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Abstract:Thermodynamicanalysisofrefractorysideriteoreduringcarbothermicreductionwasconducted．MicroＧ
structurecharacteristicsandphasetransformationofsideriteoreduringsodiumＧcarbonateＧaddedcatalyzingcarbothＧ
ermicreductionwereinvestigated．XＧraydiffraction(XRD),scanningelectronmicroscopyandenergyＧdispersiveanalysis
ofXＧrayswereusedtocharacterizethereducedsamples．ResultsindicatethatthesolidreactionbetweenFeOand
SiO２isinevitableduringcarbothermicreductionandtheformationoffayaliteisthemainhindrancetotherapidreＧ
ductionofsiderite．Thephasetransformationofpresentsideriteorecanbedescribedas:sideriteＧmagnetiteＧmetalliciron,
complyingwiththeformationofabundantfayalite．Improvingthereductiontemperature(≤１０５０℃)anddurationis
helpfulfortheformationandaggregationofmetalliciron．Theironparticlesizeinthereducedorewasbelow２０μm,
andfayalitewasabundantintheabsenceofsodiumcarbonate．With５％ Na２CO３addition,theironparticlesizeinthe
reducedorewasgenerallyabove５０μm,andthediffractionintensityassociatedwithmetallicironintheXRDpattern
increased．TheNa２OformedfromthedissociationofNa２CO３cancatalyzethecarbothermicreductionofthesiderite．
ThiscatalyticactivitymaybemainlycausedbyanincreaseinthereducingreactionactivityofFeO．
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　　Withthecontinuousandrapiddevelopmentof
ironandsteelindustriesaroundtheworld,many
countriesarefacingtheriskofashortageinrawmaＧ
terialsfortheindustry．EspeciallyinChina,theproＧ
ductionofironoreisseriouslydeficient,withaselfＧ
sufficiencyratelessthan５０％,andtheannualimＧ
portedironorereaches６１９ Mt[１,２]．Thus,tomitiＧ
gatetheriskofironoreshortages,efficientexploiＧ
tationofdomesticironorebecomesinevitable．The
resourcereserveofironoreinChinaisabundant;
however,mostofthemareeithercontaininghigh
contentofharmfulimpurities (sulphurandphosＧ
phorus)oroflowqualitygrade[３,４]．Thismakesit
verydifficulttoobtainhighgradeironconcentrates
withaqualifiedlevelofharmfulelementsusingtraＧ
ditionalbeneficiationmethods,eg,magneticsepＧ
aration,floatationandgravityconcentration．Hence,

thecheapandabundantironreserveshaveremained
largelyunexploited．
　　Nonetheless,sideriteore(FeCO３)isavaluable
raw materialusedintheproductionofhighＧquality
pigironandsteel．TheorehasastablechemicalcompoＧ
sition,whichiseasilyreducedtostronglymagnetic
mineral,andhasahightensilestrengthintheroastＧ
edstate[５,６]．MetallurgicalapproachisusuallyemＧ
ployedtoprocesssideriteore．Duringthisprocess,
thesideritemineralphasecanbetransformedtostrongＧ
lymagnetic mineralphase,andthenthestrongly
magneticmineralgrowsandreconstructs,whilethe
magnetismofganguemineralschangeslittle．This
promotesmagneticseparationoftheironandslag
effectively．However,whentheraw orecontains
largeamountsofaciditygangue minerals (eg,
SiO２,Al２O３),theconversionandreconstructionof



