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ABSTRACT

AnewanalysismethodbasedonserialsectioningandthreeＧdimensional(３D)reconstructionwasdevelＧ
opedtocharacterizethemineralmicrostructureofironoresinter．Throughthe３Dreconstructionoftwo
typesofironoresinters,themorphologyanddistributionofmineralsinthreeＧdimensionalspacewereanaＧ
lyzed,andthevolumefractionofmineralsina３Dimagewascalculatedbasedontheirpixelpoints．InadＧ
dition,themicrohardnessofmineralswasmeasuredwithaVickershardnesstester．Notably, different
mineralcompositionsanddistributionsareobtainedinthesetwosinters．ThecalciumferriteinSinter１is
dendriticwithmanyinterconnectedpores,andthesegrainsarecrisscrossedandinterwoven;thecalcium
ferriteinSinter２isstripshapedandinterweaveswithmagnetite,silicateandcolumnarpores．ThecalcuＧ
latedmineralcontentsbasedonatwoＧdimensionalregionareclearlydifferentamongvariouslayers．QuanＧ
titativeanalysisshowsthatSinter１containsagreateramountofcalciumferriteandhematite, whereas
Sinter２containsmoremagnetiteandsilicate．Themicrohardnessofmineralsfromhighesttolowestis
hematite,calciumferrite, magnetiteandsilicate．Thus,Sinter１hasagreatertumblerstrengththanSinter２．

１．Introduction
　Ironoresinter,alumpymaterialconsistingofvaＧ
riousmineralsandpores,isoneoftheprimaryraw
materialsforironproductioninablastfurnace[１] ．
ThemicrostructureofmineralsisknowntoinfluＧ
encethestrengthofironoresinter[２,３] ．However,
thesinterisopaque,andthusitsthreeＧdimensional
(３D)structurecharacteristicscannotbeobtaineddiＧ
rectlyfromoutsideobservation．ThetraditionalanalyＧ
sismethodistostudythemineralcompositionand
microstructure based on twoＧdimensional (２D)
crossＧsectionimagesofironoresinterthatareobＧ
tainedbymicroscopy[４,５] ．Fanetal[６] developeda
systemtocalculatethemineralcompositionofsinＧ
teraccuratelyandrapidlybasedonthefeaturesof
mineralogyin micrographsofsinter．Lvetal[７,８]

investigatedtherelationshipbetweenmineragraphy
featuresofironoresinteranditsgrayhistogram,as
wellastherelationshipbetweentexturefeatures
andthemineralogyphasesinironoresinter．HowＧ

ever, atwoＧdimensionalcrossＧsectionfiguredoes
notfullydisplayitscomplicated３DcharactersbeＧ
causethemineralstructureinsinterisrathercomＧ
plicated．Thus, actualmicrostructureand mineral
compositioncannotbeobtaineddirectlyandaccuＧ
ratelythrougha２Dplanefigure．
　WiththeprogressofcomputerscienceandtechＧ
nology,visualizationtechnologybasedon３DreconＧ
structionhasbeendeveloped[９] ．A３Dimagecanbe
obtainedusinga３Dreconstructiontechnique．ShaＧ
tokhaetal[１０,１１]estimatedtheironoresinterporosＧ
ityusinga３DimagebasedonthestandardlaboratoＧ
ryXＧraytomographymethod．Kasaietal[１２] quanＧ
tifiedthe３DstructureofvoidsinsintercakespreＧ
paredfromraw mixwitharangeofcokecontents．
Kasamaetal[１３] developedanewanalysismethod
employingXＧraycomputerizedtomographyforevalＧ
uatingsinterporestructurebasedonanetwork
model．Nakanoetal[１４] investigatedthe３DstrucＧ
tureofironoresinterusinganXＧrayCTanda３D
imageanalysissystem．Theinternalscanimageof

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)９９８－１００６　　　　　　　　　　



theobjectcanbeobtainedusingthe XＧray CT;
however,itspopularizationandapplicationarelimＧ
itedbecauseoflowimageresolutionandratherexＧ
pensiveequipment[１５] ．
　Inviewofthedeficienciesoftheaboveanalysis
methods,anapproachtoquantificationoftheminＧ
eraland microstructureofironoresinterisproＧ
posedinthispaperbasedonserialsectioningand
the３DＧrestructionmethod[１６Ｇ２１] ．Comparedwith２D
images, information aboutthe microstructureis
morecomprehensiveandintuitivethrough３Dimage
analysis．The３D morphologyofmineralstructure
canbeobservedfromvariousanglesthroughrotaＧ
tioninthreeＧdimensionalspace．Furthermore,quanＧ
titativeanalysisofmineralscanbeachievedusinga
volumeproportioncalculationbasedonthestatistics
ofthepixelsofeachmineral．Thismethodnotonly
hashighresolutionandlowcostbutalsobenefits
thefurtherstudyofthe mineralcompositionand

microstructureofironoresinter．Moreover,themiＧ
crohardnessofmineralswasmeasuredusingaVickＧ
ershardnesstester．TherelationshipbetweentumＧ
blerstrengthandthe３D morphologyof mineral
structure,aswellasthemicrohardnessofminerals,
wasinvestigatedinthisstudy．

２．ExperimentalMaterialsandMethod

２１．Ironoresintersample

　Tocompareandanalyzethe３D morphologyand
distributioncharacterofironoresinter,twodifferＧ
entsinterswithdifferentbasicitieswereselectedfroma
Chinaironmakingplant．Thechemicalcomposition
ofironoresinterswasdetectedbyXＧrayfluorescence
(XRF)usingaShimadzusequentialXＧrayfluorescence
spectrometer．ThetumblerstrengthwastestedacＧ
cordingtoChinesestandardGB８２０９Ｇ８７．Thetested
resultsoftwoironoresintersarelistedinTable１．

Table１
Chemicalcompositionandpropertiesofironoresintersamples

Sample
Composition/mass％

TFe FeO SiO２ Al２O３ CaO MgO
Basicity

Tumbler
strength/％

Sinter１ ５５４２ ７０６ ４７５ １８２ ９９７ ２３９ ２１０ ８０１１
Sinter２ ５４０３ ８４８ ５８３ ２３１ １１０７ ３０５ １９０ ７７０７

２２．３DＧrestructionmethod

　A３Dimageofironoresinterwasobtainedbased
ontheserialsectioningand３DＧrestructionmethod．
ThedetailsofeachstepareshowninFig１[２２,２３] ．
First,theironoresinterwassmoothedandfixedto
glassplates．Aftergrindingandpolishing, twoＧdiＧ
mensionalmicroscopicimagesofsampleswereobＧ
servedunderanopticalmicroscopeatamagnification
of２００．Fourpositionsofeachsinterwereselected

randomlyforimageacquisition．Eachimage was
mergedwith９photos (threerowsandthreecolＧ
umns)．Second, differentmineralsinphotoswere
segmented, and marked with different colors．
Third,thesampleswerepolishedagaintoobtainthe
microscopicimageofthesecondlayer．ThespacingbeＧ
tweentwolayerswasapproximately５μmandthe
totalnumberoflayersofironoresinterinthisstudy
was４０．Fourth, athreeＧdimensionalreconstruction
techniquewasusedtorealizethe３Dvisualizationof

Fig１．　Flowchartofserialsectioningand３Dreconstructionprocess．
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