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PROJECTSUMMARY

Theperformanceandservicelifeofcementcanbeimprovedbyunderstandingitsbasic

hydrationmechanism,whichisacomplexprocessduetothepresenceofvariouskinetic

stepsandrapidlychangingreactionchemistryespeciallyatearlystages.Hydrationprocess

startascementcomesinthecontactofwaterandformscalcium silicatehydrates(C-S-H)

andcalcium hydroxide(CH)atroom temperature.Hydrationprocessstartasthecementa

graincomeincontactwithwaterandcontinuestillseveralyears.Tricalcium silicate(C3S)

anddicalcium silicate(C2S)accountforabout75%byweightofmoderncementandcontrol

the majorproperties of concrete system such as mechanicalstrength,durability,

permeability,etc.While,triclcium aluminate(C3A)andtetracalcium aluminoferrite(C4AF)

responsibleforthesettingandhardeningofcementatearlyageofhydration.Precise

understandingofhydrationprocessandtuningthecompositionatmolecular/nanolevel

maychangethepropertiesthatwillaffectthedurabilityandservicelifeofconcretebesides

reductionincostandGHGemission.Withadvancementinmicroscopictechniques,itis

now possibletounderstandthemorphologicalchangesoccurringatnanolevelandthus,

tuningthestrength,hardnessandotherbasicpropertiesofthematerialthroughmicro-and

nanoscopicphasesofthematerials.Theaim ofthepresentstudyistounderstandthe

mineralogicalandmorphologicalchangesoccurredduringthehydrationofPortlandcement

atdifferentagesofhydration(i.e.at1,3and7dayofhydration)withFieldEmission

ScanningMicroscopy(FESEM)andX-RayPowderDiffractometer(XRD).
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1.INTRODUCTION

1.1Cement

Cementisawellknownbuildingmaterialandhasoccupiedan indispensableplacein

constructionwork.ThecementcommonlyisusedisPortlandcement,andthefineand

coarseaggregatesusedarethosethatareusuallyobtainable,durableandeconomical

concrete mix;itis necessaryto understand the characteristics and behaviorofthe

ingredients.Portlandcementisanextremelygroundmaterialhavingadhesiveandcohesive

properties,whichprovideabindingmedium forthediscreteingredients.Itisobtainedby

burningtogether,inadefiniteportion,amixtureofnaturallyoccurringargillaceousand

calcareousmaterialstoapartialfusionathightemperature.

Severaldetailedreviewshavebeenwrittenaboutthemechanismsthatarethoughtto

governthekineticsofhydration[1].Atthetimetheywerepublished,severalimportant

issues–themechanisticoriginoftheinductionperiod,therate-controllingmechanisms

duringtheaccelerationperiod,themostimportantfactorsresponsibleforthesubsequent

decelerationofhydration,etc.–wereaddressedbutleftunresolvedduetoeitherlackof

dataorseeminglyequivocalevidencefordifferentviewpoints.Butsignificantstrideshave

beenmadebothinexperimentaltechniquesandintheoreticalmodelsintheintervening

years.Ourintentionistofocusonthesemorerecentdevelopments,therebyprovidingan

updated picture of the currentstate of knowledge and identifying the remaining

controversiesorgapsinunderstanding. Knowingthechemicalcompositionoftheraw

materials,ofintermediateproductsandofthefinalproductrepresentsanaspectofmajor

importance inthefabricationanduseofaproductwithexpectedspecifications.The

reactionsoccurringinthecementhydrationprocesshave,consequently,beenofhigh

interestfortheresearcherswhostudiedthem,amongothers,bymeansoftheX ray

diffraction(XRD)andscanningelectronmicroscopy(SEM)methods[1].

1.2CementChemistry

The use ofthe mentioned methods allows more accurate information regarding the

behaviorofthePortlandcementpasteduringhydration,andamorerealisticknowledgeof

themechanismsthatgeneratenew propertiessuchasstrengthanddurability,whichare



amongthemostimportantintheselectionofcementforaspecificapplication.The

Portlandcementrepresentsamixtureofclinkerandfinelygroundgypsum,wherethe

clinkerismadeupoffourmainmineralcomponentsatamaximum temperatureofupto

1450°C.Intheclinker,thecalcium silicatesrepresent75-80%,hencethenameofsilicatic

cements,whilecalcium aluminatesandcalcium aluminoferriteform only20–25%[2].

