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ABSTRACT

Blastfurnace(BF)ironmakingisdominantforreducingpollutionemissionandenergyconsumptionin
ironandsteelindustry．Undertheincreasinglystrictenvironmentalpressure,someinnovativetechＧ
nologiesofBFironmakingforenvironmentalprotectionhavebeendevelopedandappliedinactualopＧ
eratingfacilities．ThecurrentstateofBFironmakinginEurope, America,Japan,andChinawere
brieflyoverviewed．Moreover,someinnovativeBFironmakingtechnologiesaimingatenvironmental
harmonyandoperationintellectualizationintheworld,suchaswastegasrecyclingsintering,BFopＧ
erationwithcokeovengasinjection,ferroＧcoke,limecoatingcoke,BFvisualizationandintellectualiＧ
zation, wereroundlysummarized．Finally,somediscussiononthetechnologieswascarriedoutand
thedevelopmenttrendsofBFironmakingwerepointedout．Thereviewcouldprovidereferencesand
supportsfortheprogressofenvironmentＧfriendlytechnologiesofBFironmaking,therebypromoting
theirpracticalapplicationsandachievingsustainabledevelopmentofBFironmaking, especiallyfor
Chineseironmakingindustry．

１．Introduction
　Recently,environmentalproblemssuchasglobal
warmingandairpollutionhavebecomeincreasingly
seriousandattractedwideattention．Themitigation
ofCO２emissionhasbecomeahotissueforachieＧ
vinglowcarbonlivingthroughouttheworld (Paris
ClimateConferencein２０１５)．AsoneofthepillarinＧ
dustriesfornationaleconomyandsociety,steelinＧ
dustryisresponsibleforreducing CO２ emission,
whichaccountsfor５％－７％ofthetotalglobalCO２

emission[１] andabout１５％ ofthewholeindustrial
CO２ emission[２] ．Meanwhile, blastfurnace (BF)Ｇ
converterprocessisdominantforsteelproduction
presentlyandinthefuture．Amongthisprocess,BF
producesmorethan９４％ofthetotalpigironallover
theworld[３] ,whoseenergyconsumptionandCO２emisＧ
sionaccountforabout７０％ ofthewholeironand
steelenterprise[１,４] ．The energy consumption is
quitehighandthepollutionis much moresevere
consideringrawmaterialsprocessing,suchassinteＧ
ring, pelletizing, andcoking．Therefore, energy
conservationandpollutionreductioninironmaking

systemareremarkablysignificantforthesustainＧ
abledevelopmentofironandsteelindustry．
　UndertheincreasinglystrictenvironmentalstandＧ
ards,someinnovativetechnologiesforreducingpolＧ
lutantsemissionandsavingenergyinBFironmakＧ
ingweredevelopedorappliedinactualoperatedfaＧ
cilitieswithgoodresultsinmanycountries,suchas
UltraLowCO２Steelmaking(ULCOS)Project[５] ,CO２

UltimateReductioninSteelmakingprocessbyinnovaＧ
tivetechnologyforcoolEarth５０ (COURSE５０) ProＧ
ject[６] , SuperＧSINTER, limecoatingcoke, waste
gas recycling sintering, magnesia pellet, ferroＧ
coke,reactivecokeagglomerate,coＧinjectionofnatＧ
uralgasandcoal,andBFvisualization．InthispaＧ
per,thecurrentstateofBFironmakinginEurope,
America,Japan,andChinawasbrieflyoverviewed．
Furthermore,someinnovativeBFironmakingtechＧ
nologiesaimingatenvironmentalharmonyandinＧ
tellectualizationwereroundlysummarizedtogether
withpracticalapplications．Finally,somediscussion
onthetechnologieswascarriedoutandthefuture
developmenttrendsofBFironmakingwereindicaＧ
ted．ThisreviewcouldprovidebeneficialinformaＧ

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)７５１－７６９　　　　　　　　　　



tionfortheinvestigationonenvironmentＧfriendly
technologiesofBFironmaking, andpromotethe
progressandsustainabledevelopmentofBFironＧ
making,especiallyforChineseironmakingindustry．

