
∗ Correspondingauthor．Prof．,Ph．D．
EＧmailaddress:zyz＠ncst．edu．cn (Y􀆰Z．Zhang)．

Received４November２０１６; Receivedinrevisedform４February２０１７; Accepted１４February２０１７
Availableonline１５June２０１７
１００６Ｇ７０６X/Copyrightⓒ２０１７, TheeditorialofficeofJournalofIronandSteelResearch,International．PublishedbyElsevierLimited．Allrightsreserved．

Crystallizationbehaviorofblastfurnaceslagmodifiedbyaddingiron
oretailing
QianＧqianRen１,２,　YuＧzhuZhang１,３,∗ ,　YueLong３,　ShaoＧshengChen３,　ZongＧshuZou１,　JieLi３,
ChenＧguangXu３

１SchoolofMetallurgy, NortheasternUniversity,Shenyang１１０８１９, Liaoning, China
２StateKeyLaboratoryofAdvancedSteelProcessesandProducts,CentralIronandSteelResearchInstitute,Beijing１０００８１,China
３CollegeofMetallurgyandEnergy, NorthChinaUniversityofScienceandTechnology, Tangshan０６３００９, Hebei, China

ARTICLEINFO

Keywords:
Crystallizationbehavior
Modifiedblastfurnace
slag
Basicity
Initialcrystallization
temperature
Ironoretailing

ABSTRACT

Blastfurnace(BF)slagisabyＧproductoftheironmakingprocessandcouldbeutilizedtomanufactureslag
fiberbyaddingironoretailing．ThecrystallizationbehaviorofthemodifiedBFslagissignificanttothefiＧ
brosisprocess．Toinvestigatetheinfluenceofbasicityonthecrystallizationbehavior, BFslagwasmodiＧ
fiedbyaddingironoretailingatroomtemperatureandmeltedat１５００°C．FactSagesimulation,XＧraydifＧ
fraction,scanningelectron microscopybackscatteredelectronimagingcoupledtoanenergydispersive
spectrometer,andhotthermocoupletechniqueanalysiswereperformedtoexplorethecrystallizationbeＧ
haviorofthemodifiedBFslagduringthecoolingprocess．ItwasfoundthattheinitialcrystallizationtemＧ
peratureincreasedwiththeincreaseinbasicity．Melilite,anorthite,clinopyroxene,andwollastonitecould
begeneratedduringthecoolingprocessasbasicityrangedfrom０􀆰７to０􀆰９．Spinelcouldbefoundasoneof
thephases;however, wollastonitedisappearedunderabasicityof１􀆰０．TheinitialcrystallizationtemperaＧ
turewascontrolledbythecrystallizationofmeliliteduringthecoolingprocesswhenthebasicityofthe
modifiedBFslagrangedfrom０􀆰７to１􀆰０．Moreover,thecoolingratecouldalsoinfluencethecrystallizaＧ
tionofthemodifiedBFslag．

１．Introduction
　Blastfurnace (BF) slagisabyＧproductofthe
ironmakingprocess, with approximately２４０ Mt
generatedannuallyinChina[１Ｇ４] ．ValorizationofBF
slagisbeneficialnotonlyfortheeconomybutalso
foranenvironmentallyfriendlysteelfactory．CurＧ
rently, mostBFslaghasbeenusedforcementmanＧ
ufacture, civilengineering materials, glassceramＧ
ics,roadbedmaterials,andconcreteadmixtures[５Ｇ８] ．
BFslagisdischargedattemperaturesrangingfrom
１４５０to１６５０°CandcontainsalargeamountoflaＧ
tentheat．Thelatentheatcouldnotbeadequately
usedbytherecyclingmethodsmentionedabove[９Ｇ１１] ．
Slagfiberisoneoftheinorganicfibersthathasthe
highestpotentialowingtoitslowcostandsimple
productionprocess．AttemptshavebeenmadetoobＧ
tainthismaterialwithmoltenBFslag, whichisan
effectiveapproachtoutilizebothBFslaganditslaＧ
tentheat[１２Ｇ１５] ．Longetal􀆰[１４]investigatedtheinfluＧ
enceoftheaciditycoefficientofmodifiedBFslagon

