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DilatometricAnalysisofIrreversibleVolumeChangeduring
PhaseTransformationinPureIron
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Abstract:Oneassumptionunderlyingtheconventionaldilatometricanalysisbasedontheleverruleisthatthevolume
ofthespecimenchangesisotropicallyduringphasetransformation,whichconflictswiththeirreversiblelength
changeshowninactualmeasurements．ThecontributionofthisirreversibleeffecttothedilationdataofpureironupＧ
onheatingandcoolingwasrespectivelyquantifiedviaconversionequationsbasedonlatticeparameters．AmodelconＧ
sideringtheelasticstrainandcreepdeformationwasestablishedforboththeinterpretationoftheirreversiblevolume
changeandthediscrepancybetweentheresultsmeasuredbyadilatometerandamicrometer．
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　　DilatometryiswidelyusedforstudyingsolidＧ
solidphasetransformationinsteels,becauseitcould
monitorthedimensionalchangeofthesampleinreal
time,thusprovidingthedetailsoftherelationship
betweenphasetransformationandthegiventhermal
history[１,２]．Thequantitativecalculation ofphase
fractionsfromthedilatometriccurvebasedonthe
leverruleisacommonmethodforvalidatingphase
transformation theoretical models[３,４]．Generally,
thedilatometriccurveofferrous metalspecimens
uponheatingorcoolingcouldbedividedintothree
segments:thelinear segment before the phase
transformation,the nonＧlinear segment during
phasetransformation,andthelinearsegmentafter
thephasetransformation．Intheleverrule,thetwo
linearsegmentsbelowthetransformationstarting
temperatureandabovethetransformationfinishing
temperatureare extracted from the dilatometric
curveandlinearlyfittedrespectively．Thus,fracＧ
tionsofthetransformedandtransformingphases
couldbewellevaluatedfromtherelativepositionsof
themeasuredcurveandthosefittedlines[５]．
　　Assumingthattheisotropicalvolumechanged
duringphasetransformation,severalscholarsbuilt

verificationmodelsandappliedthemtocalculatethe
phasefractionsbyanalyzingtheaverageatomicvolＧ
umesbasedontheleverrule[６Ｇ１２]．However,thevolＧ
umechangewouldnotoccurisotropicallyindilatoＧ
metricspecimensduringphasetransformationinacＧ
tualmeasurements,whichconflictedwiththeimＧ
portantassumptioninpreviousanalysismodels．The
neglectingoftheirreversibleeffectmaycauseacritiＧ
calerrorofphasefractionscalculatedfromadilatoＧ
metriccurvewiththeleverrule,thusmakingthe
dilatometricvalidationofphasetransformationtheoＧ
retical modelsunreliable．Theirreversiblelength
changeiscommonlyobservedduringthermalcycling
oftwoＧphasematerialsduetothedifferenceintherＧ
malexpansioncoefficientsbetweenthephases[１３]．
Previousstudieshavereportedthattransformation
plasticityisresponsibleforthedimensionalchange
ofspecimensundergoingthermalcycling[１４],butthe
knowledgeoftheirreversiblevolumechangestillreＧ
mainscontroversial．
　　Inordertoavoidtheunnecessaryinfluenceof
carbonredistributiononlatticeparametersandthe
difficultconfirmationofthepearlitetransformation
starttemperature[１５],theirreversiblevolumechange



inpureironspecimensundergoingdifferentnumbers
ofthermalcycleswasstudiedinthispaper．TheneＧ
cessityofconsideringtheirreversiblecontribution
intodilatometricanalysis was highlighted and a
modelconsideringbothelasticandplasticdeformaＧ
tionwasestablishedtointerpretthecauseofirreＧ
versiblevolumechange．

１　ExperimentalProcedure
　　Cylindricalspecimensweremachinedfromarolled
plateofDT４pureiron(C≤０􀆰０４％,９９􀆰５０％≤Fe≤
９９􀆰９０％)alongthesamedirectionandthenpolishedto
alengthof１０mmandadiameterof５mm(±０􀆰００１mm)．
Thedilatometricmeasurementswereperformedusing
adilatometer(German,NETZCH􀆰Corp,DIL４０２)
equippedwitharadiationfurnaceforheating．The
lengthchangewasmeasuredusingalinearvariable
displacementtransducer(LVDT)．Thedilatometric
specimenswereheatedto１２００ ℃ andcooledto
roomtemperatureatarateof０􀆰２℃/sasathermal
cycle．Thethermalcyclewasexecutedonce,twice,
andthreetimes,respectively．TheresultswererecＧ
tifiedtoeliminatetheerrorcausedbythedilationof
thesampleholderaccordingtothebaselineacquired
fromthemeasurementofastandardsample(Al２O３)
undergoingthesamethermalhistory,ensuringa
measurementerrorlessthan１􀆰２５nm．

２　ResultsandDiscussion
２􀆰１　Dilatometriccurves
　　AsshowninFig􀆰１,similartrendsaremanifesＧ
tedinthemeasureddilatometriccurvesofpureiron
specimensundergoingrepeatedthermalcycles,but
smalldeviationsalongboththetemperatureandthe
relativelengthscalesareshownateachthermalcyＧ
cle．TheopenloopsofeachdilatometriccurveindiＧ
catethatthespecimenlengthdecreasedafterthermal

ΔL—Lengthincrement;　L０—Initialspecimenlength．
Fig􀆰１　Dilatometriccurvesofpureironspecimens
undergoingdifferentnumbersofthermalcycles

cycles,whichdirectlydisplaystheirreversibleconＧ
tributiontothedilatometriccurve．Aslightincrease
ofAc３ temperature (austenitefinishtemperature)
aftereachthermalcyclewasobserved．Thesame
phenomenonhasbeenreportedinpreviousdilatoＧ
metricstudies[１４,１６]．Thereasonisnotclear,and
probablyisthemicrostructurechange．
　　AsshowninFig􀆰２,thefinalspecimenlength
measuredwithamicrometerafterthermalcyclingis
comparedwiththatobtainedfromthedilatometric
curve．Theamountoftheirreversiblelengthchange
isnotthesameateachthermalcycle．However,a
largerreductionofthespecimenlengthisconsistentＧ
lyshownindilatometricmeasurementcomparedto
thatofmicrometer．Similarresultswerereportedby
otherresearchers[１４,１５]．ThereasonforthisdiscrepＧ
ancywillbediscussedlater．

Fig􀆰２　Irreversiblelengthchangeoftestedspecimens

２􀆰２　Irreversiblelengthchangeuponheatingandcooling
　　Forpureiron,theaverageatomicvolumecan
berepresentedbyalinearcombinationoftheatomic
volumesoftheconstituentphasesasfollows:
　　V＝fαVα＋fγVγ (１)
where,Vistheaverageatomicvolume;VαandVγ

aretheaverageatomicvolumesoftheferriteand
austenitephases,respectively;andfαandfγarethe
fractionsofthesephases,respectively．
　　Comparedtotheinitialvolume,thevolume
changeduringtransformationissmallandcouldbe
assumedisotropic,thustherelationshipoftheaverＧ
ageatomicvolumechange (ΔV)andthelength
changeisdescribedasfollows:
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where,V０isthereferenceaverageatomicvolume．
　　AccordingtoEq􀆰(２),ΔLisexpressedasfollows:
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