
l
2

l
2
]Volumeofwater

1000

100

%purity



= × × .
106

100
[20+10]

10
6

1000

100

95

=33473.68gms.

Thelimerequirementis111000gmsandsodarequirementis33473.68gms.

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

Q2](b)(i)Givethepreparations,propertiesandusesofKevlar. (3)

Ans:-:-Itisanaromaticpolyamidewithbenzeneringslinkedtotheamidegroup,-CONH-group.

1.PREPARATION.

Itispreparedbypolycondensationbetweenaromaticdichlorideliketerephthalicaciddichloride

(terephthaloylchloride)andaromaticdiamineslike1,4-phenylenediamine(1,4-diamine

benzene).

2.PROPERTIES.

 Itisexceptionallystrong,5timesstrongerthansteeland10timesstrongerthan

aluminium.

 Ithashighheatstabilityandflexibility.

 Ithasresistanceagainstalmostallthesolventsexceptsomepowerfulacids.

 Itdoesnotloseitsstrengthat-196℃.

3.USES.

 Itisusedinaerospaceandaircraftindustries.

 Itisusedforthepreparationpfcarpartssuchastyres,brakes,clutch,liningetc.

 Usedforthepreparationofropes,cables,helmetsetc.

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

Q2](b)(ii)DefineCloudpointandPourpointofalubricant. (2)

Ans:-i)CLOUDPOINT.

Whenoiliscooledslowly,thetemperatureatwhichitbecomecloudyorhazyinappearanceis

calleditscloudpoint.

ii)POURPOINT.



Aftercoolingoil,thetemperatureatwhichitceasestoflowiscalleditspourpoint.

GoodlubricantshouldhavelowPOURPOINT.

Cloudandpourpointindicatesthesuitabilityofthelubricatingoilincoldconditions.Lubricant

usedinamachineworkingatlowtemperatureshouldpossesslowpourpoint.Otherwise

solidificationofthelubricantwillcausethejammingofthemachine.ithasbeenfoundthat

presenceofwaxesintheoilraisesthepourpoint.

Goodlubricatingoilshouldhavelowcloudandpourpoint.

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

Q2](c)Writeanoteondecayofconcrete. (4)

Ans:-Thecementconcretealthoughmechanicallystrong,butduetothepresenceoffreelime

itbecomesusceptibletotheattackofacidicwater.Alkalinewaterdonothavemarkedeffecton

concretestrength.Alsolimeismoresolubleinsoftwaterthanhardwaterandhence

deteriorationofconcreteincontactwithsoftwaterismore.Presenceofsulphatescause

maximum damagebecauseitreactswithtricalcium aluminatetoform sulphoaluminateswhich

occupiesmorevolumeandhenceundergoexpansionmakingthecementstructureweak.

PROTECTIONOFCONCRETE

 Bygivingacoatingofbituminousmaterial.Thispreventsdirectcontactbetween

concreteandwater.Thisisaveryinexpensivemethod.

 Bycoatingthesurfacewithsiliconfluorideinasolubleform togetherwithoxidesofZn,

MgorAl.theprecipitateofcalcium fluorideso-formedinthecapillariesprevents

dissolutionoflime.

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

Q3](a)DefineMoulding.Listthedifferenttechniquesofmoulding.Explain

injectionmouldingwiththehelpofneatdiagram. (6)

Ans:-Fabricationofplasticisthetechniqueofgivinganydesiredshapetotheplasticsbythe

useofmould.Becauseofthepropertiesofpolymersitispossibletomouldthem andchange

theirshapeusinganumberofdifferentrepetitionsmanufacturingprocesses.Apropermethod

istobeselecteddependingupontheshapeandtypeofresinbeingused.Themostimportantof

thesearecompressionmoulding,transfermoulding,extrusionandinjectionmoulding.

INJECTIONMOULDING:

ThismethodisonlyapplicabletoThermoplasticresin.Themouldingplasticpowderisfedintoa

heatedcylinder.From thereitisinjectedintothetightlylockedmouldatacontrolledrateby

meansofascrewarrangementorbyapistonplunger.Themouldiskeptcoldtoallowthehot

plastictocureandbecomerigid.Whenthematerialhavebeencuredsufficiently,halfofthe

mouldisopenedtoallowtheinjectionofthefinishedarticlewithoutanydeformation.heating

isdonebyoilorelectricity.



