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

Q1](a)Whatistheroleofpolymerinmedicineandsurgery?Explainwith

thehelpofanythreeexamples? (3)

Ans:-Materialswhicharenotcausingadverseeffectonbloodandothertissuescanbeusedin

diagnostic,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.

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

Q1](b)Distinguishbetweenalkalineandnonalkalinehardness? (3)

Ans:-

TEMPORARYORALKALINEHARDNESS. PERMANENETORNON-ALKALINEHARDNESS

1.Causedbytheprocessofdissolved

bicarbonatesofcalcium ,magnesium

andotherheavymetalsandthe

carbonatesofiron.saltsresponsiblefor

temporaryhardnessareCa ,(HCO3)2
Mg .(HCO3)2

1.Itisduetopresenceofdissolvedchloridesand

sulphatesofcalcium,magnesium,ironandother

heavymetals.

2.TemporaryHardnesscanberemoved

byboilingwater.

2.PermanentHardnesscannotberemovedby

boilingthewater.

3.Temporaryhardnessiscalledas

carbonatesoralkalinehardness.

3.Itisalsoknownasnon-carbonatesornon-alkaline

hardness.

4.Boiling:

Ca →CaC +C + O.(HCO3)2 O
3

O
2

H
2

4.Canberemovedbyusingchemicalandnotbyboiling

e.g.Limesodamethod.



Mg →Mg +2C .(HCO
3
)
2

(OH)
2

O
2

CaC +N C →CaC +2NaCl.l
2

a
2
O
3

O
3

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

Q1](c)Statethelimitationsofphaserule? (3)

Ans:-Thelimitationsofphaseruleareasfollows:

1.Itcanbeappliedtosystem inequilibrium.Itisnotofmuchhelpwhensystem attain

equilibrium veryslowly.

2.Itappliesonlytosingleequilibrium state.Itdoesnotindicateotherpossibleequilibrium

inthesystem.

3.Phaseruleconsideronlythenumberofphase,butnottheirquantities.Evenaminute

quantityofphaseswhenpresentaccountstowardsnumberofphases.

4.Allphasesmustbepresentunderthesameconditionofthetemperature,pressureand

gravitationalforces.

5.Solidandliquidphasesmustnotbeinfinely-dividedstate,otherwisedeviationsoccur.

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

Q1](d)Whatarecarbonnanotubes?Explaindifferenttypesofcarbon (3)

nanotubes?

Ans:-Carbonnanotubesrepresentsoneofthebestexamplesofthenovelnanostructures

derivedbybottom-upchemicalsynthesisapproaches.Nanotubeshavethesimplestchemical

compositionandatomicbondingconfigurationbutexhibitperhapsthemostextremediversity

andrichnessamongnanomaterialinstructureandstructure-propertyrelations.Thedifferent

typesofcarbonnanotubesareasfollows;

1.SINGLEWALLEDNANOTUBES.

SWNTsareanimportantvarietyofcarbonnanotube.InSWNTshavedifferentchiralities

ofcarbonnanotubesthatincludeArmchair,Zigzag,Chiral.Thesecanbeeasilytwisted.

SWNTsynthesisrequirescatalyst.

2.MULTIWALLEDNANOTUBES.

Multi-wallednanotubes(MWNTs)consistofmultiplerolledlayers(concentrictubes)of

graphene.ThistypesofCNT’scannotbeeasilytwisted.PurityofMWNTishighalsocanbe

easilyproducedwithoutcatalyst.

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

Q1](e)Whenwouldsolidlubricantsareused? (3)

Ans:-Drylubricantsorsolidlubricantsarematerialwhichcanreducethefrictionwithouta

liquidmedium .theyareusedwhere,

1.Operatingconditionsaresuchthatalubricatingfilm cannotbeformedormaintained.



2.Contaminationsofliquidorsemi-solidlubricant,withdustordirtisnotdesirable;e.g.,

opengears.

3.Combustiblelubricantsmustbeavoidedduetothehighoperatingtemperatureand

pressure.

4.Heavymachineryworkingonacrudejobatveryhighloadsandslowspeed.

5.Wherethepartstobelubricatedarenoteasilyaccessible.

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

Q1](f)6mlofwastewaterwasrefluxedwith25mlof C solutionandafterK
2
r
2
O
7

refluxingtheexcessunreacteddichromaterequired20mlof0.1NFASsolution.A

blankofdistilledwateronrefluxingwith25mlof C solutionrequired35mlK
2
r
2
O
7

of0.1NFASsolution.CalculatetheCODofthewastewatersample.

(3)

Ans:-Givendata:- Vb=35ml, Vt=20ml,

N=0.1N, Y=6ml.

Tofind:- COD(ChemicalOxygenDemand).

Formula:- COD= mg/L
×N×8000(Vb-Vt)
Y

Solution:- COD= mg/L
×0.1×8000(35-20)
6

COD=2000mg/L.

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

Q2](a)Calculatethequantityofthepurelimeandsodarequiredforsofteningof

40000litresofwatercontainingthefollowingimpurities.

Ca =16ppm,Mg =7ppm,CaS =13ppm,Mg =10ppm,(hCO3)2 (HCO3)2 O
4

(Cl)
2

NaCl=2ppm. (6)

Ans:-ConversionintoCaC EQUIVALENTASFOLLOWS:O
3

impurities(mg/lit) Multiplication

factor

CaC equivalentO
3

(mg/lit)

Requirement

Ca =16(HCO3)2 100

162
16× =9.88

100

162

L

Mg =7(HCO3)2 100

146
7× =4.80

100

146

2×L

CaS =13O
4

100

136
13× =9.56

100

136

S



MgC=10l
2

100

95
10× =10.53

100

95

L+S

NaCldoesnotreactwithlimeandsoda.

Calculationoflime,

Lime= × × × .74

100
[CaC equivalentofCa +2×Mg +MgCO

3 (HCO3)2 (HCO3)2 l
2]

Volumeofwater

1000

100

%Purity

= [9.88+ +10.53]× × .74

100
(2×4.8)

40,000

1000

100

100

= [30.01]×40×1.
74

100

=888.3gms.

CalculationsofSoda,

Soda= [CaC equivalentofCaS +MgC]× × .
106

100
O
3

O
4

l
2

Volumeofwater

1000

100

%Purity

= [9.56+10.53]× × .
106

100

40,000

1000

100

100

= [20.09]×40×1.
106

100

=851.8gms.

HencetheLimerequirementis888.3gmsandtheSodarequirementis851.8gms.

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

Q2](b)i)Distinguishbetweenthermoplasticandthermosetting? (3)

Ans:-

THERMOPLASTIC THERMOSETTING

1.Formedbyadditionpolymerization. 1.Formedbycondensationpolymerization.

2.Canbemouldedandremoulded. 2.Remouldingisnotpossible.

3.Theysoftensonheatingbecausethe

linearchainscanslipovereachother

veryeasily.

3.Theydonotbecomesoftonheating,because

crosslinksretainthestrengthonheating.But

prolongedheatingcausescharring.

4.Soft,weakandlessbrittle. 4.Hard,strongandbrittle.

5.Solubleinsomeorganicsolvents. 5.Insolubleinalmostallorganicsolvents.

6.Relativelylowmolecularweight. 6.Relativelyhighmolecularweight.

7.Example:PVC,PE,Teflon. 7.Example:UF,PF,Nylon6-6,etc.



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

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

Ans:-Flashpoint:-Flashpointisdefinedasthelowesttemperatureatwhichthelubricantgives

offenoughvapourstocauseamomentaryflashwhenastandardtestflameisbroughtnearit.

Firepoint:-Firepointisthelowesttemperatureatwhichtheoilvapourscatchfiresforatleast5

seconds,onbeinglightedbyatestflame.

Firepointisusually5-40℃abovetheflashpoint.Agoodlubricantshouldhaveflashpointat

leastabovetheworkingtemperature.Thisensuressafetyagainsttheriskhazards.Thusflash

pointactsasaguideforthesafestorage,transportationanduseinmachine.

Goodlubricantoilshouldhavehighflashandfirepoint.

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

Q2](c)WritetheCVDmethodforpreparationofcarbonnanotubes. (4)

Ans:-Thisisverygoodmethodfrom largescaleproductionofcarbonnanofiberSWNT,MWNT.

Hydrocarbons(e.g.,methane,ethane)areallowedtodecomposeovermetalcatalyst(e.g.,Co,

Fe)toproduceCNT.TypicalyieldforCVDareapproximately30%.Thisprocessincludes

productionoflargeamountofCNT’sbyCVDofacetyleneovercobaltandiron.Ethylenecanbe

usedwithreactiontemperaturesof545℃ fornickelcatalystCVDand900℃foranuncatalyzed

processthatproducescarbonnanostructurewithopenends.Methanecanalsobeusedas

carbonsourceforsynthesization.catalyticdecompositionof /C mixtureovercobalt,H
2

H
4

nickel,andironisusedtoobtainyieldsofSWNTsat1000℃.Theusageof /C atmosphereH
2

H
4

betweenanon-reducibleoxidesuchasA orMgA andl
2
O
3

l
2
O
4

oneormoretransitionmetaloxidescanproducethecompositepowderscontainingwell

dispersedCNTs.Thus,higherproportionofSWNTsandlowerproportionofMWNTscanbe

achievedusingthedecompositionofC overthenanoparticles.ThermalcatalyticH
4

decompositionofhydrocarbonhasbecomeanactiveareaofresearchandcanbeapromising

routeforthebulkproductionofCNTs.Theremovalofthecatalystsupportviaanacid

treatmentwhichsometimescoulddestroytheoriginalstructureofthecarbonnanotubeisan

issueinthissynthesisroute.However,alternativecatalystsupportsthataresolubleinwater

haveproveneffectivefornanotubegrowth.

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

Q3](a)WhatismeantbyFabricationofplastics?Explaininjection (6)



mouldingwiththehelpofneatdiagram .

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)Statethecondensedphaserule. (3)

Ans:-Insomesystems,anequilibrium existsbetweensolid–liquidphasesandgaseous

phaseispracticallyabsent.Hencetheeffectofpressureonsuchsystem canbeneglected.

Thenitis

Necessarytotakeintoaccountonlytwovariablesviz.temperatureandconcentration.

Suchsystem showingsolid–liquidequilibrium iscalledcondensedsystem andphaserule

appliedtosuchsystem isasfollows:-

F=C–P+1…knownascondensedphaserule.



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

Q3](b)ii)Howisgypsum usefulinsettingandhardeningofcement? (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)Thehardnessof85000litresofwatersamplewasremovedbypassingit

throughazeolitesoftener.Thezeoliterequired2000litresofNaClsolution

containing190mg/litofNaClforregeneration.calculatethehardnessofsample.

(4)

Ans:-1litresofNaClsolution = 190mgofNaCl

∴2000litresofNaCl = 2000×190gm ofNaCl

= 3,80,000gm ofNaCl.

QuantityofNaClintermsofCaC equivalenthardness.O
3

= 3,80,000× gm ofCaC equivalent
50

58.5
O
3

= 3,24,786.3gm ofCaC equivalentO
3

= 324.79× gm ofCaC equivalent10
3

O
3

= 324.79× gm ofCaC equivalent10
6

O
3

Hardnessof85000litresofwater = 324.79× gm10
6

∴Hardnessof1litre = = 3821mg/litre
324.79×10

6

85000

∴Hardnessofwater= 3821mg/lit

= 3821ppm.



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

Q4](a)Howisactivatedsludgeprocesscarriedoutforthetreatmentofwaste

water?Explainwithflowsheetdiagram.

(6)

Ans:-Sewageistheliquidwhichincludeshumanandhouseholdwastewater,industrialwaste,

groundwasteandstreetandstorm water.Henceduetothetoxicitythesewagehavetobe

treatedbecauseofthereasonslike:

1.Topreventpollutionofwaterintowhichthesewageisleftoff.

2.Topreventoffensiveodourinthewater,andthedestructionoffishandotheraquaticlife.

SEWAGETREATMENTBYACTIVATEDSLUDGEPROCESS.

1.PreliminaryTreatment.

Theprincipalobjectiveofpreliminarytreatmentistheremovalofgrosssolidsi.e.,large

floatingandsuspendedsolidmatter,grit,oil,andgreasesifpresentinconsiderable

quantities.Forremovinginorganicmatter,sewageisallowedtopassthroughbarscreen

andmeshscreen.

2.PrimaryTreatment.

Forremovingsuspendedmatterefficientlyandeconomically,sedimentationprocessis

carriedout.Sewageistreatedwithcertainchemicals(e.g.,alum,hydratedlimeetc.)which

form aflocthatabsorbsandentrapsthesuspendedandcolloidalparticlespresent.

3.SecondaryorBiologicalTreatment.

Itisanessentialanaerobicchemicaloxidationwhichincludesfiltrationandactivatedsludge

process.Sewagewaterisfilteredthroughspeciallydesignedsprinklingfilterstomaintain

aerobicconditions.CarbonoftheorganicmatterisconvertedintoC ;andnitrogenintoNO
2

H
3

andfinallyintonitratesandnitrites.Tricklingfiltersareusedforbiologicaloxidationof

sewage.Trickledsewagestartspercolatingdownwardsantheaerobicbacteriabringabout

thebiologicaloxidationoforganicmatterofsewage.

HencethesludgeformedisknownasActivatedSludge.Thefurtherprocessincludesmixing

ofsedimentalsewagewithproperquantityofactivatedsludgeandmixtureisthenagitated

for4-5hrsbyblowingair.Suspendedanddissolvedorganicmatterisoxidisedbyaerobic

bacteria.afteralltheseprocessapartofsludgedepositedisusedfornextoxidationbatch

andtheremainderiseitherspreadonlandasfertilematterorusedforbiogasordumpedin



sea.

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

Q4](b)i)1.4gm ofoilrequired1.8mlof0.01NKOHforneutralization.Calculate

theacidvalueandmentionwhethertheoilissuitabletobeusedornot. (3)

Ans:-GivenData:-Weightoftheoil = 1.4gm .

NormalityofKOH = 0.01.

VolumeofKOH = 1.8ml.

Tofind:- Acidvalueoftheoil.

Formula:- Acidvalue = .
Vol.ofKOH×NormalityofKOH×56

Weightofoil

Solution:- Acidvalue = .
1.8×0.01×56

1.4

=0.72mg

∴AcidValue =0.72mg/gm ofoil.

Astheacidvalueismuchhigherthan0.1,theoilisnotsuitabletobeused.

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

Q4](b)ii)WritetheapplicationsofFullerenes. (2)

Ans:-TheapplicationsofFullereneisasfollows:

1.Itisusedforthepreparationofelectronicandmicroelectronicdevices.

2.Itisusedforthepreparationofnon-linearopticaldevices.

3.Itisusedforthepreparationofbatteriesaschargecarriers.

4.Itisusedforthepreparationofsuperconductors.

5.Itisusedforthepreparationofsoftferromagnetwithzeroremanence.

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

Q4](c)Whatisthefunctionsoffillersandplastisizersinthecompoundingof

plastic?

(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)Writethepreparation,propertiesandusesofPMMAandBuna-S. (6)

Ans:-1.POLYMETHYLMETHACRYLATE(PMMA).

 PREPARATION.

Thisisanimportantthermoplasticresin.Itisobtainedbypolymerisationofmethylmethacrylate

whichisanesterofmethylacrylicacid,C =C COOH,inpresenceofacetylperoxideorH
2

(CH3)
hydrogenperoxide.Itisanacrylicpolymer.

 PROPERTIES.

1.Itishard,fairlyrigidmaterialwithahighsofteningpointofabout130-140℃.

2.Itbecomesrubber-likeatatemperatureabove65℃.

3.Ithasanoutstandingshape-formingpropertiesduetowidespanoftemperaturefrom itsrigid

statetoviscous.

4.Ithashighoptical-transparency.

5.Ithashighresistancetosunlightandabilityoftransmissionlightaccurately.



 USES.

1.Formakinglenses,opticalpartsofinstruments,aircraft,lightfixtures,artificialeyes,

windscreen,bonesplints,decorativearticlesetc.

2.Itisfoundinpaint.Acrylic“latex”paintsoftencontainPMMAsuspendedinwater.

3.Usedinmakingwindowglasses.

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.

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

Q5](b)i)Whataretheadvantagesofionexchangeprocess? (3)

Ans:-Theadvantagesofionexchangeprocessisasfollows:-

1.Theprocesscabbeusedtosoftenhighlyacidicoralkalinewater.

2.Itproduceswaterofverylowhardness(2ppm).Soitisverygoodfortreatingwaterfor

useinhigh-pressureboilers.

3.Lowmaintenancecost.

4.Quickseparationwithefficienttechnique.

5.Re-usable.



6.Easilycollectableandcosteffective.

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

Q5](b)ii)Whatisoiliness?Whatisitsimportanceinlubrication? (2)

Ans:-Oilinessofalubricantisthemeasureofitscapacitytostickontothesurfaceofmachine

partsunderconditionofpressureorload.Whenalubricatingoilofpooroilinessisappliedunder

highpressure,itgetssqueezedoutfrom thesurfaceandthelubricationstops.Iftheoilhas

goodoilinessitcanremaininplaceandcangivelubricationevenunderpressure.Mineraloil

hasverypooroilinesswhereasvegetableoilspossessgoodoiliness.Nodirecttestareavailable

formeasuringoiliness.

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

Q5](c)Whatistheapplicationofphaseruletoonecomponentwatersystem?

Explainwiththehelpofdiagram. (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.

CurveOCrepresentstheequilibrium betweensolid

andliquidphaseofthewater.Thiscurveisknown

asfusionpressureormeltingpointcurve.Alongthis

curvetherearetwophasesinequilibrium thatisice

andwater.Atatmosphericpressure,iceandwater

canbeinequilibrium onlyatonetemperaturei.e.,

thefreezingpointofwater.

WehaveC=1,P=2thus,

F=C-P+2=1.

CurveOBrepresentstheequilibrium betweenliquid

andvapour.Itisknownasvaporizationcurve.Here

alsoitisnecessarytostateeithertemperatureor

pressure.E.g.,atatmosphericpressure,waterand

vapourcanexistinequilibrium onlyat1temperaturei.e.,theboilingpointofwater.Water-

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



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

Q6](a)Definelubricantsandlubrication.Discussthehydrodynamiclubrication

(6)

indetail.

Ans:-Anysubstanceplacedbetweentwomovingorslidingsurfaceswithaviewtoreducethe

frictionalresistancebetweenthem isknownaslubricant.