1.3ComponentsofCement

Alite(C3S)isanimpureform oftricalcium silicate,Ca3SiO5.Thenamewasgivenby

Tornebornin1897toacrystalidentifiedinmicroscopicinvestigationofPortlandcement.In

cementAliteisfoundinthelargestratio(50%),undertheform ofcolourlessandequisized

grains.Thisisthecalcium silicatewiththehighesthydrolysisreactionwhichveryeasily

reactwithwater.C3Shydrationdefinestoalargeextentthebehaviorofthecement,though

itsrateisnotconstantandnoteventheratechangesareconstant[3].C3Srapidlyhydrates

andhardensthecementslurryandenforceshighinitial(1-3days) abdfinalmechanical

strength.

Belite(C2S)isanindustrialmineralimportantinPortlandcementmanufacture.Itsmain

constituentisdicalcium silicate,Ca2SiO4,sometimesformulatedas2CaO.SiO2.Beliteisthe

mineralcomponentthathasthreeorevenfourpolymorphousformswhicheasilyreacts

withwaterandturnsintoahydrated dicalcium silicate.Thisslowlyhydratesandhardens

thecement.

Thehydrationandhydrolysisreactionsofthetwomineralcompoundsabovealsoproduce

hydrosilicatesthatinitiallyhaveagelstructuresimilartothatofthenaturalmineralcalled

tobermorite[4].Thecalcium silicatehydratesform themajorityofthehydrationproducts,

presentagelstructure,wherethesolidphaseismadeupofalatticeofmicrocrystals,

initiallyofangstrom sizewitheyesfilledwithasaturatedcompositionofcomponents:ina

laterstage,the crystalsdevelop,age and strengthen,leading to the increase ofthe

mechanicalstrengths.

Tricalcium aluminate(C3A)isthemineralcomponentthathastheform ofcrystalsinthe

clinkerwhenslowlycooleddownorasvitreousmass,whentheclinkeriscooleddownfast.

Inthiscaseitfillsinthevoidsbetweenthealiteandbelitecrystals.Puretricalcium

aluminatehasaviolentreactionwithwater;theslurryhardensinstantaneously,which

requirestheadditionofgypsum (CaSO42H2O)whenthecementclinkerisground[5].The

amountofgypsum addedtothecementclinkershouldbecarefullycontrolledasatoo

largeanamountleadstoexpansionandhence,tothedamageofthehardenedcement

paste.Theoptimalgypsum amountshallbedefinedbyobservingthehydrationheat



release.

Thegypsum also reactswithbrownmillerite(C4AF)sulphoferritehydrateandcalcium

sulphoaluminatehydrate,whosepresencecanacceleratethehydrationofcalcium silicates.

The two calcium aluminate hydrates actas flux and diminish the clinkerburning

temperature[5].

2.LiteratureReview

Ifconstructionhasasignaturematerial,it'sconcrete--thefamiliarstone-likesubstance

thatformssomepartofnearlyeverythingwebuild.AndthekeytoconcreteisPortland

cement-thefinegraypowderthatbindssandandgravelintoconcrete'srock-likemass.It

producesbyheatingamixtureclay,shaleandlimestoneinakilnatveryhightemperature

~1500̊C.A seriesofchemicalreactionstakesplaceatthishigh temperaturewhich

convertsthispowdermaterialintotheclinker.Thisclickergroundtoanextremelyfinegrey

powderwiththeadditionofgypsum [6].Thisfinegreypowdercontainsfourmainphases:

Phase Quantity(%)

