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Abstract:Atransientexperimentalsystemwasdesignedtodeterminethethermo-physicalpropertiesofthegraphitizedcarbonmaterial

foraluminumreductionindustrybyemployingmodernelectricalfacilitiesanddataacquisitionapparatus.Theperiodicheatflowwas

recognizedbythetwothermocouplesasasinustemperaturevariationwithdecreasingamplitudeandincreasingphaselagwhentheheat

wavepropagatedthroughthespecimen.Thethermaldiffusivitycanbecalculateddirectlybyprocessingexperimentaldata, andthenthe

thermalconductivitycanbeobtainedwithrelationtothermaldiffusivityifthespecificheatandthedensityareknown.Themeasuring

systemandtheinstrumentareapplicableinthetemperature20 ～ 300℃.Themethodwillpaveawaytoobtaintheavailablethermo-

physicalpropertiesdata.
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Atpresent, cathodecarbonmaterialforAluminum
reductioncellismainlysemi-graphiticcarbonwhich
usesanthracitecoalandgraphitefragmentasrawmate-
rialinChina.Comparedwithgraphitizedcarbon, the
resistivitiesofheatshockandsodiumcorrosion/pene-
trationofsemi-graphiticcarbonblockareworse, the
thermalconductivityislowerandtheelectricresistivity
ishigher.Thealuminum electrolytictechnologyhas
difficultyinfurtherdevelopingbecauseofthoseinferior
liningmaterialsinChina

[ 1-2]
.Theapplicationof

graphitizedcathodecarbonmaterialispresentlyunprec-
edentedinChina.Atransientthermo-physicalproper-
tiesmeasurementmethod, calledasperiodicheatflow
methodhasbeendevelopedinthisresearch.Thecon-
ductivityandthediffusivityofseveralkindsofgraphi-
tizedcathodeblockandsemi-graphiticcathodeblock
samplesforindustrialtesthavebeendeterminedand
calculated.Comparedwiththeapparatususingalaser
asaperiodicheatsource, thisexperimentaltestfacility
ischeapandfeasible

[ 3]
.Itsconvenientoperatingsys-

temandreliabledeterminingresultsgiveapossibilityto
establishanationaldatabankofthermo-physical
propertiesofcarbonmaterialforaluminumreduction
cell.

1　Experimental

Basedupontheassumptionofthisexperimentthat
thespecimencouldbeconsideredasasemi-infinite
cylinderandtheheatconductionprocessinitisofone
axialdimension, thethermaldiffusivityofthespecimen
canbeformulatedbymeasuringthedecreasingampli-
tudeortheincreasingphaselagbetweenthetwodiffer-
entpositionsastheheatwavepropagatedthroughthe
specimeninitsaxialdirection

[ 4]
.Whentheoneendof

thespecimenisexposedtoaperiodicsinusheatflow
andtheotherendiskepttheconstanttemperature, the
thermaldiffusivitycanbecalculatedbyusingthetheo-
reticalformulaofperiodicheatflowmethod

[ 5]
.The

thermalconductivitycanbegotwithrelationtothermal
diffusivityifthespecificheatandthedensityare
known

[ 6-7]
.Thetwomethods, theamplitudedecay

andthephaselag, arecombinedtoimprovetheclassi-
calmethodinthisresearch.

Thespecimenismountedintheconcentricposi-
tionofaverticaltubularfurnacewherethetemperature
iskeptatthegivenvalueinitially.Asanindependent
temperaturecontrollertomeettheboundaryconditionat
thetop, thecoolingsystem, connectedwiththetopof
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thespecimen.Thebottomofthespecimenconnects
withasmallelectricalchipheater.Additionally, ane-
lectrictubefurnaceisappliedtoreducetheradicalheat
dissipationasanauxiliarysideheater.

2　ResultsandDiscussion

Accordingtotheprincipleofleast-squaresproce-
dure, theresultsofdeterminationareoptimizedand
treatedbyusingsingle-variablesearchingmethod

[ 8]
.

Figure1 andFigure2 respectivelyshowedtherelation-
shipsbetweentemperatureandthermaldiffusivity/ther-
malconductivityinthetemperature20 ～ 300℃.

Thethermaldiffusivityandthethermalconductivi-
tydecreasewithincreasingofthetemperature.The
thermaldiffusivityofthegraphiticcarbonmaterialsin-
creaseswhenthegraphitepercentageishigherinthe
samecondition.Thethermalconductivitiesofthe
graphitizedcarbonmaterialsfluctuateslightlyinthe
temperature20 ～ 300℃.Table1 listedthecalculated
resultsandthecorrespondingreferencevaluesfromthe
literatures

[ 9-11]
.

Fig.1　Temperature/thermaldiffusivitygraphofspecimens

Fig.2　Temperature/thermalconductivitygraphofsample

Tab.1　Theresultofdetermination

subject

Experimental
value

/ (Wm-1℃ -1 )

Reference
value

/(Wm-1℃ -1 )

Relative
error/%

Sample1 29.6 ～ 34.5 30 ～ 38 -9.2

Sample2 32.8 ～ 44.2 35 ～ 45 -6.3

Sample3 96.4 ～ 108.6 100 ～ 120 -9.5

Sample4 94.2 ～ 105.4 100 ～ 120 -12.2

Theaveragerelativeerrorbetweenthecalculating
valuesandthereferencevaluesis9.5%, whichis
mainlyresultedbytheradicalheatdissipationandthe
temperaturefluctuationonthetopsurface.

3　Conclusions

Thecorrectionstothetwoclassicalsolutionsofpe-
riodicheatflowmethodareapprovedtoberational,
whichmakethetheoreticalanalysisbiaserror.Several
typesofsamplesincludinggraphitizingandgraphitic
carbonmaterialsaredetermined.Theaverageabsolute
relativeerrorisnomorethan9.5% inthetemperature
rangeof20 ～ 300℃.Themethodfordeterminingther-
maldiffusivityandthermalconductivityofgraphitizing
carbonmaterialsisfeasibleandpractical.
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摘　要:对经典的周期热流法测试原理进行深入分析, 根据实验模型和石墨化阴极炭块材料性能的特点, 设计开发了一

套铝电解槽用阴极碳素材料瞬态热物性测试系统。采用两路热电偶来检测通过试样的正弦温度信号, 根据信号在试样内传

播时产生的振幅衰减和相位滞后, 可以直接计算出导温系数, 在已知密度和比热参数的情况下可以计算出导热系数。在 20

～ 300℃的范围内, 测定装置操作方便, 数据可靠。对计算方法和测试系统的研究, 为获得可靠的热物性数据提供了有效的

途径。
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