Lubricantsmaybeusedinsolid,liquidorsemisolidform.Theprocessofreducingfriction

betweentwometallicslidingsurfacesbytheintroductionoflubricantsiscalledaslubrication.

HYDRODYNAMICORFLUID-FILM ORTHICK-FILM LUBRICATION.

Inthistypeoflubrication,thelubricantisformingathickfilm havingabout1000A°thickness

betweenthemovingsurfacessothatthedirectsurfacetosurfacecontactandweldingof

junctionrarelyoccurs.Thecoefficientoffrictionisverylowi.e.,0.001to0.03under

hydrodynamiclubrication.

Whenoilisintroducedbetweenthemovingsurfaces,someoftheoilmoleculesareheldup

tightlyatthesurfaceduetoadsorption.Theremainingoilmoleculesarelooselyarrangedaway

from metalsurfaces.Frictionalresistanceisonlyduetotheinternalresistancebetweenthe

particlesoflubricantsmovingovereachother.Hencelubricantchosenshouldhavethe

maximum viscosity.

Hydrodynamiclubricationoccurswhenthesurfacesarerigidandretaintheshapeduring

operations.Forhydrodynamiclubricationtooccur,twoessentialconditionsaretobesatisfied:

(1)liquidmustbeviscousand,(2)theshapeofthesurfaceshouldbesuchthatawedgeshaped

film shouldbeformed.Journalbearingconsistofashaftorjournalthatrotatesfreelyina

supportingmetalsleeveorshellwithlubricatingoilintheinterfacebetweenthem.During

normaloperationstheshaftrotatesatsufficientspeedtoforcetheoilbetweentheconforming

curvedsurfacesoftheshaftandtheshellthuscreatingtheoilwedgeandhydrodynamicfilm.

Thisfilm allowsthesebearingtosupportextremelyheavyloads.Watches,clock,sewing

machine,fans,gunsetc.requireshydrodynamiclubrication.



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

Q6](b)i)Definephase,componentanddegreeoffreedom. (3)

Ans:-1.PHASE:Aphaseisdefinedasanyhomogenous,physicallydistinctandmechanically

separableportionofasystem ,whichisseparatedfrom otherpartsofthesystem bydefinite

surface.Example:-

 Inafreezingwatersystem ice,waterandwatervapourarethethreephaseswhichare

physicallydistinctandhomogenous.

2.COMPONENT:Itisthesmallestnumberofindependentvariableconstituentstakingpartin

thestateofequilibrium ,bymeansofwhichthecompositionofeachphasecanbe

expressedintheform ofchemicalequation.Example:-

 Inwatersystem thephasespresentareice,waterandwatervapour.Thecompositionof

eachphasecanbeexpressedbyasinglecomponent, O.HenceitisaonecomponentH
2

system.

3.DEGREEOFFREEDOM:Itisdefinedasthesmallestnumberofindependentvariablessuch

aspressure,temperatureandconcentrationthatmustbespecifiedinordertodefine

completelythestateofasystem.Example:

 Forasystem consistingofwaterincontactwithitsvapour,

Wate Watervapour
l
↔ rg

Todefineitcompletely,wehavetostateeithertemperatureorpressure.Hence,the

system isunivariantordegreeoffreedom isone.

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

Q6](b)ii)Whataretheindustrialapplicationofultrafiltration? (2)

Ans:-Theindustrialapplicationofultrafiltrationisasfollows:

1.Industriessuchaschemicalandpharmaceuticalmanufacturing,foodandbeverage

processingetcemployultrafiltrationinordertorecyclefloworaddvaluetolater

products.

2.Blooddialysisalsoutilizesultrafiltration.



3.Incheesemanufacturingweuseultrafiltration.

4.Radiocarbondatingofbonecollagenusesultrafiltration.

5.Removalofpathogensfrom milk.

6.Fruitjuiceconcentrationandclarification.

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

Q6](c)WhatisRCC?Writetheadvantagesofit. (4)

Ans:-Plainconcretehasgoodcompressivestrength,butlessabilitytowithstandtensile

stresses.Insuchcases,toimparttensilestrengthsteelbarsorrodsandmetalmeshesare

embeddedintheconcrete.ThisiscalledasRCC.Heretheconcretebearsthecompressive

strengthandthesteelrodsbearsthetensilestrength.

APPLICATION:-Widelyusedinfloorbeams,girders,slabs,bridges,etc.

ADVANTAGES:-1.RCCiseasiertomakeandcastintoanydesiredshapes,whichcanbearall

typesofloads.

2.Itpossessesgreaterrigidity,moisture,andfire-resistances.

3.Steelreinforcementalsotendstodistributetheshrinkagecracks,thuspreventingthe

formationoflargecracks.

4.Itsmaintenancecostispracticallynegligible.
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------------------------------------------------------------------------------------------------------------

Q1](a)Whatarecationandanionexchangers? (3)

Ans:-Ion-exchangeresinsareinsoluble,cross-linked,longchainedorganicpolymerwitha

microporousstructure.Thefunctionalgroupattachedtothechainsareresponsiblefortheion-

exchangeproperties.Resinscontainingacidicfunctionalgroupslike-COOH,-S Hetc.areO
3

capableofexchangingtheirH+ionswithothercationswhichcomeintotheircontact.Those

containingbasicfunctionalgroupslike-N ,=NHashydrochlorideetcarecapableofH
2

exchangingtheiranionswithotheranionswhichcomeintotheircontact.Theionexchange

resinsareclassifiedasfollows:

1.Cationexchangeresins

Thesearemainlystyrenedivinylbenzenecopolymerwhichonsulphonationorcarboxylation

becomecapableofexchangingtheirhydrogenionswiththecationsinthewater.

2.Anionexchangeresins.

Thesearestyrenedivinylbenzeneoramineformaldehydecopolymerwhichcontainaminoor

Quaternaryammonium orquaternaryphosphonium ortertiarysulphonium groupsasanintegral

part oftheresinsmatrix.Theseaftertreatmentwithdil.NaOHsolution,becomecapableof

exchangingtheir anionswithanionsinwater.OH
-

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

Q1](b)Givethepreparation,propertiesandusesofpolymethylmethacrylate

polymer. (3)

Ans:-Thisistheimportantthermoplasticresin.ItisalsoknownasLuciteorplexiglass.

PREPARATION:

Itisobtainedbypolymerizationofmethylmethacrylatewhichisanesterofmethylacrylic

acid,C =C COOH,inpresenceofacetylperoxideorhydrogenperoxide.ItisanacrylicH
2

(CH3)
polymer.

PROPERTIES:

 Itisahard,fairlyrigidmaterialwithahighsofteningpointofabout130-140℃.

 Itbecomesrubber-likeatatemperatureabove65℃.

 Ithasanoutstandingshape-formingpropertiesduetowidespanoftemperaturefrom its

rigidstatetoviscousstate.



USES:

 Formakinglenses,opticalpartsofinstruments,aircraft,lightfixtures,artificialeyes,

windscreen,bonesplints,decorativearticlesetc.

 Asitismoretransparentthanglass,itisusedformakingwindowglasses.

 Itisfoundinpaints.Itisusedascloudandpourpointdepressantadditivesinlubricants.

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

Q1](c)A10mlofsampleofwastewaterwasrefluxedwith20mlofpotassium

dichromatesolutionandafterrefluxingtheexcessunreacteddichromaterequired

36.2mlof0.1M FASsolution.Ablankof10mlofdistilledwateronrefluxingwith

20mlofdichromatesolutionrequired46mlof0.1M FASsolution.Calculatethe

CODvalueofwastewater. (3)

Ans:-Givendata :- Vb=46ml Vt=36.2ml

N =0.1M Ve=10ml

Tofind:- COD

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

Ve

=
×0.1×8000(46-36.2)
10

=784ppm

HencetheCODvalueis784ppm.

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



Q1](d)Define: (3)

i) Flashpoint.

ii) Oiliness.

iii) Pourpoint.

Ans:-

i)FLASHPOINT.

Flashpointisdefinedasthelowesttemperatureatwhichthelubricantsgivesoffenough

vapourstocauseamomentaryflashwhenastandardtestflameisbroughtnearit.

GoodlubricantshouldhavehighFLASHPOINT.

ii)OILINESS.

Oilinessofalubricantisthemeasureofitscapacitytostickontothesurfaceofmachineparts

underconditionsofpressureorload.Mineraloilshaveverypooroilinesswhereasvegetableoils

possesgoodoiliness.

iii)POURPOINT.

Aftercoolingoil,thetemperatureatwhichitceasestoflowiscalleditspourpoint.

GoodlubricantshouldhavelowPOURPOINT.

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

Q1](e)Whatisreducedphaserule? (3)

Ans:-:-Insomesystems,anequilibrium existsbetweensolid–liquidphasesandgaseous

phaseispracticallyabsent.Hencetheeffectofpressureonsuchsystem canbeneglected.

Thenitis

Necessarytotakeintoaccountonlytwovariablesviz.temperatureandconcentration.

Suchsystem showingsolid–liquidequilibrium iscalledcondensedsystem andphaserule

appliedtosuchsystem isasfollows:-

F=C–P+1…knownascondensedphaserule.



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

Q1](f)Whatarethedrawbacksofnaturalrubber? (3)

Ans:-Thedrawbacksofnaturalrubberareasfollows:

 Itswellsconsiderablyinorganicsolventsandgraduallydisintegrates.

 Ithaslittledurability.

 Whenstretchedtoagreaterextent,itsufferspermanentdeformation,becauseofthe

‘sliding’orslippageofsomemolecularchainsovereachother.

 Itisweak:itstensilestrengthisonly200kg/ .cm
2

 Naturalrubberisbrittlebelow10℃andabove50℃,itbecomessoft.Henceitisuseful

onlyinlimitedtemperatureranges.

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

Q1](g)ExplainCVDmethodforproductionofCNT’s. (3)

Ans:-Thisisverygoodmethodfrom largescaleproductionofcarbonnanofiberSWNT,MWNT.

Hydrocarbons(e.g.,methane,ethane)areallowedtodecomposeovermetalcatalyst(e.g.,Co,

Fe)toproduceCNT.TypicalyieldforCVDareapproximately30%.Thisprocessincludes

productionoflargeamountofCNT’sbyCVDofacetyleneovercobaltandiron..Ethylenecanbe

usedwithreactiontemperaturesof545℃ fornickelcatalystCVDand900℃foranuncatalyzed

processthatproducescarbonnanostructurewithopenends.Methanecanalsobeusedas

carbonsourceforsynthesization.catalyticdecompositionof /C mixtureovercobalt,H
2

H
4

nickel,andironisusedtoobtainyieldsofSWNTsat1000℃.Theusageof /C atmosphereH
2

H
4

betweenanon-reducibleoxidesuchasA orMgA andoneormoretransitionmetaloxidesl
2
O
3

l
2
O
4

canproducethecompositepowderscontainingwelldispersedCNTs.Thus,higherproportion

ofSWNTsandlowerproportionofMWNTscanbeachievedusingthedecompositionofCH
4

overthenanoparticles.Thermalcatalyticdecompositionofhydrocarbonhasbecomeanactive

areaofresearchandcanbeapromisingrouteforthebulkproductionofCNTs.Theremovalof

thecatalystsupportviaanacidtreatmentwhichsometimescoulddestroytheoriginalstructure

ofthecarbonnanotubeisanissueinthissynthesisroute.However,alternativecatalyst

supportsthataresolubleinwaterhaveproveneffectivefornanotubegrowth.

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



Q2](a)Calculatetheamountoflime(80%purity)andsoda(90%purity)required

forsofteningof50,000ofhardwaterwhosechemicalanalysisresultsaregiven

below.Ca(HC )=40.5mg/L,Mg =73.0mg/L,MgS =60.0mg/L,O
3 (HCO3)2 O

4

CaS =34.0mg/L,CaC =27.5mg/LandNaCl=20.0mg/L. (6)O
4

l
2

Ans:-

Impurities(mg/lit) Multiplicationfactor CaC equivalentO
3

(mg/lit)

Requirement

Ca =40.5(HCO3)2 100

162
40.5× =25

100

162

L

Mg =73.0(HC03)2 100

146
73× =50

100

146

2L

CaC =27.5l
2

100

111
27.5× =24.8

100

111

S

CaS =34O
4

100

136
34× =25

100

136

S

MgS =60O
4

100

120
60× =50

100

120

L+S

NaCldoesnotreactwithlimeandsoda.

LIME= ×
74

100
[CaC equivalentofCa +2×Mg +MgSO

3 (HCO3)2 (HCO3)2 O
4]

×
Volumeofwater

1000

100

%purity

= ×[25+2×50+50]× ×
74

100

50000

1000

100

80

=8093.75gms.

SODA= × × .
106

100
[CaC equivalentofCaC+MgS +CaSO

3
l
2

O
4

O
4
]Volumeofwater

1000

100

%purity

= × × .
106

100
[25+50+24.8]100000

1000

100

85

=5877.1gms.

Thelimerequirementis6541.6gmsandsodarequirementis8203.15gms.

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

Q2](b)i)Writeabriefnoteonconductingpolymers. (3)

Ans:-Polymersareinsulatedbecauseoftheabsenceoffreeelectrons.Inbecomingelectrically



conductive,apolymerhastoimitatemetalthatistheelectronneedstobefreetomove.Such

typeofpolymerarecalledConductingpolymer.Polymerswithconjugateπ-electronbackbones

displayunusualelectronicpropertiessuchaslowenergyopticaltransition,lowionization

potentialsandhighelectronaffinities.Theresultisaclassofpolymersthatcanbeoxidisedor

reducedmoreeasilyandmorereversiblythanconventionalpolymers.Theeffectofthis

oxidationorreductiononpolymeriscalleddopingi.e.,convertaninsulatingpolymerto

conductingone.

Twoconditionsforapolymertobecomeconductingare:-

1.Polymerpossessconjugatedoublebonds.

2.Polymerhastobedistributedeitherbyremovingoraddingelectrontothematerial.This

processiscalleddoping.

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

Q2](b)ii)Mentiontheconditionsunderwhichsemi-solidlubricantscanbe

used (2)

Ans:-Thesemi-solidlubricantscanbeusedunderfollowingconditions:

 Insituationswheretheoilcannotremaininplaceduetohighload,lowspeed,

intermittentoperation,suddenjerketc.

 Insituationwherebearinghastobeprotectedagainstentryofdirt,dust,moistureetc

becausegreasesarelessliabletocontaminationbythese.

 Insituationswheredrippingorspurtingofoilisundesirablebecauseunlikeoils,greases

ifuseddonotsplashordripoverarticlesbeingpreparedbythemachinese.g.,machines

usedinpaper,food,textileanddyingindustry.

 Whenthemachineisworkedatslowspeedandhighpressure.

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

Q2](c)Explainwiththehelpofchemicalreactions‘settingandhardening’process

ofcement. (4)

Ans:-Whencementismixedwithwater,itformsacementpaste.Itundergoesseveral

hydrationreactionstofrom gelandcrystallineproducts.Thecompoundsthusformedare

responsibleforsolidificationandgradualhardening.Theprocesscomprisesofi)Settingisthe



initialstiffeningofthecementpateduetogelformation.ii)hardeningisthegainofstrength

duetocrystallisation.

Theprocessofsolidificationconsistsofthreesteps:-

 Initialsettingisduetothehydrationoftricalcium aluminate( A)andgelformationofC
3

tetracalcium aluminoferrite( AF)C
4

3CaCOA +6 O→3CaOA 6 O+880kL/kgl
2
O
3

H
2

l
2
O
3
H
2

4CaOA F +7 O→3CaOA 6 O+CaOF O+420kJ/kgl
2
O
3
e
2
O
3

H
2

l
2
O
3
H
2

e
2
O
3
H
2

 Dicalcium silicate( S)andTricalcium silicate( S)hydrolysestofrom tobermonitegelC
2

C
3

3 +4 O→3CaO.2Si6 O+Ca +250kJ/kg[2CaOSiO
2
] H

2
O
2
H
2

(OH)
2

2 +6 O→3CaO.2Si3 O+3Ca +500kJ/kg[3CaOSiO
2
] H

2
O
2
H
2

(OH)
2

 Finalsettingandhardeningofcementpasteisduetotheformationoftobermonitegel

andcrystallisationofcalcium hydroxideandhydratedtricalcium aluminate.

SEQUENCEOFCHEMICALREACTIONSFORSETTINGANDHARDENINGOFCEMENT.

 Atfirsthydrationoftricalcium aluminate( A)andtetracalcium aluminoferrite( AF)C
3

C
4

takesplace.Thisleadstotheinitialsettingofthecement.

 Nextthehydrationoftricalcium silicate( S)beginswithin24hoursandgetscompletedC
3

within7days.Thisprovidestheinitialstrength.

 Dicalcium silicate( S)beginstohydrateafter7daysandgetscompletedin28days.C
2

Thisisresponsibleforincreasedstrengthofcement.

CEMENTPASTE→HYDRATIONOF AAND AF→GELATIONOF S→HYDRATIONOF SC
3

C
4

C
3

C
3

AND S.C
2

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

Q3](a)Writeashortnoteon:

1)Injectionmouldingmethodforplastic.

2)Polymerinmedicineandsurgery. (6)

Ans:-1)INJECTIONMOULDING.

ThismethodisonlyapplicabletoThermoplasticresin.Themouldingplasticpowderisfedinto

aheatedcylinder.From thereitisinjectedintothetightlylockedmouldatacontrolledrateby

meansofascrewarrangementorbyapistonplunger.Themouldiskeptcoldtoallowthehot

plastictocureandbecomerigid.Whenthematerialhavebeencuredsufficiently,halfofthe

mouldisopenedtoallowtheinjectionofthefinishedarticlewithoutanydeformation.heating

isdonebyoilorelectricity.



1.ADVANTAGE:-Thismethodhashighspeedproduction,lowmouldcost,verylowcostof

materialandlowfinishingcost.Henceitisthemostwidelyusedmethodformouldingof

thermoplastics.

2:-DISADVANTAGE:-Sincealargeamountofcavitiescannotbefilledsimultaneously,thereis

limitationofdesignofarticlestobemoulded.

2)POLYMERINMEDICINEANDSURGERY.

Materialswhicharenotcausingadverseeffectonbloodandothertissuescanbeusedin

diagnostic,surgicalandcanbeimplantedinthebody.Theycanbedevelopedfrom metals,

ceramicsandpolymers.Usesofpolymersinthefieldofmedicineandsurgeryareincreasing

daybyday.Characteristicsofbiomedicalpolymersare:

1.shouldbebio-compatible,canbefabricatedintodesireshapeorform withoutbeing

degraded.

