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INTRODUCTION

Polymertechnologyhasdevelopedtremendouslyinthepastdecades,astheusesof

polymersinsocietyhavemultiplied.Nevertheless,thetechnologyintheprocessing

ofpolymersremainsempirical.Thebasicreasonforthis,isthatnotonlyaremany

importantfundamentalpropertiesofthesematerialsverydifficulttomeasure,but

the reaction mechanisms and flow behaviourin processing which yield these

qualitiesareverycomplex.

Theaim ofthechemistworkinginthepolymerareaistotreatonlythosepartsofthe

mechanism which are essentialto obtaining a productwith desired physical

properties.Inordertorecognizeandsosimplifythesituationinareasonableway,

today'schemicalengineerinpolymersrequiresabroadbackgroundinthepolymer

area.Thescopeofthisdissertationwaschosenwiththisrequirementinmind.

Methodsofapplyingthesenewaidstotheproblemsinvolvedurgentlyrequirefurther

explorationanddevelopmentonabroadfront.

MONOMERS

Monomersaresmallmoleculeswhichmaybejoinedtogetherinarepeatingfashion

toform morecomplexmoleculescalledpolymers.Monomersform polymersby

forming chemicalbonds orbinding supramolecularlythrough a process called

polymerization.Sometimespolymersaremadefrom boundgroupsofmonomer

subunitscalledoligomers.Toqualifyasanoligomer,thepropertiesofthemolecules

needchangesignificantlyifoneorafewsubunitsareaddedorremoved.
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POLYMERS

Polymerreferstoamoleculewhosestructureiscomposedofmultiplerepeating

units.The units composing polymers derive,actually or conceptually,from

moleculesoflowrelativemass.Bothsyntheticandnaturalpolymersplayessential

andubiquitousroles.Manypeopleusetheterm polymerandplasticinterchangeably,

polymeraremuchlargerclassofmoleculeswhichincludesplasticandmanyother

materialssuchascellulose,amberandnaturalrubber.

Examples ofpolymers may include plastics such as polyethylene,silicones,

biopolymerssuchascelluloseandDNA,naturalpolymersandothermacromolecules.

Polymersthatcontainonlyasingletypeofarepeatunitareknownashomopolymer,

whilepolymerscontainingtwoormoretypesofrepeatedunitsarecalledcopolymer.

Whentwoormoredifferentmonomersunitetogethertopolymerize,theproductis

calledacopolymerandtheprocessiscalledcopolymerization.Copolymersmay

alsobedescribedintermsoftheexistenceoforarrangementofbranchesinthe

polymerstructure.Linearcopolymers consistofa single main chain whereas

branchedcopolymersconsistofasinglemainchainwithoneormorepolymericside

chain.

CLASSIFICATION OF POLYMERS

Polymersareclassifiedasfollows.

A.Classificationbasedonsourcesofavailability.

B.Classificationbaseduponstructure.

C.Classificationbaseduponmolecularforces.

D.Classification baseduponmodesofsynthesis.

A.Classificationofpolymersonbasisofsourcesofavailability.

1.NaturalPolymers.

Thesepolymersareobtainedfrom naturespeciallyoccursinplantsandanimals

hencetheyarecalledasnaturalpolymers.Forexamplecellulose,starch,natural
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rubber,proteinsetc.

2.Syntheticpolymers.

Synthetic polymers are the polymers which are prepared in laboratories these

polymersarealsocalledasmanmadepolymers.Examplesarepolyethylene,PVC,

teryleneetc.

3.Semi-syntheticpolymers.

Semi-syntheticpolymersarethepolymerswhicharederivedfrom naturallyoccurring

polymersbychemicalmodification.Forexamplecellulosediacetatepolymerwhich

ispreparedbyacetylationofnaturallyoccurringcellulosewithaceticanhydride.

Otherexamplesofsyntheticpolymersarevulcanizedrubber,guncottonwhichis

cellulosenitrateetc.

B.Classificationofpolymersonthebasisofstructure.

1.Linearpolymers.

Linearpolymersarethepolymersinwhichmonomericunitsarelinkedtogetherto

form longandlinearchains.Inthesepolymerschainsarewellpackedthereforehave

high densities,high tensile strength,and high melting point.Some common

examplesarehighdensitypolythene,polyvinylchloridenylons,polyestersetc.

