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ModelofIronOreSinteringBasedonMeltandMineralFormation
JunZHANG１,２,　XingＧminGUO１,　YuanＧhongQI２,　DingＧliuYAN２

(１．SchoolofMetallurgicalandEcologicalEngineering,UniversityofScienceandTechnologyBeijing,Beijing
１０００８３,China;　２．StateKeyLaboratoryofAdvancedSteelProcessesandProducts,CentralIronandSteel
ResearchInstitute,Beijing１０００８１,China)

Abstract:A modelofironoresinteringwasbuiltwithconsiderationoffuelcombustion,catalysisofsintermixtureas
wellasformationofmeltandmineral,whichwasverifiedviasinteringpottestsandshowedagoodfittotheexperiＧ
mentalresults．TheeffectofbeddepthontemperaturewasreflectedbytheresidencetimeinhighＧtemperaturezone,
ratherthanthetopvalueofthetemperature,whichwasweakenedbymeltformationaswellashematitedecomposiＧ
tion．Moreover,theeffectofbeddepth,fuelcontentanddistributiononsinteringprocesswasdifferent,whichwas
reflectedbytemperatureprofilesandtheruleofcalciumferriteformation．Theformationofmeltaswellasmagnetite
wasaprocesswhichwasdecidedbykineticfactors,whiletheformationofcalciumferritewasrelatedtofuelblendＧ
ingconditions,whichisdeterminedbythermodynamicswhenthefuelratioinsidesintergranulesisloworfuelconＧ
tentishigh,otherwise,itisdeterminedbykinetics．
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SymbolList

　　As———Specificsurfacearea,m－１;
　　cg———Specificheatofgas,J􀅰kg－１􀅰K－１;
　　cP———Specificheat,J􀅰kg－１􀅰K－１;
　　cs———Specificheatofbed,J􀅰kg－１􀅰K－１;
　　Cc———Carboncontentofsintermixture,％;
　　Ci———Gasconcentration,mol􀅰m－３;
　　CO２———Oxygenconcentrationingas,mol􀅰m－３;
　　CCO———Carbonmonoxideconcentrationingas,mol􀅰m－３;
　　CCO２———Carbondioxideconcentrationingas,mol􀅰m－３;
　　CN２———Nitrogenconcentrationingas,mol􀅰m－３;
　　Di———Gasdiffusioncoefficient,m２􀅰s－１;
　　f———Meltcontent,％;
　　ΔHmo———Smeltingheatofore,J􀅰kg－１;
　　ΔHC———Decompositionenthalpyofhematite,J􀅰mol－１;
　　ΔHc１———Formationenthalpyofcarbondioxide,J􀅰

mol－１;
　　ΔHc２———Formationenthalpyofcarbonmonoxide,J􀅰

mol－１;
　　ΔHl———Decompositionenthalpyofcalcite,J􀅰mol－１;
　　ΔHM———Decompositionenthalpyofdolomite,J􀅰mol－１;
　　ΔHv———Evaporationenthalpy,J􀅰mol－１;
　　hp———ConvectionheattransfercoefficientofgasＧsolid,J􀅰

m－２􀅰s－１􀅰K－１;

　　I———Fueldistributioncoefficient;
　　kc１———Rateconstantofcarboncompletecombustion,m􀅰

s－１;
　　kc２———Rateconstantofcarbonsolutioncombustion,m􀅰

s－１;
　　kl———Rateconstantofcalcitedecomposition,s－１;
　　kM———Rateconstantofdolomitedecomposition,s－１;
　　kmo———Rateconstantofmeltformation,s－１;
　　Mc———Molarmassofcarbon,kg􀅰mol－１;
　　MC———Molarmassofmagnetite,kg􀅰mol－１;
　　Ml———Molecularmassofcalcite,g􀅰mol－１;
　　MM———Molecularmassofdolomite,g􀅰mol－１;
　　nc———Numberofcarbongranulesinunitvolume,m－３;
　　nl———Numberofcalcitegranulesinunitvolume,m－３;
　　nM———Numberofdolomitegranulesinunitvolume,m－３;
　　pO２———Oxygenpartialpressure;
　　qv———Innerheatsource,J􀅰m－３􀅰s－１;
　　R２———Binarybasicity;
　　rc———Radiusofcarbongranule,m;
　　rl———Radiusofcalcitegranule,m;
　　rM———Radiusofdolomitegranule,m;
　　Rc———Overallcombustionrateofcarbon,mol􀅰m－３􀅰

s－１;



　　RC———Rateofhematitedecomposition,s－１;
　　Rc１———Rateofcarboncompletecombustion,mol􀅰m－３

􀅰s－１;
　　Rc２———Rateofcarbonsolutionreaction,mol􀅰m－３ 􀅰

s－１;
　　Rl———Rateofcalcitedecomposition,mol􀅰m－３􀅰s－１;
　　RM———Rateofdolomitedecomposition,mol􀅰m－３􀅰

s－１;
　　Rmo———Rateofmeltformation,s－１;
　　Rw———Rateconstantofmoistureevaporation,mol􀅰m－３