2.canbeeasilysterilizedwithnoalterationinproperties,shouldhaveoptimum physicaland

chemicalproperties.

3.Theyshouldnotdestroycellularelementsofblood,enzymesorproducedtoxicorallergic

reactions.

4.Theyshouldhavepurityandreproducibility.

Examplesareasfollows:

POLYMER APPLICATION

1.PMMA. Contactlenses.

2.siliconrubber,polyurethane. Heartwalls,draintubes.

3.Polyvinylchloride. Disposablesyringes.

4.polyalkylsulphone. Membraneoxygenator.

5.Acrylichydrogels Grafting

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

Q3](b)i)Drawandexplainimportantfeaturesofphasediagram ofwatersystem.

(3)



Ans:-Inwaterthereisonlyonecomponenti.e.,wateranditsthreephases:ice,water,steam

whicharesolid,liquid,andgaseousrespectively.Figurebelowrepresentsphasediagram or

pressurev/stemperaturediagram forthewatersystem.

ThreecurvesOA,OB,andOCrepresentstheequilibrium conditionsbetweentwophasessolid

withvapour,vapourwithliquidandliquidwithsolidphaseofwater.

CurveOCrepresentstheequilibrium betweensolidandliquidphaseofthewater.Thiscurveis

knownasfusionpressureormeltingpointcurve.Alongthiscurvetherearetwophasesin

equilibrium thatisiceandwater.Atatmosphericpressure,iceandwatercanbeinequilibrium

onlyatonetemperaturei.e.,thefreezingpointofwater.

WehaveC=1,P=2thus,

F=C-P+2=1.

CurveOBrepresentstheequilibrium betweenliquidandvapour.Itisknownasvaporization

curve.Herealsoitisnecessarytostateeithertemperatureorpressure.E.g.,atatmospheric

pressure,waterandvapourcanexistinequilibrium onlyat1temperaturei.e.,theboilingpoint

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

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

Q3](b)ii)MentiontheRawmaterialofPortlandcementalongwiththeir

percentagecomposition. (2)

Ans:-

CONSTITUENTS PERCENTAGE(%)

Lime 60-68

Silica 17-25

Alumina 3-8



Gypsum 2-3

Ironoxide 2-4

Sulphurtrioxide 1-2

Alkalioxides 0.5-1.3

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

Q3](c)Tenthousandlitresofhardwaterwasmadesoftwithzeolite.The

exhaustedzeoliterequiredatotalamountof8litofNaClsolutioncontaining150

gm perlitreforregeneration.Calculatethehardnessofwater. (4)

Ans:-1litreofNaClsolution = 150gm ofNaCl

∴8litresofNaCl = 8×150gm ofNaCl

= 1200gm ofNaCl

QuantityofNaClintermsofCaC = 1200× gmofCaC equivalentO
3

50

58.5
O
3

equivalenthardness

= 1,025.64gm ofCaC equivalentO
3

= 1.0256× CaC equivalent10
3

O
3

= 1.0256× CaC equivalent.10
6

O
3

Hardnessof10,000litresofwater = 1.0256× mg.10
6

∴Hardnessof1litres = =102.6mg/lit
1.026×10

6

10000

∴Hardnessofwater = 102.6ppm

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

Q4](a)ExplainIon-exchangeprocessforSofteningofhardwater.Whatareits

advantagesanddisadvantages (6)

Ans:-Ion-exchangeresinsareinsoluble,cross-linked,longchainedorganicpolymerwitha

microporousstructure.Thefunctionalgroupsattachedtothechainsareresponsiblefortheion-

exchangeproperties.Theionexchangeresinsareclassifiedasfollows:

1.Cationexchangeresins

2.Anionexchangeresins.

 CATIONEXCHANGERESINS.

Therearemainlystyrene-divinylbenzenecopolymers,whichonsulphonationor



carboxylation,becomecapableofexchangingtheirhydrogenionswiththecationsinthe

water.

 ANIONEXCHANGERESINS.

Therearestyrene-divinylbenzeneoramine-formaldehydecopolymers,whichcontainamino

orquaternaryammonium orquaternaryphosphonium ortertiarysulphonium groupsasan

integralpartoftheresinsmatrix.Theseareaftertreatmentwithdil.NaOHsolution,become

capableofexchangingtheir anionswithanionsinwater.OH
-

PROCESS:

Thehardwaterispassedfirstthroughcationexchangecolumnwhichremovesallthe

cationslike , etc.from itandequivalentamountof ionsarereleasedform thisCa
2+
Mg

2+
H
+

columntowater,

2R +C → C +2H
+

a
2+

R
2
a
2+

H
+

2R + → +2H
+

Mg
2+

R
2
Mg

2+
H
+

Aftercationexchangecolumnthehardwaterispassedthroughanionexchangecolumn,which

removesalltheanionslikeS , etc,presentinthewaterandequivalentamountsof ionsO
2-

4
Cl

-
OH

-

arereleasedfrom thiscolumntowater.

O + → +R
'
H
-

Cl
-

R
'
Cl

-
OH

-

2 O + → +2R
'
H
-

SO
-

4
R
'

2
SO

2-

4
OH

-



2 O + → +2R
'
H
-

CO
2-

3
R
'

2
CO

-

3
OH

-

and ionsgetcombinedtoproducewatermolecule.Thusthewatercomingoutfrom theH
+

OH
-

exchangerisfreefrom cationsaswellasanions.Ion-freewaterisknownasdeionizedor

demineralisedwater.

ADVANTAGES:

1.Theprocesscanbeusedtosoftenhighlyacidicoralkalinewater.

2.Itproduceswaterofverylowhardness.Soitisverygoodfortreatingwaterforusein

highpressureboilers.

DISADVANTAGES:

1.Theequipmentiscostlyandmoreexpensivechemicalsareneeded.

2.Ifwatercontainsturbidity,thentheoutputoftheprocessisreduced.Theturbiditymust

bebelow10ppm.Ifitismore,ithastoberemovedfirstbycoagulationandfiltration.

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

Q4](b)i)9mlofoilistakenfrom machineanditrequires1.5mlof0.04NKOH.

Findacidvalue(density=0.81g/ml) (3)

Ans:-Givendata: volumeofoil = 9ml

VolumeofKOH = 1.5ml

NormalityofKOH = 0.04N

Tofind: Acidvalue

Formula: Acidvalue =
VolumeofKOH×NormalityofKOH×56

weightofoil
mg/gm

Solution: Acidvalue = mg/gm
1.5×0.04×56

9

=0.373mg/gm



Acidvalueoftheoilis0.373mg/gm.

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

Q4](b)ii)WriteanoteonDeccayofConcrete. (2)

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.

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

Q4](c)Whataretheadditivesmixedwithplasticsforitscompounding?Explain

theirfunctions. (4)

Ans:-Byusingdifferenttypesofadditivesthepropertiesofthebasepolymermaybemodified

inverymanydifferentwayssothattherangeofuseofthepolymerisextended.

Themaincompoundingingredientsare:

1.RESINS.

2.PLASTICIZERS.

3.FILLERSorEXTENDERS.

4.LUBRICANTS.

5.PIGMENTS.

6.CATALYSTS.

7.STABILIZERS.

Therefunctionsareasfollows:

 RESINS.

1.Itisthebinderwhichholdsthevariousconstituentstogether.

2.Itdetermineswhichmethodofmouldingistobeused.Resinpartofthefinishedproduct

maybe30-100%.



 PLASTICIZERS.

1.Increasestheflexibilityoftheplastics.

2.Impartsflameproofness.

3.Reducesresistancetowardschemicals,solventsetc.

4.Examples:-vegetablesoils,estersoffattyacids.

 FILLERSorEXTENDERS.

1.Reducingthecostofplastics.

2.Increasesthetensilestrengthandhardness.

3.Reducestheflexibility.

4.Examples:-mica,sawdust,chalketc.

 LUBRICANTS.

1.Impartsglossyfinish.

2.Preventstickingtoplastictothemould.

3.Example:-waxes,soaps.

 PIGMENT.

1.Theyprovidecolourtothefinalplasticmaterial.

2.Dyesgivetransparentcoloursandpigmentgivesopaqueones.

3.Examples:-organicandinorganicdyesstuffs.

 CATALYST.

1.Theyareaddedtoonlythermosettingplastic.Theyacceleratestherateofpolymerisation.

2.Examples:- ,Zn,ammoniaanditssalts.H
2
O
2

 STABILIZERS.

1.Inordertopreventthedecompositionanddiscolourationoftheplasticatthemoulding

temperature,stabilizerscanbeused.

2.Examples:-stearatesofPb,Ca,Ba,Pbsilicatesetc,PbCr .O
4

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



Q5](a)i)DistinguishbetweenThermoplasticandThermosettingplastic. (3)

Ans:-

THERMOPLASTIC THERMOSETTING

1.Formedbyadditionpolymerization. 1.Formedbycondensationpolymerization.

2.Canbemouldedandremoulded. 2.Remouldingisnotpossible.

3.Theysoftensonheatingbecausethe

linearchainscanslipovereachother

veryeasily.

3.Theydonotbecomesoftonheating,because

crosslinksretainthestrengthonheating.But

prolongedheatingcausescharring.

4.Soft,weakandlessbrittle. 4.Hard,strongandbrittle.

5.Solubleinsomeorganicsolvents. 5.Insolubleinalmostallorganicsolvents.

6.Relativelylowmolecularweight. 6.Relativelyhighmolecularweight.

7.Example:PVC,PE,Teflon. 7.Example:UF,PF,Nylon6-6,etc.

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

Q5](a)ii)WriteanoteonVisco-elasticstate. (3)

Ans:-Viscoelasticityisthepropertyofmaterialsthatexhibitbothviscousandelastic

characteristicswhenundergoingdeformation.Viscousmaterials,likehoney,resistshearflow

andstrainlinearlywithtimewhenastressisapplied.Viscoelasticityisamolecular

rearrangement.Whenastressisappliedtoaviscoelasticmaterialsuchasapolymer,partsofa

longpolymerchainchangepositionals.Syntheticpolymers,woodsandhumantissues,aswell

asmetalsathightemperature,showsignificantviscoelasticity.

PROPERTIES:

 Theybehavelikeanelasticmaterialaswellasviscousmaterialwhenstressisapplied.

 Theydissipateenergyinform ofheatwhenaloadisappliedandthenremoved.

USES:

 Theyareusedforisolationvibration.

 Theyareusedfordampeningnoise.

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

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

Ans:-Ultrafiltrationisavarietyofmembranefiltrationinwhichforceslikepressureor

concentrationgradientsleadtoaseparationthroughasemipermeablemembrane.Suspended

solidsandsolutesofhighmolecularweightareretainedintheso-calledretentate,whilewater

andlowmolecularweightsolutespassthroughthemembraneinthepermeate(filtrate).This

separationprocessisusedinindustryandresearchforpurifyingandconcentrating

macromolecularsolutions,especiallyproteinsolutions.Ultrafiltrationisnotfundamentally



differentfrom microfiltration.Bothoftheseseparatebasedonsizeexclusionorparticlecapture.

Itisfundamentallydifferentfrom membranegasseparation,whichseparatebasedondifferent

amountsofabsorptionanddifferentratesofdiffusion.Ultrafiltrationmembranesaredefinedby

themolecularweightcutoffofthemembraneused.Ultrafiltrationisappliedincross-flowor

dead-endmode.

Applications:

1.Filtrationofeffluentfrom paperpulpmill
2.Cheesemanufacture,seeultrafilteredmilk.
3.Removalofpathogensfrom milk
4.Processandwastewatertreatment
5.Enzymerecovery.

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

Q5](b)ii)Givetheimportantfunctionsoflubricant. (2)

Ans:-1.Itreducessurfacedeformation,wearandtearbecausedirectcontactbetweenthe

rubbingsurfaceisavoided.

1.Itreducesthefrictionalheat,oritactsasacoolant.Thisreducestheexpansionofmetal.

2.Itincreasesthemaintenancecostandrunningcostsofmachine.

3.Itmakestherelativemotionofslidingpartssmoothandnoisefree.

4.Itincreasestheefficiencyofmachinebyminimizingthelossofmechanical,electricalor

chemicalenergy.

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

Q5](c)Whatisthemathematicalform oftheGibbsphaseruleequation?Explain

themeaningofeachoneoftheterm involvedinit. (4)

Ans:-GIBB’SPHASERULE: Gibb’sphaserulestatesthat,ineveryheterogenoussystem in

equilibrium ,thesum ofthenumberofphasesanddegreeoffreedom isgreaterthanthenumber

ofcomponentbytwoprovidedtheequilibrium betweenanynumberofphasesisnotinfluenced

bygravity,electricalormagneticforcesorbysurfaceaction,andisonlyinfluencedby

temperature,pressureandconcentration.Itisexpressedintheform,

P+F=C+2

Or F=C-P+2

Where,P=Numberofphases,C=NumberofcomponentsandF=Degreeoffreedom.

1)PHASES:

Aphasesisdefinedasanyhomogenous,physicallydistinctandmechanicallyseparable

portionofasystem,whichisseparatedfrom otherpartsofthesystem bydefinitebounding

surfaces.



Example:1.Agaseousmixture,whichisthoroughlymiscibleinallproportion,consistsofa

singlephase.

2)COMPONENT:

Itisthesmallestnumberofindependentvariableconstituentstakingpartinthestateof

equilibrium,bymeansofwhichthecompositionofeachphasecanbeexpressedintheform

ofchemicalequation.Thecomponentsdonotrepresentthenumberofconstituentsor

chemicalindividualpresentinthesystem.

Examples:1.Inwatersystem thephasespresentareice,waterandwatervapour.The

compositionofeachphasecanbeexpressedbyasinglecomponent, O.HenceitisaH
2

componentsystem.

3)DEGREEOFFREEDOM:

Itisdefinedasthesmallestnumberofindependentvariablessuchaspressure,temperature

andconcentrationthatmustbespecifiedinordertodefinecompletelythestateofasystem.

Example:1.Forasystem consistingofwatervapourphaseonly,todescribethesystem

completely,thevaluesofboth,thetemperatureandpressure,mustbestated.Hence,the

system isbivariantordegreeoffreedom istwo.

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

Q6](a)Whatislubrication?Explainthemechanism offluidfilm lubrication. (6)

Ans:-Anysubstanceplacedbetweentwomovingorslidingsurfaceswithaviewtoreducethe

frictionalresistancebetweenthem isknownaslubricant.Thelubricantwheninterposed

betweenthemovingpartsmakesthesurfaceslipperyandeliminatescohesion.Lubricantsmay

beusedinsolid,liquidorsemisolidform.Theprocessofreducingfrictionbetweentwometallic

slidingsurfacesbytheintroductionoflubricantsiscalledaslubrication.

HYDRODYNAMICORFLUID-FILM ORTHICK-FILM LUBRICATION.

Inthistypeoflubrication,thelubricantisformingathickfilm havingabout1000A°thickness

betweenthemovingsurfacessothatthedirectsurfacetosurfacecontactandweldingof

junctionrarelyoccurs.Thecoefficientoffrictionisverylowi.e.,0.001to0.03under

hydrodynamiclubrication.

Whenoilisintroducedbetweenthemovingsurfaces,someoftheoilmoleculesareheldup

tightlyatthesurfaceduetoadsorption.Theremainingoilmoleculesarelooselyarrangedaway

from metalsurfaces.Frictionalresistanceisonlyduetotheinternalresistancebetweenthe

particlesoflubricantsmovingovereachother.Hencelubricantchosenshouldhavethe

maximum viscosity.



Hydrodynamiclubricationoccurswhenthesurfacesarerigidandretaintheshapeduring

operations.Forhydrodynamiclubricationtooccur,twoessentialconditionsaretobesatisfied:

(1)liquidmustbeviscousand,(2)theshapeofthesurfaceshouldbesuchthatawedgeshaped

film shouldbeformed.Journalbearingconsistofashaftorjournalthatrotatesfreelyina

supportingmetalsleeveorshellwithlubricatingoilintheinterfacebetweenthem.During

normaloperationstheshaftrotatesatsufficientspeedtoforcetheoilbetweentheconforming

curvedsurfacesoftheshaftandtheshellthuscreatingtheoilwedgeandhydrodynamicfilm.

Thisfilm allowsthesebearingtosupportextremelyheavyloads.Watches,clock,sewing

machine,fans,gunsetc.requireshydrodynamiclubrication.

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

Q6](b)i)WhatismeantbyTriplepoint?Applyphaseruleandfinddegreeof

freedom fortriplepoint. (3)

Ans:-:-TRIPLEPOINT:-ThethreecurvesOA,OB,andOCmeetatOatwhichsolid,liquidandvapourco-

existinequilibrium.Thispointat273.16K(0.0075℃)and4.58mm ofHgpressureiscalledTriplepoint.

Thesystem isinvariant.F=C-P+2 ∴F=3-P=3-3=0 ∴F=0.Thismeansthedegreeoffreedom

iszerothereforeneitherpressurenortemperaturecanbechangedwithoutcausingthe

disappearanceofoneofthephases.Ifeithertemperatureorpressureischangedevenslightly,

oneofthethreephasesdisappearsandthesystem changesfrom non-varienttounivariant



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

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

Ans:-

TEMPORARYORALKALINEHARDNESS. PERMANENETORNON-ALKALINEHARDNESS

1.Causedbytheprocessofdissolved

bicarbonatesofcalcium ,magnesium and

otherheavymetalsandthecarbonatesof

iron.saltsresponsiblefortemporary

hardnessareCa ,Mg .(HCO
3
)
2

(HCO
3
)
2

1.Itisduetopresenceofdissolvedchloridesand

sulphatesofcalcium,magnesium,ironandotherheavy

metals.

2.TemporaryHardnesscanberemovedby

boilingwater.

2.PermanentHardnesscannotberemovedbyboilingthe

water.

3.Temporaryhardnessiscalledas

carbonatesoralkalinehardness.

3.Itisalsoknownasnon-carbonatesornon-alkaline

hardness.

4.Boiling:

Ca →CaC +C + O.(HCO
3
)
2

O
3

O
2

H
2

Mg →Mg +2C .(HCO
3
)
2

(OH)
2

O
2

4.Canberemovedbyusingchemicalandnotbyboiling

e.g.Limesodamethod.

CaC +N C →CaC +2NaCl.l
2

a
2
O
3

O
3

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

Q6](c)DescribethewetprocessformanufactureofPortlandcement. (4)

Ans:-Thecalcareousrawmaterialarecrushed,powderedandstoredinsilos.Theargillaceous

materialsarethoroughlymixedwithwaterinwashmillstoremovetheadheringorganicmatter.