2.Branchedchainpolymers.

Inthistypeofpolymersmonomersarejoinedtoform longchainswithsidechainsor

branchesofdifferentlength.Thesebranchedchainpolymersareirregularlypacked

andthereforetheyhavelowtensilestrengthandmeltingpointthanlinearpolymers.

Examplesarelowdensitypolythene,glycogen,starchetc.
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3.Crossedlinkedpolymers

In this polymermonomerunits are crossed linked togetherto form a three

dimensionalnetwork.Thesepolymersarealsocalledthreedimensionalnetwork

polymers.Thesetypepolymersarehard,rigidandbrittlebecauseofextensivecross

linking.SomecommonexamplesareBakelite,melamine,formaldehyderesignetc.

C.Classificationofpolymersonbasisofmolecularforces.

1.Elastomers.

ThepresenceofweakintermolecularforceslikeVanderWaalsforcesbetween

monomerchainsgivestheelasticcharactertothispolymerthereforecalledas

elastic polymer.Because ofpresence ofweak forces polymers can be easily

stretchedbyapplyingsmallstressandregainsitsoriginalshapewhenstressis

removed.Theimportantexampleofelastomerisnaturalrubberandotherexamples

arebuna-S,buna-Netc.

2.Fibres.

Thepolymerchain in fibrecontainsstrong intermolecularforceslikehydrogen

bondingordipole-dipoleinteractionsbetweenthechains.Becauseofstrongforces

polymerchainsarecloselypackedandthusimpartcrystallinenaturetopolymer.

Thereforethepolymerhashightensilestrength,lesselasticityandsharpmelting

pointbecauseofcrystallinenature.

3.Thermoplasticpolymers.

Polymersbelongtothisclasscanbeeasilysoftenedwhenheatedandhardenwhen

cooledwithlittlechangeintheirproperties.Thetypesofintermolecularforces

presentbetweenthesepolymerchainsareintermediatebetweenelastomersand

fibres.Thereisnocrosslinkingbetweenthechainsasresultwhenthesepolymeris

heated chainsmovesmoreand morefreely.Thereforethesepolymerscanbe

mouldedintovarietyofshapesandthencooedtogetdesiredproduct.Common

examplesofthermoplasticpolymersarepolythene,polystyrene,Teflonetc.

4.Thermosettingpolymers.

Thesearetypeofpolymerswhichshowspermanentchangeintheirstructureon

heating.Onheatingthesepolymersshowsextensivecrosslinkinginmouldsand

becomehardandinfusiblethereforetheycannotbereuse.Thecrosslinkholdsthe

moleculeinplacesothatheatingdoesnotallow them tomovefreely.Therefore

thesepolymersareheavilybranchedmoleculesandpermanentlyrigid.Examples

areBakelite,melamine,formaldehyde,etc.

D.Classificationofpolymersonbasisofmodeofsynthesis.
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1.Additionpolymer.

Inthispolymerisationtechniquerepeatedadditionofmonomerisdonewithout

eliminationofbyproductmolecule.Monomersusedareunsaturatedcompounds

possessingdoubleortriplebonds.Examplesarepolythene,polypropylene,polyvinyl

chlorideetc.

2.Condensationpolymers.

Inthispolymerisationtechniquecondensationoftwoormorethantwomonomers

aredonewiththeeliminationofsimplemoleculelikewater,ammonia,hydrogen

chlorideetc.

Themonomersusedgenerallyhavedifferentbi-functionalortri-functionalgroups.

For example nylon-66 is obtained by condensation two monomers;

hexamethylenediaminewithadipicacid.Otherexamplesarepolyester,polyamide,

etc.

CharacteristicsofPolymers

Themajorityofmanufacturedpolymersarethermoplastic,meaningthatoncethe

polymerisformeditcanbeheatedandreformedoverandoveragain.Thisproperty

allowsforeasyprocessingandfacilitatesrecycling.Theothergroup,thethermosets,

cannotberemelted.Oncethesepolymersareformed,reheatingwillcausethe

materialto ultimately degrade,butnotmelt.Every polymerhas very distinct

characteristics,butmostpolymershavethefollowinggeneralattributes.

