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ABSTRACT

TheintegratedsteelmakingcyclebasedontheblastfurnaceＧbasicoxygenfurnace(BOF)routeplays
animportantroleintheproductionofplainandultraＧlowcarbonsteel,especiallyfordeepdrawing
operations．BOFsteelmakingisbasedontheconversionofcastironinsteelbyimpingingoxygenon
themetalbathatsupersonicspeed．Inordertoavoidtheadditionofdetrimentalchemicalelements
owingtotheintroductionofuncontrolledscrapandinordertodecreaseenvironmentalimpactcaused
bytheintensiveuseofcokefortheproductionofcastiron, HBI(hotbriquettediron)canbeusedas
asourceofmetalandafractionofcastiron．Fortyindustrialexperimentaltestswereperformedto
evaluatetheviabilityoftheuseofHBIinBOF．TheexperimentalcampaignwassupportedbyatherＧ
malpredictionmodelandrealizedthroughtheestimationoftheoxidationenthalpy．Furthermore,the
processwasthermodynamicallyanalyzedbasedonoxygenpotentialsusingtheoffＧgascomposition
andthebathtemperatureevolutionduringtheconversionasreferencedata．

SymbolList

　cp,SoI—Specificheatofironatsolidstate,kJkg－１K－１;
　cp,LiI—Specificheatofironatliquidstate,kJkg－１K－１;
　fri—Elementfraction;
　ΔHthTOT—Totalenthalpyofformation, MJkmol－１;
　ΔHCO—Enthalpyofformationofcarbonmonoxide,

MJkmol－１;
　ΔHFeO—Enthalpyofformationofferrousoxide, MJkmol－１;
　ΔHMnO—Enthalpyofformationofmanganeseoxide,

MJkmol－１;
　ΔHP２O５—Enthalpyofformationofphosphorusoxide,

MJkmol－１;
　ΔHSiO２—Enthalpyofformationofsilica, MJkmol－１;
　ΔH′castiron—Heattransferredtocastiron, MJ;
　ΔH′solidcharge—Heatusedinmeltingsolidcharge, MJ;
　ΔH″—Heattransferredtometalbath, MJ;
　ΔHi—Enthalpyofformationofcompoundi;
　INHBI—InputratioofHBI, ％;
　INPI—Inputratioofpigiron, ％;
　INSC—Inputratioofscrap, ％;
　ipHBI—InputofHBI,t;
　ipPI—Inputofpigiron,t;
　ipSC—Inputofsolidscrap,t;
　ipTOT—Totalinputofcharge,t;
　ΔmC—Oxidizedcarbonamount,kg;

　ΔmMn—Oxidizedmanganeseamount,kg;
　ΔmP—Oxidizedphosphorusamount,kg;
　ΔmSi—Oxidizedsiliconamount,kg;
　mcc—Coldchargescrapmass,kg;
　mci—Castironchargemass,kg;
　min—Initialmetalliccharge;
　mts—Tappedsteelmass,kg;
　MFe—Molarmassofiron,kgkmol－１;
　p—Partialpressure;
　qi—Actualmasscharged,t;
　Qi—Heatfromoxidation, MJ;
　r—Heatfraction;
　t—Time,s;
　T—Temperature,°C;
　Tamb—Ambienttemperature,°C;
　TEP—EndＧpointtemperature,°C;
　TIB—InＧblowtemperature,°C;
　Tload—Castironloadingtemperature,°C;
　Tm—Furnaceregimetemperature,°C;
　T０—Initialtemperature,°C;
　ΔyFe—Oxidizedironamount,kmol;
　yO２_i—Molesofoxygenincompoundi,kmol;
　yi—Yield;
　yicoe—Yieldcoefficient;
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　yicon—Yieldconversion;
　λFe—Fusionlatentheatofiron,kJkg－１;