Tricalcium Silicate(C3S) 60-70

Dicalcium Silicate(C2S) 10-20

Tricalcium Aluminate(C3A) 5-10

Tetracalcium AluminoFerrite(C4AF) 3-8

Ofthesecompounds,C3SandC2Saremainlyresponsibleforthestrengthofthecement

duetotheformationofmajorbinderphasei.e.calcium silicatehydrates(C-S-H)during

hydration.ThehydrationofC3Sproduces~61% C-S-H and39% calcium hydroxide(CH),

whereasC2Sproduces~82% C-S-H and~18% CH.HighpercentagesofC3S(low C2S)



resultsinhighearlystrengthbutalsohighheatgenerationastheconcretesets.The

reversecombinationoflow C3SandhighC2Sdevelopsstrengthsmoreslowly(over52

ratherthan28days)andgenerateslessheat.C3A causesundesirableheatandrapid

reactingproperties,whichcanbepreventedbyaddingCaSO4tothefinalproduct.C3Acan

beconvertedtothemoredesirableC4AFbytheadditionofFe2O3beforeheating,butthis

alsoinhibitstheformationofC3S.C4AFmakesthecementmoreresistanttoseawaterand

resultsinasomewhatslowerreaction,whichevolveslessheat.Thebalanceoftheformed

compounds versus the performance characteristics required from the cementis a

chemicallycontrolledparameter.Forthisreasonconsiderableeffortsaremadeduringthe

manufacturingprocesstoensurethecorrectchemicalcompoundsinthecorrectratiosare

presentintherawmaterialsbeforeintroductionofthematerialstothekiln.

2.1Tricalcium silicate(C3S)

PureC3Sundergoesaseriesofreversiblephasetransitionduringheatingprocessathigh

temperature[7].FirstcrystalstructureofC3SwasdeterminedbyJeffery(JI).Heshowedall

threepolymorphism ofC3S:triclinic(T),Monoclinic(M)andRhombohedral(R),thesephase

transformationarerecapitulatedbelow:

T1 T2 T3 M1 M2 M3 R

Transformationofthesepolymorphsisalmostpartiallyreversiblewhencooling:optical

datasupportstheexistenceoftwotriclinicformsbetween620and980ºCandtwoother

monoclinicformsbetween980and1070ºC.

Manyeffortshavebeenmadebythematerialresearchersoverthelastdecadesfor

understanding the hydration chemistry ofcement.Understanding ofbasic hydration

reactionisonlypossiblewaytochangesthepropertiesthatwillaffectthedurabilityand

servicelifeofstructurebesidesreductionincostandgasemission.C3Shydrationhappens

overadissolution-precipitationprocessthatmayoccurthroughtheformationofeachpits

wheretheC-S-Hpreferentiallyprecipitates;evenso,itsprecipitationratedependsonthe

620°C 920°C 980°C 990°C 1060° 1070°



concentrationofthecomponentsinsolution.Therearefourmainstagesthatoccurduring

thehydrationi.e.pre-induction,induction,accelerationanddecelerationperiod[8].On

contactwithwater,C3Sundergoesanintenseandshort-livedreaction,knownasthepre-

inductionperiod.Oxygenionsfrom thesurfaceoftheC3Slatticereactwithprotonsinthe

waterandform hydroxideions,whichinturncombinewithCa2+ leadingtoform calcium

hydroxide(CH).

O2-(lattice)+H+(aq) OH-(aq)

Ca2+(lattice)+OH- Ca(OH)2

Atthesametime,silicatematerialfrom the‘C3S’latticesurfaceentersintotheliquidphase.

SiO4
4-(lattice)+nH+(aq) HnSiO4

(4-n)-(aq)

Acompletereactionmayberepresentedas:

Dissolution

C3S+3H2O 3Ca2+ + H2SiO4
2- +OH-

Precipitation

C-S-H+Ca(OH)2

HydrationofC3Ssuffersaslow downwhenreachingtheso-calledinductionordormant

period,followedbyarapidincreasingontherate.StageIisrelatedtotheinitialdissolution

phase.Heretherateofreactionisveryhighduetothedissolutionoftheanhydrousphase,

andthenslowsdownrapidlyrunningtostageII.Thisisknownastheinductionperiod.After

that,instageIII,therateofreactionincreasesagainreachingamaximum withthemassive

precipitationofthehydrates;duringstageIV,itslowsdowngraduallyduetotheformation

ofproductsandconsumptionofthereactants.