Thebasinwashedclayisstored.Powderedlimefrom silosandwashedwetclayfrom basins

areallowedtoflowinachannelinrightproportions.From thechannel,therawmaterialareled

togrindingmillswheretheyaremixedintimatelytoform apastecalledslurry.Theslurryisled

toacorrectingbasinwhereitschemicalcompositionmaybeadjustedifnecessary.Thisslurry



containing38-40%waterisfinallystoredinstoragetanksandarekepttobefedintorotatory

kiln.

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



APPLIEDCHEMISTRY1
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-----------------------------------------------------------------------------------------------------------------

Q1](a)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

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

Q1](b)Givethepreparation,properties,andusesofKevlar. (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.

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

Q1](c)Calculatetotalhardness,inppm,ingivenwatersample. (3)

i)50mlstandardhardwater,containing1mgpureCaC perml,consumed20mlO
3

EDTAsolution.

ii)50mlwatersampleconsumed30mlEDTAsolutionusingEBTindicator.

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 eqO
3

∴ Totalhardnessof = 1500mg/L

watersample = 1500ppm.



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

Q1](d)Defineflashpointandfirepoint?Giveitssignificance. (3)

Ans:-:-Flashpoint:-Flashpointisdefinedasthelowesttemperatureatwhichthelubricant

givesoffenoughvapourstocauseamomentaryflashwhenastandardtestflameisbrought

nearit.

Firepoint:-Firepointisthelowesttemperatureatwhichtheoilvapourscatchfiresforatleast5

seconds,onbeinglightedbyatestflame.

Firepointisusually5-40℃abovetheflashpoint.Agoodlubricantshouldhaveflashpointat

leastabovetheworkingtemperature.Thisensuressafetyagainsttheriskhazards.Thusflash

pointactsasaguideforthesafestorage,transportationanduseinmachine.Goodlubricantoil

shouldhavehighflashandfirepoint.

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

Q1](e)Statethenumberofphases,component,forthefollowingequilibrium

i) ↔ ↔H
2
O(s) H

2
O(l) H

2
O(g)

ii)MixtureofRhombicandmonoclinicsulphur. (3)

Ans:-i)No.of.Phases=3 (solid,liquidandgas)

No.of.components=1 ( O).H
2

ii)No.of.Phases=2 (rhombicandmonoclinic)

No.of.components=1(sulphur).

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

Q1](f)Whatareplasticizers?Giveitsusesandexamples. (3)

Ans:-Plasticizersareaddedtoincreasetheplasticityandflexibilityofthepolymers.

ThePlasticizermoleculeoccupiesbetweenthepolymericchainsandneutralizesthe

intermolecularforcesofattractionandthusallowsfreedom ofmovement.Thefunctionsof

plasticizersareasfollows:-

 Increasestheplasticityoftheplastics.

 Lowersthesofteningtemperatureandhencemouldingandremouldingcanbedoneat

lowtemperature.

 Impartsflamesproofness.

 Reducesresistancetowardschemical,solventsetc.

 Examples:-estersoffattyacids,vegetablesoilsetc.

Thepresenceofsmallmoleculesofplasticizersreducestheattractionofthelargepolymer

moleculesforoneanotherandthuspermitmoreflexibilityandeasierslip.



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

Q1](g)WriteabriefnoteonCNT’s. (3)

Ans:-:-Carbonnanotubesrepresentsoneofthebestexamplesofthenovelnanostructures

derivedbybottom-upchemicalsynthesisapproaches.Nanotubeshavethesimplestchemical

compositionandatomicbondingconfigurationbutexhibitperhapsthemostextremediversity

andrichnessamongnanomaterialinstructureandstructure-propertyrelations.Thedifferent

typesofcarbonnanotubesareasfollows;

1.SINGLEWALLEDNANOTUBES.

SWNTsareanimportantvarietyofcarbonnanotube.InSWNTshavedifferentchiralitiesof

carbonnanotubesthatincludeArmchair,Zigzag,Chiral.Thesecanbeeasilytwisted.SWNT

synthesisrequirescatalyst.

2.MULTIWALLEDNANOTUBES.

Multi-wallednanotubes(MWNTs)consistofmultiplerolledlayers(concentrictubes)of

graphene.ThistypesofCNT’scannotbeeasilytwisted.PurityofMWNTishighalsocanbe

easilyproducedwithoutcatalyst.

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

Q2](a)Calculatethequantityoflimeandsodarequiredforsofteningof1,00,000

litresofwatercontainingthefollowingimpuritiesinppm.Thepurityoflimeis70%

andsodais85% Ca =30.2,Mg(HC )=20.8,CaC =28.1,MgC =8.78,(HCO3) O
3

l
2

l
2

CaS =35,MgS =6.7. (6)O
4

O
4

Ans:-

Impurities(mg/lit) Multiplicationfactor CaC equivalentO
3

(mg/lit)

Requirement

Ca =30.2(HCO3) 100

162
30.2× =18.64

100

162

L

Mg =20.8(HC03)2 100

146
20.8× =14.24

100

146

2L

CaC =28.1l
2

100

111
28.1× =25.32

100

111

S



CaS =35O
4

100

136
35× =25.74

100

136

S

MgS =6.7O
4

100

120
6.7× =5.58

100

120

L+S

MgC =8.7l
2

100

95
8.7× =9.16

100

95

L+S

LIME= ×
74

100
[CaC equivalentofCa +2×Mg +MgC+MgSO

3 (HCO3) (HCO3)2 l
2

O
4]

×
Volumeofwater

1000

100

%purity

= ×[18.64+2×14.25+9.16+5.58]× ×
74

100

100000

1000

100

70

=6541.6gms.

SODA= × × .
106

100
[CaC equivalentofCaC+MgC+MgS +CaSO

3
l
2

l
2

O
4

O
4
]Volumeofwater

1000

100

%purity

= × × .
106

100
[25.31+9.16+25.73+5.58]100000

1000

100

85

=8203.15gms.

Thelimerequirementis6541.6gmsandsodarequirementis8203.15gms.

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

Q2](b)i)Distinguishbetweenthermoplasticandthermosettingresins. (3)

Ans:-Ans:-

THERMOPLASTIC THERMOSETTING

1.Formedbyadditionpolymerization. 1.Formedbycondensationpolymerization.

2.Canbemouldedandremoulded. 2.Remouldingisnotpossible.

3.Theysoftensonheatingbecausethe

linearchainscanslipovereachother

veryeasily.

3.Theydonotbecomesoftonheating,because

crosslinksretainthestrengthonheating.But

prolongedheatingcausescharring.

4.Soft,weakandlessbrittle. 4.Hard,strongandbrittle.

5.Solubleinsomeorganicsolvents. 5.Insolubleinalmostallorganicsolvents.

6.Relativelylowmolecularweight. 6.Relativelyhighmolecularweight.

7.Example:PVC,PE,Teflon. 7.Example:UF,PF,Nylon6-6,etc.

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

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



Ans:-1.Itreducessurfacedeformation,wearandtearbecausedirectcontactbetweenthe

rubbingsurfaceisavoided.

2.Itreducesthefrictionalheat,oritactsasacoolant.Thisreducestheexpansionofmetal.

3.Itincreasesthemaintenancecostandrunningcostsofmachine.

4.Itmakestherelativemotionofslidingpartssmoothandnoisefree.

5.Itincreasestheefficiencyofmachinebyminimizingthelossofmechanical,electricalor

chemicalenergy.

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

Q2](c)WhatisDecayofconcrete?Discussitsprevention. (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)DefineFabrication.Listthemethodsused.Discussextrusionmoulding

indetail. (6)

Ans:-Fabricationofplasticisthetechniqueofgivinganydesiredshapetotheplasticsbythe

useofmould.Becauseofthepropertiesofpolymersitispossibletomouldthem andchange

theirshapeusinganumberofdifferentrepetitionsmanufacturingprocesses.Apropermethod

istobeselecteddependingupontheshapeandtypeofresinbeingused.Beforemoulding,itis

essentialtodrytheresininordertoachieveoptimum performanceoffinishedproducts.

Themethodsusedare:

1.compressionmoulding.

2. transfermoulding.

3. extrusionmoulding.

4. injectionmoulding.

EXTRUSIONMOULDING.



Thethermoplasticmaterialsaremouldedbythismethod.Theyundergocontinuous

mouldingtofrom articlesofuniform cross-section.Thesearticlesincludetubes,rods,strips,

insulatedelectricalcables,etc.Inthismethod,thermoplasticmaterialsareheatedto

plasticconditionandthenpushedbymeansofascrewconveyorintoadiehavingthe

requiredshapeofthearticletobemanufactured.Heretheplasticmassgetscooleddueto

theatmosphereexposure.Alongconveyorcarriersawaythecooledproductcontinuously.

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

Q3](b)i)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.

5.Solidandliquidphasesmustnotbeinfinely-dividedstate,otherwisedeviationsoccur.

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



Q3](b)ii)Drawaneat,labelleddiagram oftherotatorykiln. (2)

Ans:-

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

Q3](c)15000litresofhardwaterwaspassedthroughazeolitesoftener.The

exhaustedzeoliterequired120litresofNaClhavingstream of30g/lofNaCl.

Calculatethehardnessofwater.

(4)

Ans:-1litreofNaClsolution = 30gm ofNaCl.

∴120litreofNaCl = 120×30× mgofNaCl.10
3

∴ 3600× mgofNaCl. = 3600× ×10
3

10
3 50

58.5

= 30.7692× mgofCaC equivalent.10
5

O
3

15000litresofwater = 30.7692× mgofCaC equivalent.10
5

O
3

∴1litresofwater = = 205.1ppm
30.7692×10

5

15000

∴Hardnessofwatersample = 205.1ppm

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

Q4](a)Whatisactivatedsludge?Howistheprocesscarriedoutfortreatmentof

wastewater?Explainwithaflowsheetdiagram. (6)

Ans:-Sewageistheliquidwhichincludeshumanandhouseholdwastewater,industrialwaste,

groundwasteandstreetandstorm water.Henceduetothetoxicitythesewagehavetobe

treatedbecauseofthereasonslike:



1.Topreventpollutionofwaterintowhichthesewageisleftoff.

2.Topreventoffensiveodourinthewater,andthedestructionoffishandotheraquaticlife.

SEWAGETREATMENTBYACTIVATEDSLUDGEPROCESS.

1.PreliminaryTreatment.

Theprincipalobjectiveofpreliminarytreatmentistheremovalofgrosssolidsi.e.,large

floatingandsuspendedsolidmatter,grit,oil,andgreasesifpresentinconsiderable

quantities.Forremovinginorganicmatter,sewageisallowedtopassthroughbarscreen

andmeshscreen.

2.PrimaryTreatment.

Forremovingsuspendedmatterefficientlyandeconomically,sedimentationprocessis

carriedout.Sewageistreatedwithcertainchemicals(e.g.,alum,hydratedlimeetc.)which

form aflocthatabsorbsandentrapsthesuspendedandcolloidalparticlespresent.

3.SecondaryorBiologicalTreatment.

Itisanessentialanaerobicchemicaloxidationwhichincludesfiltrationandactivatedsludge

process.Sewagewaterisfilteredthroughspeciallydesignedsprinklingfilterstomaintain

aerobicconditions.CarbonoftheorganicmatterisconvertedintoC ;andnitrogenintoNO
2

H
3

andfinallyintonitratesandnitrites.Tricklingfiltersareusedforbiologicaloxidationof

sewage.Trickledsewagestartspercolatingdownwardsantheaerobicbacteriabringabout

thebiologicaloxidationoforganicmatterofsewage.

HencethesludgeformedisknownasActivatedSludge.Thefurtherprocessincludesmixing

ofsedimentalsewagewithproperquantityofactivatedsludgeandmixtureisthenagitated

for4-5hrsbyblowingair.Suspendedanddissolvedorganicmatterisoxidisedbyaerobic

bacteria.afteralltheseprocessapartofsludgedepositedisusedfornextoxidationbatch

andtheremainderiseitherspreadonlandasfertilematterorusedforbiogasordumpedin

sea.

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

Q4](b)i)20mloflubricatingoilwasdissolvedinalcohol.Thesolutionwastitrated

against0.1NKOHsolution.Attheendpointtheburettereadingwasfoundtobe

2.5ml.calculatetheacidvalueoftheoil.(densityofoil=0.86g/ml) (3)

Ans:-Givendata :- NormalityofKOH = 0.1N



VolumeofKOH = 2.5ml

Densityofoil = 0.86g/ml

Volumeofoil = 20ml.

Tofind :- Acidvalueofoil

Formula :- Acidvalue=
Vol.ofKOH×NormalityofKOH×56

Weightofoil

Solution :- weightofoil = Density×Volume

= 0.86×20

= 17.2gms.

Acidvalue =
VolofKOH×Normality×56

Weightofoil

=
2.5×0.1×56

17.2

= 0.814mg

∴ Acidvalue = 0.814mg/gm oftheoil.

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

Q4](b)ii)Distinguishbetweenthedryandwetprocessformanufacturingof

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)Listtheusesofpolymerinmedicineandsurgery. (4)

Ans:-Materialswhicharenotcausingadverseeffectonbloodandothertissuescanbeused

indiagnostic,surgicalandcanbeimplantedinthebody.Theycanbedevelopedfrom metals,

ceramicsandpolymers.Usesofpolymersinthefieldofmedicineandsurgeryareincreasing

daybyday.Characteristicsofbiomedicalpolymersare:

1.shouldbebio-compatible,canbefabricatedintodesireshapeorform withoutbeing



degraded.

2.canbeeasilysterilizedwithnoalterationinproperties,shouldhaveoptimum physicaland

chemicalproperties.

3.Theyshouldnotdestroycellularelementsofblood,enzymesorproducedtoxicorallergic

reactions.

4.Theyshouldhavepurityandreproducibility.

Examplesareasfollows:

POLYMER APPLICATION

1.PMMA. Contactlenses.

2.siliconrubber,polyurethane. Heartwalls,draintubes.

3.Polyvinylchloride. Disposablesyringes.

4.polyalkylsulphone. Membraneoxygenator.

5.Acrylichydrogels Grafting

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

Q5](a)Writenoteson(anytwo) (6)

i)Glasstransitiontemperature (3)

Ans:-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

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

Q5](a)ii)Conductingpolymers (3)

Ans:-Polymersareinsulatedbecauseoftheabsenceoffreeelectrons.Inbecomingelectrically

conductive,apolymerhastoimitatemetalthatistheelectronneedstobefreetomove.Such

typeofpolymerarecalledConductingpolymer.Polymerswithconjugateπ-electronbackbones

displayunusualelectronicpropertiessuchaslowenergyopticaltransition,lowionization

potentialsandhighelectronaffinities.Theresultisaclassofpolymersthatcanbeoxidisedor

reducedmoreeasilyandmorereversiblythanconventionalpolymers.Theeffectofthis

oxidationorreductiononpolymeriscalleddopingi.e.,convertaninsulatingpolymerto

conductingone.

Twoconditionsforapolymertobecomeconductingare:-

1.Polymerpossessconjugatedoublebonds.

2.Polymerhastobedistributedeitherbyremovingoraddingelectrontothematerial.This

processiscalleddoping.

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

Q5](a)iii)Vulcanization. (3)

Ans:-Whenrubberisheatedwithsulphur,itstensilestrength,elasticityandresistanceto

swellingareincreasedtremendously.ThisprocessisnamedasVulcanization.Vulcanization

bringsaboutastiffnessoftherubberbyanchoringandrestrictingtheintermolecularmovement

oftherubbersprings.Thevulcanizationcanbecarriedoutinseveralways:-

1.Thearticletobevulcanisedisheatedwithasteam underpressure.

2.Thearticleisimmersedinhotwaterunderpressure.

3.Byheatingthearticleinairorincarbondioxide.

4.Byvulcanizingthearticleinthemouldinwhichitisshaped.



PROPERTIESOFVULCANIZEDRUBBER.

 Hightensilestrength.

 Elastictolesserextent.

 Waterabsorptionissmall.

 Donotswellmuchinorganicsolvents.

 Betterabrasionresistance.

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

Q5](b)i)Discussthetreatmentofwaterusingbleachingpowder (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.

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

Q5](b)ii)Explainthemechanism ofExtremepressurelubrication. (2)

Ans:-Underheavyloadandhighspeedoperatingconditions,largeamountoffrictionalheatis

generated.Undertheseconditionsaliquidlubricantfailstostickandmaydecompose.To

withstandsuchextremeconditions,specialadditivesareaddedtothelubricatingoil.Additives



aregenerallyorganiccompoundshavingactiveradicalsorgroupsuchaschlorine,sulphur,

phosphorousetc.Theyreactwiththemetalsurfacesathightemperatureandform durable

filmsofmetallicchlorides,sulphidesandphosphides.Thesecompoundsposseshighmelting

pointandgoodthermalstabilityandhence,serveasgoodlubricant.However,theyarenot

effectiveonchemicallyinertmetalsurfacesofAg,Ti,andCu.Thistypeoflubricationisused

forcuttingtools,inwiredrawing,rocketcrushingmachinesetc.

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

Q5](c)Whatisreducedphaserule?Drawthephasediagram oftheAg-Pbsystem

withproperlabelling. (4)

Ans:-Insomesystems,anequilibrium existsbetweensolid-liquidphasesandgaseous

phaseispracticallyabsent.Hencetheeffectofpressureonsuchsystem canbeneglected.

Thenitisnecessarytotakeintoaccountonlytwovariablesviz.temperatureandconcentration.

Suchsystem showingsolid-liquidequilibrium iscalledcondensedsystem andphaserule

appliedtosuchsystemsisasfollows:

F=C–P+1…knownascondensedphaserule.

Phasediagram ofAg-Pbsystem

IntwocomponentsystemstherearefourpossiblephasessolidAg,solidPb,solutionofAg,+
Pbandvapour.Sincethepressurehasnoeffectonequilibrium sothesystem canbe
representedbytemperatureconcentrationdiagram atconstantatmosphericpressure.As
pressureisneglectedthephaseruleiscalledcondensedphaserule.

1)CurveAo. ItisafreezingpointcurveofAg.AgCoexistsassolidandliquid.Meltingpointof
AgfallsgraduallyonaddingPbtillthelowestpointisreached.Thesolutiongetssaturatedwith
respectivetolead.

2)CurveBo. ItisafreezingpointcurveofPb.Atthiscurvethemeltingpointgraduallyfallson
theadditionofAgtilllowestpointitreach.