２．EnvironmentＧfriendlyandIntellectualization
TechnologiesofBFinEurope

２１．OverviewofBFironmaking

　BFhotmetalproductionwasdecreasedfrom１０３Mt
in１９８０to８０Mtin２０１４forEU１５(Austria,Belgium,
Denmark,Finland,France, Germany, Greece,IreＧ
land, Italy, Luxemburg, Netherlands, Portugal,
Spain, Sweden, UK) sincethefinancialcrisisin
２００８broughtaboutacollapsetosteelindustry,as
showninFig１[７] ．Moreover,thenumberofBFsreＧ
ducedfrom９２in１９９０to４５in２０１３．However,the
averageproductionperfurnacerosefrom １０４to
１７１Mtofhotmetalperyearandtheaveragevolume
ofthefurnaceincreasedfrom１６３０to２０６３m３[８] ．FurＧ
thermore,theenergyutilizationefficiencyofBFin
Europeisquitehighandthecokeratioisdecreased
toanaverageofabout３３０kgpertonofhotmetal
(kg/t)in２０１３．InsomeBFs,thecokeratioisreＧ
ducedto２７０kg/ttogetherwith２３０kg/tcoalinjecＧ
tion．Additionally, almostallBFs wereoperated
withcoalinjectionandwithoutoilandnaturalgas
injectionforeconomicreasons．TheemissionofCO２

fromBFisabout１５７０kg/tinEurope[８] ,considered
asthelowestemissionintheworld．Currently,the
standardsfortheenvironmentalprotectionintheinＧ
dustryarestrictandtheoperationswithhighpolluＧ
tantemissionslikethesteelindustryhavebecomea
majorissueinrecentyears．

Fig１．　VariationofhotmetalproductioninEU１５．

２２．BFchargingburdens

　TheironＧbearingburdensofBFinEuropemainly
consistofsinter, pelletandlumpore．Recently,
sinterchargingratioinmixedburdenswasremarkＧ
ablydecreasedwhilethatofpelletwasincreasedin
termsofenvironmentalprotection．In１９９０,thesinＧ
terchargingratioformanyactualoperatingBFswas

over８０％ whilethechargingburdenstendedtobe
shiftedtoahigherpelletratioin２０１３[９] ．FurtherＧ
more,sinterplantswereclosedinSwedenandFinＧ
land, whereBFchargingburdensconsistedofabout
９０％pelletsand１０％ briquettesofrecyclingwaste
materials．InEurope,sintercannotbetradableand
pelletaswellaslumporeisalmostprovidedbyiron
oresupplier．TheonlypelletplantisoperatedatIJＧ
muidenworksinTataSteel[１０] ．
　Additionally,thesinteringprocessismainlyused
totreatrecyclingmaterialsandwastematerialssuch
asironＧbearingdust, sludge, andfines material,
whichiswhysinteringprocessisstillreservedin
EuropeundermeetingtherequirementofmetallurＧ
gicalperformance and environmental protection．
However, wastematerialscontaininghighCl,high
S,highZn,highPb,andhighalkaliarenotpermitＧ
tedtorecycleviasinterplants．In２０１３, ２９sinter
plantswerecommerciallyoperatedin EU１５．The
averagesuctionareaofsintermachineisabout２８８m２

andthelargestsuctionareaisupto５８９ m２．The
highestproductivityofsinteringwith５９５t/(m２d)
sinterwasachieved[８] ．

２３．SinteringwastegascleaningandrecyclingtechＧ
nologies

　InEurope, sinterplantshavetoadoptfeasible
andeffectivemeasurestomeettheseverestandards
forenvironmentalprotection, especiallyforreducＧ
ingdischargingofdust, SO２, NOx, anddioxins．
AlmostallsinterplantsemployedwastegascleanＧ
ingtechnologiesandwastegasrecyclingsintering
technologies for governing the sintering waste
gas[１１] ．MEEP (movingelectrodetypeelectrostatic
precipitator)technologyandwastegasdrycleaning
technology weredevelopedforcleaningsintering
wastegas．Also,somewastegasrecyclingsintering
technologies[１２] ,suchasLEEP (lowemissionand
energyoptimized sinterprocess) and EPOSINT
(environmentalprocessoptimizedsintering), were
adoptedtoreduceexhaustgasemission．
　Dustinsinteringwastegascannotbeadsorbedby
thetraditionalelectrostaticprecipitationtechnology
sinceitsresistanceismorethanthecriticalvalue．
Themovingelectrodeandrotatingbrushareusedin
MEEPtechnologytoavoidpartialblowbackeffect[１３,１４] ．
TheoperatingprincipleofMEEPtechnologyisshown
inFig２[１５] ．MEEPtechnologywasdevelopedand
successfullyappliedat Eisenhüttenstadtsintering
machineinArcelorMittal[１５] ．Inaddition, milledligＧ
nitesemiＧcoke, cokebreezeoractivecoalusedas
adsorbentareinjectedintotheoffＧgaslinetogether
withelectronicmagneticfilterbagorclothbagunits
toreducetheemissionofdioxinsinsinteringwaste
gas, whichiscurrentlystateofthearttechnology
forreducingdioxinsemission,asshowninFig３[１５] ．
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