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Abstract:Airquenchedbasicoxygenfurnacesteelslag(BOFＧSS)isprocessedatveryhighcoolingrate,whichisexＧ
pectedtohavedifferentcementitiouspropertiesfromconventionalslowlycooledBOFＧSS．Forthispurpose,the
strengthactivityindexesofairquenchedandslowlycooledBOFＧSSareinvestigated．Theresultsrevealthat,under
thespecificsurfacearea(S)of４９０m２/kg,thecompressivestrengthactivityindexreaches１􀆰２４after２８dayswith
replacementof１５％ airquenchedBOFＧSSandreaches１􀆰０５after２８dayswithreplacementof２０％ airquenched
BOFＧSSand３０％ granulatedblastfurnaceslag(GBFS)．ThecementitiousactivityofairquenchedBOFＧSSisobviＧ
ouslyhigherthanthatofslowlycooledBOFＧSS,mainlybecauseitcontainsmoreC３Sandglassyphases．
Keywords:basicoxygenfurnacesteelslag;strengthactivityindex;mineralcharacteristics;cementitiousproperty;
tricalciumsilicate(C３S)

　　SteelslagsaretheprimarybyＧproductsinsteelＧ
makingprocesses．TheyareformedbythecombinaＧ
tionofimpuritiesfrom blastfurnacemolteniron,
fluxesandironoxides．Basicoxygenfurnacesteel
slag(BOFＧSS)isthesteelslaggeneratedfrombasic
oxygenfurnacesteelmaking．Itprimarilyconsistsof
CaO,SiO２,FeOand MgO,alsowithsomeminor
componentlikeAl２O３,MnOandP２O５．BOFＧSSis
one ofthe mostabundant byＧproductsin steel
plants．Accordingtothesteelproductionbybasic
oxygenfurnace[１],itisestimatedthat７０％ ofthe
steelslagsaroundtheworldisBOFＧSS．TheproporＧ
tionisevenhigherinChina,andexceeds９０％．ApＧ
proximately１００－１５０ kg BOFＧSSisdischarged
whenonetoncrudesteelisproduced．Forexample
inChina,about８５MtBOFＧSShasbeenproducedin
Chinain２０１４．ThusrecyclingoftheslagsisacritiＧ
calissueforbothsteelplantsandsocieties．
　　BOFＧSShassomeusefulcomponentslikeCaO
andMgO;therefore,itcanbechargedinsintering
andironmakingprocesstomakebetterutilizationof
calciumvalues[２,３]．Besiderecyclinginsteelplants,
BOFＧSSisalwaysusedasconstructionandbuilding
materialsinroadsandcivilengineeringduetoits
hardcharacteristicsandusedascementadditives

basedonitscementitiousproperties[４,５]．ItissugＧ
gestedthat maximum environmentalcreditofthe
slagsrecyclingoccurswhenrecycledtoraw materiＧ
alsforslagcementandPortlandcement[６],thereＧ
foremanyeffortshavebeenmadetoinvestigatethe
characteristicsofsteelslagcements[７Ｇ１３]．
　　Despitethepotentialenergycostreduction,itis
estimatedthatonlyabout１０％oftheBOFＧSSisreＧ
usedforslagcementproductioninChina[１４]．BOFＧ
SShascompositionssimilartothatofPortlandceＧ
ment．Nevertheless,itshydraulicactivityis much
weaker,mainlybecausesteelslagshavehigherconＧ
tentofironoxideandlowercontentofcementitious
mineralssuchastricalciumsilicate(C３S)andβＧdiＧ
calcium silicate (βＧC２S)[１５]．SometimesRO phase
(CaOＧFeOＧMgO solidsolution)orγＧC２S,which
hasnocementitiousactivity,isapredominantminＧ
eralofBOFＧSS[１６,１７]．
　　Conventionally,mostofthemoltensteelslags
aroundtheworldandinChinaareslowlyorsemiＧ
fastcooled,bymethodslikenaturalaircooling,waＧ
tersprayandhotＧspotdisintegration[７,１８]．Onlya
smallportionoftheslagsarequenchedintheairor
water[１９,２０]．Thesteelslagscooledunderdifferent
coolingrateswillcrystallizeinmuchdifferentways．



Underveryfastcooling,themineralmayretainits
hightemperaturecompositionandstructure,and
presentinmetastablestatesinthecooledsteelslag．
ItiswellknownthatcementitiousC３SisthermodyＧ
namicallystableonlyabove１２５０℃,anditwilldeＧ
composetoCaOandC２Satlowertemperature[２１]．
Besides,theothermajorcementitiouscomponent,βＧ
C２S,turnstononＧcementitiousγＧC２SwhenthetemＧ
peraturedropsbelow５００ ℃ duringslowcooling．
Therefore,incementclinkerproduction,theclinker
issharplycooleddowntolowtemperature．ThedeＧ
compositionrateofC３Sis minorornegligibleat
suchcoolingrate．Andalsothereisnoenoughtime
forthelatticerearrangementofC２S,sotheC２Sin
clinkerexistsinmetastablestate,whichishydraulic
active．Forthesamereason,thequenchedsteelslags,
whichundergoveryhighcoolingrates,areexpected
tocontainhighercontentofcementitiouscomponent
likeC３SandβＧC２Sthanslowlycooledslags,and
thenresultinbettercementitiousactivities．
　 　The mineragraphyofa materialdependson
bothitschemicalcompositionsandthermalhistory．
Theeffectofchemicalcompositionofsteelslagon
itsmineragraphyhasalreadybeenknown[２２]．HowＧ
ever,therearefewreportsontheeffectsofthermal
history,ormorespecificallytosteelslag,thecoolＧ
ing methodsofmoltenslag,onits mineragraphy
andcementitiousproperties[２３,２４]．Murphyetal􀆰[２３]