1.ADVANTAGE:-Thismethodhashighspeedproduction,lowmouldcost,verylowcostof

materialandlowfinishingcost.Henceitisthemostwidelyusedmethodformouldingof

thermoplastics.

2:-DISADVANTAGE:-Sincealargeamountofcavitiescannotbefilledsimultaneously,thereis

limitationofdesignofarticlestobemoulded.

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

Q3](b)(i)Explaintheterm ‘phase’withappropriateexamples. (3)

Ans:-1.PHASE:Aphaseisdefinedasanyhomogenous,physicallydistinctandmechanically

separableportionofasystem ,whichisseparatedfrom otherpartsofthesystem bydefinite

surface.Example:-

 Inafreezingwatersystem ice,waterandwatervapourarethethreephaseswhichare

physicallydistinctandhomogenous.

 Agaseousmixturewhichisthoroughlymiscibleinallproportionconsistsofasingle

phase.

 Iftwoliquidsaremiscibletheywillform oneliquidphaseonly.

 ThermaldecompositionofCaC consistsofthreephasesnamely,twosolidsandoneO
3

gaseous.

 AmixtureofCaOandCaC consistsoftwophases.O
3

 Twoimmiscibleliquidslikewaterandoilwillform twoseparatephases.

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

Q3](b)(ii)Discusstheroleofgypsum duringthemanufacturingofPortland

cement. (2)

Ans:- Areadilycombineswithwaterandliberatesalargeamountofheat.TheaddedgypsumC
3

retardsthedissolutionof Abyforminginsolublecalcium sulpho-aluminateC
3

3CaO.A .xCaS .7 O.Thisreactionpreventshighconcentrationofaluminainthecementl
2
O
3

O
4
H
2

solutionwhichretardstheearlyinitialsetofthecement.

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

Q3](c)Calculatethetotalhardnessinppm ingivenwatersample.



:50mlofstandardhardwater,containing1mgpureCaC permlconsumed20mlO
3

EDTAsolution.

:50mlofwatersampleconsumed30mlEDTAsolutionusingEBTindicator. (4)

Ans:- 1mlSHW ≡ 1mgofCaC eq.O
3

∴ 50mlSHW ≡ 50mgofCaC eq.O
3

50mlofSHW ≡ 20mlofEDTAsolution.

20mlofEDTA ≡ 50mgofCaC eq.O
3

∴1mlofEDTA ≡ mgofCaC eq.
50

20
O
3

= 2.5mgofCaC eq.O
3

50mlofwatersample ≡ 30mlofEDTAsolution.

∴1000mlofwatersample ≡
1000×30

50

= 600mlofEDTAsolution

1mlofEDTA ≡ 2.5mgofCaC eq.O
3

∴ 600mlofEDTA ≡ 2.5×600

= 1500mgofCaC eq.O
3

∴ Totalhardnessofwatersample =1500mg/L

=1500ppm.

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

Q4](a)Explainthezeolitemethodforsofteningofwatergivingsuitablediagram

andreactions.Whatarethelimitationsofthismethod. (6)

Ans:-Zeoliteischemicallyhydratedsodium aluminosilicateN O.A .xSi.y Owherex=2a
2

l
2
O
3

O
2
H
2

to10andy=2to6.therearetwotypesofzeolite(1)Naturalzeolite(2)Syntheticzeolite.

PROCESS:-

Zeolitesoftenerismadeupofacylinderinwhichthereisabedofzeolite.Hardwateris

percolatedthroughthebedofzeoliteataspecificrate.ThehardnessproducingionslikeC ,a
2+

M etcareretainedbythezeoliteformingCaZeandMgZe.Theoutgoingwatercontainssodiumg
2+

salts.

