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ABSTRACT

Aimingatthecurrentcharacteristicsofblastfurnace(BF) process,carbonsavingpotentialofblast
furnacewasinvestigatedfromtheperspectiveoftherelationshipbetweendegreeofdirectreduction
andcarbonconsumption．Anewrelationshipchartbetweencarbonconsumptionanddegreeofdirect
reduction, whichcanreflectmorerealsituationofblastfurnaceoperation, wasestablished．FurtherＧ
more,thecarbonsavingpotentialofhydrogenＧrichoxygenblastfurnace (OBF) processwasanaＧ
lyzed．Then,thepolicyimplicationsbasedonthisrelationshipchartestablishedweresuggested．On
thisbasis,themethodofimprovingthecarbonsavingpotentialofblastfurnacewasrecyclingthetop
gaswithremovalofCO２andH２OorincreasinghydrogeninBFgasandfulloxygenblast．Theresults
showthatthecarbonsavingpotentialintraditionalblastfurnace(TBF)isonly３８－５６kg􀅰t－１while
thatinOBFis１３８kg􀅰t－１．Theoretically,thelowestcarbonconsumptionofOBFis２６１kg􀅰t－１

andthecorrespondingdegreeofdirectreductionis０􀆰０４．Inaddition,thetheoreticallowestcarbon
consumptionofhydrogenＧrichOBFis２５７kg􀅰t－１．Themodelinganalysiscanbeusedtoestimatethe
carbonsavingspotentialinnewironmakingprocessanditsrelatedCO２emissions．

１．Introduction
　Inrecentyears,theimportanceofminimizingcarbon
dioxideemissionsinthesteelindustryhasemerged
asacriticalconcerninhelpingtoslowdowntherate
ofglobalwarming．Severaljointresearchprojects,
suchastheUltraＧlow CO２ Steelmaking (ULCOS)
inEurope,havebeenproposedtodeveloptechnoloＧ
giesthatlimitenergyconsumptionandgreenhouse
gasemissionsfromsteelplants．ThenewblastfurＧ
naceironproductionprocessisoneofthekeydevelＧ
opmenttechnologiesthatemergesfromthesejoint
projects, whichaddressestheproblemsassociated
withenergyconsumption．Traditionalblastfurnace
(TBF) wasdevelopedmorethanonehundredyears
ago．Theoretically, theconsumptionofcarbonin
thistypeoftraditionalprocessisclosetoitslowest
value[１] ．However, thedisadvantagesoftheTBF
ironmakingprocess,suchaslongproductioncycle,
highenergyconsumption, highpollutantemission,
andamassivehighqualitycokethatisconvertedto
lowqualitygas, havebecomeincreasinglyobvious

primarilyowingtotheshortageofcoalandthelimＧ
itsbeingimposedoncarbondioxideemissionand
othermetallurgicalpollutants．AccordingtostatisＧ
ticscompiledin２０１５,theaveragefuelratiofora
blastfurnace(BF)inChinais４５０－５００kg􀅰t－１[２] ．
Fuelconsumptioninblastfurnaceironproductionis
highandfurtherachievingcarbonsavingsandlow
CO２emissionsfromtheblastfurnaceprocessisexＧ
tremelyurgent．Therefore,itisverystrategically
importanttofurtherreducethequantityofcarbon
consumedintheironmakingprocess．
　AsproposedbyPamm[３] ,theinfluenceofdirect
reductiononthecarbonconsumptioninblastfurＧ
nacehasahugeimpactontheprocess．Thiswas
aptlyillustratedbyPamminhisplotofcarbonconＧ
sumptionanddegreeofdirectreduction[３] ．Theuse
ofcarbonintheblastfurnaceaswellasthepotential
forcarbonsavingsandthedirectionforresearchin
reducingcarbonconsumptioncanbeintuitivelyobＧ
servedfromthedatainPamm′swork．However,
thereareconsiderablelimitationsinthetraditional
relationshipbetweencarbonconsumptionanddeＧ
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greeofdirectreduction, becauseonlytheFeOreＧ
ductionofironoxidesiscalculated．Infact,several
reductionreactionsincludingbothFe２O３andFe３O４

