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Slag/metalSeparationProcessofGasＧreducedOolitic
HighＧphosphorusIronOreFines

HuiＧqingTANG,　LongMA,　JunＧweiWANG,　ZhanＧchengGUO
(StateKeyLaboratoryofAdvancedMetallurgy,UniversityofScienceandTechnologyBeijing,Beijing１０００８３,China)

Abstract:Slag/metalseparationprocessofthehighlyreducedoolitichighＧphosphorusironorefineswasinvestigated．
Sampleswerepreparedusingthereducedorefines (metallizationrate:８８％)andpowderadditivesofCaOand
Na２CO３．Slag/metalseparationbehaviortestswereconductedusingaquenchingmethodandtheobtainedmetalparts
weresubjectedtodirectobservationaswellasmicrostructureexaminationwithSEMandEDS;ironrecoveryand
phosphorusdistributiontestswereconductedusingaSiＧMohightemperaturefurnaceandtheobtainedmetalparts
wereexaminedbyICPＧAESanalysisandmassmeasurement．Thermodynamiccalculationusingcoexistencetheoryof
slagstructurewasalsoperformed．Resultsshowthattemperatureforslag/metalseparationmustbehigherthan
１８２３Kandasatisfyingslag/metalseparationofthehighlyreducedorefinesneedsatleast４min;phosphorusconＧ
tentofhotmetalismainlydeterminedbythermodynamics;temperatureof１８２３－１８７３KandNa２CO３ mixingratio
ofabout３％areadequateforcontrollingphosphoruscontenttobelessthan０􀆰３mass％inhotmetal;temperature,
timeandNa２CO３ mixingratiodonothavesignificanteffectonironrecovery,andironrecoveryratecouldbehigher
than８０％aslongasagoodslag/metalseparationresultisobtained．
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　　A numberoftechnicalrouteshavebeenproＧ
posedonprocessingtheoolitichighＧphosphorusiron
orein China[１－４]．Gaseousreductionfollowed by
meltingseparationto directly producelowＧphosＧ
phorushotmetal,whichwasproposedbytheauＧ
thorsofcurrentstudy[５],isoneofthefeasible
routes．Metallizationrateofthefinescouldexceed
８５％byapplyingmicrowavepretreatmenttotheore
finesingaseousreductionstage[６]．Becauseofthe
highreductiondegreeofthefines,thesubsequent
step,slag/metalseparationprocess,needsfurther
studytomaximizeironrecoveryrateandminimize
phosphoruslevelinhotmetal．Manyfactorscould
affectphosphoruspartitionratioandironrecovery
rateinslag/metalseparationprocess．Forexample,
additiveCaO cansignificantlychangephosphorus
partitionratioinmeltingseparationoftheorefines
withametallizationof６５％intheprevioustestsof
currentauthors[５]．
　　Inthepresentresearch,effectsoftemperature

andtimeontheslag/metalseparationwerestudied．
Additionally,Na２CO３asanewadditivewasintroＧ
ducedforitslowcostandhasbeenfoundeffective
fordephosphorizationof moltenpigironandhot
metal[７,８],thereforeitseffectontheslag/metalsepＧ
arationprocesswasinvestigatedaswell．

１　Experimental
１􀆰１　Samplepreparation
　TheoolitichighＧphosphorusironorewassupplied
byWuhanIronandSteelCompany．Compositionof
theoresampleislistedinTable１．Theoresample
wascrashedandgroundtoasizelessthan１mm．
　　Theorefineswerereducedusinganintensified

Table１　CompositionofoolitichighＧphosphorus
ironoresample　　　　　mass％

TFe CaO SiO２ MgO MnO Al２O３ P

４９􀆰２ １􀆰９７ １２􀆰４ ０􀆰４８ ０􀆰３８ ６􀆰２ ０􀆰８１



gaseousreductionmethodasdescribedinRef􀆰[５]．AvＧ
eragefinalmetallizationrateofthefinesforthisreＧ
searchwasabout８８％．Powderadditives(chemicalＧ
lypureCaO and Na２CO３)werethen wellmixed
withthereducedfinestopreparesamples．Mixing
ratioofCaOtothereducedfinessatisfiedthatbasicＧ
ity(wCaO/wSiO２inmass％)ofthesamplewas１􀆰０and
mixingratioofNa２CO３variedfordifferentpurposes．

