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ABSTRACT

ThenonＧisothermaloxidationexperimentsofilmeniteconcentratewerecarriedoutatvariousheatingrates
underairatmospherebythermogravimetry．Theoxidationkineticmodelfunctionandkineticparameters
ofapparentactivationenergy(Ea) wereevaluatedbyMálekandStarinkmethods．Theresultsshowthat
underairatmosphere,theoxidationprocessofilmeniteconcentrateiscomposedofthreestages,andthe
chemicalreaction(G(α)＝１－(１－α)２, whereαistheconversiondegree) playsanimportantroleinthe
wholeoxidationprocess．Atthefirststage(α＝０􀆰０５－０􀆰３０),theoxidationprocessiscontrolledgradually
bysecondarychemicalreactionwithincreasingconversiondegree．Atthesecondstage(α＝０􀆰３０－０􀆰５０),
theoxidationprocessiscompletelycontrolledbythesecondarychemicalreaction (G(α)＝１－(１－α)２)．
Atthethirdstage(α＝０􀆰５０－０􀆰９５),thesecondarychemicalreactionweakensgraduallywithincreasing
conversiondegree,andtheoxidationprocessiscontrolledgraduallybyavarietyoffunctions;thekinetic
equationsareG(α)＝(１－α)－１(β＝１０K􀅰min－１, whereβisheatingrate),G(α)＝(１－α)－１/２(β＝１５－
２０K􀅰min－１),andG(α)＝(１－α)－２(β＝２５K􀅰min－１),respectively．Forthewholeoxidationprocess,
theactivationenergiesfollowaparaboliclawwithincreasingconversiondegree,andtheaverageactivation
energyis１６０􀆰５６kJ􀅰mol－１．

１．Introduction
　Panzhihuailmenite,locatedinSichuanProvinceof
China,isoneofthelargestilmenitereservesoverthe
world, withanestimatedilmenitereserveofabout
８７０Mt, whichaccountsformorethan９２％ ofthe
totalreserveofChinaandisgreaterthan３５％ of
worldreserves[１Ｇ３] ．EfficientutilizationoftheilmenＧ
iteresourcesisveryimportantforthedevelopment
ofthetitaniumindustry．However,theTiO２conＧ
tentinilmeniteislowerthan５２􀆰６％ owingtothe
highimpuritycontents (MgO, CaO, SiO２, MnO,
etc．)．ItisdifficulttoupgradetheilmenitetotitaniＧ
umＧrichslag, whichlimitsthedevelopmentandutiＧ
lizationofilmenitedepositinPanzhihuaregion[４] ．
Moreover,theilmeniteconcentratehasacomplicatＧ
ed mineralcompositionincludingilmenite, geikＧ
ielite,gangueandotherminerals．Ilmeniteismore
stablethanordinaryironoxidesbecauseofthesolid
solutionofiron (II) oxidewithtitanium dioxide．

ThereductionofilmeniteconcentrateismorecomＧ
plicatedthanthatofothercommonores,becauseof
thehighpercentageofimpuritieslike magnesium
andsiliconeoxidesandasmallquantityofmangaＧ
neseoxide[５] ．Itrequireshighertemperatureand
longerreductiontimetoachievearelativelyhigh
metallizationratio[６] ．However,preＧoxidationofilＧ
meniteisabroadlyadoptedpracticeintheproducＧ
tionprocessofilmeniteoretoTiO２ pigmentand
metallictitanium[７Ｇ１０] ．Itisregardedasaneffective
methodtoincreasethereductionandleachingrate
bychangingthestructureandcompositionofiron
oxide[１１Ｇ１３] ．The oxidizing roasting leads to the
breakageofcomplexmineralstructure,andtheforＧ
mationofporoussimpleoxides[１４] ．
　Overthepastseveraldecades, manystudieshave
beencarriedoutontheisothermaloxidationmechaＧ
nismofilmenite．OneofthemainoxidationprodＧ
ucts was usually pseudobrookite when oxidation
temperaturewashigherthan９００°C, whichwasa
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stablephaseathightemperatures[１５] ．WhenthetemＧ
peraturesrangedfrom４００to８００°C,therutile,hemaＧ
tite,andcrystallographicshear(CS)structurephaＧ
sesformedsimultaneouslyduringtheoxidationof
ilmenite(FeTiO３)[１６,１７] ．Chen[１８] foundthattheinＧ
termediatephases(Fe２Ti３O９andFe２O３)formedwhen
thetemperaturewashigherthan１０００°C, andthe
stablephases(Fe２TiO５andTiO２)graduallyformed
whenthetemperaturewashigherthan１０００°C．Gupta
etal􀆰[１９] foundthattheTiO２, hematite (Fe２O３)
andCSphasewerethestablephaseswhentheoxiＧ
dationtemperaturewaslowerthan８５０°C．Xiaoet
al􀆰[２０]foundthattheFeTiO３transformedtohemaＧ
titeandrutile whenthe oxidationtemperatures
rangedfrom７００to８００°C,andpseudobrookiteformed
whentheoxidationtemperaturereached９００°C．AlＧ
thoughtheisothermaloxidationofilmenitebyair
hasbeenstudiedintensively, theinformationon
nonＧisothermaloxidationkineticsofilmeniteconＧ
centratebyairisstillnotsufficient,suchaskinetic
model,apparentactivationenergyandpreＧexponenＧ
tialfactor．Ontheotherhand, thepreＧoxidation
processwasaneffectivemethodtoimprovethereＧ
ducibilityofilmeniteconcentrate．Therefore,itis
necessarytoclarifythenonＧisothermalkineticsand
oxidationmechanismofilmeniteconcentrateforthe
furtherapplication．