　τ—Timeconstant,s．

１．Introduction
　In２０１５, theglobalsteelproduction obtained
fromblastfurnace (BF) andelectricarcfurnace
(EAF)cyclesamountedto１１１billiontons[１] ．The
demandforlargequantitiesofhighqualitysteelenＧ
couragedthecreationofintegratedsteelmillsbased
onthecouplingofblastfurnacesandbasicoxygen
furnaces(BOF)．However,inrecentyears, enviＧ
ronmentalrequirementshavebecome morestrinＧ
gentandtheelectricarcfurnaceturnsouttobea
goodalternativetointegratedplants．Ontheother
hand, EAFcycleswillnevercompletelyreplaceinＧ
tegratedsteel[２Ｇ４] ．
　Theincreaseofthesteelscrapandhotbriquetted
iron(HBI) usedintheBFＧBOFroutereducesthe
greenhousegases(GHG)emissionsinvolvedinthis
technologicalrouteandisapplicabletotheexisting
BFＧBOFplantsinareasonabletimescale[５,６] ．MoreＧ
over,theincreasedscrapusedinBOFdoesnotreＧ
quiremajorchangesinthesteelmakingpractices[７] ．
　Furthermore, theincreasedavailabilityandreＧ
ducedcostofnaturalgashaspromptedsteelmakers
toinvestigatetheimplementationofdirectreduced
iron(DRI)intheirexistingsteelmakingoperations
todecreaseoperatingcostsandenvironmentalimＧ
pact．TheadditionofDRIintheblastfurnacetoinＧ
creasethehotmetaloutputanddecreasethecoke
rateiswellknown[８,９] ．Unfortunately, thisoption
haseconomicmeritsonlyifthedownstreamequipＧ
mentofthesteelplantisabletoprocesstheaddiＧ
tionalironunitsintocastorrolledsteel[１０,１１] ．
　HBIhasalsootherbenefitssuchas[１２,１３] :
　 (１)highbulkdensity,ifcomparedtotheusual
morphologiesofthesteelscrap,thusimplyingsavＧ
ingsinthevolumetakenupbythescrap;
　 (２)knownandhomogeneouschemicalcomposiＧ
tion;
　 (３) minimumamountofundesiredelementsdifＧ
ficulttobecontrolledinthescrapcharge,ie．,Cu,
Ni, Cr, Mo,Sn,andPb;
　 (４) highthermalconductivityallowingafast
dissolutionwithintheconverter;
　 (５)lowtendencyforreＧoxidationincontactwith
freshand/orsaltedwater．
　AnexperimentalcampaignwascarriedoutinorＧ
dertoassessthepossibleincreaseofthecoldcharge
loadedintotheBOFinsubstitutionofcastiron．
Thispaperaimstomaximizetheratiobetweenthe
quantityofsteeltappedfromtheconverterandthe
chargedcastiron,andtoanalyzethethermalevoluＧ
tionofthemetalbath．

２．ExperimentalProcedure
　Theplannedexperimentalcampaignconsidered
fortyheatsinaBOFfeaturedbyanoverallcapacity
of３１５tofmediumtappedliquidsteelcorresponding
toanoverallchargingcapacityof３６０t．
　ThepreＧreducedironamountwasprogressively
increasedwithintheBOF (Table１),startingfrom
aquantityof１８tofHBIupto４５tofHBI, while
thescrapamountwasmaintainedat４５tforallthe
heatsobserved(Table１)．

Table１
AmountofHBIusedineachheat
Numberoftests ２ ６ １ ５ ４ ４ １ ３ １４

HBI/t １８ ２５ ２７ ３０ ３５ ４０ ３８ ４２ ４５

　Duringtheexperimentalcampaign,themetallic
chargewasdisposedinaspecificchargingcaseand
orderedfrombottomtotopasdescribedinFig１．

１—Scrapfromextrusionprofilesorlightscrap(slippery
scrap); 　２—Hotbriquettediron,directreducediron,

granulatedcastiron; 　３—Heavyscrapfromdemolition;
４—Purchasedferrousscrapfromdemolitionorlightscrap;
５—Ladlefunds; 　６—Tundishwaste; 　７—Internalscrap．

Fig１．　Scrapdispositioninsideaspecificchargingcase．

　Thelimeischargeddirectlyintoscrapcaseand
theoverallquantityrangesbetween１０％ and２５％
oftheoverallinputchargeandthecontributionfrom
massflowandenergeticpointofviewcanbeconsidＧ
erednegligible．
　Theaveragechemicalcompositionsofcastironand
HBIweremeasured(Table２)inordertoverifyahomＧ
ogeneouschemicalcompositionofthemetalcharge
introducedinthedifferentobservedindustrialtests．
　Tooptimizetheanalysis,theconversionprocess
wasdividedintwoobservationperiods[２,１４] :
　 (１) “InＧblow” (IB)fromtheblowingonsetto
thefirstblowingstop (toallowthebathchemical
compositionanalysis)[１５] ;
　 (２) “EndＧpoint” (EP) ofthesecondblowing
stepafterthestop．
　TheBOFconversionprocessgeneratesahuge
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