3)PointO. Itiseutecticpoint.Here3phasesco-existsandpointOrepresentsafixed
compositionandsystem isinvariant.

Belowthetemperaturelineofeutectictemperature,wehavetworegions.



a)TheregionmarkedeutecticplussolidAginwhichcrystallinesilverandsolideutecticare
stable.

b)TheregionmarkedeutecticplussolidPbinwhichcrystallineleadandsolideutecticare
stable.

4)AreaAOB. ItrepresentssolutionofPbAg.Onloweringtemperaturetheleadbeginsto
separateouttillthepointOisreached.

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

Q6](a)Whataretheconditionsforuseofsolidlubricants?Discussthestructure
andusesofGraphite. (6)

Ans:-Drylubricantsorsolidlubricantsarematerialwhichcanreducethefrictionwithouta

liquidmedium .theyareusedwhere,

1.Operatingconditionsaresuchthatalubricatingfilm cannotbeformedormaintained.

2.Contaminationsofliquidorsemi-solidlubricant,withdustordirtisnotdesirable;e.g.,

opengears.

3.Combustiblelubricantsmustbeavoidedduetothehighoperatingtemperatureand

pressure.

4.Heavymachineryworkingonacrudejobatveryhighloadsandslowspeed.

5.Wherethepartstobelubricatedarenoteasilyaccessible.

GRAPHITE:

Graphiteisthemostwidelyusedofallsolidlubricants.Itconsistsofalayeredlatticestructure.
Alayerofhexagonallyarranged hybridizedcarbonatom intheplanargraphitemoleculesp

2

bondedcovalently.Thetwoneighbouringparallellayersare3.7A°apartandareheldtogetherby
weakvanderwaalsforces.Thereforetheforcesrequiredtoshearlayersisverylowandthe
moleculescanslipovereachothereasilybymechanicalforces.Hence,graphitepowderisvery
soapytotouchorveysoftandcanactaslubricant.Itisnotinflammableandnotoxidisedinair
below375℃.Intheabsenceofair,Itcanbeuseduptoveryhightemperature.Usuallysome
organicsubstancesaremixedwithsolidlubricantssothattheymaystickfirmlytothe
metal(called“Aquadag”)oroil(called“Oildag”).OildagisusedinICengines.Aquadagis
usefulinaircompressors,generalmachineshopwork,lathesandformachineryusedinfood
industry.Graphiteisalsomixedwithgreasestoform graphitegreases,whichareusedat
highertemperature.



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

Q6](b)i)Discusstriplepointinonecomponentsystem (3)

Ans:-TRIPLEPOINT:-ThethreecurvesOA,OB,andOCmeetatOatwhichsolid,liquidand
vapourco-existinequilibrium.Thispointat273.16K(0.0075℃)and4.58mm ofHgpressureis
calledTriplepoint.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](b)ii)Explainreverseosmosis. (2)

Ans:-Whentwosolutionsofunequalconcentrationsareseparatedbyasemipermeable

membranewhichselectivelydoesnotpermitthepassageofdissolvedsoluteparticles,i.e.,

molecules,ionsetcflowofsolventtakesplacefrom dilutetoconcentratedsidesdueto

osmosis.Ifahydrostaticpressureinexcessofosmoticpressureisappliedontheconcentrated

sidetodilutesideacrossthemembrane.



Thisprocessiscalledasreverseosmosis.Thusinreverseosmosismethodspuresolventis

separatedfrom itscontaminates,ratherthanremovingcontaminantsfrom thewater.

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

Q6](c)Writeanoteonfullerene. (4)

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.

-----------------------------------------------------------------------------------------------------------------
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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.

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



 

APPLIED CHEMISTRY 1 

(CBCGS , DEC 2018) 
        

 

Q1](a) Explain the principle of EDTA method .                                      (3) 

Ans :  1) EDTA or its sodium salt forms stable complex ion with Ca2+ or Mg2+ 

( hardness producing ions ) in water .The titration is carried out in presence of indicator 

such as Eriochrome Black T ( EBT ) . 

2) In a hard water sample ,the total hardness can be determined by titrating Ca2+ and 

Mg2+ present in an aliquot of the sample with Na EDTA solution ,using NH4Cl , NH4OH 

buffer solution of pH =10 and the metal indicator EBT . 

3) At pH 10 ,EBT indicator forms wine red coloured unstable complex with Ca2+ or Mg2+ 

ions in hard water .      

4) When EDTA is added from burette to this wine red complex ,there is formation of 

more stable Ca-EDTA but colourless complex . Near the end point , when all Ca2+ ions 

get complexed with EDTA ,indicator EBT ions set free giving blue colour to the solution .  

 

Q1](b) What is glass transition temperature ?Write its significance.  (3)                                                                                

Ans : 1)There is a temperature boundary for almost all amorphous polymers and many 

crystalline polymers,only above which the substance remains soft,flexible,rubbery and 

below which it becomes hard,brittle and glassy. 

Eg. An ordinary rubber ball if cooled below -70*C  becomes so hard and brittle that it will 

break into pieces like a glass ball falling on a hard surface. 



 

2)The temperature below which a polymer is hard,brittle and glassy and above which it 

is soft and flexible is called as ‘Glass Transition Temperature’(Tg). 

3)A polymer is not preferred to be used at temperatures below its glass transition 

temperature since it becomes hard,stiff and brittle. 

4)A polymer material should have much lower Tg than the operating temperature. 

Eg polymers to be used for refrigerators, air conditioners or used in cold countries 

should have lower Tg,so that they donot break during use. 

5)At glass transition temperature,the internal energy of the polymer increases to that 

extent where chain segments of a polymer molecule just start leaving their lattice sites. 

 

Q1](c) Write the significance of the following properties of lubricants.                                                                                         

             i) Emulsification      ii) Cloud point      iii)  Fire point                (3) 

Ans :     i) Significance of Emulsification: 

(1) A good oil lubricant generally has a low steam emulsion number , so that even if 

water comes in contact with the oil in the lubricated parts , it will not form  

emulsion which has tendency to collect dirt , dust, etc. 

(2)  Petroleum oils have very low Stream Emulsion Number ( S.E.N ) but vegetable 

oils have higher S.E.N as the vegetable oil and water molecules have affection. 

(3)  Whenever a stable oil in water or water in oil emulsion is required for lubricants 

( eg  cutting , drilling operations , large IC engines , pneumatic compressors , 

etc ) , then they are prepared by use of emulsifiers like soap , fatty acids , etc . 

ii)  Significance of Cloud point : 

(1) Coloud point is significant as it helps us in knowing the lowest temperature 

upto which the oil can be suitable as a liquid lubricant . 

(2) Knowledge of cloud point can help the machines to be prevented from getting 

jammed in places in cold region in some areas of India. 

(3)  The lubricating oils should have much lower cloud point than the working 

temperature. 

iii)  Significance of Fire point :  

(1)  Fire point is significant as it helps in knowing the highest temperature upto 

which an oil can be used as a lubricant . 

(2) A lubricating oil selected for a job should have  a fire point which is 

reasonably above its working temperature .  

(3) It helps in the storage , transport and use of the lubricating oil. 

(4)  It is also useful for identification and detection of contaminants in the oil . 

 



 

Q1] (d) What is RCC ? What are the advantages of RCC over concrete?                                                                                                                                                                                                                                                                                                                                     

Ans :                                                                                                           (3) 

1) RCC is the combination of steel and concrete structure which has high load-

bearing capacity. It is the ordinary concrete reinforced with steel rods or heavy 

wire mesh. 

2) Plain concrete has a great compressive strength but little ability to withstand 

tension. Hence when steel and concrete are together used , embedded steel 

takes up tension and strength is given by concrete. 

Advantages of RCC over concrete : 

a) RCC is easier to make and cast into desired shape , which can bear any type of 

load. 

b) It posseses greater rigidity , moisture and fire resistances . 

c) Steel reinforcement tends to distribute shrinkage cracks , thus preventing 

formation of large cracks . 

d) The concrete on setting gets bonded very strongly with the reinforcements giving 

high compressive and tensile strengths . 

e) Its maintainance cost is practically negligible . 

 

Q1](e) Explain the reduced phase rule .                                                 (3) 

Ans : i) In two component system , when P=2 and C=2 

                   F=C-P+2=3.  

ii)Since the maximum number of degrees of freedom in a two-component system is 

three , the phase behaviour of a binary system may be represented by a three 

dimensional diagram of pressure , temperature and composition or space models , 

which cannot be conveniently shown on paper . 

iii) A solid-liquid equilibrium of an alloy has practically no gas phase and the effect of 

pressure is small on this type of equilibrium ,since the experiments are conducted under 

atmospheric pressure. 

iii) Keeping the pressure constant of a system ,  in which vapour phase is not 

considered , is known as Condensed System. 

iv) It will reduce the degree of freedom by one and for such a system , phase rule 

becomes  

                                 F=C-P+1 

 This is known as the reduced/condensed phase rule having two variables ,namely 

temperature and concentration of constituents . 

 

 



 

Q1](f) Distinguish between thermoplastic and thermosetting polymer.                                                                                              

Ans :                                                                                                           (3) 

 

Q1](g) 20 ml sample of waste water was refluxed with 30 ml of 

potassium dichromate solution and after refluxing the excess 

unreacted dichromate required 11 ml of 0.1 N FAS solution . Blank of 

20 ml of distilled water on refluxing with 30 ml of dichromate solution 

required 14 ml of 0.1 N FAS solution . Calculate the COD value of 

waste water .                                                                                              (3) 

Ans : 

Given data :  Volume of FAS required for the blank solution =VB =14  

                              ml 

        Volume of FAS required for estimation of sewage =VE =11 ml 

        VB –  VE =14-11 =3 ml 

        Normality of FAS  =N =0.1  , Volume of sewage =20 ml 

 To find :   COD 

 

          Thermoplastic  
             Polymer 

             Thermosetting  
                 Polymer 

1)These are formed by addition 
polymerisation . 

1)These are formed by condensation 
polymerisation . 

2)They have low molecular weight . 2)They have high molecular weight . 

3)They are usually soft ,weak and less 
brittle . 

3)They are usually hard ,strong and more 
brittle . 

4)They are long chain linear polymer 
with negligible cross links  

4)They have three-dimensional network 
structure with number of crosslinks .  

5)They are usually soluble in some 
organic solvents . 

5)Due to strong bonds and crosslinks ,they 
are insoluble in almost all organic solvents . 

6)They get softened on reheating readily 
because secondary forces between the 
individual chain can break easily by heat 
or pressure . 

6)They donot soften on reheating because 
the crosslinks and bonds retain their 
strength on heating . 

7) Example : 
Polyethylene ,Polystyrene ,PVC ,PVA . 

7) Example : 
Phenolformaldehyde,ureaformaldehyde , 
Nylon 6,6 . 



 

Solution : 

    COD =  8 x N x (VB – VE ) x 1000/ Volume of sewage      mg/lit 

     COD =  8x 0.1 x 3 x 1000 / 20 = 120  mg/lit . 

The COD value of waste water is 120 mg/lit . 

 

Q2](a) A sample of water contains following impurities : 

Mg(HCO3)2 =73 mg/lit , MgSO4 = 120 mg/lit , CaCl2 = 222 mg/lit and 

Ca(NO3)2 = 164 mg/lit . The purity of lime is 74% and soda is 90% . 

Calculate the quantity of lime and soda needed for softening of 50,000 

litres of water .                                                                                           (6) 

Ans :  

    Impurities           
      (mg/lit) 

  Multiplication 
     Factor 

CaCO3 
equivalents 
(mg/lit) 

Requirement 

Mg(HCO3)2        100/146 73 x 100/146 =50         2L 

MgSO4    100/120 120 x 100/120 =100        L + S 

CaCl2    100/111 222 x 100/111 =200        S 

Ca(NO3)2      100/164 164 x 100/164 =100        S 
 

Lime Requirement  =   74/100 x [CaCO3  equivalent of 2x Mg(HCO3)2 +     

                                                               MgSO4 ]  

                                   = 74/100 x [100 + 100 ] 

                                   =148 ppm . 

Lime  Required for 50,000 litres of water with 74% purity  

                                 = 148 x 50,000 x 100/74 

                                 = 10,000 gm . 

Soda Requirement = 106/100 x [CaCO3 equivalent of MgSO4 + CaCl2 +             

                                                                 Ca(NO3)2 ] 

                                



 

                               = 106/100 x [100 + 200 + 100 ] 

                               =  424 ppm . 

Soda Requirement for 50,000 litres of water with  90% purity 

                               =424 x 50,000 x 100/90 

                               = 23,556 gm . 

The Lime Requirement is 10,000 gm and Soda Requirement is 23,556 gm . 

 

Q2](b)(i) Write a brief note on polymers used in medical field .           (3) 

Ans : 1) Biomaterials are the substances that can be implanted in the bodies of human 

beings to provide special prosthetic function or used in surgical ,diagnostic and 

therapeutic applications without causing any adverse effect on the blood and other 

tissues of human body . 

3) Biomaterials are versatile and can be modified to suit specific body functions . 

4)  The following are the characteristics of biomaterials : 

a) Purity and reproducibility 

b) Easy sterilization and should not be toxic or allergic . 

c) Optimum physical and chemical properties . 

d) Should be fabricated into desired shape or form . 

e) Should be chemically inert and not affect body fluids . 

f) Should be flexible . 

5) The applications of polymeric biomaterials are as follows : 

Polymer Applications 

1) Silicone polymer rubber  Heart valves ,artificial heart ,blood 
filters ,vascular tubing. 

2) Polymethyl methacrylate Contact lenses ,dental restoratives 

3) Polyvinyl chloride Disposable syringes 

4) Polylactic acid Dialysis media ,drug 
delievery ,organ 
regeneration ,plastic surgery ,etc. 

5) Polyglycollic acid Surgical applications ,medical 
devices such as anastomosis 
rings ,plates ,rods ,pins ,screws ,etc . 

6) Polyurethane rubber Reconstructive surgery 

 

 

 



 

Q2](b)(ii) Name two additives added in blended oils .Give one example 

of each .                                                                                                     (2) 

Ans : (i)No single oil serves as the most ideal lubricant for many of the modern 

machineries . Therefore specific additives can be incorporated into petroleum oils to 

improve their characteristics . 

(ii) Blending improves the properties of lubricants such as good oiliness ,lower 

pour point ,increase in resistance power for oxidation and corrosion ,etc . 

 

Sr 
No. 

Name of the 
additive 

           Chemical used     Functions 

 
1 

 
Dispersants 

Polymers such as nitrogen 
containing polymethacrylates ,alkyl 
succinimides and high molecular 
weight amines and amides . 

Prevent or retard sludge 
formation and deposition 
under low temperature 
operating conditions . 

 
2 

 
Antioxidants 

 
Phenols ,amines ,organic 
sulphides ,organic sulphides , etc . 

Retard the oxidation of 
oil .Minimize the formation 
of 
resins,varnish,acids,sludges 
and polymers 

 

 

Q2](c) Explain with the help of chemical reactions “ Setting and 

Hardening “ of cement .                                                                           (4) 

Ans : When cement is mixed with water to a plastic mass ,called “cement paste 

“ ,hydration reaction begins ,resulting in the formation of gel and crystalline 

products.The interlocking of the crystals ,finally bind the inert particles of the aggregates 

into a compact rock-line material .The process of solidification comprises of : 

(i)setting and then ,                                (ii) hardening 

“ Setting “is defined as stiffening of the original plastic mass ,due to initial gel formation . 

“Hardening “is development of strength ,due to crystallization . 

After setting ,hardening starts ,due to the gradual process of crystallization in the interior 

of the mass .The strength developed by cement paste at any time ,depends upon the 

amount of gel formed and the extend of crystallization . 

Initial setting of cement-paste is mainly due to the hydration of tricalcium aluminate 

(C3A) and gel formation of tetracalcium                                                                                                         

   3CaO . Al2O3 + 6H2O→ 3CaO . Al2O3. 6H2O + 880 KJ/Kg 

 



 

Or              C3A + 6H2O→    C3A . 6H2O  +  880 KJ/Kg   

   Tricalcium aluminate      Hydrated tricalcium aluminate 

4CaO . Al2O3. Fe2O3 + 7H2O→ 3CaO . Al2O3 . 6H2O + CaO . Fe2O3 . H2O 

                                                                                + 420 KJ/Kg 

Or C4AF + 7H2O → C3A . 6H2O (crystalline) + CF . H2O (gel) + 420 KJ/Kg 

Dicalcium silicate starts hydrolysing to tabermonite gel (which possesses a very high 

surface area and thus ,very high adhesive property) ,which also contributes to initial 

setting . 

2[2CaO . SiO2] + 4H2O → 3CaO . 2SiO2 . 6H2O + Ca(OH)2  + 250 KJ/Kg 

Or        2C2S  + 4H2O  →         C3S2 . 6H2O   +    Ca(OH)2      +      250 KJ/Kg 

       Dicalcium silicate   Tabermonite gel   Crystalled calcium hydroxide 

Final setting and hardening of Portland cement-paste is due to the formation of 

tabermonite gel (formed above ) plus crystallization of calcium hydroxide and hydrated 

tricalcium aluminate .  

2[2CaO . SiO2]  +  6H2O → 3CaO . 2SiO2 . 3H2O + Ca(OH)2  + 500 KJ/Kg 

Tricalcium silicate             Tabermonite gel      Calcium hydroxide   

Or  2C3S  +  6H2O  →         C3S2 . 3H2O   +    3Ca(OH)2      +      500 KJ/Kg  

In short , 

1) When water is added to cement ,at first hydraton of C3A and C4AF takes place 

within day . 

2) C3S begins to hydrate within 24 hrs and gets completed in 7 days . 

3) Gel of aluminate begins to crystallise and at the same time C2S begins to hydrate 

in 7-28 days . 

4) The development of early strength between 1-7 days is due to the hydration of 

C3S and further hydration of aluminate 

5) The increase of strength between 7-28 days ,is due to hydration of C2S and 

continued hydration of C3s . 

 

Q3](a) What is fabrication of plastic ? Explain injection moulding 

process with a neat diagram .                                                                  (6) 

Ans : Fabrication is the process in which the prepared resins in the form of granules 

or powder are converted into desired shape by using various machines or moulds . It 

transforms the compound materials into finished articles .A proper method has to be 

selected depending on the shape and size of the resin being used . 

 



 

Injection Moulding : 

1) It is used for thermoplastic resins only . 

2) Here ,a predetermined amount of the granular or powdered resin is fed into a 

heated cylinder . 

3) From the cylinder ,the powdered resin is injected at a controlled rate through a 

nozzle into the tightly locked mould by means of a screw arrangement  or by 

piston plunger . 

