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ABSTRACT

TheutilizationofhighlyreactiveandhighＧstrengthcokecanenhancetheefficiencyofblastfurnaceby
promotingindirectreductionofironoxides．Ironcompounds,asthemainconstituentinironＧbearing
minerals,havearousedwideinterestinpreparationofhighlyreactiveironcoke．However,theeffects
ofironcompoundsonpyrolysisbehaviorofcoalandmetallurgicalpropertiesofresultantcokesare
stillunclear．Thus,threeironcompounds,ie．, Fe３O４, Fe２O３andFeC２O４２H２O, wereadopted
toinvestigatetheireffectsoncoalpyrolysisbehaviorandmetallurgicalpropertiesoftheresultant
cokes．Theresultsshowthatironcompoundshaveslighteffectsonthethermalbehaviorofcoalblend
originatedfromthermogravimetricanddifferentialthermogravimetriccurves．Theapparentactivation
energyvarieswithdifferentironcompoundsrangingfrom９４８５to１１０１１kJ/molintheprimarypyＧ
rolysisprocess, whilelowerapparentactivationenergyisrequiredforthesecondarypyrolysis
process．Ironcompoundshaveanadverseinfluenceonthemechanicalpropertiesandcarbonstructure
ofcokes．Strongcorrelationsexistamongcokereactivity,cokestrengthafterreaction,andtheconＧ
tentofmetallicironincokesorthevaluesofcrystallitestackingheight, whichreflectthedependency
ofthermalpropertyonmetallicironcontentandcarbonstructureofcokes．

１．Introduction
　ThesustainabledevelopmentofironandsteelinＧ
dustryisnowfacingsomechallengesfromsevere
environmentalpressureanddepletionofhighquality
cokingcoalreservesinsomedevelopingcountries,
especiallyinChina．Theblastfurnace (BF) ironＧ
makingprocess, asthelargestenergyconsumer,
accountsformorethan６０％ oftotalenergyconＧ
sumptioninironandsteelindustry．Therefore,reＧ
ducingfuelconsumptionandCO２ emissioninBF
processhasbecomeanimportanttask．Increasing
theutilizationrateofCOinfurnacebyusinghighly
reactivecokecanbeaneffectivewaytoachievethis
goal．SomeresearchershaveconfirmedthattheutiＧ
lizationofthehighlyreactivecokecanobviously
promotetheshaftefficiencyanddecreasefuelconＧ
sumptionowingtoitslowerinitialreactiontemperＧ
atures with CO２, which also providesfavorable
thermodynamicsandkineticconditionsforreduction
reactionsbetweenreductantsandironoxidesinBF[１Ｇ４] ．
　Forpreparationofhighlyreactivecokes,previous

studiesindicatedthatthealkalineＧearth metals[１] ,
alkalimetals[２] andtransition metals[５] presenta
stronglypositivecatalysiseffectonthecokegasifiＧ
cationwithCO２．However,alkalimetalsandalkaＧ
lineＧearth metalsgenerallyleadtotheerosionof
furnaceliningandhearth[６] ．Differentfrom that,
theironcompoundshavereceived moreattention
becausetheydonothavenegativeimpactsontheBF
smeltingprocessandcanbeeasilyobtainedfromironＧ
bearingminerals．ApplicationoftheironcokeconＧ
taining４３％ironwasfoundtoleadtoanincreaseof
６．８％ inshaftefficiencyofBFs[７] ．Furthermore,
whilenodirectrelationbetweenthecokereactivity
andtotaliron (TFe) contentwasfound,theposiＧ
tiveinfluenceofironcompoundsonthegasification
ofcokewasmanifestedusingmoredetailedphase
analysisincludingmetalliciron,Fe３O４andFe２O３

[８Ｇ１０] ．
However,therelationshipbetweenironcompounds
andcoalcarbonizationhasbeenseldom reported．
CoalpyrolysisisafundamentalprocessinthecarＧ
bonizationandhasasignificantinfluenceonthe
structure, physicalandchemicalpropertiesofthe
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resultantcoke[１１,１２] ．Manyfactors,suchasrankof
coal, particlesizeandcomposition, temperature,
timeandheatingrate, werefoundtoaffectthepyＧ
rolysisandfurtherthestructuresandphysiochemiＧ
calpropertiesofresultantcoke[１３Ｇ１８] ．ManyliteraＧ
turesreportedtheeffectsofironcompoundsoncoal
pyrolysis．CypresandSoudanＧMoinet[１９,２０]concluded
thatFe３O４andFe２O３ haveapositiveinfluenceon
coalpyrolysisbydecreasingcoalreactivity．Yet,the
relationshipbetweenironcompoundsandkineticsof
coalpyrolysisalsorequiresfurtherinvestigation．
　Inthisstudy,thepyrolysisofcoalblendwasinＧ
vestigated experimentally using threeiron comＧ
poundsbymeansofthermogravimetric(TG)analyＧ
sisanddifferentialthermogravimetry (DTG)．The
effectsofironcompoundsonthermalbehaviorof
coalblendwererevealedandthekineticparameters
ofpyrolysisincludingtheapparentactivationenergy
andpreＧexponentialfactorwerecalculatedbyapplyＧ
inganonＧisothermalkinetic model．Furthermore,
theeffectsofironcompoundsonthepropertiesof
resultantcokesandtheirmutualrelationshipwere
alsostudied．

