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ABSTRACT

Theinteractionmechanismbetweenthecombustionproductsofpulverizedcoalinjectedandcokeinthe
racewayofblastfurnacewasstudiedthroughthermodynamiccalculationandexperiments．TheresultsinＧ
dicatedthatadditivessignificantlyaffectedthemeltingpropertyofcoalashinhightemperaturezone．AlＧ
thoughtheunburntchar,rawcoalash,andcatalyzedcoalashfailedtowetthecokesurface,thewettabilＧ
ityofthecatalyzedcoalashonthecokewasgreaterthanthatoftherawcoalash．Sincetheunburntchar
hadweakreactionwiththecokesurface,itshowedlittleinfluenceonthesurfacemorphologyofthecoke．
Theinteractionbetweentherawcoalashandthecokegaverisetotheincreaseintheporesizeonthecoke
surface．However,therawcoalashonlyaffectedthecokesurfaceandtheentrancesoftheporesowingto
itspoorfluidity．Afterbeingmelted,thecatalyzedcoalashwasexpectedtoimmergeintotheinsidepartof
thecokeandthenreactwiththecoke,resultinginanexpansionandincreaseofcokecavities．Therawcoal
ashandtheunburntcharreducedthecokereactivity, whilethecatalyzedcoalashimprovedthecokereacＧ
tivity．Thereinto,thecoalashcontainingFe２O３exhibitedalargerinfluenceonthereactivitythanthat
containingCaO．

１．Introduction
　Pulverizedcoalinjection(PCI)isaprimarytechＧ
nologyforoptimizingfuelsconstitutionandreducＧ
ingfuelsconsumptioninblastfurnace (BF)．This
technology not only saves costforironmaking
process, butreducesenvironmentalpollutionfrom
cokemakingprocess[１,２] ．
　PulverizedcoaliscombustedandgasifiedimmediＧ
atelyathightemperatureinthetuyereracewayof
BFs,butitscombustionratekeepsdecreasingwith
theincreaseincoalinjectionrateofBFs[３,４] ．By
samplingcokeandsimulatingthe workingcondiＧ
tionsatthetuyere,itisfoundthatwiththeincrease
incoalinjectionratio,thedegradationofthecoke
particleswithinBFsexhibitsanincreasingtendenＧ
cy[５] ．Therehavebeencontroversiesregardingthe
deteriorationmechanismofthecokeinBFs, espeＧ
ciallyintheraceway．MostofresearchesonthereＧ
actionanddeteriorationmechanismofcokeinraceＧ
wayindicatedthatthecokedeteriorationinraceway
iscausedbymechanicalwear,temperaturestress,
andchemicalreaction[６Ｇ１３] ．Yamaguchietal[６] argued

thatcoke deteriorationisinduced by mechanical
wearratherthanthermalstressortemperatureviＧ
bration．Petersetal[９] consideredthatwiththeinＧ
creaseinPCIratio, thetotalamountofunburnt
pulverizedcoalinracewayisincreased．Accordingly,
thetotalmomentumofparticlesisincreased,leadＧ
ingtocokedeteriorationintheraceway．Gudenauet
al[１０] demonstratedthatwhenunburntpulverized
coalismixedwithcoke,thesolidproductscanproＧ
tectcokefrombeingdeteriorated．Meanwhile,the
cokestrengthafterreactionisimprovedbecausethe
reactionrateofcharisgreaterthanthatofcoke
whentheyreactwithCO２．SimilarconclusionisobＧ
tainedbyYuetal[１１] andZhangetal[１２] ．HowevＧ
er,theresearchcarriedoutbyNaruseetal[１３]indiＧ
catedthatafterthepulverizedcoalinjectedisburnt
out,theproducedcoalashparticlesareexpectedto
reactwithcoke,leadingtocokedeterioration．The
experimentalresultsofKhairiletal[８] suggested
thatthegasificationproductsofthepulverizedcoal
withhighashfusionpointareusuallydepositedon
cokesurface, whichpreventscokefrom reacting
withgasphasesandtherebyreducesthereaction
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rateofsolutionloss．Onthecontrary,thepulverＧ
izedcoalwithlowashfusionpointislikelytoadＧ
heretocokesurface,resultinginanimprovedreacＧ
tionrateofcoke, whichispossiblyinducedbythe
catalysisofseveralmineralscontainedincoalash．
Therefore,itcanbeseenthatduetodifferentburnＧ
ingdegreesofpulverizedcoalinjected,thecombusＧ
tionproductshavecomplexinfluencesonthecoke
propertieswhentheyweremixedwithcoke．TheinＧ
fluenceofthesolidormoltenproductsgeneratedin
thecombustionandgasificationofpulverizedcoalon
thephysicalandchemicalproperitiesofhightemＧ
peraturecokeisrequiredtobefurtherstudied．
　Besides,inordertoimprovethecombustionreacＧ
itivityofpulverizedcoalinracewayoroptimizethe
energyconsumptionin BFs, a numberofcataＧ
lysts[１４Ｇ１７] andauxiliaryfuels[１８Ｇ２２] mainlycomposed
ofinorgainc mineralsareaddedintentionallyinto
pulverizedcoal; however, few studieshavebeen
performedontheinfluence ofthe physicaland
chemicalpropertiesoftheproductsofcombustion
andgasificationonthecokeproperties whenthe
propertiesoftraditionalfuels(bituminouscoaland
anthracite)havechanged．
　Starting withthermodynamiccalculation, high
temperaturemeltingcharacteristicsoftheproducts
generatedinthecombustionprocesswasanalyzed．
Furthermore, bycomparingthewettabilityofthe
combustionproductsoncokeandtheirinfluenceon
cokepropertiesbeforeandafterthecatalyticcomＧ
bustion, theinteraction mechanism betweenthe
combustionproductsofpulverizedcoalinjectedand
cokewasacquired．TheresultsareexpectedtoproＧ
videreferencefortheapplicationofthepulverized
coalinjectiontechnologyandthecatalyticcombusＧ
tiontechnologyinBF．

