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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.

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


