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Abstract:Thereductionofzincandironoxidesfromelectricarcfurnacedust(EAFD)bycarbonwasinvestigatedat
temperaturesbetween８００and１３００℃．Theanalytictechniqueemployedincludeschemicalanalysis,XＧrayfluoresＧ
cencespectroscopy(XRF),XＧraypowderdiffraction(XRD),scanningelectronmicroscopy(SEM)equippedwith
XＧrayenergydispersivespectrometry(EDS),andthermodynamicdatabaseFactSage６２．ItwasfoundthatthereＧ
ductionofzincandironoxidesdependslargelyonBoudouadreaction．At９００ ℃,zincexistsintestedsamplesas
ZnO,whichisreducedinthetemperaturerangeof１０００－１１００℃．At１１００℃,９９１１％ofthezincisevaporated．
ThemetallizationratioofFeis７９１９％at１３００℃,asthecontentofFe２＋isstill９４０％．Ahighertemperatureis
thusrequiredforahigherreductiondegreeofFeoxidesbysolidorgaseouscarbon．
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　　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,
Zncontentintheobtaineddustincreasedto２９７％
from２１５％ andthequantityofdustdecreasedby
morethan４０％．
　　Inthepresentstudy,behaviorsofzincandiron
oxidesintheEAFDduringcarbothermicreduction
areinvestigatedusinglaboratoryequipments．The
resultsobtainedmaybeusefultoimproveoperations
ofEAFDrecyclingbysmeltingintheelectricarc



furnace．

１　Experimental
１１　Material
　　ThesamplesofEAFDandcarbonpowderused

wereobtainedfrom Uddeholm Tooling AB,SweＧ
den．TheEAFD,withcompositionshowninTable１,
contains２１５０％Znand５０２％ 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/％ ５８３ ６０７ ６１３ ５３７ ５３１ ７１２ １０１０ ９９９ １６２０
wAl２O３/％ ０３５ ０３９ ０３７ ０３４ ０３２ ０４３ ０６１ ０５９ ２０５
wSiO２/％ ５６７ ５８６ ６１５ ５４０ ５３７ ６９１ ９２０ ９１０ １４５０
wCaO/％ ６８０ ７９０ ６９０ ６８０ ７１０ ８１０ １０１０ ９９０ １６７０
wCaF２/％ １６０ １００ ２２０ ０９０ ０５０ １７０ ３４０ ３５０ ３５０
wCr２O３/％ ５０２ ５２６ ５２３ ４６１ ４５９ ６６０ ７２５ ７３７ ６９０
wMnO/％ ２２７ ２２９ ２３６ ２１３ ２１３ ２５８ ３１９ ３１９ ３９８
wS/％ ０１２ ０１０ ０１３ ０２６ ０２６ ０３２ ０４２ ０４６ ０５６

wP２O５/％ ００８ ００８ ００９ ００８ ００８ ０１１ ０１６ ０１６ ０１０
wV２O５/％ ０３０ ０３３ ０３２ ０２８ ０２８ ０３８ ０５０ ０５０ ０５５
wC/％ ０２６ ００７ ００５ １４１０ １３６０ ７６８ ７１９ ７３９ ６４７
wZn/％ ２１５０ ２１４０ ２１２０ １９１０ １８９０ １４１０ ０３１ ００７ ０００１４
mFe/％ ＜０１０ ０５０ ０９１ ０６５ ０９３ ２３１０ ３５１０ ３７００ １６９０

wFe２＋/％ １２８ １３１ １５５０ ６７５ １５８０ １１２０ １１２０ ９１０ ９４０
RZn/％ － ２４６ ５３４ ０５０ ３３０ ４６２２ ９９１１ ９９８０ １００００
RFe/％ － １７４ ３１０ ２５８ ３６３ ６７１５ ７７１４ ７８７０ ７９９１
mR/％ － ４９００ ４８００ ５６００ ５５００ ４１００ ３１００ ３０００ ２４００

ζ/％ － ２００ ４００ ３４５ ５１７ ２９３１ ４６５５ ４８２８ ４８３８

　　　　　　Note:R meansreductionrate;mRdenotesmassofmetalinEAFdust;andζrepresentsmasslossofdust．

１２　ExperimentalsetＧupandprocedure
　　Theexperimentalsystemconsistedofacrucible
systemwithanAl２O３crucibleinsideagraphitecruＧ
cibleandaninductionfurnaceofmaximum６０kW
and３kHz,asshowninFig１．Foreachtest,amixＧ
tureof５０gEAFDand８gcarbonpowderwasconＧ
tainedintheAl２O３crucible,whichwasheatedby
theoutergraphitecrucible．Athermocouplebetweenthe

Fig１　TestsetＧupforcarbothermically
reducingEAFDsamples

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

１３　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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