1.Polymerscanbeveryresistanttochemicals.Considerallthecleaningfluidsinyour

homethatarepackagedinplastic.Readingthewarninglabelsthatdescribewhat

happenswhenthechemicalcomesincontactwithskinoreyesorisingestedwill

emphasizetheneedforchemicalresistanceintheplasticpackaging.Whilesolvents

easilydissolvesomeplastics,otherplasticsprovidesafe,non-breakablepackages

foraggressivesolvents.

2.Polymerscanbeboththermalandelectricalinsulators.Awalkthroughyourhouse

willreinforcethisconcept,asyouconsideralltheappliances,cords,electricaloutlets

andwiringthataremadeorcoveredwithpolymericmaterials.Thermalresistanceis

evidentinthekitchenwithpotandpanhandlesmadeofpolymers,thecoffeepot

handles,thefoam coreofrefrigeratorsandfreezers,insulatedcups,coolers,and

microwavecookware.Thethermalunderwearthatmanyskierswearismadeof

polypropyleneandthefiberfillinwinterjacketsisacrylicandpolyester.
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3.Generally,polymersareverylightinweightwithsignificantdegreesofstrength.

Considertherangeofapplications,from toysto theframestructureofspace

stations,orfrom delicatenylon fiberin pantyhoseto Kevlar,which isused in

bulletproofvests. Somepolymersfloatinwaterwhileotherssink. But,comparedto

thedensityofstone,concrete,steel,copper,oraluminum,allplasticsarelightweight

materials.

4.Polymerscanbeprocessedinvariousways. Extrusionproducesthinfibersorheavy

pipesorfilmsorfoodbottles. Injectionmoldingcanproduceveryintricatepartsor

largecarbodypanels.Plasticscanbemoldedintodrumsorbemixedwithsolvents

tobecomeadhesivesorpaints.Elastomersandsomeplasticsstretchandarevery

flexible.Someplasticsarestretchedinprocessingtoholdtheirshape,suchassoft

drink bottles. Other polymers can be foamed like polystyrene (Styrofoam™),

polyurethaneandpolyethylene.

5.Polymersarematerialswithaseeminglylimitlessrangeofcharacteristicsand

colors.Polymershavemanyinherentpropertiesthatcanbefurtherenhancedbya

widerangeofadditivestobroadentheirusesandapplications. Polymerscanbe

madetomimiccotton,silk,andwoolfibers;porcelainandmarble;andaluminum and

zinc. Polymerscanalsomakepossibleproductsthatdonotreadilycomefrom the

naturalworld,suchasclearsheetsandflexiblefilms.

6.Polymersareusuallymadeofpetroleum,butnotalways. Manypolymersaremade

ofrepeatunitsderivedfrom naturalgasorcoalorcrudeoil. Butbuildingblock

repeatunitscansometimesbemadefrom renewablematerialssuchaspolylactic

acidfrom cornorcellulosicsfrom cottonlinters.Someplasticshavealwaysbeen

madefrom renewablematerialssuchascelluloseacetateusedforscrewdriver

handlesandgiftribbon. Whenthebuildingblockscanbemademoreeconomically

from renewablematerialsthanfrom fossilfuels,eitheroldplasticsfindnew raw

materialsornewplasticsareintroduced.

7.Polymerscanbeusedtomakeitemsthathavenoalternativesfrom othermaterials. 
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Polymerscanbemadeintoclear,waterprooffilms. PVCisusedtomakemedical

tubingandbloodbagsthatextendtheshelflifeofbloodandbloodproducts. PVC

safely delivers flammable oxygen in non-burning flexible tubing. And anti-

thermogenic material,such as heparin,can be incorporated into flexible PVC

catheters foropen heartsurgery,dialysis,and blood collection. Manymedical

devicesrelyonpolymerstopermiteffectivefunctioning.

PolymerizationTechniques

BulkPolymerization:-Inthistechniquefinalpolymerobtainedhashigh
purityandinsolubleiniator.Inthistechniquechaintransferreagentsare
usetocontrolmolecularweights.Monomeristakeninmoldofrequired
sizeandshapeandthenheatedtoinitiatepolymerisation.Thisprocess
isexothermiclotofheatisgeneratedasaresultduringpolymerization
viscosityofmedium increases,mixingbecomedifficultandbroad
molecularweightdistributionisobtained.Freeradicalpolymerizationis
carriedoutusingbulkpolymerization.

