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Abstract:Thereductionofzincandironoxidesfromelectricarcfurnacedust(EAFD)bycarbonwasinvestigatedat
temperaturesbetween８００and１３００℃．Theanalytictechniqueemployedincludeschemicalanalysis,XＧrayfluoresＧ
cencespectroscopy(XRF),XＧraypowderdiffraction(XRD),scanningelectronmicroscopy(SEM)equippedwith
XＧrayenergydispersivespectrometry(EDS),andthermodynamicdatabaseFactSage６􀆰２．ItwasfoundthatthereＧ
ductionofzincandironoxidesdependslargelyonBoudouadreaction．At９００ ℃,zincexistsintestedsamplesas
ZnO,whichisreducedinthetemperaturerangeof１０００－１１００℃．At１１００℃,９９􀆰１１％ofthezincisevaporated．
ThemetallizationratioofFeis７９􀆰１９％at１３００℃,asthecontentofFe２＋isstill９􀆰４０％．Ahighertemperatureis
thusrequiredforahigherreductiondegreeofFeoxidesbysolidorgaseouscarbon．
Keywords:electricarcfurnace;dust;reduction;ZnO;ZnFe２O４

　　Electricarcfurnacedust(EAFD)isgenerated
duringtheproductionofsteelinanelectricarcfurＧ
nace(EAF)．InatypicalelectricarcfurnaceoperaＧ
tion,approximately１％－２％ ofthechargeisconＧ
vertedtodust[１]．Duetoitsphysicalandchemical
properties,theEAFDhasbeencategorizedashazＧ
ardouswastebymanycountries[２]．However,major
componentsoftheEAFDareironandzincoxides．
LandfillofEAFDnotonlywastesthemetalmateriＧ
als,butalsoposespotentialthreatstotheenvironＧ
ment．Therefore,manypyroＧ[３,４]andhydroＧmetalＧ
lurgical[５－７]processeshavebeendevelopedaround
theworldinordertotreattheEAFDandtousethe
EAFDasasecondaryraw materialforsteelmaking
andzincproduction．
　　A partofzincinEAFDexistsinfranklinite
(ZnFe２O４),whichisconsiderablyrefractoryagainst
leaching[８],givingdifficultiestohydrometallurgical
treatments．Thefrankliniteproblemcanbesolved
bypyroＧmetallurgicaltreatments,suchastheWaelz

kilnprocess．However,theWaelzprocessoperates
economicallyonlywhenthezinccontentishigher
thanabout１５％－２０％intheEAFD[４]．Processing
lowgradeEAFD,theEAFDwithlowZncontent,
willincreasetheenergyconsumptionandenhance
theenvironmentalimpact．Subsequently,treatment
processestoincreasethezinccontentandreducethe
EAFDamounthavebeeninvestigated[９－１１]．Lopezet
al􀆰[９]loadedbriquettes,madeofEAFD,reducing
agentsandagglutinantagents,intoanelectricarc
furnacetoobtaindustswithzinccontentof３２％．
Yangetal􀆰[１１]hasshownthat,viaEAFDrecycling,
Zncontentintheobtaineddustincreasedto２９􀆰７％
from２１􀆰５％ andthequantityofdustdecreasedby
morethan４０％．
　　Inthepresentstudy,behaviorsofzincandiron
oxidesintheEAFDduringcarbothermicreduction
areinvestigatedusinglaboratoryequipments．The
resultsobtainedmaybeusefultoimproveoperations
ofEAFDrecyclingbysmeltingintheelectricarc



furnace．

１　Experimental
１􀆰１　Material
　　ThesamplesofEAFDandcarbonpowderused

wereobtainedfrom Uddeholm Tooling AB,SweＧ
den．TheEAFD,withcompositionshowninTable１,
contains２１􀆰５０％Znand５􀆰０２％ Cr２O３．Themineral
phasesidentifiedby XRD analysisarefranklinite
(ZnFe２O４),zincite(ZnO),andmagnetite(Fe３O４)．