   

4) The mould is kept cold to allow the hot plastic to cure and become rigid .After 

sufficient curing ,the mould is half opened and finished particle is ejected 

without any deformation . 

5) Automation of the entire cyclic process is possible . 

6) The method is widely used because of high speed  production ,low mould 

cost ,very low loss of material and low finishing cost . 

7) The limitation of this method is large number of cavities cannot be filled 

simultaneously . 

8) Articles prepared by injection moulding are ball 

pens ,telephones ,buckets ,dustbins ,flower pots ,etc . 

 

Q3](b)(i) Discuss the advantage and limitations of the phase rule .    (3)                                                                                        

Ans :  Advantages of phase rule : 

1) It is applicable to both physical and chemical equilibria . 

2) It requires no information regarding molecular /micro-structure ,since it is 

applicable to macroscopic systems . 

3) It is a convenient method of classifying equilibrium states in terms of 

phases ,components and degrees of freedom . 

4) It helps us to predict the behaviour of a system under different conditions of the 

governing variable . 

 



 

5) It indicates that different systems with same degree of freedom behave similarly . 

6) It does not take any cognizance of either the nature or quantities of components 

present in the system . 

7) It helps in deciding whether under the given set of conditions : 

a) Various substances would exist together in equilibrium or 

b) Some of the substances present would be interconverted or  

c) Some of the substances present would be eliminated . 

   Limitations of phase rule : 

1) It can be applied to systems in equilibrium only . 

2) It is of little value in case of systems which attain the equilibrium state very slowly 

3) It applies only to a single equilibrium system and provides no information 

regarding any other possible equilibria in the system . 

4) It requires utmost care in deciding the number of phases existing in an 

equilibrium state ,since it considers only the number of phases rather than their 

amounts .Thus ,even if a trace of the phase is present ,it accounts towards the 

total number of phases . 

5) It conditions that all phases of the system must be present simultaneously ,under 

the same conditions of temperature and pressure . 

6) The solid ,liquid phases should not be so finely sub-divided as to bring about 

deviation from their normal values of vapour pressure .  

 

Q3](b)(ii) Differentiate between SWNT and MWNT .                       (2)                       

Ans :  

SWNT MWNT 
1)It consists of single layer of 
graphene  

1)It consists of multiple layer of 
graphene  

2)Catalyst is required for synthesis of 
SWNT . 

2) MWNT can be produced without the 
help of catalyst 

3)Bulk synthesis is difficult as it 
requires proper control over growth 
and atmospheric condition . 

3)Bulk synthesis is easy . 

4) A chance of defect is more during 
functionalization . 

4) A chance of defect is less but once 
occurred it is difficult to improve . 

5)It can be twisted easily and are 
more pliable . 

5)It cannot be easily twisted . 

6)I t causes less accumulation in 
body .  

6)It causes more accumulation in 
body . 

 

Q3](c) A zeolite softener was completely exhausted and was 

generated by passing 1000 litres of NaCl .How many litres of a sample 

of hardness 500 ppm can be softened by this softener ?                     (4)                                                                                                    

Ans : The total amount of NaCl required for the softening process is                      

 



 

         1000 litres x 100 mg/lit =100000 mg . 

              CaCl2 + Na2Ze → 2NaCl + CaZe 

             1CaCl2 → 2NaCl 

             1CaCl2 → 1CaCO3 

Hence     1CaCO3 → 2NaCl  

                    100 mg of CaCO3 = 2 x 58.5 mg of NaCl 

        2 x 58.5 mg of NaCl = 100 mg of CaCO3 

        100000 mg of NaCl = 100000 x 100/2 x 58.5   mg of CaCO3 

The hardness of the water sample is 500 ppm , i.e. 500 mg of CaCO3 is required for 1 

litre of water . 

Volume of water required for 100000 x 100 /2 x 58.5   mg of CaCO3 is 

                =  100000 x 100 /2 x 58.5 x 500   Litres 

               = 170.94 Litres  

  170.94 Litres of a sample of water can be softened by this softener . 

 

Q4](a) Draw the diagram for demineralization process and write 

suitable reactions involved in the process .What are the advantages 

and disadvantages of the method .                                                         (6) 

Ans : Demineralization is also called as Ion exchange or de-ionization process .This 

softening process is carried out with help of organic substances called as ion-exchange 

resins . 

Principle : Ion-exchange resins are insoluble , crosslinked organic polymers with a 

microporous structure and the functional groups attached to chains are responsible for 

exchanging ions .Ion exchange resins are of two types : 

a) Cation exchange resins (RH+) : Resins which contain acidic functional groups (-

COOH ,-SO3H ,etc ) are capable of exchanging their H+ ions with other 

cations .These are mainly styrenedivinyl benzene copolymers which on 

sulphonation/carboxylation become capable of exchanging their H+ ions with 

other cations in water . 

Eg . Amberlite IR-120 ,Dowex-50 . 

          2RH+ +  Ca2+ →  R2Ca2+ + 2H+ 

b) Anion exchanger resin (ROH- ):Those resins containing basic functional group (-

NH2 ,= NH as hydrochloride ) are capable of exchanging their anions with other 

anions in contact .The styrene-divinyl benzene or amine formaldehyde 

copolymers ,which contain amino/quaternary ammonium/quaternary sulphonium 



 

groups ,on treatment with dil NaOH becomes capcble of exchanging their OH- 

ions with any other anion . 

Eg .Amberlite 400 ,Dowex-3 . 

          ROH- + Cl- → R+Cl- + OH-  

Diagram : The schematic diagram of the unit used for this purpose is as shown in 

the figure . 

  

Process : The hard water first passes through the cation exchange column when all 

the cations like Ca2+, Mg2+ ,etc are removed (taken up by the resin) and an 

equivalent amount of H+  is released from resin to water .Subsequently this water is 

passed through the anion exchange column when all the anions like Cl- ,SO4
2- ,etc.              

The H+ and OH- released respectively  from cation exchanger and anion exchanger 

combine to give water  . 

          H+ + OH- → H2O 

Thus water flowing out of the anion exchange column is free from all the cations and 

anions and becomes ion-free or deionized or demineralized . 

When capacities of cation and anion exchangers to exchange H+ and OH- ions 

respectively are lost ,they are said to be exhausted . 

These columns are regenerated by respective acid and alkali solutions as stated 

before . 

The cation exchanger is regenerated by diluted H2SO4 and then washed with 

deionised water and washing (containing Ca2+ ,Mg2+ and Cl- , SO4
2- ions) is passed 

to the sink . 

               R2Ca2+ + 2H+→ 2RH+ + Ca2+ 

The anion exchanger is regenerated by diluted NaOH and then washed with  



 

deionised water and washing (containing Na+ , Cl- , SO4
2- ions ) is passed to the 

sink .The regenerated column is used again . 

            R’2SO4
2- +  2OH-→ 2R’OH- + SO4

2- 

Advantages of the method : 

1) The process can be used to soften highly acidic or alkaline waters . 

2) It produces water of very low hardness (upto 2 ppm ) . 

3) The water softened by this process is good for high pressure boilers . 

Disadvantages of the method : 

1) The equipment is costly and more expensive chemicals are needed .  

2) If water contains turbidity then the output of the process is reduced . 

 

Q4](b)(i) Find the acid value of the given oil whose 20 ml required 2.8 

ml of  N/10  KOH during titration .( Density of oil =0.86 g/ml )              (3)                                                                                    

Ans :  

Given :  VKOH = 2.8 ml  , VOil = 20 ml   , N = 1/10 , DOil = 0.86 g/ml 

To Find :  Acid Value 

Formula :  Acid Value = 56 x VKOH x N /WOil 

Solution : WOil = DOil x VOil = 0.86 x 20 = 17.2 g 

                         Acid Value =  56 x 2.8 x 0.1 /17.2   mg of KOH  

                                            =  0.912 mg of KOH 

The Acid Value of the given oil is 0.912 mg of KOH . 

 

Q4](b)(ii) Write a short note on decay of concrete .                              (2) 

Ans : 1) As concrete contains free lime (CaO) ,it is susceptible to chemical attack. 

2) In acidic water (pH<7) ,lime dissolves thus making concrete weak .Higher is the 

acidity ,more is the deterioration of concrete. 

3) Lime is more soluble in soft water than in hard water .Hence deterioration of 

concrete is more in soft water than in hard water . 

4) Lime of concrete is removed by sulphates and chlorides ,present in water .If 

concrete is soaked in mineral oil for sometime ,its resistance to abrasion 

decreases .If old sugar bags are used to carry sand or cover fresh concrete during 

curing ,the setting time of concrete is delayed and strength is greatly affected during 

first four weeks . 



 

5) The most serious type of damage to concrete takes place in the presence of 

sulphates .The sulphates combine with tricalcium aluminate to form  sulpho-

aluminates ,which occupies more volume .This causes expansion ,thereby the life of 

concrete is greatly reduced .Such a danger can be avoided by eliminating tricalcium 

aluminate from the cement composition and manufacturing cement containing  

tetracalcium aluminoferrite ,instead of aluminate .   

Q4](c) Natural rubber requires vulcanization .Give reasons .With  

appropriate reactions explain how the drawbacks are overcome.      (4)                                                                                    

Ans : The natural rubber has the following properties : 

1) Its plasticity is greater than elasticity. It cannot sustain stress .Thus when 

stretched to a great extent ,it undergoes deformation permanently . 

2) It has large water absorption tendency ,which makes it weak . 

3) It has very low tensile strength . 

4) Due to large percentage of unsaturation in its structure , it is easily attacked by 

various reagents such as HNO3 ,conc . H2SO4 ,organic 

matter ,air ,oxygen ,ozone ,etc . and as a result gets gradually disintegrated . 

5) It possesses high percentage of tackiness (property of developing stickiness on 

surface ) which makes difficult to store the rubber stocks . 

6) Durability and abrasion resistance of natural rubber is very low . 

Thus in order to improve the undesirable properties of natural rubber, it requires 

vulcanization . 

In vulcanization of rubber,crude rubber is mixed with vulcanizing agent like 

sulphur . Mixture is heated toabout 110-140   C ,where sulphur chemically 

combines with rubber  

.During vulcanization double bonds present in rubber structure break and ‘ S’ 

gets added to it forming cross links . 

Formation of cross links between C-atoms restrict intermolecular 

movement ,which gives stiffness (hardness ) to rubber and decreases 

elasticity .The extent of hardness in vulcanised rubber depends on the amount of 

sulphur chemically added to rubber . 



 

 

The properties of rubber are changed considerably by vulcanization ,vulcanized 

rubber are of high molecular weights and less unsaturated than the raw rubber . 

The quantity of sulphur used varies upto 45 % ,soft rubber contains 0.5-5 % of 

sulphur ,hard rubber contains more than 30 % ,tyre rubber contains 3-5 % and 

battery case rubber contains 30 % of sulphur .. 

 

Q5](a) Write preparation ,properties and uses of following polymers :    

i)Kevlar      ii)Silicone rubber     iii)Buna S                                              (6) 

Ans : 

(i)Kevlar 

Preparation : 

It is aromatic polyamide or polyaramide resin .It is prepared by polycondensation 

reaction between aromatic dichloride and aromatic diamines . 



 

Properties : 

1) Exceptionally strong ( 5 times stronger than steel ) . 

2) High heat stability and flexibility . 

3) Very high rigidity ( due to delocalized bonding which causes benzene rings to be 

inflexible ) . 

4) High electron density in chains of Kevlar . 

Uses : 

1) Aerospace and Aircraft industry . 

2) Making ropes ,cables ,protective clothings ,bullet proof vests,etc  

3) Making motorcycle helmets . 

4) Car parts . eg   brakes ,tyres ,clutch linings ,etc . 

(ii)Silicone rubber  

Preparation : It is a type of inorganic polymer where backbone contains atoms other 

than carbon ,linked together by covalent bonds  (-Si-O-Si-). Silicon rubbers are 

produced by polymerization of dimethylsilicon hydroxide . 

Properties : 

1) Exceptional resistance to prolonged exposure to sunlight ,weathering ,moist 

oils ,dilute acids and alkalis . 

2) It shows flexibility in temperature from  90-250 C  

3) When silicone rubber is kept at very high temperatures , it decomposes leaving 

behind non-conducting silica ( SiO2 ) . 

4) Non-toxic in nature . 

5) Water repellent . 

6) Shows good electrical insulating properties . 

 



 

  

Uses : 

1) In fighter aircrafts . 

2) For manufacture of tyres . 

3) As adhesives in electronic industry . 

4) For making artificial heart valves , padding in plastic surgery . 

5) High voltage insulators . 

(iii)Buna S : 

Preparation :Buna S / Styrene Butadiene rubber is synthesized from two monomers , 

namely   i)Styrene  (25% by weight )     ii)Butadiene ( 75% by weight ) .It is obtained by 

co-polymerization reaction in presence of Na as catalyst . 

Properties :  

1) High abrasion resistance . 

2) High load bearing capacity and resilience . 

3) Readily it gets oxidized in presence of ozone . 

4) It swells in oils and solvents . 

5)  It needs more accelerators for vulcanization . 

 



 

6) It can be vulcanized by sulphur but the quantity required is less . 

Uses : 

1) It is used in motorcycle tyres . 

2) It is used in shoe soles , foot wear components , floor tiles . 

3) Wire and cable insulations , adhesives . 

 

Q5](b)(i) Explain Activated sludge method with the help of diagram  (3)                                                                                          

Ans : Principle -Here ,the adequate amount of O2 or air is passed through 

sewage ,containing aerobes ,complete aerobic oxidation takes place .If this aeration is 

carried out with sludge from previous oxidation process ,the oxidation is faster .This 

sludge is known as activated sludge . 

Process : The process involves the mixing of sedimented sewage with activated sludge 

and then it is sent to aeration tank. Microorganisms should be provided with nutrients 

such as N and P which are supplied in form of urea .The other nutrients such as 

K,Mg,Ca are generally present in waste . 

The efficiency of activated sludge is determined by pH ,temperature and redox potential. 

It is kept for 5-6 hrs in order to have complete oxidation ,whereby C gets converted to 

CO2 ,N to NH3 and then to nitrites , nitrates .At least 0.5 ppm O2 must be present and 

pH is maintained between 6.5-9 . 

After aeration ,the effluent is settled in settling tank ,where the sludge is settled and 

clean ,liuid is drawn off .A part of settled sludge can be used further for fresh batch of 

sewage and the process continues . 

The remaining sludge is used for i)Land spreading     ii)Dumping in sea      iii)Digestion 

process : where sludge is kept in closed tank in absence of air for almost a month ,it 

gives methane which can be used as a fuel ( 400-600 Litres of fuel is generated per Kg 

of sludge ) . 

It is the most versatile method and BOD removal is upto 90-95 % . 



 

 

 

Q5](b)(ii) What is grease ? What are the conditions in which greases 

are used ?                                                                                                  (2) 

Ans : Greases are semisolid substances consisting of an emulsion of soap with 

mineral/vegetable oil dispersed throughout the liquid . 

Greases/Semisolid lubricants are used in the following cases :  

Where oil does not remain in position because of high load ,low speed ,intermittent 

operations ,sudden jerks ,etc . 

In bearing and gears that work at high temperatures . 

In situations where dripping or spurting of oil is undesirable eg.in machines preparing  

paper , textiles , etc . 

Where bearing needs to be sealed against entry of dust , dirt , grit or moisture .   

                                                                                                   

Q5](c) Draw the phase diagram of one component system and find out 

the number of degree of freedom along the curves and areas .          (4)                                                                                 

Ans :   1)Curve OA ( Vapour Pressure curve ) 

Along this curve , the two phases water and water vapour coexist in equillibrium  . 

 



 

  Water system is one component system . 

Hence there are two phases ,P=2 and one component ,C=1  

             F = C-P+2 =1-2+2 =1 

The system is univariant . 

2)Curve OB ( Sublimation curve ) 

Along this curve , the two phases solid-ice and water-vapour coexist in equillibrium . 

Hence , P = 2 and C =1  

             F = C-P+2 =1-2+2 =1 

The system is univariant . 

3)Curve OC ( Fusion curve ) 

Along this curve ,the two phases solid-ice and water coexist in equillibrium . Hence ,  

P =2 and C =1 

          F = C-P+2 =1-2+2 =1 

The system is univariant .

 

4) Areas AOC , AOB and BOC  

These areas between the curves show the conditions of temperature and pressure 

under which a single phase exists . 

Area AOC represents conditions for liquid water ,i.e. water . 

Area AOB represents conditions for gaseous phase ,i.e. water vapour . 

 



 

Area BOC represents conditions for solid phase ,i.e. ice . 

In all th three areas ,thereis one phase and one component , 

            F = C-P+2 = 1-1+2 = 2 

Hence , the system along the areas is bivariant . 

  

Q6](a) What are lubricants ? Define lubrication .Explain                  

Hydrodynamic lubrication mechanism with neat diagram .                 (6) 

Ans : The lubricants are defined as the chemical substances which reduce friction 

between two sliding/moving metal surfaces and thereby reduce wear and tear of 

machines .The lubricant keeps the two surfaces apart ,thus the frictional resistance 

reduces . 

The process of reducing frictional resistance between moving/sliding surface ,by 

introduction of lubricants in between them is called lubrication . 

Hydrodynamic Lubrication : 

Fluid film lubrication is done by introducing sufficiently thick layer of liquid lubricant at 

least 1000 ֯a thick in between the moving or sliding surfaces .Lubricant film first of all 

covers the irregularities of the sliding surfaces and then forms a thick layer between 

them .This thick layer of lubricant avoids metal to metal contact and reduces frictional 

resistance and hence wear and tear .The coefficient of friction is as low as 0.001-0.03 . 

In this case lubricant film acquires the motion of machine and hence the resistance to 

movement of moving parts is only due to the internal resistance between the particles of 

the lubricant moving over each other . 

Thus in fluid film lubrication ,lubricant used is liquid lubricant with optimum 

viscosity ,because if viscosity is more ,it will resist smooth movement of machine 

decreasing the efficiency of machine .If viscosity is less ,it may squeeze out from 

machine parts leaving no lubrication in between the machine part which will make 

metallic surfaces to come in direct contact resulting in the generation of heat and wear 

and tear . 

Hydrodynamic lubrication occurs in the case of a shaft running at a fair speed in a well  

lubricated bearing with not too high road .If the centre line of shaft is displaced from the  

journal axis ,a wedge shaped lubricant film can be drawn in . 