thephysicalandchemicalpropertiesofslagfiber．It
wasfoundthatthediameteroftheslagfiberwas
exponentiallyincreasedwiththeincreaseintheacidＧ
itycoefficient．Thereasonableaciditycoefficientof
modifiedBFslagusedintheslagfibermanufacture
processwasbetween１􀆰０and１􀆰４．Accordingto
Zhangetal􀆰[１２] ,slagfiberwasutilizedtoproduce
slagwoolboard, whichisaneffectiveapproachfor
BFslagrecycling．
　ThekeypointofthisutilizationisthatthecrysＧ
tallizationbehavioroftheBFslagshouldbereasonＧ
ablycontrolledtogeneratemoreamorphousphases．
ThecrystallizationbehaviorofBFslagissignifiＧ
cantlyaffected byits mineralogicalcomposition．
ThemajorphasesofBFslagaremeliliteandmerＧ
winite[１６Ｇ１８] ．Theinitialcrystallizationtemperature
ofthesephaseswouldinfluencethefibrosisprocess
ofmoltenBFslag．Mendybaevetal􀆰[１９] studiedthe
crystallizationtemperatures of meliliteforthree
meltcompositionsandfoundasimplerelationship
amongthe meltcomposition, crystallizationtemＧ
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perature, andcompositionoftheprimarycrystalＧ
lizedmelilite．AccordingtotheXRDanalysisofGan
etal􀆰[１８] ,gehleniteandakermaniteexistedincrysＧ
tallineBFslag．Thecrystallizationofgehleniteis
thermodynamicallymorestablethanthatofakerＧ
maniteandshouldoccurearlier．Theprecipitationof
gehleniteissignificanttothecrystallizationofBF
slag．Consequently, theinitialcrystallizationtemＧ
peraturecontrollingmineralissignificanttothefiＧ
brosisprocessofmoltenBFslag．
　BFslag, whichisprimarilycomposedofCaO,
SiO２, MgO,andAl２O３,hasabasicityrangingfrom
１􀆰０to１􀆰２[２０] ．ThebasicityofBFslagissignificant
tothefluidabilityandmineralogicalcompositions,
whichimpactthecrystallization behaviorofthe
moltenBFslag．BFslagcouldbemodifiedbyadding
irontailings,flyash,andotherwastestocontrolits
basicity[２１Ｇ２３] ．EsfahaniandBarati[２４] studiedtheinＧ
fluenceofslagcompositiononthecrystallizationof
syntheticCaOＧSiO２ＧAl２O３ＧMgO slags．Theyshowed
thatbothcrystallizationtemperatureandslagbasiciＧ
tyaffectedthesizeandgrowthofthecrystals．For
slagswithlowbasicity,thecrystallinephaseswere
translucentandnucleationwaslimited,leadingto
thegrowthofonlyafewlargecrystals．Yanget
al􀆰[２５]studiedtheeffectoftheratioofCaOtoSiO２

onthecrystallizationkineticsofglassＧceramicspreＧ
paredfromcopperslag．Theresultsindicatedthat
theactivationenergiesofcrystallizationincreased
withtheincreaseintheratioofCaOtoSiO２upto
０􀆰３８,andadecreaseintheactivationenergieswas
observedastheratioofCaOtoSiO２rangedfrom
０􀆰３８to０􀆰４２．Mousavietal􀆰[２６]studiedtheeffectof
basicityonthetemplatefreecrystallizationofzeolite
rhoviaahydrothermalsynthesisandshowedthat
increasingbasicityincreasedthenucleationanddeＧ
creasedthecrystalssize．However,fewinvestigaＧ
tionscanbefoundontheinfluenceofbasicityonthe