andReddyetal􀆰[２４]haveconfirmedthatthecemenＧ

titiouspropertiesofsteelslagscanbeimprovedby
quenchingofmoltenslag．However,theseworksfoＧ
cusedonthewaterquenchingofmoltenslag．
　　Recently,theairquenching methodforproＧ
cessingmoltensteelslaghasbecomemorepopular
inChina[２５,２６],duetoitshighefficiencyandpotenＧ
tialabilitytorecoverthewasteheatofmoltenslag．
Soinpresentwork,themineragraphyandcementiＧ
tiousofairquenched BOFＧSS werestudied．The
comparisonbetweenairquenchedBOFＧSSandslowＧ
lycooledBOFＧSS wasalsopresented．Thisstudy
aimstoimprovethecementitiouspropertiesofsteel
slagbycontrolledcoolingofmoltenslag．

１　MaterialsandMethods
１􀆰１　Materials
　　Threekindsofslagswereusedinpresentwork:
airquenchedBOFＧSSwhichwasatomizedbyhigh
pressureair,slowlycooledBOFＧSSwhichwasnatuＧ
rallycooledintheair,andgranulatedblastfurnace
slag(GBFS)whichwasquenchedbyhighpressure
water．Alloftheslagsweresuppliedfromasteel
plantinChina．Theairquenchedandslowlycooled
BOFＧSSwereobtainedfromthesamefurnacetoenＧ
suretheirsimilarcompositions．ThechemicalcomＧ
positionsofslagsarelistedinTable１．Itisshown
thattheGBFShasalowerbasicity (wCaO/wSiO２ )
thansteelslags,andbothtwosteelslagshaveahigh
leveloffreelimecontent．

Table１　Chemicalcompositionsofexperimentalslags

Slag
Composition/mass％

SiO２ Al２O３ CaO MgO MnO TFe P S fＧCaO
wCaO/wSiO２

GBFS ３２􀆰１０ １７􀆰６２ ３９􀆰６６ ８􀆰４８ ＜０􀆰１０ ０􀆰４５ ＜０􀆰１０ １􀆰１７ ０􀆰４８ １􀆰２４
AirquenchedBOFＧSS １４􀆰８１ １􀆰６５ ４４􀆰４６ ７􀆰６４ １􀆰５２ １９􀆰３２ ０􀆰３８ ０􀆰０６ ６􀆰９７ ３􀆰００
SlowlycooledBOFＧSS １５􀆰９４ ３􀆰５０ ４５􀆰９７ １０􀆰１６ １􀆰４２ １４􀆰８８ ０􀆰８８ ０􀆰１５ ５􀆰８０ ２􀆰８８

　　Groundslagpowderswereobtainedbygrinding
theslagsinalaboratorybatchballmill,whichwas
chargedwithsteelballof５－１０ mmindiameter．
Thespecificsurfacearea (S)ofslagpowderswas
detectedinanSTＧ０８specificsurfaceareaanalyzer
usingBETmethod．ThemineralsofslagswereidenＧ
tifiedbyXＧraydiffractometry(XRD,PANalytical􀆿

X′pertProMPD)method,andthemorphologiesof
slagswereobservedinascanningelectron microＧ
scope(SEM,HitachiSＧ４８００)．ThedifferentialscanＧ
ning calorimetryＧthermoＧgravimetric (DSCＧTG,
STA４４９CJupiter􀆿 )methodwasusedtodeterＧ
minetheexistenceofglassyphaseinairquenched

BOFＧSS．

１􀆰２　Strengthactivityindexofslag
　　BlendcementweremadebymixingslagpowＧ
derswithcontrolcementatsetratios．CementmorＧ
tarsweremadeby mixingblendcement,standard
sandandwaterwithratioof１∶３∶０􀆰５．ThecomＧ
pressiveandflexuralstrengthofmortarsweretested
after１,７and２８daysaccordingtoChinesenational
standardGB/T１７６７１—１９９９．Strengthactivityindex
isdefinedastheratioofthestrengthofblendceＧ
mentmortartothatofcontrolcementmortaratthe
sameage．

０２２ 　　　　JournalofIronandSteelResearch,International　　　　　　　　　　　　　　Vol􀆰２２　



Download English Version:

https://daneshyari.com/en/article/1628340

Download Persian Version:

https://daneshyari.com/article/1628340

Daneshyari.com

https://daneshyari.com/en/article/1628340
https://daneshyari.com/article/1628340
https://daneshyari.com