2.2Dicalcium silicate(C2S)

Dicalcium silicate(C2S)presentinfivepolymorphsknownasα-C2S,αH-C2S,αL-C2S,γ-C2S

andß-C2Sduringcoolingprocessofcementclinker(Fig.2.1).Slowercloningprocessleads

totheformationofγ-C2S whilethroughthequenchingprocessß-C2S isformed.The

polymorphofC2SpresentinPortlandcementisß-C2S,whichreactsslowlywithwaterand

generatelowestheatofhydrationthantheotherphasespresentinclinker,responsiblefor

lateragestrength.



Fig.2.1.PolymorphsofBelite

The structures ofallofpolymorphs ofC2S are builtfrom Ca2+ and SiO4- ions.The

arrangementsoftheseionsarecloselysimilarintheα-C2S,αH-C2S,αL-C2S,andß-C2S,butγ-

C2Shavedifferentarrangementofions[9].Thehighertemperaturepolymorphscannot

normallybepreservedoncoolingtoroom temperatureunlessstabilizedbyforeignions,γ-

C2Sismuchlessdensethantheotherpolymorphs,andthiscausescrystalsorsintered

massesofß-C2S,tocrackandfalltoamorevoluminouspowderoncooling,aphenomenon

knownasdusting.γ-C2SisundesirableinPortlandcementduetoitsinferiorhydraulic

natureandß-C2Spolymorphcanbeachievedeitherthequenchingprocessor byusing

stabilizer.ManyoftheearliercrystaldatareportedfortheC2Spolymorphswerebasedon

powderXRDpatterns.Thisstructureofß-C2Sbelongsmonoclinicspacegroupwhileγ-C2S

orthorhombicspacegroup.Fig.2.2showsthecomparativeofXRDmicrographsofß-C2S

andγ-C2S,showingthatallthemajorphasesofC2SareoverlappedwiththeC3Sphase

exceptadistinctpeakat2θvalue31.10°and35.29°,whileγ-C2Shaveadistinctpeakat2θ

=29.63°.

Fig.2.2.XRDmicrographofß-C2Sandγ-C2S

Dicalcium silicate(C2S)reactsslowly,contributinglittletothestrengthdevelopmentin



cementatageslessthan28days.Itdoes,however,contributesubstantiallytothestrength

developmentbeyondthattime.ThehydrationofC2Sis

2Ca2SiO4 +5H2O 3CaO.2SiO2.4H2O+Ca(OH)2

C2S showsslowesthydraulicreactivitythantheothercompoundspresentinPortland

cementitreactonly30%in28daysand90%at1yearofhydration.ItformsC-S-Hinitiallyof

low C/Sratiowhichincreasesatlaterandlow CHcontentisformed,responsibleforthe

lateragestrength[11].

2.3Hydrationproducts

Theproductsofthereactionbetweencementandwateraretermed"hydrationproducts."

Inconcrete(ormortarorothercementitiousmaterials)therearetypicallyfourmaintypes:

Calcium silicatehydrate: thisisthemainreactionproductandisthemainsourceof

concretestrength.Itisoftenabbreviated,usingcementchemists'notation,to"C-S-H,"the

dashesindicatingthatnostrictratioofSiO2 toCaOisinferred.TheSi/Caratioissomewhat

variable buttypicallyapproximately0.45-0.50 in hydrated Portland cementbutup to

perhaps about0.6 ifslag orfly ash ormicrosilica is present,depending on the

proportions.[12]

Calcium hydroxide: (orPortlandite)-Ca(OH)2,oftenabbreviatedto'CH.'CHisformedmainly

from alite hydration.Alite has a Ca:Siratio of3:1 and C-S-H has a Ca/Siratio of

approximately2:1,soexcesslimeisavailabletoproduceCH.