２．Experimental

２１．Preparationofsamples

　Atypicalcoalblendcomposedofthreekindsof
coalsamples,５０％ Yonghuncoal(YH),４０％ NanＧ
tongcoal(NT)and１０％ Shoumeicoal(SM), was
usedandhomogenizedinalaboratoryＧscale mixer
forsubsequenttests．TheparticlesizesoftheselectＧ
edcoalsamplesrangedfrom０５to３０ mm．The
proximateandultimateanalysesofthethreetypes
ofcoalsarepresentedinTable１．Threechemical
purereagentsofironcompounds (purity:approxiＧ
mately９８％), FeC２O４２H２O, Fe３O４,andFe２O３,
werechosenasadditives．Theironcompoundscan
berankedasFe３O４＞Fe２O３＞FeC２O４２H２OacＧ
cordingtotheirTFecontent．Theironcompounds
andcoalblendwereuniformlymixedintheratioof
３to１００asreportedinpreviousstudies[２１Ｇ２３] ．Inthis
study,thepyrolysistestsofthecoalblendanddifＧ
ferentadditiveswerelabeledasBCＧRAW,BCＧFeC２O４,
BCＧFe３O４,andBCＧFe２O３, andtherelevantresultＧ
antcokesamplesweredescribedasBCＧRAWcoke,

Table１
Maincharacteristicsofindividualtypesofcoalusedinexperiment(％)

Coal
Proximateanalysis Ultimateanalysis

Mad VMd Ad FCd Cd Hd Nd Sd Od
R０

YH ２３８ ２６９０ １０３３ ６２７７ ７５０１ ４５２ １７６ ２０１ ６３８ ０９５
NT ０８９ ２１３１ １２０３ ６６６６ ７６８２ ４１６ １２１ ０５１ ５２７ １０３
SM ２８５ １８２２ １１９８ ６９８０ ７６１３ ３７８ ０９３ ０５４ ６６５ １８０

Note: M—Moisture; VM—Volatilematter; A—Ash; FC—Fixedcarbon;Subscriptad—Airdry;Subscriptd—Dry;

R０—Meanreflectanceofvitrinite．

BCＧFeC２O４coke, BCＧFe３O４cokeandBCＧFe２O３coke,
respectively．

２２．PyrolysistestsandnonＧisothermalkineticsanalysis

　Thepyrolysistestsofthecoalblendwithdifferent
ironcompoundadditives werecarriedoutusinga
thermogravimetricanalyzer (SETARAM SETSYS
Evolution１６/１８, France)．Typically,approximately
(７±２) mgsamplewasplacedinaceramiccrucible
andheatedfromroomtemperatureto１０５０°Cwitha
heatingrateof１０°C/min．Topreventoxidation,the
testswereconductedinN２atmosphereataflowrate
of５０mL/min．Theweightofsampleswasrecorded
automatically．
　Inthiswork,severalspecifictemperaturesrelated
tothethermaldegradationofcoalweredefined,as
showninFig１andlistedbelow[２４] :TmaxisthetemＧ
peratureofthemaximumvolatileevolutionobtained
fromthestrongestpeakofDTGcurve, whileTiand
Tfaretheinitialandfinaltemperaturesofprimary
pyrolysisreactionresultedfromthepointofinterＧ

sectionbetweenthetangentlinewhichpassesthe
pointofTmaxandtheslightweightlossatthebeginＧ
ning(TA)andend (TB) ofcoalpyrolysis．ThebeＧ
ginningandendofcoalpyrolysiscanbeconfirmed
bythemethodofleastsignificantdifferenceanddeＧ
scribedasthefollowingequations:

　　GA＝min
Gn－Gn＋１

Tn＋１－Tn
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　１≤n≤１６６,n∈N∗ ,２００°C≤Tn≤４７８°C (１)

　　GB＝min
Gn－Gn＋１

Tn＋１－Tn
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１６６≤n≤５１０,n∈N∗ ,４７８°C≤Tn≤１０５０°C (２)
where,GA andGB aretheminimum valuesofthe
weightlossperunittemperatureatthebeginning
andendofcoalpyrolysis, respectively; Tn isthe
temperaturewiththecountingintervalof１０s;andGn

istheweightlossperunittemperatureatcountinginterＧ
valof１０s．Measurementsstartedat２００°Ctoavoidthe
influenceofwater(from moisture)ontheresults．
　TheconversionrateXresultingfromtheweightloss
ofthecoalsamplespyrolysisisshownasfollows[２５] :
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