Table１　Chemicalcomposition,RZn,RFe,mRandζofthetreatedEAFDsamples

TestNo． EAFD A０１ A０２ A１ A２ A３ A４ A５ A６

Temperature/℃ ９００ １１００ ８００ ９００ １０００ １１００ １２００ １３００

wMgO/％ ５􀆰８３ ６􀆰０７ ６􀆰１３ ５􀆰３７ ５􀆰３１ ７􀆰１２ １０􀆰１０ ９􀆰９９ １６􀆰２０
wAl２O３/％ ０􀆰３５ ０􀆰３９ ０􀆰３７ ０􀆰３４ ０􀆰３２ ０􀆰４３ ０􀆰６１ ０􀆰５９ ２􀆰０５
wSiO２/％ ５􀆰６７ ５􀆰８６ ６􀆰１５ ５􀆰４０ ５􀆰３７ ６􀆰９１ ９􀆰２０ ９􀆰１０ １４􀆰５０
wCaO/％ ６􀆰８０ ７􀆰９０ ６􀆰９０ ６􀆰８０ ７􀆰１０ ８􀆰１０ １０􀆰１０ ９􀆰９０ １６􀆰７０
wCaF２/％ １􀆰６０ １􀆰００ ２􀆰２０ ０􀆰９０ ０􀆰５０ １􀆰７０ ３􀆰４０ ３􀆰５０ ３􀆰５０
wCr２O３/％ ５􀆰０２ ５􀆰２６ ５􀆰２３ ４􀆰６１ ４􀆰５９ ６􀆰６０ ７􀆰２５ ７􀆰３７ ６􀆰９０
wMnO/％ ２􀆰２７ ２􀆰２９ ２􀆰３６ ２􀆰１３ ２􀆰１３ ２􀆰５８ ３􀆰１９ ３􀆰１９ ３􀆰９８
wS/％ ０􀆰１２ ０􀆰１０ ０􀆰１３ ０􀆰２６ ０􀆰２６ ０􀆰３２ ０􀆰４２ ０􀆰４６ ０􀆰５６

wP２O５/％ ０􀆰０８ ０􀆰０８ ０􀆰０９ ０􀆰０８ ０􀆰０８ ０􀆰１１ ０􀆰１６ ０􀆰１６ ０􀆰１０
wV２O５/％ ０􀆰３０ ０􀆰３３ ０􀆰３２ ０􀆰２８ ０􀆰２８ ０􀆰３８ ０􀆰５０ ０􀆰５０ ０􀆰５５
wC/％ ０􀆰２６ ０􀆰０７ ０􀆰０５ １４􀆰１０ １３􀆰６０ ７􀆰６８ ７􀆰１９ ７􀆰３９ ６􀆰４７
wZn/％ ２１􀆰５０ ２１􀆰４０ ２１􀆰２０ １９􀆰１０ １８􀆰９０ １４􀆰１０ ０􀆰３１ ０􀆰０７ ０􀆰００１４
mFe/％ ＜０􀆰１０ ０􀆰５０ ０􀆰９１ ０􀆰６５ ０􀆰９３ ２３􀆰１０ ３５􀆰１０ ３７􀆰００ １６􀆰９０

wFe２＋/％ １􀆰２８ １􀆰３１ １５􀆰５０ ６􀆰７５ １５􀆰８０ １１􀆰２０ １１􀆰２０ ９􀆰１０ ９􀆰４０
RZn/％ － ２􀆰４６ ５􀆰３４ ０􀆰５０ ３􀆰３０ ４６􀆰２２ ９９􀆰１１ ９９􀆰８０ １００􀆰００
RFe/％ － １􀆰７４ ３􀆰１０ ２􀆰５８ ３􀆰６３ ６７􀆰１５ ７７􀆰１４ ７８􀆰７０ ７９􀆰９１
mR/％ － ４９􀆰００ ４８􀆰００ ５６􀆰００ ５５􀆰００ ４１􀆰００ ３１􀆰００ ３０􀆰００ ２４􀆰００

ζ/％ － ２􀆰００ ４􀆰００ ３􀆰４５ ５􀆰１７ ２９􀆰３１ ４６􀆰５５ ４８􀆰２８ ４８􀆰３８

　　　　　　Note:R meansreductionrate;mRdenotesmassofmetalinEAFdust;andζrepresentsmasslossofdust．

１􀆰２　ExperimentalsetＧupandprocedure
　　Theexperimentalsystemconsistedofacrucible
systemwithanAl２O３crucibleinsideagraphitecruＧ
cibleandaninductionfurnaceofmaximum６０kW
and３kHz,asshowninFig􀆰１．Foreachtest,amixＧ
tureof５０gEAFDand８gcarbonpowderwasconＧ
tainedintheAl２O３crucible,whichwasheatedby
theoutergraphitecrucible．Athermocouplebetweenthe

Fig􀆰１　TestsetＧupforcarbothermically
reducingEAFDsamples

twocruciblesmeasuredthetesttemperature．
　　ThetestmixturesinAl２O３crucibleswerefirst
heatedforabout１htoreachthedesiredtesttemperＧ
atureandthenheldfor２hintheprotectiveatmosＧ
phereofargon．Afterthat,thesampleswerecooled
downinthesystemtoroomtemperature．Therange
oftesttemperaturewas８００－１３００ ℃,withaninＧ
crementof１００℃,giving６testsamples．AdditionＧ
ally,thereweretworeferencetestscarriedoutat
９００and１１００℃,usingonlytheEAFDsamples．

１􀆰３　Analysismethodandinstruments
　　ThetotalcompositionforeachtestsamplewasanaＧ
lyzedbyUddeholm Tooling AB (Sweden)withXＧray
fluorescencespectroscopy(XRF)．Thetotalcontents
ofzincandironwereanalyzedwithflameatomicabＧ
sorptionspectrometric methodandtitanium (III)
chloridereduction method,respectively．Theferric
chlorideＧsodiumacetatevolumetricmethodandpoＧ
tassiumdichromatevolumetricmethodwereusedto
determinethecontentsofmetallicironandiron(II),reＧ
spectively．Theseanalysesweredonerepeatedlyin
thelaboratoryofUSTB,reportingmeanvalues．
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