AFm and AFtphases: thesearetwo groupsofmineralsthatoccurin cement, and

elsewhere.OneofthemostcommonAFm phasesinhydratedcementismonosulfateand

byfarthemostcommonAFtphaseisettringite.Thegeneraldefinitionsofthesephases

aresomewhattechnical,butforexample,ettringiteisanAFtphasebecauseitcontains

three(t-tri)moleculesofanhydritewhenwrittenasC3A.3CaSO4.32H2Oandmonosulfateis

anAFm phasebecauseitcontainsone(m-mono)moleculeofanhydritewhenwrittenas

C3A.CaSO4.12H2O.ThemostcommonAFtandAFm phasesinhydratedcementare:

Ettringite: ettringite is presentas rod-like crystals in the earlystages ofreaction or

sometimesasmassivegrowthsfillingporesorcracksinmatureconcreteormortar.The

chemicalformulaforettringiteis(Ca3Al(OH)6.12H2O)2.2H2OorC3A.3CaSO4.32H2O mixing



notations.Monosulfate: monosulfatetendstooccurinthelaterstagesofhydration,aday

ortwoaftermixing.ThechemicalformulaformonosulfateisC3A.CaSO4.12H2O.

Monocarbonate: thepresenceoffinelimestone,[13]whetherintergroundwiththecement

or present as fine limestone aggregate, is likely to produce monocarbonate

(C3A.CaCO3.11H2O)assomeofthelimestonereactswiththecementporefluid.

3.METHODANDMETHODOLOGIES

3.1.X-RAYDIFFRACTION(XRD)

Make:Rigaku,Japan

Model:DMax2200

X-raydiffraction (XRD)is a versatile,non-destructive technique thatreveals detailed

informationabouttheminerologicalcompositionandcrystallographicstructureofnatural

andmanufacturedmaterials.XRDisarapidanalyticaltechniqueprimarilyusedforphase

identificationofacrystallinematerialandcanprovideinformationonunitcelldimensions.



Theanalyzedmaterialisfinelyground,homogenizedandaveragebulkcompositionis

determined[14].Alltheexperimentswerecarriedoutatroom temperatureusingcopper

radiation(Cu-Kα)at40Kv/mA.Scanningwasperformedwithastepwidthof0.02̊ overan

angularrangefrom 5-80̊ withascanningrateof1̊/min.

Fig.3.1:PowderXRDsystem (Make:Rigaku;Model:DMax2200)

X-raytube[Copper(broadfocus)]

Wavelength,(1.5404Ǻ),Divergenceslit(Automatic)

Scanspeed(1°/min),Range2θ(5̊ to80°)

OperatingVoltage(40kV)

filamentcurrent(40mA)

3.1.1.FundamentalprinciplesofX-raypowderdiffraction

X-raydiffractionisnowacommontechniqueforthestudyofcrystalstructuresandatomic

spacing.X-raydiffractionisbasedonconstructiveinterferenceofmonochromaticX-rays

andacrystallinesample.TheseX-raysaregeneratedbyacathoderaytube,filteredto

producemonochromaticradiation,collimated to concentrateand directed toward the

sample[15].Theinteractionoftheincidentrayswiththesampleproducesconstructive

interference(andadiffractedray)whenconditionssatisfyBragg'sLaw(nλ=2dsinθ).This

law relatesthewavelengthofelectromagneticradiationtothediffractionangleandthe

latticespacinginacrystallinesample[16].ThesediffractedX-raysarethendetected,

processedandcounted.Byscanningthesamplethrougharangeof2θangles,allpossible

diffractiondirectionsofthelatticeshouldbeattainedduetotherandom orientationofthe



powderedmaterial.Conversionofthediffractionpeakstod-spacingallowsidentificationof

themineralbecauseeachmineralhasasetofuniqued-spacing.Typically,thisisachieved

bycomparisonofd-spacingwithstandardreferencepatterns[17].Akeycomponentofall

diffractionistheanglebetweentheincidentanddiffractedrays.

