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Abstract:Toefficientlyrecyclevaluablemetalssuchaschromiumandnickelinstainlesssteeldust,selfＧreductionexＧ
perimentswerecarriedouttostudythereductionmechanismofmetaloxidesincoalcompositestainlesssteeldust
hotbriquette,whichisdefinedasaCCSBhere．SelfＧreductionofCCSBisproceededbyvolatilematterandfixedcarＧ
boncontainedwithinCCSB．Experimentswereperformedtostudytheeffectsoftemperatureandcarbontooxygen
(C/OCoal)ratioonselfＧreductionofCCSB．At１４００and１４５０ ℃,volatilematterincoalusedforexperimentcould
taketheplaceofabout４０％offixedcarbonincoal．Underthepresentexperimentalconditions,reductionproductof
chromiumappearsasFeCr２O４,Cr２O３,Cr７C３,and[Cr]inturnduringreduction．ToevaluatetheformationofmetＧ
alnuggetsinselfＧreductionprocessofCCSB,metalnuggetscontainingchromiumandnickelwereobservedinoutside
ofreductionproductsundervariousconditions,andthermodynamicequilibriumcalculationwascarriedoutforpossiＧ
bleproductsandformationofmoltenmetalbyfixedcarbon．SEMandEDSanalysesweremadeformetalnuggetand
slaginreducedproduct．Theresultsrevealthatitisreasonabletoachievethemetalnuggetsat１４５０℃,０􀆰８ofC/
OCoalratioand２０minofreductiontime．Thenuggetformationcanindicateoneinnovativeprocessforcomprehensive
utilizationofstainlesssteeldust．
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　　Stainlesssteeldustisgeneratedinstainlesssteel
productionusingelectricfurnaceandAOD/VODfurＧ
nace,whichcontainsalargeamountofvaluablemetals
suchasiron,chromiumandnickel．Generally,about
１３－３８kgofstainlesssteeldustisgeneratedwhen
producing１tstainlesssteel[１,２]．Inrecentyears,stainＧ
lesssteelproductionhasbeensharplyincreasingin
theworld,andstainlesssteelproduction wasinＧ
creasedto３􀆰９ Mtin２０１４．Accordingly,stainless
steeldustisgenerated moreand more．Moreover,
stainlesssteeldustisclassifiedasahazardousindusＧ
trialwastebecauseoflargeamountsofchromium．
Therefore,itisofgreatsignificancetorecyclevaluＧ
ablemetalsinstainlesssteeldust．
　　Uptonow,severalprocesseshavebeendevelＧ
opedforrecyclingchromiumandnickelinstainless
steeldust,forexample,INMETCO,Fastmet/FastＧ
melt,OXYCUP,etc．INMETCOprocessproducesa

hotironalloycontainingchromium andnickelby
meltingseparationinanarcfurnaceafterdirectreＧ
ductioninarotaryhearthfurnace,whichconsistsof
preparationofraw materials,pretreatment,mixＧ
ing,pelletizing,directreduction,smeltingandfinal
reduction[３,４]．Fastmet/Fastmelt process is very
similartoINMETCO,whichhastheadvantagesof
shorterprocessflowandsmallerlayoutarea,but
chromiumrecoveryrateislow[５]．OXYCUPprocess
produceshotmetalcontainingchromiumusingcoke
inanOXYCUPshaftfurnace,withdisadvantagesof
largeamountofslagandhighSicontentinhotmetＧ
al[６]．Theaforementionedprocesseshavebeenused
torecyclechromiumandnickelwithcarboncomＧ
positestainlesssteeldustagglomeratescontaining
binder．
　　Recently,moreattentionhasbeenpaidtothe
carboncompositeagglomeratesinironmakingindusＧ