magneticmineralsbecomesverydifficult[７Ｇ９]．
　　Uptonow,manystudiescanbefoundinliteraＧ
tures．ThestudiesarerelatedtoreductionincomＧ
positeofironoxidesandcarbon,andmainlyfocus
ontheeffectsofalkalimetaloxides．ItwasestabＧ
lishedthatthereductionsequencecanbedescribed
as:Fe２O３→Fe３O４→FeO→Fe,andthereductionof
wustitetometallicironwasverifiedtobetheslowest
stepduringthereductionprocess．Gevaetal[１０]invesＧ
tigatedthecriticalinfluenceofpotassiumonthereＧ
ductionofwustite．ItwasdemonstratedthepotassiＧ
um markedlyincreasedtherateofreductionofwusＧ
titeandchangedtheironpropertiesinsubsequent
reduction．Huangetal[１１]alsostudiedthereduction
ofironoxidesofredmudreinforcedbyNa２CO３and
CaF２．TheresultsshowedthatthecarbothermicreＧ
ductionofhematitecan bereinforced byadding
Na２O,andthemassandheattransferduringthereＧ
ducingreactioncanbeoptimizedbyadding CO２．
Additional,similarconclusionshavebeendrawnby
Bahgatetal[１２],Lietal[１３]andGuoetal[１４]．The
resultsindicatedthatthealkalimetaloxidesplayed
animportantroleinthereductionofironoxides．
However,littleworkhasbeenperformedrelatedto
theinfluenceofalkalimetaloxidesonthereduction
ofsideriteore．Themainreasonsforthislieinthe
lowgradeoftheraworeandthecomplicatedphase
changeassociatedwithsiderite[１５Ｇ１７]．Consequently,
investigatingthereductionofsideriteiscriticalfor
theutilizationofrefractorysideriteore．
　　TheobjectiveofthepresentstudywastoconＧ
ductthethermodynamicanalysisofrefractorysiderＧ
iteoreduringsodiumＧcarbonateＧaddedcarbothermic
reductionandtoinvestigatethemainoperatingpaＧ
rametersaffectingthemicrostructurecharacteristics
andphaseevolutionofsideriteduringcatalyzingcarＧ
bothermicreduction (CCR)．Thereductionofthis
orecontainingpulverizedcoalandsodiumcarbonate
wasstudied．Moreattentionwaspaidtotheeffectof
sodiumcarbonateanditsdosageonthereductionof
siderite,andthemechanismofCCRofsideriteore
wasalsoinvestigatedusingscanningelectron miＧ
croscopy(SEM),XＧraydiffraction(XRD)analysis
andenergydispersiveanalysisofXＧrays(EDS)．

１　Experimental
１１　Rawmaterials
　　Thechemicalanalysisofraworeisshownin
Table１．The mineralogicalanalysisresultofthe
sampleindicatesthattheiron orepredominantly
consistsofsideriteandasmallquantityofironminＧ

eralsintheform ofmagnetiteanddaphnite．The
ganguemineralismainlyquartz．TheresultsofinＧ
dustrialandfusibilityanalysesandthereactivityof
pulverizedcoalwerelistedinpreviousstudy[９]．The
solidNa２CO３usedasthealkalineadditiveintheexＧ
perimentswasofreagentgrade (TianjinChemical
Plant)．

　Table１　Chemicalanalysisofrawore　　　mass％

TFe P S SiO２ Al２O３ CaO MgO Na２O

３１６４ ０５０ ０３６ ２７６２ ３６８ ２６３ １８８ ０１８

１２　Experimentalprocedure
　　ReductionexperimentswereperformedinafurＧ
nacewithtemperaturecontrolledwithin ±５ ℃．Raw
ore(５００g)wasmixedwithanappropriateamount
ofpulverizedcoalandsodium carbonateforevery
experiment．Themixturewasplacedinagraphite
crucible(ϕ６０mm×８０mm)．Thesamplepowders
werelooselyfilledinthecrucibleandthedepthof
mixturebeforereactionaccountsforabout２/３of
thegraphitecrucible′sdepth．Uponthecompletion
ofexperiments,thesamplesweretakenoutfrom
thefurnaceandcooleddowntoambienttemperature
withN２protectiveatmosphere(１L/min)．

１３　Analysisandcharacterization
　　ThereducedoresweredividedintotwoporＧ
tions．Oneportionwascrushedandmilledbelow７５
μmforXRDanalysis,andtheotherportionwasfor
microtopographicanalysis．Thereducedsamplesused
forSEMＧEDSwerefracturesurfacesandtheevaluaＧ
tedregionwasthemostdensemetalregion．ThemiＧ
crotopographicanalysiswereconductedbytheKunＧ
mingInstituteofPrecious Metals．TheXRD patＧ
ternsoftheraw materialandthereducedsamples
wereacquired witha Rigakudiffractometerusing
CuKαradiation,andthescanninganglevariedfrom
１０°to９０°(２θ)ataspeedof１２(°)/min．ThemiＧ
crostructureofthereductionproductwasobserved
withascanningelectronmicroscope(FEIHolland,
Philip)．

２　ResultsandDiscussion

２１　Thermodynamicanalysisofrefractorysiderite
oreduringcarbothermicreduction
　　ThethermodynamicanalysisofthemainchemiＧ
calreactionsoccurringduringcarbothermicreducＧ
tionisshowninFig１．Itcanbeconcludedthatthe
solidreactionbetweenFeOandSiO２isinevitableduring
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