１􀆰２　Slag/metalseparationbehaviortrials
　 　 Quench method wasadoptedintheseruns．
Firstly,anSiＧMohightemperaturefurnacewasheated
toapredeterminedtemperature,andthenhighly
pureargonataflowrateof２００mL/minwasintroＧ
ducedintothechamberofthefurnace．Samplewith
basicityof１􀆰０andNa２CO３ mixingratioof２􀆰０％
wasused．Ineachrun,５－７gsamplewasputinan
Al２O３crucible(ϕ３０mm×４５mm)whichwasproＧ
tectedbyagraphitecrucible．Itwastheninserted
quicklyintothechamberandslag/metalseparation
teststarted．Meltingtimewascalculatedwhenthe
furnacetemperaturereturnedback．Thesamplewas
quenchedafterholdinginthechamberforagiven
time．ThereafteritscrossＧsectionimagewastaken
forexaminationofslag/metalseparationresult;its
microstructurewasexaminedbySEMandEDS．

１􀆰３　Phosphorusdistributionandironrecoverytrials
　　Aftertimeandtemperatureforsatisfyingslag/
metalseparationweredetermined,experimentson
phosphorusdistributionandironrecoverywerecarＧ
riedout．Sampleswithbasicityof１􀆰０anddifferent
Na２CO３ mixingratioswereused．Ineachrun,３０－
３５gsamplewasputinanAl２O３crucible(ϕ４５mm×
１１５mm)which wasalsoprotectedbyagraphite
crucible．ItwasthenplacedinthechamberoftheSiＧ
Mofurnace．ThesamplewasheateduptothepredeＧ

terminedtemperatureataheatingrateof１０K/min．
Afterholdingforthepredeterminedtime,thesamＧ
plewasallowedtocooldownto７７３Kat１０K/min
andthentoroomtemperaturenaturally．Duringthe
wholeseparationprocess,inertgasatmospherewas
keptbyhighlypureargonflowof２００ mL/minin
thechamber．Theobtainedmetalpartwasweighed
andironrecoveryratewasestimatedbyEq􀆰(１)．

　　　　　η＝
mobt

mtot
×１００％ (１)

where,ηisironrecoveryrate;mobtismassofthe
obtainedmetalpart;andmtotistotaliron massin
thesample．
　　Phosphoruscontentsofthemetalandtheslag
weremeasuredusingICPＧAESanalysis．

２　ResultsandDiscussion
２􀆰１　Slag/metalseparationbehavior
２􀆰１􀆰１　Effectofmeltingtemperature
　　Threetemperaturelevelswereexamined．Fig􀆰１
showscrossＧsectionimagesoftheobtained metal
partsandFig􀆰２showstheirmicrostructures．From
Fig􀆰１(a),itcouldbeseenthat,at１７７３K,shapeof
themetalpartisnearthemeltingcrucible;slagparＧ
ticlesinthemetalareclearlyvisibleandmanypores
andflawsspreadonitscrossＧsection．FromFig􀆰２(a),it
couldbeseenthatadistinctboundaryexistsbetween
metalphaseandslagphaseasindicatedbyEDSreＧ
sults(Points１and２)．Itisthusjudgedthatthe
samplewasonlypartially meltedat１７７３ K．At
１７７３K,unmeltedsolidphaseinhibitscoalescence
andgrowthofslagdropletsandhotmetaldroplets;
therefore,thesedropletscouldmoveonlyinashort
distance and slag/metalseparation failed．From
Figs􀆰１(b)and１(c),itcouldbeseenthattheslag/
metalseparationisgreatlyimprovedwhenmeltingtemＧ
peratureishigherthan１８２３K．Slagparticlesandflaws

Meltingtime:１０min;Na２CO３ mixingratio:２％．
(a)１７７３K;　 (b)１８２３K;　 (c)１８７３K．

Fig􀆰１　CrossＧsectionimagesofthemetalpartsobtainedatdifferentmeltingtemperatures
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