Thereactionstakingplaceduringthesofteningprocessare:-

N Ze+Ca →CaZe+2NaHCa
2

(HCO3)2 O
3

N Ze+Mg →MgZe+2NaHCa
2

(HCO3)2 O
3



N Ze+CaC →CaZe+2NaCl(orN S )a
2

l
2
(orCaSO

4
) a

2
O
4

N Ze+MgC →MgZe+2NaCl(orN S )a
2

l
2
(orMgSO

4
) a

2
O
4

REGENERATIONOFZEOLITE:-

DuringsofteningofwaterC andM ionsareretainedbyzeoliteformingCaZeandMgZei.e.,a
2+

g
2+

calcium zeoliteandmagnesium zeolite.OnceallthezeolitegetscompletelyconvertedtoCaZe

andMgZeitissaidtobeexhausted.Atthisstagezeoliteisunabletosoftenmoreofthehard

water.Thesupplyofhardwateristhenstopped.TheyexhaustedzeolitewhichisCaZeand

MgZeistreatedwithconcentratedbrinesolutioni.e.,NaClsolution.

CaZe+2NaCl→N Ze+CaCa
2

l
2

MgZe+2NaCl→N Ze+MgCa
2

l
2

ThewashingcontainingCaC andMgC arediscardedandtheregeneratedzeoliteisusedagainl
2

l
2

forsofteningofwater.

LIMITATIONSOFZEOLITE:-

1.Ifthesupplyofwateristurbid,thesuspendedmattermustberemovedbeforethewater

isadmittedtothezeolitebed.Otherwisetheturbiditywillclogtheporesofzeolitebed

therebymakingitinactive.

2.Ifwatercontainlargequantitiesofcolouredionssuchas and ,theymustbeMn
2+

Fe
2+

removedfirstbecausetheseionsproducemanganeseandironzeolites,whichcannotbe

easilyregenerated.

3.Mineralacids,ifpresentinwaterdestroythezeolitebedandthereforetheymustbe

neutralisedwithsodabeforeadmittingthewatertothezeolitesofteningplant.

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

Q4](b)(i)6gmsofoilwassaponifiedwith50mlof0.5NalcoholicKOHsolution.

Afterrefluxingfor2hoursthemixturewastitratedwith25ml0.5NHCl.Findthe

saponificationvalueofOil. (3)



Ans:-GivenData :-Weightofoil=6mgs Blanktitrationreading=50ml=V2

Backtitrationreading=25ml=V1

Solution :-Volumeof0.5NKOHrequiredforsaponificationintermsof0.5NHCl

=V2–V1=50–25=25ml

Saponificationvalueofoil=
VolumeofKOH×NormalityofKOH×56

weightofoil

= =116.66mgofKOH
25×0.5×56

6

ThereforetheSaponificationvalueoftheoilis116.66mgofoil.

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

Q4](b)(ii)Distinguishbetweenthewetanddryprocessformanufacturingof

Portlandcement. (2)

Ans:-

DRYPROCESS WETPROCESS

1.Thisisusedwhentherawmaterialare

hard.

1.Thisisusedforanytypeofrawmaterial.

2.Fuelconsumedisless. 2.Fuelconsumedismore.

3.Processisslow. 3.Processisfaster.

4.Cementproducedisofinferiorquality. 4.Cementproducedisofsuperiorquality.

5.Costlyprocess. 5.Cheaperprocess.

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

Q4](c)Discussthefollowingadditivesincompoundingofplastics

(a)Fillers (b)Plasticizers. (4)

Ans:-:-1.FILLERS(orEXTENDERS).

Fillersareaddedtoabasepolymertolowerthemanufacturingcastofaproductmadefrom it.

Functionsoffillersareasfollows:

 Reducingthecostofplastic.

 Increasesthetensilestrengthandhardness.

 Reducestheflexiblity.

 Decreasestheshrinkageduringmoulding.

 Givesopacitytotheproduct.

 Examples:-mica,talc,asbestos,sawdust,chalketc.



2.PLASTICIZERS.

ThePlasticizermoleculeoccupiesbetweenthepolymericchainsandneutralizesthe

intermolecularforcesofattractionandthusallowsfreedom ofmovement.Thefunctionsof

plasticizersareasfollows:-

 Increasestheplasticityoftheplastics.

 Lowersthesofteningtemperatureandhencemouldingandremouldingcanbedoneat

lowtemperature.

