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PreparationofChromiumＧironMetalPowderfromChromiumSlag
byReductionRoastingandMagneticSeparation
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Abstract:Chromiumslag(CS)hasbecomeoneofthemosthazardoussolidwastecontainingchromiumandiron．
Basedonitscharacteristics,thetechnologyofreductionroastingandmagneticseparationwasemployedtotreatCS．
ThemajorimpurityelementofCSismagnesiumanditexistsinmagnesiumferritephase,whichishardtorecover
ironintheabsenceofadditives．Duringreductionroasting,additives(Al２O３andCaF２)coulddestroythestructure
ofmagnesiumferriteandimprovetheirongradeandrecovery．Thefinalproduct,i􀆰e􀆰chromiumＧironpowder,conＧ
tains７２􀆰５４％ Feand１３􀆰５６％ Cr,withtheironrecoveryof８０􀆰３４％andchromiumrecoveryof８０􀆰７０％．
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AsaresidueofchromateandmetallicchromiＧ
umproduction,chromiumslag(CS)isoneofthe４７
kindsofhazardouswastelistedinChina．About７t
CSisproducedwhen１tmetallicchromiumismanuＧ
factured,whileabout１􀆰７－４􀆰２tCSisdischarged
when１tsodiumdichromateismanufactured[１,２]．In
China,itisestimatedthatabout０􀆰８MtCSisgenerＧ
atedeveryyearandabout６MtCSarestacked[３,４]．
Heavymetalionsusuallyseepfromthelandfillsite
orpipelinesinto ground or underground water,
whichcausesenvironmentalproblems．InthemeanＧ
time,CSisasolid wastecontainingchromium,
iron,andothervaluablemetals,whichcausesthe
wasteofresources．

TherearemanymethodstotreatCS,suchas
stabilization,pyrometallurgical,hydrometallurgical
andbiometallurgicalprocess[５,６]．StabilizationisfaＧ
vorableabroadbutconsumesagreatdealofcement
and energy[７Ｇ９]．The hydrometallurgical methods
haveahighcostofreducingreagentswhichcould
leadtoasecondarypollution,andthebiological
methodshavealowefficiencybecauseoflongreacＧ
tiontime[１０,１１]．Thepyrometallurgicalprocess,such
asthetechnologyofreductionroastingandmagnetic
separation,isaneffectivewaytorecyclevaluablemetＧ
alsfrom secondary resources containing iron[１２,１３]．

Therefore,thetechnologyofreductionroastingand
magneticseparation wasdevelopedtotreatCSin
thispaper．

１　Experimental
１􀆰１　Materials

CSsampleswereprovidedbyaplantinHubei,
China．CSsamplesweregroundbeforetheexperiＧ
mentandtheirparticlesizeis８０％ passingthrough
０􀆰０７４mm．ThechemicalcompositionsofCSsamＧ
plesareshowninTable１．

Table１　ChemicalcompositionsofCSsamples
mass％

TotalFe TotalCr MgO SiO２ Al２O３ Na２O CaO MnO CuO

３１􀆰４９ ５􀆰８６ ２０􀆰８３ ８􀆰１３ ７􀆰２６ ６􀆰１３ ２􀆰６９ ０􀆰４５ ０􀆰２２

TheXＧraydiffraction (XRD)patternofCSis
giveninFig􀆰１．ChromiumandironinCSmainlyexＧ
istinthephasesofFeCr２O４,Fe２SiO４,MgFe２O４,
andFe３O４．

AnthracitewasusedasreductantandtheproxiＧ
mateanalysisresultsaregiveninTable２．TheparＧ
ticlesizeofanthraciteis７０􀆰８４％ passingthrough
０􀆰１２５mm．AnalyticalreagentgradeAl２O３andCaF２