２．ExperimentalProceduce

２１．Samplepreparation

　Theextremelyshortresidencetimeofpulverized
coalinthetuyereandracewayofBFsgivesriseto
theincompletecombustionandgasification,andthe
productsoftheincompletereactionarecalledthe
unburntchar．Overtime,thecombusitonandgasiＧ
ficationratioisimprovedgraduallyinraceway．Asa
result,thecarboncontentintheunburntcharisreＧ
ducedgradually, whichfinally givesrisetothe
burntＧoutcoalash．Inaddition, applyingthetechＧ
nologyofcatalyticcombusition,thecatalystsblenＧ
dedwithcoalfinallyenterintothecoalash．ThereＧ
fore,threedifferentcombustionproductswereinＧ
vestigatedintheexperimentincludingtheunburnt
char,rawcoalash, andthecoalashproducedby
theadditionofcatalystintorawcoal, namely,the
catalyzedcoalash．Thepulverizedcoaladoptedin

thisexperimentwastheanthraciteusedforBFinＧ
jection,７０％ofwhichwaslessthan７４μmindiamＧ
eter．Theresultsofproximateandultimateanalysis
oftheanthraciteareshowninTable１．

Table１
Propertiesofcokeandcoal(％)

Analysis Component Coke Anthracite

Proximateanalysis Moisture ０９１ ０４６
Ash １４１２ １２５４
Volatilematter ３６１ １０８０
Fixedcarbon ８１３６ ７６７１

Ultimateanalysis Carbon ８２５１ ７８２２
Hydrogen ０２６ ２４９
Nitrogen １１３ ０９１
Sulfur ４４８ ０５２
Oxygen(bydifference) ２１７ ４８６

Analysisofash SiO２ ５２７１ ５８２２
CaO ７７０ ６１０
Al２O３ ３１１１ ２７６５
MgO １４１ ０５５
Fe２O３ ５１７ ４１２
TiO２ ２１７ ２８４

　　Note: Theanalysesaremadeinairdrybasis．

　Theunburntchar,therawcoalash,andthecataＧ
lyzedcoalash werepreparedina mufflefurnace．
Specifically,thepreparationprocessofunburntchar
wasdescribedasfollows:thepulverizedcoal(２００g)
wasspreaduniformlyonthebottomofacrucible,
andthenitwasheatedfromambienttemperatureto
７００°Cduring３０min．Afterwards,thefurnacewas
keptat７００°Cfor３０min．Theburnoutrateofcoal
Scanbedeterminedbytheashtracermethod[１４] ,
whichcanbeexpressedas

　　　S＝
１－Ar/Au

１－Ar
×１００％ (１)

where,ArandAuareashcontentsintherawcoal
andunburntchar, respectively．Theunburntchar
has７６．５４％ofburnoutrateaccordingtothismethＧ
od, whichapproximatedtotheactualburnoutrate
ofpulverizedcoalintheracewayofBF．Inaddition,
therawcoalashwaspreparedbasedontheChinese
standardGB/T１５７４Ｇ２００７．After１０％oftwotypiＧ
calcatalysts (Fe２O３ andCaO) commonlyusedin
thecatalyticcombustionofcoalwasblendedinto
therawcoal,thecombustionproductwasprepared
alsobasedontheChinesestandardGB/T１５７４Ｇ２００７．
　Thecokeutilizedintheresearchwastakenfrom
anironandsteelenterpriseanditsproximateanalyＧ
sisisgiveninTable１．Thecokewithlength, width
andheightallgreaterthan８cmwasselected, which
wasthencarefullycutintoseveralcuboidswiththe
dimensionof３cm×３cm×１cmbyusingacutting
machine．Inordertoremovethepossiblepowders
leftbythecuttinginthecokesurfaceandthepores,
thesecuboidswerecleanedinanultrasoniccleaning
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