 Impartsflamesproofness.

 Reducesresistancetowardschemical,solventsetc.

 Examples:-estersoffattyacids,vegetablesoilsetc.

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

Q5](a)Writenoteon(anytwo):-

(a)Glasstransitiontemperature (b)Buna-S (c)Vulcanisation (6)

Ans:-1.GLASSTRANSITIONTEMPERATURE:-

Thetemperatureatwhichpolymerexperiencethetransitionfrom rubberytorigidstateis

termedasthe‘Glasstransitiontemperature’( ).ThebehaviourofapolymeristemperatureTg
sensitive.Glasstransitiontemperatureisalsodefinedasthelowesttemperaturebelowwhich

thepolymerbecomeshardandbrittleandabovewhichitbecomessoftandflexible.The

polymerbecomestoosoft,thatitbehaveslikeafluidcalledastheviscofluidstate.The

temperatureatwhichthesoft,flexiblepolymergoestotheviscofluidstateiscalledthemelting

temperature .Tm

FactorsInfluencing .Tg

1.Crosslinkingincreasesthe value.Tg

2.Presenceofbulkygroupsincreasesthe value.Tg

3.Additionofplasticizerdecreasesthe value.Tg

4.Polymershavingstrongintermolecularforcesofattractionincreases value.Tg

5.Polarsideatomsorgroupsofatomsincreasesthe value.Tg



2.BUNA-S(orSTYRENERUBBER)

 PREPARATION:

Thisisthemostimportanttypeofsyntheticrubberwhichisproducedbycopolymerization

ofbutadiene,C =CH-CH=C (75%byweight)andstyrene, CH=C .H
2

H
2

C
6
H
5

H
2
(25%byweight)

 PROPERTIES

1.Styrenerubberresemblesnaturalrubberinprocessingcharacteristicsaswellasqualityof

finishedproducts.

2.Itposseshighabrasion-resistance,highload-bearingcapacityandresilience

3.Itswellsinoilsandsolvents.

 USES

1.Mainlyusedforthemanufactureofmotortyres.

2.Otherusesofthiselastomerarefloortiles,shoesoles,gaskets,foot-wearcomponents,wire

andcableinsulations,carpetbacking,adhesive,tank-lining,etc.

3.VULCANIZATION:-

Whenrubberisheatedwithsulphur,itstensilestrength,elasticityandresistancetoswellingare

increasedtremendously.ThisprocessisnamedasVulcanization.Vulcanizationbringsabouta

stiffnessoftherubberbyanchoringandrestrictingtheintermolecularmovementoftherubber

springs.Thevulcanizationcanbecarriedoutinseveralways:-

1.Thearticletobevulcanisedisheatedwithasteam underpressure.

2.Thearticleisimmersedinhotwaterunderpressure.

3.Byheatingthearticleinairorincarbondioxide.

4.Byvulcanizingthearticleinthemouldinwhichitisshaped.



PROPERTIESOFVULCANIZEDRUBBER.

 Hightensilestrength.

 Elastictolesserextent.

 Waterabsorptionissmall.

 Donotswellmuchinorganicsolvents.

 Betterabrasionresistance.

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

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

Ans:-

BOD COD

1.Itmeanstheoxygendemandofbio-degradable

pollutantsonly.

1.Itmeasurestheoxygendemandfor

bio-degradablepollutantsalongwith

non-biodegradablepollutants.

2.Lessstablemeasurementmethodasituses

micro-organism whicharesusceptibletopH,

temperatureandothervariableinthewater.

2.Morestablemeasurementmethodas

itusespotassium dichromatewhich

oxidisesregardlessofwatercondition.

3.Slowprocess.Ittakes5days. 3.Fastprocess.Ittakes2-3hours.

4.BODvaluesaregenerallylessthanCODvalues. 4.CODvaluesaregenerallygreaterthan

BODvalues.

5.

BOD=(D -D )×O
b

O
i

Volumeofundilutedsample

Volumeofdilutedsample.