According to hydrodynamic theory , development of sufficient pressure is generated to 

keep shaft and journal (bearing) apart and the shaft floats in the lubricant . 



 

 

Such lubrication is preferred for machines moving with light load and high 

speed .Therefore fluid film lubricants are used in case of delicate instruments and light 

machines like watches ,clocks ,guns ,sewing machines ,scientific instruments ,etc . 

 

Q6](b)(i) Define                                                                                          (3) 

 a) Phase      b) Component       c) Degree of freedom 

Ans :  a) The homogeneous ,physically distinct and mechanically separable portion of 

a system ,which is separated from other such parts of the system by definite boundary 

surfaces is called as Phase[P] . 

b) The smallest number of independently variable constituents taking part in the state of 

equillibrum by means of which the composition of each phase can be expressed directly 

or in the form of chemical equation are called as Components of a system  [C] . 

c) Degree of freedom or Variance (F) is the minimum number of independently variable 

factors such as temperature , pressure and components of a system which have to be 

arbitrarily specified in order to represent perfectly the conditions of equilibrium . 

 

 

 



 

Q6](b)(ii) Write a short note on Reverse Osmosis .                               (2) 

Ans : When two solution of unequal concentration are separated by semipermeable 

membrane ,flow of solvent takes place from dilute to concentrated section due to 

osmosis .If hydrostatic pressure which is slightly higher than the osmotic pressure is 

applied on concentrated section of solution ,the flow of solvent reverses i.e solvent 

moves from high concentration to low concentration across the membrane .This is 

known as Reverse Osmosis ( RO ) . 

In RO ,pure solvent (water) is separated from its contaminants . 

In reverse osmosis ,a pressure of 200-800 psi is applied to seawater/impure water so 

that pure water is forced through semipermeable membrane ,leaving behind dissolved 

solids . Membranes used in this process are thin films of cellulose acetate fixed to either 

side of perforated tube and polymethyl methacrylate PA fibre . 

 

The use of this process is getting water for high pressure boilers and for many industrial 

applications like car wash water reclamation ,wastewater treatment ,etc . 

 

Q6](c) Explain laser ablation method for production of  CNT’s.          (4) 

Ans : 1) CNT’s are prepared by dual pulse laser . 

2) Quartz tube containing Argon and graphite mixed with ( Co + Ni ) in 1: 1 ratio is 

vapourised to 1200 ֯C , followed by heat treatment in a vacuum at 1000 ֯C to get 

C60 and other fullerenes . 

3) The use of two successive laser pulses minimizes the amount of carbon 

deposited as soot . 

4) The second laser pulse breaks up the larger particles ablated by the first one , 

and feeds them into the growing nanotube structure . 

5) The material produced by this method appears as a mat of “ropes “, 10-20 nm 

in diameter and upto 100 µm or more in length . 



 

6) Each rope is found to consist primariy of a bundle of single walled 

nanotubes ,aligned along a common axis . 

7) By varying the temperature ,the catalyst composition ,and other process 

parameters ,the average nanotube diameter and size distribution can be varied . 

8) Argon then sweeps C-atoms from high temperature zone to colder copper 

collector on which they condense into nanotubes . 

The limitations of laser ablation method are : 

1) Both methods involve evaporating he carbon source ,hence to increase 

production to the industrial level using these approaches is difficult . 

2) Both methods produce CNT’s in highly tangled forms ,mixed with unwanted 

forms of carbon or metal species . 

3) Hence ,CNT’s produced are difficult to purify ,manipulate and assemble for 

building nanotube device architectures for practical applications . 
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Q1)(a) Write a brief note on Reverse Osmosis .              (3M)

Ans : 1. When two solution of unequal concentration are separated by semipermeable membrane, 
flow of solvent takes place from dilute to concentrated section due to osmosis. 

2. If hydrostatic pressure, which is slightly higher than the osmotic pressure is applied on the 
concentrated section of solution, the flow of solvent reverses, i.e. solvent moves from high 
concentration to low concentration across the membrane. This is known as Reverse Osmosis (RO). 

3. In RO, pure solvent (water) is separated from its contaminants. 

4. In one section, pressure of 15-40 kg is applied to seawater/impure water so that pure water is 
forced through semi permeable membrane, leaving behind dissolved solids. 

5. This process is used for getting water for high pressure boilers. 

6. The advantage of reverse osmosis process is that it removes ionic, non-ionic, colloidal, high 
molecular weight organic matter. It also removes colloidal silica which is not removed by filtration.

Q1)(b) Write methods of preparation, properties and uses of polyurethane rubber .              (3M)

Ans:  Preparation:  

 Properties :

1. Polyurethane rubber has high resistance to oxidation because of saturated character. 

2. Good resistance to many organic solvents. 

3. It gets attacked by acids and alkalies (hot and concentrated). 

4. Polyurethane is light, tough, resistant to heat, abrasion chemicals, weather, etc. 

Uses :



1. For manufacture of foams, spandex fibres. 

2. For surface coatings. 

3. For shoe soles.

Q1)(c) Define and discuss giving significance of the following              (3M)

(i) Viscosity (ii) Cloud Point 

Ans :  i) Viscosity 

Viscosity is defined as the property by virtue of which a liquid or fluid (oil) offers resistance to its 
own flow. 

Significance of Viscosity :

1. A lubricating oil selected for a job should have viscosity as high as possible. 

2. It helps in achieving desired results to control wear and tear of machine parts. 

3. It also helps to decide about the addition of blending agents to improve the property of 
lubricating oil. 

ii) Cloud Point : 

Cloud point is defined as the temperature at which the oil becomes cloudy or hazy in appearance. 

Significance of cloud point :

1. It helps us to know the lowest temperature upto which the oil can be suitable as a liquid lubricant.

2. The lubricating oils used in machines working at low temperatures should have lower cloud point 
than the working temperature. 

3. Knowledge of this can help the machines to be prevented from getting jammed in places from 
cold region or during winter season in some areas in India.

Q1)(d) Write advantages and drawbacks of Phase Rule .              (3M)

Ans : Advantages of phase rule :

1. It applies to physical as well as chemical phase reaction. 

2. It provides a convenient basis for classification of equilibrium states of systems with the help of 
phases, components and degree of freedom. 

3. It applies to microscopic systems. 

4. It indicates that different systems having the same degrees of freedom behave in a similar fashion.

5. It helps in predicting the behaviour of a system under different conditions of the governing 
variables. 



6. It helps in deciding whether the given number of substances together would exist in equilibrium 
under a given set of conditions or whether some of them will have to be inter converted or 
eliminated. 

7. Phase rule does not take any cognizance of the nature of the amounts of substances present in 
the system. 

Disadvantages of phase rule :

1. Phase rule can be applied for systems in equilibrium only. 

2. It is not of much help in case of systems which attain the equilibrium state very slowly. 

3. It applies to a single equilibrium state. It does not indicate the other possible equilibria in the 
system. 

4. Phase rule considers only the number of phases but not their quantities. 

5. All the phases of the system must be present under the same conditions of temperature, pressure
and gravitational forces. 

6. The solid, liquid phases should not be so finely sub-divided as to bring about deviation from their 
normal values of vapour pressure.

Q1)(e) A hard water sample contains following impurities (in mg/L)              (3M)

Mg(HCO3)2 = 150 ; NaCl = 77 ; CaCl2 = 150 ; MgSO4 = 85 .

Calculate temporary, permanent and total hardness of the given sample of water.

Ans :

Salt Concentration Multiplication 
Factor

CaCO3 
Equivalents

Hardness

Mg(HCO3)2 150
150 X 

100
146

 = 

102.73

102.73 Temporary

NaCl 77
- -

Doesn’t impart 
hardness

CaCl2 150
- -

Doesn’t impart 
hardness

MgSO4 85
85 X  

100
120

 = 

70.83

70.83 Permanent

Temporary Hardness = 102.73 ppm.

Permanent Hardness = 70.83 ppm. 

Total Hardness = 173.56 ppm.



Q1)(f) Discuss the effect of temperature on polymers .              (3M)

Ans : 

1. The hard and brittle state is the glassy state and soft-flexible state is the viscoelastic state. If 
the viscoelastic state of polymer is heated further, the polymer becomes a viscous liquid and
can flow. This state is known as viscofluid state.

2. Below Tg the molecules in polymer do not move apart and do not have movements within 
the molecular chains. Therefore stress transfer property is lost and polymer below  Tg is 
brittle.

3.  Above the Tg , the chain segments within the long molecules move locally like a person 
moving his hands, legs, leaning forward-backward but standing at one place, during exercise.
Thus the polymers in the viscoelastic state have flexibility or stress transfer property.

4. Above the temperature Tm ; the kinetic energy of the polymer molecules is high enough to 
cause movement within the chain segments as well to move from one position to another. 
Therefore this state has flow character like liquids .

5. Some polymers have thermal degradation at and above Tm .

        Polymer Tg  ֯C TM  ֯C
Polyethylene -125 115
Polypropylene -18 175
Polystyrene 100 240
Polyvinyl chloride 80 212

Polyacrylonitrile 97 241

Q1)(g) Why gypsum is added during manufacturing of the cement?              (3M)

Ans : 1) When water is added to cement, tricalcium aluminate (C3A) starts setting first. 

2) C3A combines with water very rapidly with evolution of large amount of heat. 

C3A + 6H2O → C3A. 6H2O + ∆ .

3) If gypsum is added to cement, it doesn't set very quickly by forming insoluble tricalcium 
sulphoaluminate (3CaO.Al2O3.xCaSO4.7H2O).

4) Thus it acts as retarding agent for early setting of cement.

3CaO.Al2O3 + xCaSO4.7H2O → 3CaO.Al2O3.xCaSO4.7H2O

 C3A Gypsum Tricalcium Sulphoaluminate (Insoluble)

This reaction prevents high concentration of alumina and is retarding initial set of cement.



Q2)(a) A hard water sample has following composition              (6M)

CaSO4 = 170 mg/L ; Ca(HCO3)2 = 130 mg/L ; Mg(HCO3)2 = 95 mg/L ; HCl = 58 mg/L ; KNO3 =75 mg/
L

Calculate lime (90% pure) and soda (95% pure) required for complete softening of one million 
litres of above hard water sample .

Ans :

Salt / Impurity Quantity Multiplication 
Factor

CaCO3 Equivalents Requirement of 
Lime or Soda

CaSO4 170 100
136

125 S (Permanent)

Ca(HCO3)2 130 100
162

80.24 L (Temporary)

Mg(HCO3)2 95 100
146

65.07 2L (Temporary)

HCl 58 100
136

42.64 L+S

KNO3 - - - -

Lime Requirement = 
74
100

 [Temporary Ca2+ + 2 X Temporary Mg2+ + H+] X 
Volumeof water
1000000

 X 

100/%purity

     = 
74
100

 [80.24+2X65.07+42.64] X 
1000000
1000000

 X 
100
90

   

    = 208.04 kg .

Soda Requirement = 
106
100

 [Permanent Ca2++H+] X 
Volumeof water
1000000

 X 
100

%of purity
  kg

Soda Requirement = 
106
100

 [125+42.64] x 
1000000
1000000

 x 
100
95

  kg .

Soda Requirement = 187.05 kg .

Ans : Soda requirement of the water sample is 208.04 kg and lime requirement is 187.05 kg.

Q2)(b)(i) What is glass transition temperature ?              (3M)

Ans: 

1)There is a temperature boundary for almost all amorphous polymers and many crystalline 
polymers, only above which the substance remains soft, flexible, rubbery and below which it 
becomes hard, brittle and glassy.



Eg. An ordinary rubber ball if cooled below -70°C becomes so hard and brittle that it will break into 
pieces like a glass ball falling on a hard surface.

2)The temperature below which a polymer is hard, brittle and glassy and above which it is soft and 
flexible is called as ‘Glass Transition Temperature’(Tg).

3)A polymer is not preferred to be used at temperatures below its glass transition temperature since
it becomes hard, stiff and brittle.

4)A polymer material should have much lower Tg than the operating temperature.

Eg. polymers to be used for refrigerators, air conditioners or used in cold countries should have 
lower Tg, so that they do not break during use.

5)At glass transition temperature, the internal energy of the polymer increases to that extent where 
chain segments of a polymer molecule just start leaving their lattice sites.

(ii) What are semi solid lubricants? Under which conditions they are used?               (2M)

Ans :

1) Semisolid lubricant consists of an emulsion of soap with mineral/vegetable oil , with or 
without addition .It consists of soap dispersed throughout liquid lubricating oil .

2) The semisolid lubricants are used under working conditions such as ,
i) Low speed and high pressure, and high temperature ( upto 80 ֯C ) .
ii) Machineries used in textile mills, paper and food product manufacturing, etc. where 

spilling and spurting of lubricant is harmful to the product .
iii) Machines where liquid lubricant cannot be maintained in position due to 

intermittent operations of machine parts such as shaft , etc .
iv) In places where the bearing has to be sealed against entry of dirt, water , dust and 

grit .

Q2)(c)Explain briefly Carbon nanotubes by CVD method .              (4M)

Ans : 

1. It is a method of preparation of mostly single walled nanotube .
2. It is obtained by chemical vapour of hydrocarbon over metal catalyst (such as Co, Fe ) 

supported on silica or zeolite.
3. The carbon deposition activity depends upon 

i) Co content of the catalyst
ii) pH in catalyst preparation 

4. Ethylene/methane is used in reaction with temperature of 545  ֯ C .For nickel-catalysed CVD 
and 900  ֯C for an uncatalyzed process to give single walled nanotube. Resultant carbon 
tubes have open ends. It is used to obtain nanotube chips containing isolated single walled 
nanotubes at controlled locations .

5. High yields of single walled nano tubes have been obtained by catalytic decomposition of H2/
CH4 mixture over well dispersed metal particles such as Co, Ni or Fe on MgO at 1000 ֯C  .

6. Fullerenes and bundles of single walled nanotubes are obtained on carbonyl zeolite 
catalysts. 



7. Method is established for last 20 years and has been in use for producing various carbon 
materials such as carbon fibres, filaments, etc .

Q3)(a) What is natural rubber? What is vulcanization of rubber? Compare the properties of 
vulcanized rubber over natural rubber .              (6M)

Ans :  

1) Natural rubber is a high polymer which has elastic properties and can be stretched to 4-10 
times of its original length and as soon as stretching force is removed, it returns to its 
original length.

2) Natural rubber is obtained from soaps of range of rubber plants like Havea Brasillians. The 
rubber latex is obtained by making in cis ions in the bark of rubber trees and allowing the 
soaps to flow into small vessels. Tapping is done at intervals of 6 months.

3)  Latex is diluted to contain between 15-20% of rubber and filtered to remove any dirt 
present in it.Then it is treated with acetic/formic acid where rubber is coagulated . 

Vulcanization of rubber :To improve properties of rubber, it is compounded with substances like 
sulphur,H2S, benzoyl chloride, etc .Generally, vulcanization is done by heating low rubber with 
sulphur to 110-140 ֯C .The added sulphur combines chemically at double bonds forming cross-
linked structure which gives stiffness to rubber molecule .

Properties of vulcanized rubber over natural rubber :

1) It has good tensile strength and extensibility when tensile force is applied.
2) It possesses low water absorption tendency .
3) It has higher resistance to oxidation and to abrasion.
4) It has much higher resistance to wear and tear.
5) It is a better electrical insulator.
6) It is resistant to organic solvent, fats and oils.
7) It is easy to manipulate the vulcanized rubber to produce the desired shapes.
8) It’s useful temperature range is 40-150 ֯C.
9) It’s tackiness is only slight.



Q3)(b)(i) What is ‘Triple Point’? Write the condition for which triple point exists for water system.
             (3M)

Ans:

1) The point where all the three curves ,i.e. Vapour Pressure Curve, Sublimation Curve and Fusion 
Curve meet is called as the ‘Triple Point’ .At triple point ‘O’ , all the three phases solid, liquid and
vapour are simultaneously in equilibrium .

2) This triple point occurs at 0.0075 ֯C and 4.58 mm Hg pressure. Since there are three phases and 
one component, therefore
F = C - P + 2 
F = 1 - 3 + 2
F = 0 .

3) The system at triple point is zero variant or nonvariant. Thus, neither pressure nor temperature 
can be altered . 

    (ii) What are Fullerenes? Write important properties and uses of Fullerene.              (2M)

Ans :

1.  Fullerenes are hollow, pure carbon molecules in which carbon atoms lie at the vertices of a 
polyhedron with 12 pentagonal faces and any number of hexagonal faces .

2. Each carbon is bound to other three carbons in a pseudo-spherical arrangement consisting 
of alternating pentagonal and hexagonal rings, in the manner of a soccer ball .

Properties of Fullerenes :

i) All atoms lie on surface of sphere symmetrically as seen in truncated icosahedrons .
ii) With changes in temperature, fullerene shows variation in behaviour and structure .
iii) Fullerene 60 resembles to an electrophile in chemical reactions.
iv) Fullerene exhibits ferromagnetism and can be methylated, hydrogenated, ammoniated 

and fluorinated .

Uses of Fullerenes : 

a) Fullerenes are used in synthetic, pharmaceuticals and industrial applications, as inhibitor of 
HIV protease .

b) They can be useful in light emitting diodes (LED), molecular electronics and computing, as 
lubricants, rocket fuel, etc .



Q3)(c) In the process of determination of hardness, a standard hard water sample was prepared by
dissolving 2.5g CaCO3  and making solution upto one litre.

50 ml of above hard water required 45 ml of EDTA. 50 ml of unknown hard water sample was 
titrated it required 30 ml of same EDTA. The unknown hard water sample was boiled and filtered. 
50 ml of this boiled sample required 20 ml of EDTA. Calculate hardness of all types of unknown 
hard water sample.                            (4M)

Solution:

Given data: Concentration of SHW = 1g/lit

          Quantity of SHW (1 g/lit) = 50 ml

Quantity of EDTA consumed by 50 ml SHW = 45 ml

       Quantity of hard water sample = 50 ml

                 Quantity of EDTA consumed = 30 ml

   Quantity of EDTA consumed after boiling = 20 ml

                          Hardness = ?

