
∗ Correspondingauthor．Prof．,Ph．D．
EＧmailaddress:wuweineu＠１６３．com (W．Wu)．

Received１８September２０１６; Receivedinrevisedform１１November２０１６; Accepted１４November２０１６
Availableonline１５September２０１７
１００６Ｇ７０６X/Copyrightⓒ２０１７, TheeditorialofficeofJournalofIronandSteelResearch,International．PublishedbyElsevierLimited．Allrightsreserved．

Dephosphorizationstabilityofhotmetalbydoubleslagoperationin
basicoxygenfurnace

WeiWu１,∗ ,　ShiＧfanDai１,　YueLiu２

１ MetallurgicalTechnologyResearchDepartment, CentralIronandSteelResearchInstitute, Beijing１０００８１, China
２ HaiYiTongSpecialMaterialCo．, Ltd．, Wuhan４３００８２, Hubei, China

ARTICLEINFO

Keywords:
MediumＧphosphorushotmetal
Doubleslagoperation
Dephosphorizationrate
Phosphoruscapacity
Basicoxygenfurnace

ABSTRACT

DoubleslagprocesswasadoptedtoproducelowＧphosphorussteelfrommiddleＧphosphorushotmetal．
Toachieveastabledephosphorizationoperation,conventionalprocesswasmodifiedasfollows:the
blowingtimewasextendedbyapproximately１minbyreducingtheoxygensupplyflowrate;calcium
ferritepelletswereaddedtoadjusttheslagcompositionandviscosity;thedumpingtemperaturewas
loweredby３０－５０°CbytheadditionofcalciumferritepelletsduringthedoubleslagprocesstopreＧ
ventphosphorusintheslagfromreturningtothemoltensteel;andthebottomＧblowngasflowwas
increasedduringtheblowingprocess．For４０heatsofcomparativeexperiments,therateofdephosＧ
phorizationreached９１％andrangedbetween８７％ and９５％;thephosphorus,sulfur, manganese,
andoxygencontentscalculatedaccordingtothecompositionsofmoltensteelandslagaswellasthe
temperatureofmoltensteelattheendＧpointofthebasicoxygenfurnaceprocessweresimilartothe
equilibriumvaluesforthereactionbetweentheslagandthesteel．Lessfreecalciumoxideandmetallic
ironwerepresentinthefinalslag,andthesurfaceoftheslagmineralphasewassmooth,clear,and
welldeveloped, whichshowedthattheslagexhibitedbettermeltingeffectsthanthatproducedusing
theconventionalslagprocess．Asteadyphosphoruscapacityintheslagandstabledephosphorization
effectswereachieved．

１．Introduction
　InexpensivehighＧphosphorusorehasbeenadded
toblastfurnacestoreducetheproductioncostsof
steelmakinginmanyplants[１Ｇ３] ;theuseofsuchore
hasresultedinhotmetalphosphoruscontentsbeＧ
tween０１２％and０２０％andhascausedmanydiffiＧ
cultiesinconverterproduction．ThecurrentChinese
converterdevicesareappropriateforsmeltinghot
metalwithphosphoruscontentslessthan０１０％．
AchievingtherequiredphosphoruscontentinmolＧ
tensteelviasingleslagprocessisdifficultwhenthe
phosphoruscontentinhotmetalisgreaterthan０１０％．
　Previousresearches[４Ｇ７] haveindicatedthatdouble
slagoperationcanbeadoptedtoaccommodatemediＧ
umＧphosphorushotmetal．However,followingprobＧ
lemspersist:
　(１) Thedephosphorizationeffectintheprimary
blowingperiodofaconverterisunstable．ThetemＧ
peratureandslagcomposition mustbecontrolled
beforetheslagisdumpedbecauseofthepoorslagＧ

formingcapabilityoftheconverter．
　(２)Slagdumpingisdifficult．ThefirstslagisusualＧ
lydumpedwithin３－５min, andcertainprecondiＧ
tionsmustbemettoensureappropriatemeltingbeＧ
haviorandviscosityoftheslag．
　(３) Slagundergoesseveredryingduringdouble
slagging．TheslagiseasilydriedduringthesmelＧ
tingprocesswithhighbasicity,andlessslagisreＧ
movedafterthetwoslaggingoperations．Extensive
dryingcausestherephosphorizationofmoltensteel,
resultinginanunstabledephosphorizationrate．
　Manyscholars[８Ｇ１７] haveattemptedtosolvethe
aforementionedproblems．Tianetal[８] reported
thatapproximately８０％ ofthephosphoruswasreＧ
movedinthefirstslagwhentheFe３＋ contentand
basicitywerehigh, whereastheFe３＋ contenthad
lesseffectondephosphorizationduringthesecond
slagtreatment．Yangetal[９] studiedthedephosＧ
phorization mechanism ofthedoubleslagprocess
andspeculatedthatdephosphorization wasdeterＧ
minedbythemasstransferofphosphorusfromthe
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slagandthemetalinterfacetothebulkslagphase
ratherthanbytheequilibriumthermodynamicconＧ
ditions beforeintermediate deslagging．Naito et
al[１０] variedtheinclinationangleoftheconverter
andadjustedthepropertiesoftheslagtoincrease
thedeslaggingrate．Tripathyetal[１１] optimizedthe
slagchillingprocessneartheblowingendtoreduce
thephosphoruscontentin moltensteel．Jeoungkiu
etal[１２] proposedthatthephosphorusdistribution
ratiodependsmoreontheCaOcontentthanonthe
FetOcontentoftheslag．Babenko[１３] attributedthe
lowoxidationratesofphosphorusinthefinalstages
ofrefiningtoinadequateheattransferinmetalswith
alowcarboncontent．
　Theaforementionedresearchresultsoffernogood
optionsforachievingstabledephosphorizationeffects
ofhotmetal．Therefore,animprovementschemefor
increasingthedephosphorizationrateofhotmetal
wasproposedinthispaper．TorealizethestableopＧ
erationofdephosphorization,twoprocessingmethＧ
ods,referredtoasprocessIandprocessII, were
usedtoincreasethedephosphorizationeffectsofthe
primaryblowingprocessofaconverterandtopreＧ
ventphosphorusintheconverterslagfromreturＧ
ningtothemoltensteel．Theimprovementmethods
includeinducingrapidslagformationandensuring
appropriateslagmeltingcharacteristicsandviscosity
totheextentpossibleintheprimaryconverterbloＧ
wingprocess．Inthefinalblowingstage,thesecond
slagformation processintheconverter wasenＧ
hancedandtheconverterendＧpointcontrolprocess
wasadjustedtopreventphosphorusintheconverter
slagfromreturningtothemoltensteel．