5.COD=
×N×8000( -V

1
V
2
)
Y

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

Q5](b)(ii)DefineOiliness.Whatisitssignificance (2)

Ans:-Oilinessofalubricantisthemeasureofitscapacitytostickontothesurfaceofmachine

partsunderconditionofpressureorload.Whenalubricatingoilofpooroilinessisappliedunder



highpressure,itgetssqueezedoutfrom thesurfaceandthelubricationstops.Iftheoilhas

goodoilinessitcanremaininplaceandcangivelubricationevenunderpressure.Mineraloil

hasverypooroilinesswhereasvegetableoilspossessgoodoiliness.Nodirecttestareavailable

formeasuringoiliness.

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

Q5](c)DiscusstheapplicationofPhaseruletotheonecomponentsystem based

on:Diagram,triplepoint. (4)

Ans:-Phaserulehelpstostudydifferentequilibriaandclassifythem accordingly.Itindicates

behaviourofthesystem underaparticularsetofconditions.Differentsystemswiththesame

degreeoffreedom behaveinasimilarmanner.Helpstofindoutunderasetofconditions

whetherallsubstancesinvolvedinanequilibrium canexistoraparticularphasesceasesto

existorwhetheranytransformationhastakenplace.

Onecomponentsystem withthephasediagram.

Inwaterthereisonlyonecomponenti.e.,wateranditsthreephases:ice,water,steam which

aresolid,liquid,andgaseousrespectively.Figurebelowrepresentsphasediagram orpressure

v/stemperaturediagram forthewatersystem.

ThreecurvesOA,OB,andOCrepresentstheequilibrium conditionsbetweentwophasessolid

withvapour,vapourwithliquidandliquidwithsolidphaseofwater.

CurveOBrepresentstheequilibrium betweenliquidandvapour.Itisknownasvaporization

curve.Herealsoitisnecessarytostateeithertemperatureorpressure.E.g.,atatmospheric

pressure,waterandvapourcanexistinequilibrium onlyat1temperaturei.e.,theboilingpoint

ofwater.Water-vapoursystem hasonedegreeoffreedom F=C-P+2=1.

CurveOCrepresentstheequilibrium betweensolidandliquidphaseofthewater.Thiscurveis

knownasfusionpressureormeltingpointcurve.Alongthiscurvetherearetwophasesin

equilibrium thatisiceandwater.Atatmosphericpressure,iceandwatercanbeinequilibrium

onlyatonetemperaturei.e.,thefreezingpointofwater.



WehaveC=1,P=2thus,

F=C-P+2=1.

TRIPLEPOINT:-ThethreecurvesOA,OB,andOCmeetatOatwhichsolid,liquidandvapourco-
existinequilibrium.Thispointat273.16K(0.0075℃)and4.58mm ofHgpressureiscalled
Triplepoint.Thesystem isinvariant.

F=C-P+2 ∴F=3-P=3-3=0 ∴F=0

Thismeansthedegreeoffreedom iszerothereforeneitherpressurenortemperaturecanbe

changedwithoutcausingthedisappearanceofoneofthephases.Ifeithertemperatureor

pressureischangedevenslightly,oneofthethreephasesdisappearsandthesystem changes

from non-varienttounivariant.

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

Q6](a)Definelubricantsandlubrication.Mentionthevariousmechanisms

involvedinlubricationofmachine.Discussboundarylubrication. (6)

Ans:-Anysubstanceplacedbetweentwomovingorslidingsurfaceswithaviewtoreducethe

frictionalresistancebetweenthem isknownaslubricant.

Lubricantsmaybeusedinsolid,liquidorsemisolidform.Theprocessofreducingfriction

betweentwometallicslidingsurfacesbytheintroductionoflubricantsiscalledaslubrication.

BOUNDARYorTHIN-FILM LUBRICATION.

Boundarylubricationoccurswhenthefilm thicknessbetweentwosurfacesinrelativemotionis

sothinsothattheformationhydrodynamicoilfilm isnotpossibleandresultindirectmetal-

metalcontact.Suchasituationmayarisewhen.

1.Theloadisveryhigh.

2.Ashaftstartsfrom rest.

3.Lowspeedresultingininsufficientsupplyofoil.

4.Viscosityoftheoilistoolow.