Solutionpolycondensation:Inthispolymerizationtechniquesolventis
chosensuchthatitdissolvesthemonomer.Byusingsuitablesolventor
wateronecanovercomeproblem ofheatdissipationwhichencountered
inbulkpolymerization.Polymerobtainedbythistechniquehaslowto
medium molecularweight.Manyfreeradicalandionicpolymerization
arecarriedoutbythistechnique.

Emulsionpolymerisation:Inthistechniquewatercanbeuseforheat
transfer.Uniform emulsionofmonomeranddispersedphaseiscarried
out.Watersolubleinitiator,soap,monomerandotheringredientsare
stirredinreactionvesselasaresultmicelleformationtakesplace.
Micellestartgrowingaspolymerizationproceeds.Theiniatorenters
micelletoinitiatepolymerization.Asmonomerentersinsidemicelleis
consumedmoreandmoremonomerenterinside.Aftersufficient
swellingofmicelleitbrustandmilkywhitesuspensionresultcalledlatex
whichcanbeuseinpaints,adhesiveetc.Polymercanbeisolatedfrom
latexbydestabilizingemulsion.Rateofpolymerizationisveryhighand
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highmolecularweightproductcanbeobtained.

Meltcondensation:Monomersusedthistechniquearesolidanddonot
decomposeattheirmeltingpoint.Polymerizationprocessiscarriedout
ininertatmospheretoavoidoxidation,decarbonylationetc.Andreduced
pressureisalsorequired.Moltenpolymerformedisdischargehotfrom
thereactorandispasseddirectlyforspinning,castingorextrusion.
Nylon6,6ispreparedbythistechnique.

GENERAL INTRODUCTION TO POLYSULFONE POLYMERS AND POTENTIAL

APPLICATION

Polysulfonesareafamilyofthermoplasticpolymers.Thesepolymersareknownfor

theirtoughness and stability athigh temperatures.The simplestpolysulfone

poly(phenylenesulfone)wasknownasearlyas1960.Itcanbeproducedinfriedel-

craftsreactionfrom benzenesulfonylchloride.Sincethispolymerhasmeltingpoint

ofover5000C,itisononesideveryheatresistance,onotherhanditisverydifficult

to process.In addition,its mechanicalproperties are ratherpoor.Therefore,

thermoplasticpolysulfoneswereresearchedasanalternative.

Polysulfonehasoneofhighestservicetemperatureamongallmeltprocessable

thermoplastics.Itsresistancetohightemperaturegivesitroleofflameretardant

withoutcompromisingitsstrengththatusuallyresultsfrom theadditionofflame

retardant.itshighhydrolysisstabilityallowsitsuseinmedicalapplicationrequiring

autoclaveandsteam sterilization.However,ithaslowresistancetosomesolvents

andundergoweathering.

Propertiesofpolysulfonepolymer

 Polysulfonepolymerhashighthermal,oxidativeandhydrolyticstability.

 Theyareamorphous,transparentthermoplasticthatcanbemolded,extruded

orthermoformedintoawidevarietyofshapes.
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 Thesepolymersarehighlyresistancetoaqueousmineralacid,basesand

oxidizingagentsandarefairlyresistancetomanynon-polarsolvents.

 These polymersare notresistantto low polarsolventssuch asesters,

ketones,aromaticandchlorinatedhydrocarbon.

Polysulfoneproduction.

Therearefivemajortypesofpolysulfonesmadebythreecompanies.

1.unioncarbide-polysulfone

>Udel

>Radel

2.ICI–polyethersulfones

>Victrex

>Polyethersulfones720P

3.3M –polyarylethersulfones

>Astrel

1.Udel

 Synthesized by nucleophilic replacement of the chloride from 4,4-

dichlorodiphenylsulfonebyanhydroussaltofbisphenolA.

 Itexhibitsareasonablyhighglasstransitiontemperatureof190-degreeC.

2.Radel

 Radelwasformedfrom thereactionofabisphenolandbis(p-chlorophenyl)

sulfone.
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 Thispolysulfoneexhibitsgreaterchemicalorsolventresistance,agreater

glasstransitiontemperatureof2200C,greateroxidativestability,andgood

toughnessincomparisontoUdel.

