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ABSTRACT

AnewmethodofutilizinghighＧsilicahematitetoproducelowＧsiliconmoltenironwasproposed．Inthis
method, FASTMELT, whichcompriseddirectreductionand meltseparationprocesses, wasapplied,
withhighlyreactivebiocharasthereductantinthedirectreductionstage．TheproposedmethodwasexＧ
perimentallyinvestigatedandtheresultsshowthatthemethodisfeasible．Inthedirectreductionstage,
oreＧcharbriquettecouldachieveametallizationrateof８４％－８８％ andresidualcarbonof０２７－０８９
mass％attemperatureof１３７３K,biocharmixingratioof０８－０９,andreductiontimeof１５min．Some
silicaparticlesremainedembeddedintheironphaseafterthereduction．Inthemeltingseparationstage,
moltenironwithacarboncontentof００２－００３mass％andsiliconcontentof００２－０１８mass％could
beobtainedfromthemetallicbriquettesundertheaboveＧmentionedconditions;theironrecoveryratewas
８３％－９１％andimpuritiesintheobtainedmetalwerenegligible．

１．Introduction
　TheaveragecontentofFeintheabundantironore
depositsinChinais３３mass％ andmanyofthesedeＧ
positsarerefractoryminerals[１] ．HighＧsilicahematite
isoneoftheseironmineralsthatiswidelyavailable
inseveralprovincesofChina[２Ｇ４] ．Afterconventional
concentration, thehighＧsilicahematiteusuallyyields
Feintherangeof５５－６１mass％andSiO２of９－１４
mass％,respectively．However,intheblastfurnace
(BF)ironmakingprocess,alowＧsiliconoperationis
stressedsinceitprovides manybenefitsforboth
ironmaking[５,６] andsubsequentsteelmakingprocesＧ
ses[７,８] ．Therefore,silicacontentinthesintermust
becontrolledatalevelof５mass％[９,１０] ．Thus,highＧsilＧ
icahematitecannotbeconsideredasthemainironＧbearＧ
ingraw materialintheBFironmakingprocess．A
previousstudysuggeststhathighＧsilicahematite
couldbeemployedinsinteringby mixingitwith
otherhighＧqualityironconcentratesinamixingratiＧ
oofapproximately１０％[１１] ．MethodsforfurtherupＧ
gradingthehighＧsilicahematitehavealsobeenproＧ
posed,includingsodiumroastingfollowedbymagＧ
neticseparation[１２] ,stagegriddingandstageseparaＧ
tion[１３] ,andacombinationofflotationandmagnetic
separation[１４Ｇ１６] ; however, these methodsrequire

complicatedprocessingstepsorareexpensive, reＧ
sultinginuneconomicalBFironmaking．
　ToefficientlyutilizethehighＧsilicahematite,new
methodsneedtobedeveloped．InadditiontoBF
ironmaking, many nonＧblastＧfurnace ironmaking
technologieshavebeendevelopedsincethe１９８０s,
mostofwhichdonothavestrictqualityrequireＧ
mentsonthefeedstock[１７,１８] ．Thecommercialized
FASTMELTprocessdevelopedbyKobeSteelLtd．
(Japan)andMIDREXTechnologiesInc．(US)could
reachanannualoutputof５００kt[１９] ．TheFASTＧ
MELTprocesscomprisestwostages:rotaryhearth
furnace(RHF) directreductionandelectricironＧ
makingfurnace (EIF) meltingseparation．ThereＧ
fore, metallized and highＧtemperature directreＧ
ducedironisfeddirectlyintoaproprietarymelterto
producemolteniron．InFASTMELT,variousironＧ
bearingmaterialsandcarbonaceousmaterialscanbe
adoptedtoprepareoreＧcarboncomposites．MoreoＧ
ver,FASTMELTcanbetailoredtopreciselymatch
thedesiredmoltenironchemistrybycontrollingthe
reducedoreＧcarboncompositechemistry．IntheBF
ironmakingprocess,siliconistransferredfromthe
slagtomoltenironthroughthereactionbetweensilＧ
icaandcarbon[２０] ．Asthemoltenironissaturated
withcarbon, thesiliconcontentinthehotmetal
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willbecomeuncontrollablyhighifthesinterconＧ
tainshighＧsilicacontent．ThesiliconbehaviorinBF
indicatesthatifthecarboncontentinmoltenironis
controlledatalowlevel, silicontransferfromthe
slagtomoltenironcanbeinhibited．Consideringthe
advantagesofFASTMELT,anew methodforapＧ
plyingFASTMELTtoprocesshighＧsilicahematite
hasbeenenvisaged．MetallicbriquetteswithlowreＧ
sidualcarbonareproducedintheRHFdirectreducＧ
tionstagefollowedbytheproductionoflowＧsilicon
moltenironinthemeltingseparationstagewhere
silicontransferisgreatlyreduced．Intheprevious
study,thepresentauthorsfoundthatbyemploying
highlyreactivebiocharasareductant,residualcarＧ
boninthemetallizedoreＧcharbriquetteisadjustable
andcouldbecontrolledtobeaslowas０１７mass％,
whereasitsmetallizationremainshighabove８０％
viadirectreduction[２１] ．Thus, thepresentauthors
believethatbiocharcouldbeanexcellentreductant
inRHFdirectreduction．
　Inthepresentstudy,thefeasibilityoftheenvisＧ
agedmethodhasbeenexaminedalongwithitsoptiＧ
mumprocessconditions．