occurinablastfurnace．Inaddition,theuseofpulＧ
verizedcoalinjectiontechnologysharplyincreases
thehydrogencontentinthereducinggases．However,
theinfluenceofthehydrogencontentoncarbonconＧ
sumptionisnotconsideredinthetraditionalrelaＧ
tionship,sothatthetotalcarbonconsumptioninan
actualblastfurnaceisnotreflectedinPamm′sasＧ
sessment．
　Withthisbackgroundinmind,anewtechnology
calledtheoxygenblastfurnace(OBF)ironproducＧ
tionprocesshasemergedovertimeandhasbeenperＧ
fectedforseveraldecades．ThisprocessischaracterＧ
izedbyanincreaseinthereductionpotentialofthe
blastfurnacegas[４] ,sothatthelevelofdirectreducＧ
tioncanbesignificantlyreducedtolessthan０􀆰１[５,６] ．
Atpresent, theoxygenblastfurnaceironmaking
processhasbeeninvestigatedusinghighＧtemperaＧ
turetests[７Ｇ９] andnumericalsimulations[１０Ｇ１３] ．HowＧ
ever,fewresearchershaveaddressedthepotential
forenergysavingintheblastfurnacebyinvestigaＧ
tingtherelationshipbetweenthedegreeofdirectreＧ
ductionandcarbonconsumption．Furthermore,the
samerelationshipintheOBFhasnotbeenestabＧ
lishedyet．
　Inthisstudy, theintentwastoanalyzeenergy
consumptioninChinesesteelworksbyusinganewＧ
lydevelopedrelationshipchartthatdescribescarbon
consumptionanddegreeofdirectreductioninthe
processbasedontheexcesscoefficientofthereducＧ
tionreactions．Thisrelationshipshouldeffectively
reflecttheactualsituationinablastfurnaceoperaＧ
tion．Moreover, twowaysofcarbonsavinginBF
wereinvestigated; one wasrecyclingthetopgas
withremovalofCO２andH２O, andtheotherwas
hydrogenＧrichoxygen blastfurnace．Somepolicy
implicationswereproposedbasedontheanalysisof
therelationalchartdescribingenergyconsumption．

２．CarbonConsumptionTheoryofTBF

２􀆰１．Carbonconsumptionof directreductionon
minorelements

　TherearethreefactorsthataffectthecarbonconＧ
sumptioninablastfurnace: (i)carburizationofpig
ironandreductionofminorelements; (ii)reduction
ofironoxides, whichincludesdirectreductionand
indirectreduction;and(iii)productionofheattomeet
thetemperaturerequirementsofblastfurnaceprocess．
ThecarbonconsumptionofablastfurnaceisdeterＧ
minedfromtheproductionof１thotmetal．ItisasＧ
sumedthatthereductionofFe２O３ toFe３O４ and
Fe３O４toFeOisaccomplishedbyCO, whichispart
oftheindirectreduction．Thechemicalcomposition

ofhotmetalwasprovidedbyLaiwuIronandSteel
Ltd．inChinaasshowninTable１．Table１shows
thatthecarbonconsumptionfromthecarburization
ofthehotmetalis４１􀆰４kg􀅰t－１andthecarbonconＧ
sumptionbythereductionofminorelements (Si,
MnandP)canbecalculatedusingEq􀆰(１)．
　CSi,Mn,P＝１２/２８w [Si] ＋１２/５５w [Mn] ＋６０/６２w [P] ＝

(１２/２８×０􀆰５＋１２/５５×０．１５＋６０/６２×
０􀆰０８)/１００×１０００＝５􀆰４３kg􀅰t－１ (１)

where,CSi,Mn,Pisthecarbonconsumptionondirect
reductionofminorelementspertonhotmetal,kg􀅰
t－１;andw [Si] , w [Mn] , andw [P] arethemassfracＧ
tionsofSi, Mn,andPinhotmetal,respectively, ％．

Table１
Chemicalcompositionofhotmetalfromamajoriron
andsteelcompanyinChina(wt．％)

Fe Si S P Mn C Total

９５􀆰１０ ０􀆰５０ ０􀆰０３ ０􀆰０８ ０􀆰１５ ４􀆰１４ １００􀆰００

　Currently,thechemicalcompositionofhotmetal
inthesteelindustryisquiteconsistent．Thus,the
twomainfactorsthatcontrolthecarbonconsumpＧ
tioninablastfurnacearethereductionofironoxＧ
idesandheatrequiredtomelttheconstituents．

２􀆰２．Effectivenessofhydrogenasreducingagent

　Thetechnologyofpulverizedcoalinjectionis
widelyusedinblastfurnacetechnologytodecrease
therateofcoking．Thehydrogencontainedinthe
coalisusedintheprocessofreducingtheironoxＧ
ides, whichdecreasestheoverallcarbonconsumpＧ
tionintheprocess．However,theutilizationofthe
availableH２isextremelylimitedbythebalanceof
CO, CO２, H２ and H２Ointhechemistryofthe
process．Previousresearch[１４] hasreportedthatthe
utilizationrateofH２intheTBFisabout３０％ －
５０％．However, morethan８０％oftheavailableH２

canparticipateinreductionreactionsinablastfurＧ
nace, whichdirectlyreplacescarbonandparticipates
inFeOreduction．
　TheassumptionsusedforcalculationsofhydroＧ
genutilizationwere: (１)theutilizationrateofH２is
４０％anditisusedexclusivelyinthereductionreacＧ
tionofFeO; (２)inthesmeltingprocessinChina′s
largesteelworks,theamountofpulverizedcoalinＧ
jectionismaintainedas１５０kg􀅰t－１,inwhichthe
H２contentis４％ (masspercent)．Then,thedegree
ofreductionofH２forreducingFeO wascalculated
asfollows:
　rH２＝wcoalφ(H２)×０􀆰４×５６/２×１/w [Fe] ＝１５０×

０􀆰０４×０􀆰４×５６/２×１/９５１＝０􀆰０７ (２)
where,rH２isthedegreeofFeOreductionbyH２,
％; wcoalistheamountofpulverizedcoalinjection
foreachtonofhotmetal, kg􀅰t－１;φ(H２)isthe
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