Fig.3.2:DiagrammaticpresentationoffundamentalpreparationofXRD

3.2.ScanningElectronMicroscope(SEM)

Make:TESCAN

Model:MIRA3

ScanningElectronMicroscope(SEM)isatypeofelectronmicroscopethatproduces

imagesofasamplebyscanningitwithafocusedbeam ofelectrons(Figure3.3).ASEM is

usedtovisualizeverysmalltopographicdetailsonthesurfaceorentireorfractioned

objects.Researchersinbiology,chemistryandphysicsapplythistechniquetoobserve

structuresthatmaybeassmallas1nanometer.Thesignalsthatderivefrom electron-

sampleinteractionsrevealinformationaboutthesampleincludingexternalmorphology

(texture)andchemicalcomposition.Inmostapplications,dataarecollectedovera

selectedareaofthesurfaceofthesample,anda2-dimensionalimageisgeneratedthat

displaysspatialvariationsintheseproperties[18].TheFESEM isalsocapableofperforming

analysesofselectedpointlocationsonthesample,thisapproachisespeciallyusefulin

qualitativelyorsemi-quantitativelydeterminingchemicalcompositions(usingEDS),

crystallinestructure,andcrystalorientations(usingEBSD).



Fig.3.3:FieldEmissionScanningElectronMicroscope

3.2.1.FundamentalprinciplesofSEM

 The SEM isan instrumentthatproducesa largelymagnified image byusing

electronsinsteadoflighttoform animage.Abeam ofelectronsisproducedatthe

topofthemicroscopebyanelectrongun.Theelectronbeam sourceistungsten

filament.Theelectronbeam followsaverticalpaththroughthemicroscope,which

isheldwithinavacuum.Thebeam travelsthroughelectromagneticfieldsand

lenses,whichfocusthebeam downtowardthesample[19].Oncethebeam hitsthe

sample,electronsandX-raysareejectedfrom thesample.Acceleratedelectronsin

anSEM carrysignificantamountsofkineticenergyandthisenergyisdissipatedas

avarietyofsignalsproducedbyelectron-sampleinteractionswhentheincident

electronsaredeceleratedinthesolidsample.Thesesignalsincludesecondary

electrons(thatproduceSEM images),backscatteredelectrons(BSE),diffracted

backscatteredelectrons(EBSD)thatareusedtodeterminecrystalstructuresand

orientationsofminerals),photons(characteristicX-rays)thatareusedforelemental

analysisandcontinuum X-rays),visiblelight(cathodoluminescence--CL),andheat.

 Secondaryelectronsandbackscatteredelectronsarecommonlyusedforimaging



samples:secondaryelectronsare mostvaluable forshowing morphologyand

topography on samples and backscattered electrons are mostvaluable for

illustratingcontrastsincompositioninmultiphasesamples(i.e.forrapidphase

discrimination).X-raygenerationisproducedbyinelasticcollisionsoftheincident

electronswithelectronsindiscreteorbital’s(shells)ofatomsinthesample[20].As

theexcitedelectronsreturntolowerenergystates,theyyieldX-raysthatareofa

fixedwavelength(thatisrelatedtothedifferenceinenergylevelsofelectronsin

differentshellsforagivenelement).Thus,characteristicX-raysareproducedfor

eachelementinamineralthatis"excited"bytheelectronbeam.SEM analysisis

consideredtobe"non-destructive"thatis,x-raysgeneratedbyelectroninteractions

donotleadtovolumelossofthesample,soitispossibletoanalyzethesame

materialsrepeatedly.

 Theapplicationofthescanningelectronmicroscope(SEM)in[20]morphological

analysis of nano structured materials,cementitious materials and concrete

microstructure is becoming increasingly common.SEM micrographs provide

detailed images ofthe microstructure thataugmentfrom stereo and optical

microscopy. The primary advantages are high-contrast images of the

microstructure,thehighspatialresolutionoftheimagesandtheabilitytoperform

simultaneousimagingandchemicalanalysis.

 NormaloptimizingparametersforSEM are:

 AcceleratingVoltage(EHT):10–25kV,

 Beam Current:100-250µA,

 Probecurrent:200.00µA,

 Detector:SecondaryElectronDetector(SE),

 WorkingDistance:10-12mm,

 Magnification:>15,000xfornanostructuredmaterials,

 >3,000xforcementitioussystem

3.3.SAMPLEPREPARATIONFORXRD

 Ovendrythesample(s)foratleast12hrbeforegrinding.

 Grindsolidsamplestoafinetalclikepowderusingoneofthefollowingmethods:



 Agatemortarandpestle

 SpexShatterbox

 SpexMixtureMill

 Transferthepowderedsampletoanappropriatelabeledglassbottle.