Standardization of EDTA:

Standard hardwater has 1g I.e. 1 X 1000 = 1000 mg of CaCO3 equivalent hardness per litre

= 1000 mg/lit

= 1000/1000 = 1 mg/ml CaCO3 equivalent hardness 

         50 ml SHW = 50 X 1 mg CaCO3 = 50 mg CaCO3

45 ؞      ml SHW = 50 ml SHW = 50 mg CaCO3

        1 ml EDTA = 50/45 = 1.11 mg of CaCO3 equivalent hardness

Calculation of total hardness:

50 ml Hard water sample = 30 ml EDTA = 30 X 1.11 mgs of CaCO3 per 50 ml

  = 33.3 mgs of CaCO3

Total Hardness per litre = 666 mgs of CaCO3؞

Calculation of permanent hardness:

50 ml boiled water = 20 ml of EDTA = 20 X 1.11 mgs of CaCO3 in 100 ml

     = 22.2 mgs of CaCO3 

per litre = 444 mgs of CaCO3 ؞

HTemporary = HTotal – Hpermanant =666 – 444 = 222 mgs of CaCO3

Total Hardness = 666 ppm



Permanent Hardness = 222 ppm

Temporary Hardness = 444 ppm

Q4)(a) Draw a neat labelled diagram and explain zeolite process of softening of hard water. 
Discuss its merits and demerits.                                           (6M)

Ans : 

1) The zeolite, i.e. the boiling stone, is a group of naturally occurring minerals which release 
their water of hydration in the form of steam. Eg Na-zeolite Na2O.Al2O3.xSiO2.yH2O  
X = 2-10 , Y = 2-6

2)  Thus zeolite is hydrated sodium aluminosilicate, capable of exchanging their sodium ions for
the hardness producing ions in water.

3) Zeolites are of two types :
i) Natural Zeolites :  These are non-porous. These are derived from green sands by 

washing, heating and treating with caustic soda. Eg  Natrolite .
ii) Synthetic Zeolites : These are porous and gel structures .It is prepared by heating 

together china clay ,feldspar and soda ash, following by cooling and granulating the 
resultant mass or prepared by heating solutions of Na-silicate, Al2(SO4)3 and 
NaAlO2.These have higher exchange capacity but less durable.

4) If water containing Ca2+, Mg2+ ions are passed over zeolite bed, Ca2+, Mg2+ are exchanged for 
sodium as 

a) CaCl2 + Na2Ze → CaZe + 2NaCl
b) MgSO4 + Na2Ze → MgZe + Na2SO4

Here Na – Zeolite is converted into Ca2+ and Mg2+ Zeolites whereas water becomes 
free from Ca2+and Mg2+ but richer in sodium salts.



5) Regeneration: When zeolite is exhausted, it is regenerated by washing bed with 
concentrated brine solution (NaCl) .

CaZe/MgZe + 2NaCl → Na2Ze + CaCl2/MgCl2

6) Process: For softening of water, hard water is percolated at a specific rate through zeolite 
bed kept in a cylinder. The calcium and zeolite ions are retained by zeolite bed and water 
becomes rich in sodium salts.
Na2Ze + Ca(HCO3)2 → CaZe + 2NaHCO3

Na2Ze + MgCl2 → MgZe + 2NaCl 

Merits of using zeolite: 

1) It removes hardness almost upto 10 ppm.

2) The equipment is compact.

3)No sludge formation takes place. Hence it is clean operation.

4)It requires less time for softening.

5)It removes Fe and Mg from water.

Demerits of using zeolite :

1) The treated water contains more sodium salts. 

2) The method only replaces calcium and magnesium ions by sodium ions, but leaves all acidic ions 
in soft water. 



3) Such soft water containing carbonates and bicarbonates is used in boilers, sodium bicarbonate 
decomposes to give carbon dioxide which causes boiler corrosion and sodium carbonate hydrolyses 
to sodium hydroxide, causing caustic embrittlement. 

Q4)(b)(i) 10g of lubricating oil was heated with 25 ml of 50% alcohol, the resultant mixture 
required 25 ml of N/10 KOH. The blank reading was obtained to be 8 ml of same KOH. Calculate 
acid value of the lubricating oil .              (3M)

Solution:

Given : Weight of oil = 10 g , Normality of KOH = 1/10=0.1 N , Volume of KOH = 25 ml

To Find : Acid Value

Acid Value = 
Volumeof KOH X Normality of KOH X 56

Weight of oil∈grams
    .

Acid Value = 
25 X 0.1X 56

10
   .

Acid Value = 14 mgs of KOH .

Ans : The Acid Value of the oil is 14 mgs of KOH .

Q4)(b)(ii) Explain the terms :  (a) Concrete      (b) RCC                            (2M)

Ans :  Concrete 

1) Concrete is a building and structural material obtained by mixing a binding material 
(cement/lime), inert mineral aggregates ( such as sand, crushed stone, gravel, bricks) and 
water in suitable proportion and which can be readily worked or moulded into almost any 
desired shape which is compact, rigid, strong and durable .

2) Concrete is of two types , lime concrete and cement concrete .
3) More amount of cement in concrete gives water proofness to concrete. Next to steel, it is 

important in construction works .

RCC 

1) RCC (Reinforced Concrete Construction ) is the combination of steel and concrete structure 
which has high load-bearing capacity .

2) Plain concrete has a great compressive strength but little ability to withstand tension. Hence 
when steel and concrete are together used, embedded steel takes up tension and strength is
given by concrete .

3) RCC is easy to make and cast into desired shape which can bear any type of load . 

Q4)(c) Explain the importance of polymers in the field of surgery and medicine .              (4M)

Ans : 



1) Biomaterials are materials that can be implanted in the body to provide special prosthetic 
functions or used in diagnostic, surgical, therapeutic applications, without causing adverse 
effect on blood and other tissues.

2) These materials are versatile and can be modified to suit specific body functions.
3) Biomaterials should possess following characteristics:

i) Purity and reproducibility
ii) Easy sterilization and should not be toxic or allergic.
iii) Optimum physical and chemical properties.
iv) Should be fabricated into desired shape or form.
v) Should be chemically inert and not affect body fluids.
vi) Should be flexible.

4) Applications of polymeric biomaterials:
i) To construct artificial replacement for human organs:

Some man made polymers are used for complete replacement of organs like 
artificial heart, heart lung machines, artificial kidneys, legs, artificial faces, in plastic 
surgery, etc.

ii) To repair, sustain and augment function of organs:
Polymers find application in clothing, glasses for sight, dentures, vascular 
prostheses, heart valves, pace makers, meshes and forms for reconstructive surgery,
cannulae for haemodialysis, etc.

iii) To provide biochemical function:
Some polymers have specific and definite chemical interaction with the biochemistry
of body. 
Eg. Synthetic ion exchange resins for absorbing metaboiles from blood, synthetic 
polyelectrolytes capable of absorbing specific viruses, polymers for production of 
interferon (antiviral agent), synthetic polypeptides, enzymes having higher biological
activity.
Silicone Rubber is used in heart valves, plastic surgery.
Polyurethane rubber: artificial rubber, reconstructive surgery.
PMMA: contact lenses, dental restoratives.
PVC: disposable syringes.
Polylactic acid: dialysis media, drug delivery, plastic surgery.       

Q5)(a) What is compounding of plastic? Explain the role played by various constituents used 
during manufacturing of plastic .                (6M)

Ans : 

1) Compounding of plastic consists of preparing plastic formulations by mixing or blending 
polymers and additives in a molten state, these blends are automatically dosed with fixed 
setpoints usually through feeders/hoppers.

2) The moulding constituents of plastic are :
i) Binders e.g. resins

Binders hold other constituents together during manufacture and influence the 
properties of plastic. Usually natural or synthetic resins or cellulosic derivatives are 
used as binders. Resins can be either thermoplastic or thermosetting.  

ii) Fillers or extenders



Fillers are those substances which reduce the cost per kg of polymers and introduce 
some specific property in resin like better tensile strength, hardness, finish, 
workability, opacity etc to the plastic material.
Eg quartz, mica improve hardness.
Ba salts, when introduced, make the sheet impervious to X-rays. 

iii) Pigments or dyes or colouring agents
These impart desired colour to plastic. Organic dyestuffs and inorganic pigments are 
used for this in small proportion.

iv) Catalysts or accelerators
These are added only to thermosetting resins. These substances accelerate the 
process of cross linking of polymer to form infusible cross linked form during 
moulding operations.
Eg.  hydrogen peroxide, benzoyl peroxide, metallic oxides.

v) Plasticizers
These are substances that are added to resins to increase plasticity and flexibility. 
These substances reduce intermolecular force of attraction between 
macromolecules of resin.
 Eg. oils (non-drying type), camphor, esters of stearic/phthalic acid .

vi) Lubricants
These when added make moulding of plastic easier and impart glossy, flawless finish
to the products. Even it presents plastic material from sticking to moulding 
equipment .

vii) Stabilizers
It is to improve thermal stability during processing. These are required especially in 
the processing stage for plastics, which have tendency to decompose or change their
colours at moulding temperatures. 
Opaque moulding compound- Salts of lead- Red lead, White lead.
Transparent moulding compound- Stearates of lead, Cadmium, Barium .

Q5)(b)(i) Define and briefly explain              (3M)

Biological Oxygen Demand (BOD)

Chemical Oxygen Demand  (COD)

Ans :  BOD 

1. The Biochemical Oxygen Demand (BOD) of water is a measure of amount of oxygen required for 
the biological oxidation of organic matter under aerobic conditions, at 20  and for a period of five 
days. 

2. BOD is directly related to the extent of pollution in waste water and industrial effluent. 

3. The higher the BOD of a sample, higher will be the pollution caused by it. Drinking water should 
have BOD preferably less than 1 ppm. 

4.  BOD = [(DO)1-(DO)2]/x   ppm     where (DO)1=DO in blank titration, (DO)2=DO of the sample water

x = Volume of sample/Total Volume to which it was diluted.



COD

1.The amount of oxygen required by organic matter in a sample water for its oxidation by strong 
oxidizing agent is known as Chemical Oxygen Demand or COD of the sample. 

2. It helps in designing the water treatment plant and deciding the disposal of domestic effluents in 
various types of water streams. 

3.COD = (V2-V1)X NX 8X 1000/V     where V1 = Volume of FAS for sample titration, 

V2=Volume of FAS for blank titration, V= Volume of sample taken for the test, N=Normality of FAS 

Q5)(b)(ii) Write important functions of lubricant.              (2M)

Ans : The functions of lubricants are :

1) Lubricants act as coolants, thereby avoiding loss of energy. They reduce the frictional heat, 
thereby controlling expansion of metals. It helps to maintain shape, size and dimensions of 
metal parts of machines.

2)  Lubricants reduce the wastage of power, eg in internal combustible engines, the lubricant 
applied between the piston and the cylinder acts as a coolant.

3) Lubricant acts as a sealant, as it does not allow the escape of gases from engine under high 
pressure.

4)  Lubricant prevents the attack of moisture on machine surface. This helps to control 
corrosion of the metal parts.

5) Lubricant act as cleansing agents, because they have the tendency to wash off solid particles 
produced due to combustion or wear.

6) Lubricants help to reduce maintenance cost of machines, because a thin film of a lubricant 
reduces friction and thus controls wear.

Q5)(c) Draw and explain phase diagram of Pb-Ag system .              (4M)

Ans : Lead Silver system has two components and four phases. The phases are:

1) Solid Silver
2) Solid Lead
3) Solution of molten silver and lead
4) Vapour

Since pressure has nearly no effect on equilibrium, so gaseous phase is practically absent, the 
condensed phase rule F = C-P+1 will be applicable.

In the phase diagram of Pb-Ag System, following salient features are observed.

1) Curve AO (Freezing curve of Ag)
2) Curve BO (Freezing curve of Pb)
3) Eutectic Point ‘O’
4) Area AOB 



Curve AO : 

i) When Pb is added to Ag, freezing point of Ag decreases till the lowest point (303  ֯C) is 
reached, where solution gets saturated with Pb. 

ii) At point O, no more lead can go in solution and on further addition of Pb, it separates as 
the solid phase.

iii)  Along the curve OA, solid Ag and solution co-exist. Hence F=C-P+1=2-2+1=1 i.e. System 
is Univariant .

Curve BO : 

i) When Ag is added to Pb, freezing point of Pb (327  ֯C) decreases till the lowest point   
(303 ֯C) is reached , where solution gets saturated with Ag.

ii) On cooling further, the whole mass (eutectic composition) crystallizes out .
iii) Number of phases = 2 (solid Pb + solution) .

F = C - P + 1 = 1 .

     Point O :

i) The curve AO and BO meet at point O (303 ֯C ) where all three phases (that is solid Pb, 
solid Ag and then solution) coexist. 

ii) Therefore F=0, this represents zero variant system at point O because it is fixed 
composition (Ag=2.6% and Pb=97.4%).

iii) No mixture of lead and silver has melting point lower than eutectic temperature. 
iv) Below this temperature, we have two regions :

1) eutectic + solid Ag in which crystalline silver and solid eutectic are stable. 
2) eutectic + solid Pb in which crystalline lead and solid eutectic are stable. 

Area AOB :



i) It represents solution of Ag and Pb .
ii) If a sample of lead containing less than 2.6% Ag is taken, at an arbitrary point on the 

curve. On allowing the mass to cool, the temperature gradually falls without any change 
in composition till this point is reached on the curve BO .

iii) Since Number of Phases (P) = 1, F = 2-1+1 = 2 .
Therefore, the system is bivariant.

Q6)(a) Draw a neat diagram and explain the mechanism of thick film lubrication .              (6M)

Ans : 

1) In this type of mechanisms, a liquid lubricant with high viscosity is applied in the form of 
thick film between two moving surfaces. The film is at least 1000  ֯A thick .

2) Such film helps to avoid surface to surface contact of moving surfaces. The hydrodynamic 
lubrication helps to reduce the coefficient of friction µ to about 0.001 to 0.003, which is 
much lower as compared to that of unlubricated surfaces .

3) The mechanism of hydrodynamic lubrication can be better understood by considering the 
operation of a journal bearing.

4) The bearing consists of a shaft rotating at a fair speed, with moderate load. The lubricant is 
applied in annular space.

5) When journal bearing is stationary, the two surfaces remain in contact, but as the shaft 
(journal) begins to rotate, the film of lubricant also rotates between the two metallic 
surfaces.

6) Due to the presence of thick oily layer, all the asperities of the metal surfaces are filled up 
and a pressure is developed which practically keeps the two surfaces away from each other, 
thereby reducing wear.

7) The motion is smooth as the resistance to the motion is restricted amongst the particles of 
lubricant. Essential characteristics of lubricants required are :
i) Adequate viscosity, oiliness and higher viscosity index .
ii) Lubricant should be resistant to seasonal impact.

8) The blending oils used in hydrodynamic or thick film lubrication are vegetable oils or mineral 
oils blended with antioxidants or organometallic compounds .The machines in which this 
mechanism is used are sewing machines, clocks, watches, scientific instruments .



Q6)(b)(i) Write Gibb’s mathematical equation of phase rule and define the terms involved in it. 

             (3M)

Ans : 1) Gibb's mathematical equation for phase rule may be stated as, The number of degrees of 
freedom (F) of the system is related to the number of components (C) and phases (P) by the phase 
rule equation provided equilibrium between any number of phases is not influenced by gravitational,
electric or magnetic forces or by surface action, but only by temperature, pressure and 
concentration for any system at equilibrium at definite temperature and pressure. 

F = C - P + 2

2) A Phase is defined as any homogeneous, physically distinct and mechanically separable portion of 
a system, which is separated from other such parts of the system by definite boundary surfaces. 



3) Component is defined as the smallest number of independently variable constituents taking part 
in the state of equilibrium by means of which the composition of each phase can be expressed 
directly or in the form of chemical equation. 

4) Degree of freedom is defined as the minimum number of independently variable factors such as 
temperature, pressure and composition of the phases which must be arbitrarily specified in order to 
represent perfectly the condition of a system.

Q6)(b)(ii) With chemical equation, explain role played by bleaching powder in water treatment.

             (2M)

Ans: 1) Bleaching powder reacts with water as

CaOCl2 + H2O → Ca(OH)2 + Cl2

Cl2 + H2O  → HCl + HOCl 

      Hypochlorous Acid

    HOCl  → HCl + [O]

Nascent Oxygen

2)In these reactions above, the HOCl deactivates the enzymes present in the cells of micro-organism.

3)Thus the metabolic activity of micro-organism gets affected, thereby making the micro organism 
inactive and finally the organism dies.

Q6)(c) Explain manufacturing of the cement by wet process materials .              (4M)

Ans : Wet process manufacturing of cement involves the following operations:

1) Mixing of Raw Material:
i) The calcareous raw materials are crushed, powdered and stored in big silos. The 

argillaceous materials are thoroughly mixed with water and then both are passed to 
‘Grinding Mills’ to get fine paste of slurry of raw materials. The slurry contains about 
38-40% of water. It is stored in storage tanks and kept ready for feeding to a rotary 
kiln.

2) Burning of Raw Material:
i) The collected slurry is injected into rotary kiln at its upper end. Due to slope and 

slow rotation of kiln, the materials move towards higher and higher temperature 
sections of kiln, to get clinkers of cement.

Rotary Kiln:

1) A rotary kiln is a steel tube about 2.5-3 m in diameter and 90-120 m in length, lined 
inside with refractory bricks. It rests on roller bearings, which are supported on concrete
structure. It is inclined around 4-5 ֯ and rotating at 1 rpm. Burning fuel and air are 
injected at lower end, which heats interior of kiln upto 1750 ֯C .
a) Drying Zone: It is upper part of kiln, where water is completely removed from slurry.
b) Calcining Zone (upto 1000 ֯C) :



i) In this zone, lime stone of slurry undergo decomposition to form quick lime 
and carbon dioxide, which is latter space out.

ii) The material forms small lumps. The following reaction takes place in this 
zone
CaCO3 ↔ CaO + CO2

c) Clinkering Zone (upto 1700 ֯C):
i) Here lime and clay undergo chemical reactions to give clinkers of cement:

2CaO + SiO2 → Ca2SiO4(C2S)

 Dicalcium silicate

 3CaO + SiO2 → Ca3SiO5(C3S)

 Tricalcium silicate

3CaO + Al2O3 → Ca2Al2O6(C3A)

 Tricalcium Aluminate

4CaO + Al2O3 + Fe2O3 → Ca4Al2Fe2O10(C3A)

 Tetracalcium Alumino Ferrite

ii) The aluminates and silicates of calcium then fuse together to form small, 
hard greyish stones called clinkers. These clinkers are very hot and hence 
they are cooled with air-counter-blast. This hot air so produced is used for 
burning powdered coal/oil. The cooked clinkers are collected in trolleys.

3) Grinding and Packaging:

i) The cooled clinkers are ground to a fine, powder in ball mills/ tube mills. 

ii) During final grinding 2-3% gypsum is added, to enhance setting time of cement.

iii) This ground cement is stored in silos through automatic machines.