trybecauseofitsshorterreductiontime．AsareＧ
sult,studies wereextensively carried outabout
mechanismandkineticsofcarbothermicreductionof
ironoxideinthecarboncompositeironoxideagＧ
glomerates[７Ｇ９]．Directreductionofcarboncomposite
Sukindachromiteoreagglomerateswasstudiedat
hightemperaturetorecoverFe,CrandNibyKaＧ
pureetal􀆰[１０]．AnovelprocesswasproposedtoproＧ
duceferronickelalloynuggetatarelativelylowtemＧ
peraturefromcarboncompositenickellateriteagＧ
glomeratesbysemiＧmoltenreductioninthereactor
likeRHF[１１]．Besides,asanewtypeofironmaking
raw materials,carboncompositeironorebriquette
(CCB)ismadethroughhotbriquetting,andthereＧ
ductionofCCBtakesplaceonlybyheating;theCCB
hasanexcellentreductionperformance．CCBdoes
notneedanybindersuchascementorbentonitebeＧ
causeitisformedattemperatureswherethermal
plasticityofcoalappears,withthehelpofhotbriＧ
quetting．ItdoesnottakelongtimetocureagglomＧ
erates,especiallyhasahighheatconductivityand
highreducibilityduetoanintimatecontactbetween
oreandfixedcarbon,selfＧreductionactionofvolatile

matteranditslowerporosity[１２Ｇ１５]．However,noreＧ
porthasbeenmadeyetonmanufactureofcoalcomＧ
positestainlesssteeldustbriquettes(CCSB)andits
reductionmechanism．
　　Inthepresentstudy,CCSBaremanufactured
throughhotbriquetting;theeffectofvolatilematter
wasevaluatedinselfＧreductionprocess．InselfＧreducＧ
tionprocessofCCSB,reductionmechanismofchroＧ
miumoxidewasexperimentallyandtheoreticallyinＧ
terpreted．The reduction conditionsfavorableto
formliquidphase(metalnugget)weredetermined,
andthermodynamicequilibrium calculationresults
andexperimentalresultswerediscussed．

１　Experimental
１􀆰１　Rawmaterials
　　Chemicalcompositionsofstainlesssteeldust
usedinthepresentstudyaregiveninTable１．Fe,
CrandNicontentsofstainlesssteeldustwere３３􀆰１８％,
１１􀆰８１％and２􀆰１０％,respectively．
　　XＧraydiffractionpatternofthestainlesssteel
dustisshowninFig􀆰１．Feinthestainlesssteel
dustexistsintheformofFe２O３,Fe３O４,FeCr２O４and

　　　　　　　　Table１　Chemicalcompositionsofstainlesssteeldust　　　　　　　　　mass％

TFe FeO Ni Cr Zn SiO２ CaO Al２O３ MgO LOI

３３􀆰１８ １８􀆰６７ ２􀆰１０ １１􀆰８１ ０􀆰２８ ４􀆰１５ １５􀆰０１ １􀆰１３ １􀆰０１ ６􀆰４２

Fig􀆰１　XＧraydiffractionpatternofthestainlesssteeldust

NiFe２O４,mostofwhichisFe３O４andFeCr２O４．Cr
existsintheformofFeCr２O４,andNiexistsinthe
formofNiFe２O４andNiO,mostofwhichisNiO．A
largeamountofCaOisincludedingangue,someof
whichexistsascalciumcarbonate．
　　Proximateanalysisofcoalandchemicalanalysis
ofasharegiveninTable２．Thecoal,especiallyhigh
involatilematters(３４􀆰８６％),isfavorableforselfＧ
reductionofCCSB．

Table２　Proximateanalysisofcoalandchemical
analysisofash　　　　　mass％

Proximateanalysisofcoal Chemicalanalysisofash

FC Vdaf Aad CaO SiO２ Al２O３ MgO

５７􀆰８７ ３４􀆰８６ ７􀆰２４ ５􀆰１９ ７０􀆰０９ ２２􀆰７９ １􀆰０１

　　Stainlesssteeldustandcoalpowders,havingan
averageparticlesizeofabout７４μm,wereused．The
powderswere weighedaccuratelyandthen mixed
thoroughly．CCSB were manufacturedthroughhot
briquettingunderapressureof３５ MPaat２００ ℃．In
thiscase,CCSBpossessedenoughstrengthforrotaＧ
ryhearthfurnace,andtheaveragecompressivestrength
was９００N/pellet．

１􀆰２　Experimentalapparatus
　　Fig􀆰２showstheschematicillustrationofthe
experimentalapparatus．The maximum operating
temperatureof１８６３KcouldbeachievedwithMoSi２

heatingelements．
　　Temperaturewasadjustedbytwothermocouples
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