􀅰s－１;
　　t———Time,s;
　　T———Temperature,K;
　　Tg———Temperatureofgas,K;
　　Ts———Temperatureofbed,K;
　　ux,uy,uz———Gaseousvelocityinx,y,zdirections,

m􀅰s－１;
　　wC———Magnetitecontentofsinter;
　　w′C———Magnetitecontentofmelt;

　　wSFCA———Calciumferritecontentofsinter;
　　w′SFCA———Calciumferritecontentofmelt;
　　ws———Moisturecontentofbed,％;
　　X———Environmentalinfluencecoefficient;
　　z———Beddepth,m;
　　Z———Granulationinfluencecoefficient;
　　α———Overallcatalyticcoefficientofsinteringmaterial;
　　λ———Coefficientofthermalconductivity,W􀅰m－１􀅰

K－１;
　　ε———Porosityofbed;
　　ϕ———Heatdissipation,J􀅰m－３􀅰s－１;
　　ρ———Density,kg􀅰m－３;
　　ρb———Apparentdensityofbed,kg􀅰m－３;
　　ρc———Densityofcarbongranule,kg􀅰m－３;
　　ρg———Densityofgas,kg􀅰m－３;
　　ρl———Densityofcalcitegranule,kg􀅰m－３;
　　ρM———Densityofdolomitegranule,kg􀅰m－３;
　　ρs———Truedensityofsintermix,kg􀅰m－３．

　　ForecastonthesinteringprocesshasbeenrealＧ
izedtosomeextentthroughmodelsimulation,and
operatingparameterscouldbeadjustedinadvanceto
achievethegoalofhighyieldatalowcost．ThereＧ
fore,wideattentionhasbeenpaidtothemodelingof
ironoresinteringprocess[１Ｇ９]．
　　ThediversityandaccuracyofmodelsaredeterＧ
minedbyincludedsubＧmodelsorinvolvedreactions．
ThesemiＧempiricalmodelbuiltbyLiandYang[２]

describedthetemperaturefieldofsinteringbed,and
theratesofinvolvedreactionsweredeterminedacＧ
cordingtothemeasurementdataaboutflowvelocity
andcompositionoftailgas;therefore,poorforecast
wasdoomedforthismodel．Zhouetal􀆰[１]summaＧ
rizedcharacteristicsofsomemodels[１,３Ｇ１０],anddifferＧ
encebetweenreactionsinvolvedaswellasadopted
algorithmswerediscussedindetail．CommonreacＧ
tionssuchasvaporizationandcondensationofmoisＧ
ture,carboncombustionandcarbonatedecomposiＧ
tionweregenerallyconsidered,andestimationon
meltformationbasedonthermodynamicswasinＧ
cludedinsomemodels[３,４,６Ｇ１０]．Withdevelopmentof
thesinteringtechnology,higherrequirementswere
putforwardanddetailsonthesinteringprocesswere
concerned．Thechangeofstructuralfeaturesforthe
sinteringbedwasdescribed[４,５,１１Ｇ１３],andprogressin
termsofforecastonsinterqualitywasmade[７]．
　　Generallyspeaking,thefuelcontentofsinter
mixtureisintherangeof３􀆰５mass％to４􀆰５mass％,
whichisequivalenttothatofsilica．Highalkalinity
around２isnormallyadoptedin modernsintering
process,thatis,thecontentofalkalinefluxinsinＧ
termixtureisapproximatelytwiceasthatoffuel．

ThecatalysisofalkalineoxidesoncarboncombusＧ
tioniswellknown[１４,１５],andthatofironoresisalso
reportedrecently[１６]．Therefore,thecatalysisofsinＧ
teringmixtureisnecessarytobetakenintoaccount,
whichisgoodfortheimprovementofprecisionon
describingfuelcombustionina model．Moreover,
metallurgicalpropertiesofsintersgreatlydependon
theirmineralcomposition,andpredictiononmineral
compositionwillbeanewdirectionformodeling．In
presentwork,someeffortsweremadetoimprove
theprecisionofmodelsimulation,andmeanwhile,
somenewfunctionsweregiveninthemodel:
　　 (１)thecatalysisofsintermixturewasconsidＧ
eredtorevisetherateofcarboncombustion;
　　 (２)meltformation wasdescribedfromthe
viewpointofkinetics;
　　 (３)theformationofmagnetiteaswellascalＧ
ciumferritewasinvolved,anditispossibletopreＧ
dictthechangeofmineralcompositionduringsinteＧ
ringprocess．

１　OutlineoftheModel
１􀆰１　Characteristicsofthemodel
１􀆰１􀆰１　Reactionsproceedinstages
　　Thebeginningtemperatureofeachreactionwas
determinedbythefundamentalexperimentsortherＧ
modynamicdata．Basedonthis,reactionsinvolved
insinteringbedwerethoughttoproceedinstagesin
presentmodel,andthedivisionoftemperatureinＧ
tervalswasgivenindetailasfollows．
　　 (１)Theregionofmoistureevaporation (BeＧ
low７７３K)
　 　 Moistureevaporationisaphysicalprocess,
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