3.Astrel

 It’sanespeciallyhighperformancethermoplasticwhichrequiresspecialized

equipmentwithextraheatingandpressurecapabilitiesforprocessing.

 Ithasglasstransitiontemperatureof2850C.

4.Victrex

 Ithasglasstransitiontemperatureof2300C.
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5.Polyethersulfone

 Ithasglasstransitiontemperatureof2500C.

LiteratureWork

Generalsyntheticrouteformonomertetrakis(2-hydroxyethylsulphone)monomer

1)

2)
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3)

PROCEDURESFORINDIVIDUALREACTIONSTEPS

1. In the first step of the reaction 2,2-Bis(hydroxymethyl)propane1,3-diol

(pentaerythritol)ischlorinatedwiththehelpofPCl3

Thereactionwascarriedoutusingfollowingprocedure.
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1.In a 250 mlround bottom flask,3g ofpentaerythritol(22.03 mmol)is

dissolvedindichloromethaneandwastakenandkeptat00Cinanicebath.

2.20mlofPCl3(excess)wasslowlyaddedindropwiseandsolutionwasstirred

atroom temperaturefor24hours.

3.Afterthecompletionofreaction,thesolventwasremovedbydistillationto

yield a white halogenated precipitate of 2,2-bis(chloromethyl)1,3-

dichloropropane.

Pentaerythritol

Synthesis

CommercialusesofPentaerythritol

Themaincommercialandindustrialroleofmonopentaerythritolisasachemical

intermediateasitsbasicmaterialforpolymerproduction.Itismainlyemployedin

themanufactureofalkydresinsandpaints,whereitenhancesthedryingspeed

hardnessandwaterresistanceofthispaints.

Thesecondlargestmarketformonopentaerythritolisinproductionofneopolyol

esterforsynthetic lubricants.Itenhances both the hydrolytic resistance and

viscositycontrolofthislubricant.

Itis also employed in preparation ofpolyvinylchloride stabilizer,plasticizers,

antioxidant,adhesiveandsealant,varnishesandinks.Itisalsousetomakeradiation

curingmonomersandrosinester.

HealthhazardsofPentaerythritol.

Thepentaerythritolisnotatallhazardoustohealthandenvironment.

Firstaidmeasures.

 Incaseifoneinhaledfumesofpentaerythritolfirstaidmeasureisnotrequire

butpersonmayexposehimself/herselftofreshairforpersonalcomfort.

 Ifpentaerythritolgetsincontactwitheyeorskinonemustwaseyewithfresh

waterandwashskinwithsoap.

 Incaseifsomeoneingestedlargequantitiesofpentaerythritolonemustseek

medicaladvice/attention.

Healthhazardofphosphorustrichloride
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PCl3iscorrosiveandirritatingtoeyes,skin,andmucousmembranes.Inhalationmay

resultinchemicalpneumonitisandpulmonaryedema.

Firstaidmeasures

 IfPCl3getsincontactwitheye,thenwasheyefor15minuteswithfreshwater

andseekimmediatemedicalattention.

 IncaseofskincontactwithPCl3onemustremovecontaminatedclothingas

rapidly as possible.Flush affected area with excess waterand seek

immediatemedicalattention.

 Ifsomeone inhaled fumes ofPCl3 then victim should be assisted to

uncontaminatedareaandinhalefreshair.

2.Inthesecondstep

2,2bis(chloromethyl)1,3dichloropropaneisfurtherreactedwith4moleculesof2-

mercaptoethanolleadingtoformationofdesiredproductbytheeliminationof4

HCLmolecules.
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Theabovereactionwascarriedoutusingthefollowingprocedure.

1.To400partsofethanol9.2partsofmetallicsodium wasaddedalongwith

31.2partsof2-mercaptoethanoland38.8partspentaerythrititoltetrachloride

thismixtureheatedunderreflux.

