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ABSTRACT

Honggevanadiumtitanomagnetite (HVTM) pelletswerereducedbyH２ＧCOgasmixturefor
simulatingthereductionprocessesofMidrexandHYLＧIIIshaftfurnaces．TheinfluencesofreＧ
ductiontemperature,ratioofφ(H２)toφ(CO),andpelletsizeonthereductionofHVTMpelＧ
letswereevaluatedindetailandthereductionreactionkineticswasinvestigated．Theresults
showthatboththereductiondegreeandreductionratecanbeimprovedwithincreasingthereＧ
ductiontemperatureandtheH２contentaswellasdecreasingthepelletsize．TherationalreducＧ
tionparametersarereductiontemperatureof１０５０°C,ratioofφ(H２)toφ(CO)of２５,andpelＧ
letdiameterintherangeof８－１１mm．Undertheseconditions(pelletdiameterof１１mm),final
reductiondegreeof９５５１％isachieved．TheXＧraydiffraction (XRD) patternshowsthatthe
mainphasesoffinalreducedpelletsundertheseconditions(pelletdiameterof１１mm) arereＧ
ducedironandrutile．Thepeakintensityofreducedironincreasesobviouslywiththeincrease
inthereductiontemperature．Besides, relativelyhighreductiontemperaturepromotesthe
migrationandcoarseningofmetallicironparticlesandimprovesthedistributionofvanadium
andchromiuminthereducediron, whichisconducivetosubsequentmeltingseparation．At
theearlystage,thereductionprocessiscontrolledbyinterfacialchemicalreactionandthe
apparentactivationenergyis６０７８kJ/mol．ThereductionprocessiscontrolledbybothinterfaＧ
cialchemicalreactionandinternaldiffusionatthefinalstage,andtheapparentactivationenergy
is３０５４kJ/mol．

１．Introduction
　 The Hongge mining areain Panxiregion of
southwestChinaisendowedwith３５５billiontons
ofvanadium titanomagnetiteresources with high
contentofchrome[１,２] , anditisalsorecognizedas
thelargestchromiumＧbearingdeposit, whichamounts
to９milliontons,accountingfor６８％ ofthechroＧ
miumreserveinChina[３] ．SincethechemicalcompoＧ
sitionandphasestructureofHonggevanadiumtitＧ
anomagnetite(HVTM)aremuchmorecomplicated
thanthoseofothervanadiumtitanomagnetites,itis
more difficultto achieve highＧefficiency utilizaＧ
tion[３] ,andtherefore, HVTMhasnotbeenputinto
practicalindustrialproduction．Withthecontinuous
consumptionofhighＧgradeironoreresources,largeＧ
scaledevelopmentandutilizationofHVTMisbeＧ
cominghighlysignificant[４] ．
　Atpresent, mostvanadiumtitanomagnetiteissmelＧ

tedinblastfurnacesatPanzhihuaIronandSteel
Corporation, China[５] ．Intheblastfurnaceprocess,
concentratesaresinteredorpelletizedandsmelted
toproducehotmetalandslag,andtheslagismore
difficulttobeutilizedefficientlyintraditionalsepaＧ
rationprocesses[６,７] ．Thehotmetalobtainedfrom
blastfurnacesisoxidizedtoproducevanadiumslag,
wherechromiumalsoexistsintheformofspinel．It
ismoredifficulttoobtainvanadiumandchromium
efficientlybysodium saltroastingＧwaterleaching
processbecauseofstablespinelstructure, whichalＧ
socausesseriousenvironmentdegradationinsoil
andwater[８Ｇ１０] ．
　InordertoutilizetheHVTMefficiently, anew
processisproposedforcomprehensiveutilizationof
HVTM．Inthisprocess, HVTMwasfirstlypelletized,
reducedinshaftfurnace,andthenmeltingseparated
toproduce metalphaseand moltenslag．The metal
phasewasusedasrawmaterialsforsteelmakingor

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)３４－４２　　　　　　　　　　



castingandslagneededfurthertreatmentforrecovＧ
eringtitanium, vanadium, andchromium．ThefoＧ
cusofthepresentstudyisonthesimulationofthe
directionreductionprocessoftheHVTMpelletsin
shaftfurnace．Thefactorsthataffectthereduction
degreeandrate,phasecompositionandmorphology
changewereinvestigated．Furthermore, thereaction
kineticswasdiscussed．Theresultscanprovidea
theoreticalbasisandtechnicalsupportforthecomＧ
prehensiveutilizationofHVTM, andincreasethe
recoveryratesofvanadium,titanium,andchromium．

２．Experimental

２１．Experimentalmaterials

　Inthisexperiment, thegreenpelletswerepreＧ
paredanddriedfor５hat１０５°Cinadryingcabinet．
Thedriedpelletswerepreheatedat９００°C,roasted
at１２００°Cfor１５mininamufflefurnacewithanair
streamblownin,andthencooledtoambienttemＧ
perature．Thechemicalcompositionofpellets, whose
compressivestrengthwasabout２８９３Nonaverage,
isshowninTable１．
　Themineralogicalcomponentsoftheproductpellets
wereinvestigatedbyXＧraydiffraction(XRD)analysis
(Fig１)．AsshowninFig１,thedominantironphase
isFe２O３andthemajoritiesoftitaniumandchromium
mainlyexistintheformofsolidsolutionFe９TiO１５,

Table１
ChemicalcompositionofHVTMpellets(mass％)

TFe FeO CaO SiO２ MgO Al２O３ TiO２ V２O５ Cr２O３

５４４０ ０８１ ０７３ ４２０ ２４３ ２３８ ９１１ ０６１ １４８

Fig１．　XRDpatternofHVTMpellets．

(Fe０６Cr０４)２O４,andFe０７Cr１３O３．Besides,chromiＧ
umisalsocombinedwithvanadiuminasolidsoluＧ
tion(Cr０１５V０８５)２O３．ThescanningelectronmicrosＧ
copy (SEM) and energyＧdispersivespectrometry
(EDS)resultsareshowninFig２．Thegases(H２,
CO, CO２,andN２) usedintheinvestigationareof
９９９９％purity．

Fig２．　SEMimage(a)andEDSanalysis(b)ofHVTMpellets．

２２．Apparatusandprocedure

　ReductionexperimentswereconductedinahighＧ
temperatureelectricresistancefurnacetosimulate
theshaftfurnaceproductionprocess．Theschematic
diagramofexperimentalapparatusisshowninFig３．It
consistsofthemainbody,atemperaturecontrolcabiＧ
net,awaterdrier,andanelectronicbalancewitha
detectionprecisionof１ mg．Thegascomposition

(９０％(H２＋CO)＋５％N２＋５％CO２) wasobtained
accordingtotherulesofMidrexandHYLＧIIIshaft
furnacesandcontrolledbymassflowcontroller．
　Ineachexperiment, whentheshaftfurnacewas
heatedtothepresettemperatureinapurenitrogen
atmosphere,thecruciblecontainingtwentyoxidized
pelletswasputintothefurnaceandconnectedtoan
electronicbalanceforcontinuous measurementof
themasslossasafunctionoftime．Afterstabilization
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