２．Experimental

２１．Materials

　ThehighＧsilicahematitesamplewassuppliedbya
Chineseironandsteelcompany．Thebiocharwas
thesameastheemployedbiocharinRef[２１]．The
hematiteandbiocharsamplesweregroundtoasize
oflessthan８０μmandtheirchemicalcompositions
arelistedinTables１and２,respectively．

Table１
CompositionofthehighＧsilicahematite(mass％)

TFe FeO SiO２ CaO Al２O３ MgO Mn P Loss

６０６ ２４ １１１５ ０１３ ０３５ ０１６ ００２ ００２ ０３

Table２
ProximateanalysisoftheasＧreceivedbiochar(mass％)

Moisture Volatile Fixedcarbon Ash

３１４ ３６１０ ５８６７ ２０９

２２．Tests

２２１．Morphologicalandphaseidentification
　Scanningelectron microscopy (SEM), energy
dispersivespectrometry (EDS), andXＧraydiffracＧ
tion (XRD) analyseswereperformedonthehighＧ
silicahematitesampleforcharacterization．

２２２．Directreductiontests
　FinelygroundhighＧsilicahematiteandbiochar

samples(fines) werethoroughlymixedwithapreＧ
scribedbiocharmixingratiowithanadditionof１０％
distilledwater, ２％ organicbinderand１０％ CaO．
Thebiochar mixingratioisdefinedas NC/NO,
whereNCisthemolesoffixedcarboninthebiochar
finesandNOisthemolesofoxygenintheironoxＧ
ideofthehighＧsilicahematitefines．１０％ CaO was
addedintothebriquetteconsideringthatthebasicity
(themassratioofCaOtoSiO２)intheblastfurnace
slagwasapproximately１０,andasatisfyingslag/
metalseparationcouldbeobtainedinBFironmaking
underthatbasicitycondition．Thebriquettes(mass
of６g,diameterof２０mm,andheightof１０mm)
weremadebypressingthemoistenedfinesusinga
die．Thebriquetteswerecuredfor２０h,followedby
dryinginanelectricovenat４７３Kfor２h．
　Directreductiontestswereconductedinatube
furnace．Thealuminareactiontubehadalengthof
８５０mmanddiameterof４０mm．Thetemperature
wasmaintainedconstantinthereactionzonewithin
±２Kforalengthof８０mm．Thereactiontubewas
heatedfromroomtemperature．WhenthetemperaＧ
turereachedthedesiredvalue,itremainedstable
for３０minunderahighlypurenitrogenstream．In
eachrun,thereactiontubewasopenedtoloadtwo
briquettesintothereactionzoneandthenclosed．
Thereductionbeganisothermallyafternitrogenwas
replacedwithaCOＧCO２ mixtureataflowrateof
２００mL/min．Afterapredeterminedtime,thebriＧ
quetteswereremovedfromthereactionzoneand
quenchedbyanitrogenstream．The metallization
(M )andresidualcarbon(CR)ofreducedbriquettes
werethenmeasured,andsomebriquetteswereexＧ
aminedusingSEM, EDSandXRD．

２２３．Meltingseparationtests
　Meltingseparationtestswereconductedusinga
SiＧMohighＧtemperaturefurnace．Thefurnacewas
heatedto１８２３KandpureargonwasintroducedinＧ
tothefurnacechamberataflowrateof１００mL/
min．Forallindividualruns,fourmetallicbriquettes
wereputinanaluminacrucible (heightof６０mm
anddiameterof３０mm), whichwasprotectedbya
graphitecrucible．Thesamplewasinsertedquickly
intothechamberfollowedbytheinitiationofthe
slag/metalseparation process．Meltingtime was
calculatedwhenthefurnacetemperaturereturned
backto１８２３Kandthesamplewasquenchedafter
themeltingtimereached１０min．Themassofthe
obtainedmetals, thecarboncontent (w [C] ), and
thesiliconcontent(w [Si] ) weremeasured．TheobＧ
tainedslagsampleswereexaminedusingXＧrayfluoＧ
rescence(XRF)analysis．Ironrecoveryrate(η) was
calculatedbymmetal/miron×１００％, wheremmetalisthe
massoftheobtainedmetalandmironisthemassof
ironinthemetallicbriquette．Moreover,thecleanliＧ
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