2.DepositedNaClwasremovedbyaddingnonpolarsolventandfilteringthe

solutionandsolventethanolwasremovedbydistillationtogiveusproduct

tetrakis(2-hydroxyethylthiomethyl)-methane

2-mercaptoethanol

Synthesis

Commercialapplicationof2-mercaptoethanol

Itisusefordenaturationofproteinssinceitcleavesthesulfidebondsthatform

betweenthiolgroupsofcysteineresidues.Itisoftenuseinpreventingprotein

oxidationanddenaturingribonucleicacid.

Healthhazardofmercaptoethanol

 Inhalationoffumesofmercaptoethanolleadstodestructiontothetissuesof

themucusmembraneandupperrespiratorytract.

 Cancauseskinburnsifabsorbthroughskin.

 Contactwitheyecauseseyeburnsandtoxicifswallowed.

Firstaidmeasures

Ifinhaled,movethepersonintofreshair.Ifnotbreathing,giveartificialrespiration

andconsultphysician.
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Incaseofeyecontactrinseeyeswithplentyofwaterfor15minutesandconsulta

physician.Continuerinsingthrougheyesduringtransporttohospital.

Incaseofskincontactwash,theskinwithplentyofwaterandtakeimmediatelyto

hospital.

Ifswallowedrinsemouthwithwaterandconsultphysician.

3.ThirdStep

In third and final step of reaction the sulfide group of tetrakis(2-

hydroxyethylthiomethyl)-methane are oxidize to sulfone group using hydrogen

peroxide.

Thereactionwascarriedoutusingfollowingprocedure

1.In100mlroundbottom flask2mmolofoursulfidesolutionwastakenina1:1

mixtureofmethanolandDCM (10ml)

2.30% ofhydrogenperoxide(3-8equivalent)wasaddedalongwithtungsten

oxidecatalyst

3.The reaction mixture was stirred magneticallyatroom temperature the

progressofreactionwasmonitoredusingTLC.

4.Aftercompletionthereactionmixturewasfilteredoffandrinsedtwiceusing

25-30mlDCM

5.Excesssolventwasremovedunderreducedpressure.

Experimentalwork
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Step1

Aim:Chlorinationofpentaerythritoltopentaerythritoltetrachloride

Apparatusrequired:100mLroundbottom flask,hotplate,magneticneedle,dropping

funnel.

Chemicalsrequired:pentaerythritol,thionylchloride,pyridine,ethanol.

Figure1:Chlorinationofpentaerythritoltopentaerythritoltetrachloride

 To100mLroundbottom flask11.5mLofpyridinewasadded.

 Themixturewaskeptforstirringbymaintainingtemperaturebetween70–

90oConhotplate.

 Toabovemixture12.8mLofthionylchloridewasaddeddropwisewithhelpof

droppingfunnelovercourseof1–2hrs.

 Whenadditionwasoverthereactionmixturewasheatedovernightuntilno

moresulphurdioxidegasisevolved.

 Aftergasevolutionceasestheflaskwascooledslightlyandtoit50mLcooled

water and ethanolmixture was added with stirring which results in

precipitationofrequiredproduct

 TheproductobtainwasfilteredusingBuchnerfunnelwashedwithwaterand

keptfordrying.
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Step2

Aim: To convert 1,3-dichloro-2,2bis(chloromethyl)propane to Tetrakis[(2-

hydroxyethylthio)methyl]methane.

Apparatusrequired:100mLroundbottom flask,droppingfunnel,hotplate,magnetic

needle.

Chemicalrequired:methanol,2-mercaptoethanol,sodium hydroxide.

Figure2:1,3-dichloro-2,2bis(chloromethyl)propanetoTetrakis[(2-hydroxyethylthio)

methyl]methane.

 A solutionof1,3-dichloro-2,2bis(chloromethyl)propane(0.3g,1.429mmol)in

15mLofmethanolwasaddeddropwiseover30minuteswithstirringto

mixtureof2-mercaptoethanoland11M sodium hydroxidewhichwastakenin

100mLroundbottom flask.

 Thereactionmixturewasstirredat900Cfor3hr.

 Thesolventwasevaporatedundervacuum andresiduewaspouredinwater

andextractedwithdiethylether.

 ThecombinedetherextractswerewashedwithsaturatedNaClaqdriedover

anhydrousmagnesium sulphateandfiltered.

 Thefiltratewasevaporatedundervaccum.
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ResultandDiscussion

Figure1:IRspectrum ofPentaerythritolTetrachloride
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