 Selectthesteel,glassorplasticsampleholderunlessthesamplematerialisvery

small.

 Placeenoughpowderfrom thelabeledsamplebottletofillanemptysampleholder.

Gentlypressthepowderflushwiththesampleholderusingaglassslide.The

surfaceofthepowdermustbesmooth.Removeexcesspowderfrom thesample

holderedgesandcarefullyplaceintheappropriateXRDslot.

3.4.SEM SAMPLEPREPARATION

 SampleCleaningandDrying

BeforeSEM characterization,samplemustbethoroughlygreasedanddriedto

eliminateanyoutgasingfrom organiccontaminationandwater.Samplescanbe

cleanedusingsolventlikeacetoneormethanol.whencleanedbyvolatilesolvent,

samplescanbeblowndryusingacompressedgas.Aftercleanedbywatersamples

shouldbedriedcompletelyusingovenorhotplate.Surfacedustareremovedusing

aboveprocesses.

 Handling

Glovesmustbewornallthetimeduringsamplepreparationandtransferdonot

touchsampleholder,samples,samplestubsandsampleexchangetoolwithbare

hands.

 SampleMounting

Normally samples are mounted on the holders orstubs using double sided

conductive tapes.Onlyuse ofvaccum compatible carbon and carbon tapes

providedbylab.

 PowderSamples

Powdermaterialsarehardtomountandneedspecialhandlingforsample



mounting.Otherwisetheymaygetlooseandflyofftheholderinthevacuum and

underthebeam.Forsmallamountofpowder,theycanbedispersedinavolatile

solventlikeAcetoneandalcohol,andthendropsofthemixturecanbedripped

ontoacleansubstrate.Afterdryingthepowderparticlesshouldbedispersedonto

thesubstratesurface[20].Forlargeamountofpowder,theycanbecompressed

intosmalldisksforsamplemounting.Carbon,coppertapescanbeusedfor

powdermounting.Sprinklethepowderlightlywithaspatula,presslightlytoseat.

Turnthesampleholderupsidedownandtapittoremoveloosematerial.

 LessConductiveSamples

Whensamplesarenotveryconductive,chargeeffectwillcauseimagedistortionor

drift.Lowaccelerationvoltageshouldbeusedtoreducethechargeeffectif

samplescannotbecoatedwithaconductivecoating.Tocompleteeliminatethe

chargeeffect,samplesshouldbecoated.SEM labhassputteringcoaterforgold

coating.Thecoatingthicknesscouldbeseveralnanometertotensnanometer

dependingonifthecoatinginterferewiththemorphologyofyoursample.After

coating,thesampleshouldbemountedwithaconductive“bridge”(e.g.carbon/

coppertapes,orsilverpaint)connectedfrom thetopsurfaceofthesampletothe

sampleholder.

 Pleasedon’texposethevacuum chambertoairforalongtime.Otherwise,it

increasesthecontaminationinsideandcausecarbondepositiononyoursample

duringtheimaging.AndwhentheEDSdetectoriscooledbyliquidnitrogen,icewill

form ondetectorandaffectitsperformance.Ifittakesawhileforyoutogetyour

samplesready,thenventthechamberonlywhenyoursamplesareready.

Therearethreedifferentsampleholders,eachholderhave2-3differentsample

platesasshownbelow.Choosetherightholderandplateaccordingtoyoursample

size.

 Forthepore-plate,therearetwotypesofstubs:12.5mm diameter×5mm height,

and12.5mm diameter×10mm height.

 Samplescanbeattachedtotheflatplatesusingdouble-sidecarbonorcopper

tapes.Smallsamplescanalsobeattachedontostubsandthenmountedtopore-

platesusingsetscrews.

 Sampleplatesshouldbeseatedinthecorrespondingsampleholdersecurely,and



fastenedwithsetscrews.

 Usingthesampleexchangetooltotransferthesampleholderintooroutofthe

samplechamber.

 Pressthereleasebuttonsofthesampleexchangetool,andthenremovetheholder

from thehook.