Inboundarylubricationthespacebetweenthemetalsurfaceislubricatedwithoillubricantsa

thinlayerofwhichisabsorbedchemicallyorphysicallyandavoiddirectmetaltometalcontact.

Thethinfilm willhavethicknessaround10A°andconsistsofoneortwomolecularlayers.The

coefficientoffrictionisabout0.05to0.15.theloadiscarriedbythelayeroftheabsorbed

lubricantorbothmetalsurfaces.Theextentwithwhichthelubricantgetsadheredtothemetal

surfacedependsonoilinessoflubricant.



Mineraloilsblendedwithvegetablesandanimaloils,graphitemolybdenum disulphideetcare

usefulforboundarylubrication.

Gears,railwaystrackjoints,tractors,rollersetcareprovidedwiththistypeoflubrication.

Forboundarylubricationtobeeffectivemoleculesshouldhave:-

1.Longhydrocarbonchains.

2.Polargroupstopromotespreadingandorientationoverthemetallicsurfacesathigh

pressure.

3.Lateralattractionbetweenthechains.

4.Activegroupsoratomsthatcanform chemicallinkageswiththemetalsorothersufaces.

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

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

Ans:-Insomesystems,anequilibrium existsbetweensolid–liquidphasesandgaseous

phaseispracticallyabsent.Hencetheeffectofpressureonsuchsystem canbeneglected.

Thenitis

Necessarytotakeintoaccountonlytwovariablesviz.temperatureandconcentration.

Suchsystem showingsolid–liquidequilibrium iscalledcondensedsystem andphaserule

appliedtosuchsystem isasfollows:-

F=C–P+1…knownascondensedphaserule.

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

Q6](b)(ii)DiscussReverseOsmosis. (2)

Ans:-Whentwosolutionsofunequalconcentrationsareseparatedbyasemipermeable

membranewhichselectivelydoesnotpermitthepassageofdissolvedsoluteparticles,i.e.,

molecules,ionsetcflowofsolventtakesplacefrom dilutetoconcentratedsidesdueto

osmosis.Ifahydrostaticpressureinexcessofosmoticpressureisappliedontheconcentrated

sidetodilutesideacrossthemembrane.



Thisprocessiscalledasreverseosmosis.Thusinreverseosmosismethodspuresolventis

separatedfrom itscontaminates,ratherthanremovingcontaminantsfrom thewater.

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

Q6](c)Whatarecarbonnanotubes.whatareitstypes.Discussthelasermethod

foritsproduction. (4)

Ans:-Carbonnanotubesrepresentsoneofthebestexamplesofthenovelnanostructures

derivedbybottom-upchemicalsynthesisapproaches.Nanotubeshavethesimplestchemical

compositionandatomicbondingconfigurationbutexhibitperhapsthemostextremediversity

andrichnessamongnanomaterialinstructureandstructure-propertyrelations.Thedifferent

typesofcarbonnanotubesareasfollows;

1.SINGLEWALLEDNANOTUBES.

2.MULTIWALLEDNANOTUBES.

LASER VAPORIZATION METHOD.

ThismethodisusedtoproduceCNT’swith70%purity.Inthisprocess,agraphiterodwith

50:50catalystmixturesofcobaltandnickelat1200℃inflowingargonisusedtoprepare

sample.Theuniform vaporizationofthetargetcanbeachievedbyusingtheinitiallaser

vaporizationpulsefollowedbyasecondpulse.Theamountofdepositionofcarbonsootis

primarilyminimizedbytheusageofthesetwosuccessivelaserpulses.Thelargeparticlesare

brokenbyapplyingthesecondlaserpulse.TheCNT’sproducedthroughthisprocessare10-

20nm indiaand100μmormoreinlength.Theaveragenanotubediameterandsizedistribution

canvaryfordifferentgrowthtemperature,catalystcomposition,andotherprocessparameters.



DRAWBACKS.

1.Thismethodinvolvesevaporationofcarbonsource,soitisuncleartoscaleupthe

productiontoindustriallevel.

2.VaporisationmethodsgrowCNT’sinhighlytangledform,mixedwithunwantedformsof

Candmetalspecies.

3.CNT’sproducedaredifficulttopurify.

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