２．Experimental

２１．Designandpreparationofcalciumferritepellets

　Toincreasetheslaggingeffect, calciumferrite
pelletswereprepared．Fourtypesofcalciumferrite
pelletsweredesignedforheatingandmeltingtests
byreferringtothespecificationsforcommercial
products．ThepelletswerecodedasA, B, C,and
D, withironoxides(totalFe５５％)ＧtoＧCaOratiosof
１３∶１０,２∶１,３∶１,and４∶１,respectively[１８] ．
ThesedesignedpelletswerepreparedusingsolidbyＧ
products,includinglimepowderandmillscalefrom
continuouscastingandrollingoperationsinsteel
plants．Aresistancefurnacewasusedtocarryout
thetests．Ingeneral,thefurnacewasfirstpowered
onfor１０－１５ mintoheatcruciblesorrefractory
blocksto the desired test temperature, which
rangedfrom１２５０to１３５０°C．Theresultsindicated
thatsampleCexhibitedthebestmeltingandliqueＧ
factioncharacteristics; thissample wasdesigned
witha３∶１ratioofironoxidestoCaO,andthisraＧ
tiowasselectedforthecalciumferritepelletsused

inthepresentstudy．ThestrengthandwearresistＧ
anceofthecalciumferritepelletduringthemanuＧ
facturingprocesssatisfythequalityrequirements
forconverterburden．

２２．HotＧmetaldoubleslagdephosphorizationina
basicoxygenfurnace

　Theexperimentswereperformedusinga１２０tconＧ
verter;therefiningtimeandaveragetappingmassof
themoltensteelwere３７minand１１６t,respectively．
Thesupplyintensitiesinnormalpressureforthe
topoxygenlanceandforthebottomstirringsystem
were３３m３/(tmin)and００３－００８m３/(tmin),
respectively．Thehotmetalchargedwas１１６twith
atemperatureof１２５０－１４５８°CandC,Si, Mn,P,
andScontentsof４０％ －５８％, ０４％ －０８％,
０１５％－０３７％,０１０２％－０２０３％,and０００６％－
００１２％,respectively．ThescrapchargedforsteelＧ
makingwas７t．TheslagＧformingmaterialswerelime,
lightＧburneddolomite, sinterandcalcium ferrite
pellets．
　Toincreasethedephosphorizationstabilityofthe
hotmetal,theprocesswasimprovedtoensurerapid
slagformationandappropriate meltingproperties
andviscosityoftheslag．Theprocessparameters
arereportedinTable１．
　Table１detailsprocessesIandII, whichrepreＧ
senttheconventionalandimprovedprocesses, reＧ
spectively．Thefollowingchangeswereincorporated
intotheimprovedprocess:
　 (１) Theoxygensupplyflowratewasreducedto
extendtheblowingtimebyapproximately１min．
　 (２) Calciumferritepelletswereaddedtoadjust
theslagcompositionandviscosityandtodecrease
thedumpingtemperatureby３０－５０°C．
　 (３)Calciumferritepelletswereaddedduringthe
doubleslaggingprocesstopreventphosphorusin
theslagfromreturningtothemoltensteel．
　 (４) ThebottomＧblowngasflow wasincreased
duringtheblowingprocess．
　Fortheexperimentalheats,limeandlightＧburned
dolomiteneededforthefirstslagwereaddedatthe
beginningofoxygenblowing．Afterwards,thesinＧ
terandcalciumferritepelletswerechargedaccordＧ
ingtotheprogressofslagformationwithina３min
period．A constant pressure and variable lance
heightwereusedfortheoxygensupply．After６min
ofoxygenblowing,theconverterwastiltedtotap
thefirstphosphorusＧenrichedslagasmuchaspossiＧ
ble．Atthetimeofslagtapping,theslagbasicity
wascontrolledintherangefrom１８to２０．

２３．Samplingandanalysismethods

　Thechemicalcomposition, meltingpoint,andpetroＧ
graphiccharacteristicsoftheslag wereanalyzed．
Thefluorimetricmethodwasusedtomeasurethe
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