4.ResultandDiscussion

4.1.Xraydiffraction(XRD)

Thediffractionspectrashow thataliteisfoundmostlyinthesample,thatpartofitis

hydratedandthecalcium silicatehydrateisproduced.EttringiteandPortlanditeare

presentinallhydrationstages.InUnhydratedPortlandcementdiffractrometershowsthe

peakofcrystallinecompoundspresentinthesamplesuchasC3S,C2S,C3AandC4AF.

Tricalcium silicateisthestrongestpeakseenat51.7̊,51.3̊,57.85̊.Dicalcium silicateis

thesecondmostabundantcomponentofPortlanditspeakappearat32.05̊,32.61̊,

34.40̊.Tricalcium aluminatepeakscanbeseenat32.72̊,29.63̊,47.53̊.Thepeaksof

Brownmilleritecanbeseenat12.1̊,24.4̊,33.7̊[21].Afteroneday,peaksofEttringiteand

Portlanditeareseenathighintensities.Afterthreedays,thehighestpeaksinthe

diffractogram correspondstoaliteandtobermoritegels.Aftersevendays,thespectrum

issimilartothespectrum afterthreedays.Duringthehydrationprocess,valuesbetween

tobermoriteandportlanditephasesareseentodiminishbothbetweenthreeandseven

days.

4.2.Scanningelectronmicroscopy(SEM)

ToanalysethemorphologicalevolutionofthePortlandcementsamplesatvarioustime

intervals(after1,3and7days)weusedthescanningelectronmicroscopeSEM.Asthe

samplemicroscopicanalysisrequiressamplesthatareelectricallyconductive,allthe

sampleswerecoveredbyalayerofgold,depositedbyspraying.Thesampleswerethen

brokenandtheanalysisconcernedthebreakingsurface.At1day,thesurfaceofcement

grainsomeofthehydrationproductssuchas,Calcium silicatehydrate(C-S-H),Calcium

hydroxide(CH)crystalsandsomeamountofEttringiteandPortlanditewasobserved.

Thebrighterpartoftheimageisthecalcium hydroxide.Theneedlelikemorphologyisof

ettringitesomehexagonalstructureofPortlanditewerealsoseeningoodquantity.The



darkpartin the image showsthatsome amountofthe hydrated cementremain

unhydrated[22].At3day,Portlanditewhichhashexagonalstructurecanbeidentified

easily.TheC-S-H becomemoredenseranditsmorphologychanges.Theblackpart

whichisvisibleisstilltheunhydratedcement.At7daysamassiveimagechangeis

observedascomparedto1dayand3day.On7day,asthehydrationreactionproceed

theamountofvoidsreducesandadensemicrostructureisobserved.Theamountof

ettringitedecreasesasitcoveredbyC-S-Hlayer.At7dayunhydratedcontentdecreases

significantlyshowingthehigherrateofproductformation.Theunhydratedcement

mainlyhavefourmajorcomponents,i.e;C3A,C2S,C3SandC4AF.

Theyarepolygonalinshapesandtheedgesofthesecompoundsareveryclearandcan

beidentifiedeasily[22].

X-rayspatternofPortlandCement(A-AliteE-Ettringite

P-PortlanditeB-BeliteC-S-H-Calcium SilicateHydrate)
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5-Conclusion

Bymeansoftwoinstrumentationtechniquesnamely,XRDandSEM usedforthestudyof

hydrationprocessofPortlandcementat1,3and7daysofhydration.Morphological

changeswereobservedinSEM analysis,whilemineralogicalchangesweremonitoredby

XRDtechnique.Theresultsareasfollows:

 XRD results revealthathydration proceed graduallywith the curing age of

hydration,astheintensityofCH peakincreasesfrom 1dayto7day,while

intensityofaliteandbelitephasesweredecreased.

 SEM resultsrevealthatdepositionofhydratedproductsaroundthecementgrains

increasessignificantlyfrom 1dayto7daysofhydration.ThemorphologyofC-S-

H alsoobservedtochange,whileetrringitecontentwasvisibleinasignificant

amount.However,at7daythemicrostrucrebecomemoredenseascompareto1

and3days,whilethecontentofettringitealsoreducesasitmightgetcoveredby

theC-S-H[24].
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