　Inthepresentstudy,thenonＧisothermaloxidaＧ
tionexperimentsofilmeniteconcentrateatvarious
heatingratesunderairatmospherewerecarriedout
bythermogravimetry．AccordingtothethermogravimＧ
etric(TG)anddifferentialthermogravimetric(DTG)
analysisdata,theoxidationkineticmodelfunction,
kineticparametersofapparentactivationenergy, and
preＧexponentialfactorwereevaluatedbyMálekand
Starinkmethods．Moreover,themicrostructureand
phasecompositionofoxidationproductsweredeterＧ
minedbyXＧraydiffraction (XRD), scanningelecＧ
tronmicroscopy(SEM)andenergydispersivespecＧ
trometry(EDS)．

２．Experimental

２􀆰１．Rawmaterials

　TheilmeniteconcentratewasprovidedbyPanzhiＧ
huaIron&SteelCompany(Sichuanprovince,China)．
TheparticlesizedistributionoftheilmeniteconcenＧ
trate,asobtainedusingaMalvernMastersizer２０００
particlesizeanalyzer,isshowninFig􀆰１(a)．TheanalＧ
ysisresultsshowthat５２􀆰３８％ oftheilmeniteconＧ
centrateparticleshaveadiameterlessthan７４μm,
andtheaverageparticlediameterandspecificsurＧ
faceareaare８７􀆰５９５μmand０􀆰１４６ m２ 􀅰g－１, reＧ
spectively．

Fig􀆰１．　Particlesizedistribution(a)andXRDpattern(b)ofilmeniteconcentrate．

　ThechemicalcompositionoftheilmeniteconcenＧ
tratewascharacterizedbyXＧrayfluorescence(Rigaku,
modelZSXPrimusII)andisshowninTable１．The
XＧraydiffractionwasobtainedbyaD/max２２００XＧ
raydiffractometer (Tokyo,Japan), aconventional
coppertargetXＧraytubesetat３０kVand３０mA．
TheXＧraysourcewasCuKαradiation．Data were
collectedfrom２θof１０°to９０°withastepwidthof

０􀆰２０°,steptimeof０􀆰４s,scanningspeedof６(°)/min,
divergenceslitwidthof０􀆰２０mm,scatterslitwidth
of０􀆰６０mm,andreceivingslitwidthof０􀆰２０mmat
roomtemperature．Allsamplesweredriedat４０°C
toaconstantmoistureinavacuumoven;then,about
５０􀆰００ mgsamples wereaddedintotheslidefor
packingpriortoXＧrayscanning．TheXRDpattern
indicatesthatilmeniteisthemajormineralintheilＧ

Table１
Chemicalcompositionofilmeniteconcentrate(wt􀆰％)

TFe FeO Fe２O３ TiO２ Al２O３ SiO２ MgO CaO MnO V２O５ S P

３１􀆰４３ ３４􀆰８７ ６􀆰１６ ４７􀆰２９ １􀆰０１ ３􀆰２６ ５􀆰７２ ０􀆰８５ ０􀆰６４ ０􀆰０６ ０􀆰１３５ ０􀆰００５
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