Fig􀆰１　XRDpatternofchromiumslag

　　 　Table２　Proximateanalysisofanthracite mass％

Fixedcarbon Ash Volatile S H２O

８０􀆰３６ １０􀆰５４ ８􀆰５２ ０􀆰４１ ８􀆰１５

wereemployedastheadditives．

１􀆰２　Instrumentation
TheexperimentalequipmentisshowninFig􀆰２．

TheheatingelementofthetubefurnaceissiliconmoＧ
lybdenumrodwiththehighestheatingtemperatureof
１６７３K．Thequartztubeof７０mmindiameterand
１６００mminlengthwasusedasareactionvessel．

１—N２bottle;　２—Flowmeter;　３—Furnace;
４—Thermocouple;　５—Sample;　６—Graphitecrucible;

７—Quartztube;　８—Water．
Fig􀆰２　Experimentalequipment

１􀆰３　Methods
１􀆰３􀆰１　Methodsofanalysis

ThechemicalcompositionsofCSsamplesand
finalproductwereanalyzedbyXＧrayfluorescence
(XRF)spectrometerofThermoFisherScientific．
ThecrystallinephaseofCSsampleswasinvestigaＧ
tedbyXRDtechnique,usingNiＧfilteredCuKα,opＧ
eratedat４０kVand１００mAandscanningrateof
４ (°)/minfrom１０°to８０°．ThestructuresandeleＧ
mentdistributionoffinalproductwereanalyzedby
JSMＧ６４９０LVscanningelectronmicroscope(SEM)
withenergydispersivesystem (EDS)．
１􀆰３􀆰２　Reductionroastingandmagneticseparation

Themainprocessoftheexperimentispresented
inFig􀆰３．Foreverybatch,１００gCSand３０ganthraＧ
citewereusedandmixedwithsomeadditives．The

Fig􀆰３　Mainprocessoftheexperiment

mixturewaspressuredbyselfＧmademoldof２０mm
indiameterand２０mminheight;then,thebriＧ
quettesweredriedat３７８Kfor４hintheoven．

The graphite crucible containing dried briＧ
quetteswasputintothequartztubewhentemperaＧ
turereached１５７３K．N２ wasintroducedintothe
quartztubetoexpeltheairfor１minandthenthe
graphitecrucible wasputintheflatＧtemperature
zone,followedbyroastingfor６０min．N２wasintroＧ
ducedintoquartztubetocooldownwhenreduction
roastingwasfinished,andthereducedbriquettes
wereobtained．

Themagneticseparationwasperformedinthe
magnetictubeafterthereduced briquettes were
groundintheconeballmill．TheproductwasobＧ
tainedaftermagneticseparationatthegrindingfineＧ
nessof８０％ powderpassingthrough０􀆰０７４mm．
ThemodelofconeballmillisXMQ２４０×９０andthe
laboratory magneticequipmentis Davistube of
XCGSＧ７３．

Thegradeandrecoveryofironandchromium
ofproductwereconsideredastheevaluatingindeＧ
xes．TherecoveryofironandchromiumwascalcuＧ
latedbyEq．(１)．

　Rx ＝ m２×wx

[mcs/(mcs＋man＋mad)]×m１×wx,cs
(１)

where,Rxistherecoveryofx (x＝FeorCr);wx

isthemassfractionofxinproduct;m１isthemass
ofbriquettes;m２isthemassofproduct;mcs,man

andmadarethemassofCS,anthraciteandadditives
inmixture,respectively;andwx,csisthemassfracＧ
tionofxinCS．

１􀆰４　Experimentalmechanism
AccordingtotheXRDresultofCS,thedirect

reductionreactionsofthemineralscontainingiron
orchromiumintheCSmainlyincludethefollowing
equations:
　１/４Fe３O４＋C＝３/４Fe＋CO↑ (２)
　Fe２SiO４ ＋２C＝２Fe＋SiO２＋２CO↑ (３)
　FeO􀅰Cr２O３ ＋C＝Fe＋Cr２O３＋CO↑ (４)
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