crystallizationbehaviorofBFslagthathasbeen
modifiedbyamixtureofironoretailing．
　ThispaperaimsatperformingafurtherinvestigaＧ
tionontheinfluenceofbasicityonthecrystallizaＧ
tionbehaviorofmodifiedBFslag．FactSagesimulaＧ
tionwascarriedouttoinvestigatetheinfluenceof
basicityontheinitialcrystallizationtemperatureof
the modifiedBFslagduringthecoolingprocess．
BasedontheFactSagesimulation,theinitialcrysＧ
tallizationtemperaturecontrollingphaseunderdifＧ
ferentbasicitieswasdetermined．ToverifythevaＧ
lidityoftheFactSagesimulationandfurtherconＧ
firmthecrystallizationbehaviorofthemodifiedBF
slag, XＧraydiffraction (XRD), scanningelectron
microscopybackscatteredelectronimaging (SEMＧ
BSE)coupledtoanenergydispersivespectrometer
(EDS),andthehotthermocoupletechnique (HTT)
wereperformed．

２．MaterialsandMethods

２􀆰１．Materials

　TheBFslagandironoretailingsusedinthis
workwereobtainedfromasteelplantandamining
areainChina,respectively．ThechemicalcomposiＧ
tionsoftheBFslagandironoretailingsweredeterＧ
minedbychemicalanalysis(YBT１４０Ｇ１９９８)andare
showninTable１．AspresentedinTable１,theBF
slagisrichinCaO, whichoriginatesfromtheaddiＧ
tionoflimeasfluxduringthemeltingprocess．The
CaOcontentisfollowedbySiO２ content, witha
weightpercentageof３３􀆰５３％．BFslagwastehasa
binarybasicityof１􀆰０８, whichisinappropriateto
manufactureslagfiber[２７] ．Ironoretailingisalsoa
wasteproduct, whichcontainsahighercontentof
SiO２andalowercontentofCaO．TheweightperＧ
centageofSiO２couldreach６７􀆰７８％;therefore,iron
oretailingisagoodbasicitymodifierforBFslag．

Table１
Chemicalcompositionsofblastfurnaceslagandironoretailings(wt􀆰％)

Component SiO２ CaO MgO Al２O３ Fe２O３ TiO２ K２O Na２O MnO S P

Blastfurnaceslag ３３􀆰５３ ３６􀆰２５ ８􀆰６４ １５􀆰８２ １􀆰５７ １􀆰３８ ０􀆰５４ ０􀆰３２ ０􀆰１７ ０􀆰８４ ０􀆰０１２
Ironoretailing ６７􀆰７８ ２􀆰５０ ２􀆰５８ １３􀆰５０ ６􀆰５６ ０􀆰２８ ３􀆰９０ ２􀆰２１ ０􀆰０９８ ０􀆰０４８ ０􀆰０４６

２􀆰２．ModifiedBFslag
　ConsideringtherequirementofviscosityintheslagfiＧ
bermanufactureprocess,thereasonablebasicityR
ofmodifiedBFslagisgenerallyintherangefrom
０􀆰７to１􀆰０[２８,２９] ．TheBFslagusedinthisworkwas
modifiedusingironoretailing．ThemassratiosbeＧ
tweenBFslagandironoretailingandthe major
chemicalcompositionsofthemodifiedBFslagare
showninTable２．

Table２
Mainchemicalcompositionsofmodifiedblastfurnaceslag

Basicity

Massratio/wt􀆰％ Contentofcomponent/wt􀆰％

BF
slag

Ironore
tailing

SiO２ CaO MgO Al２O３

０􀆰７ ７７􀆰９ ２２􀆰１ ４１􀆰１１ ２８􀆰７８ ７􀆰３０ １５􀆰３１
０􀆰８ ８４􀆰６ １５􀆰４ ３８􀆰８１ ３１􀆰０５ ７􀆰７１ １５􀆰４６
０􀆰９ ９０􀆰６ ９􀆰４ ３６􀆰７５ ３３􀆰０８ ８􀆰０７ １５􀆰６０
１􀆰０ ９６􀆰０ ４􀆰０ ３４􀆰９０ ３４􀆰９０ ８􀆰４０ １５􀆰７３
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