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Abstract:ThesmeltingＧseparationprocessformetallizedpelletsofvanadiumＧbearingtitanomagnetiteconcentrates
wasstudied．Theinfluencesofsmeltingtemperature,smeltingtime,andthebasicityofthemetallizedpelletonvanaＧ
diumandironrecoverywereinvestigated．ThecharacteristicsoftitaniumslagwereanalyzedusingXＧraydiffraction,
energydispersivespectroscopy,andmineralographicmicroscopicanalysis．Theresultsdemonstratethatappropriate
increasesinsmeltingtemperatureandsmeltingtimecanimprovethevanadiumandironrecoveryfrommetallizedpelＧ
letsandarebeneficialfortheslagＧironseparation．AlthoughincreasingthebasicityofthemetallizedpelletcanconsidＧ
erablyimprovethevanadiumandironrecovery,theTiO２gradeoftitaniumslagwasdecreased．Undertheoptimal
conditions,９０􀆰１７％ofvanadiumand９２􀆰９８％ofironinthemetallizedpelletwererecovered,andtheTiO２gradeof
titaniumslagwas５５􀆰０１％．Itwasfoundthatanosovite,augite,spinel,glassiness,andmetallicironwerethemain
mineralphasesofthetitaniumslag．
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　　VanadiumＧbearingtitanomagnetiteoreisacomＧ
plexironorecontainingbothvanadiumandtitanium
andis widely distributedin vast worldwidereＧ
serves[１,２]．Atpresent,morethan２×１０８tonsofvaＧ
nadiumＧbearingtitanomagnetiteoreispresentinthe
PanzhihuaＧXichang(Panxi)area,China,accounting
formorethan９０％ oftitaniumreservesinChinaand
morethan３５％ oftheworldwidetitaniumreserves[３]．
ThevanadiumＧbearingtitanomagnetiteandilmenite
concentratesarethetwoprimaryproductsobtained
afterthebeneficiationprocessoftheore．Inthepast
decades,vanadiumＧbearingtitanomagnetiteconcenＧ
trateshavebeenusedasthemainraw materialsfor
blastfurnace (BF)processinthePanxiarea[４,５]．
Whilemostoftheironandafractionofvanadium
canbereducedintohotmetalusingtheBFprocess,
almostallofthetitaniumremainsintheslagand
formsahighＧtitaniumslagwiththeTiO２contentvaＧ
ryingfrom２２to２５mass％．Currently,thereisno
effectivelowＧcost methodforextracting Tifrom

suchslag[６,７]．Therefore,duringthepastdecades,
considerableattentionhasbeenfocusedondeveloＧ
pinganalternativerouteforextractingallthese
threeusefulelementsfromvanadiumＧbearingtitanoＧ
magnetiteconcentrates[８Ｇ１０]．Boththerotaryhearth
furnaceＧelectricarcfurnaceprocess,involvingthe
directreductionofvanadiumＧbearingtitanomagneＧ
titeconcentratepelletsusingcoal,andthesmeltingＧ
separationprocessofthereducedspecimen (called
themetallizedpellet)inanelectricarcfurnacehave
beenextensivelystudied[１１Ｇ１４]．Currently,researchＧ
ershaveprimarilyfocusedonthedirectreductionof
vanadiumＧbearingtitanomagnetiteconcentratepelＧ
letsusingcoal[１５Ｇ２１]andlessattentionhasbeenpayed
tothesmeltingＧseparationprocessofmetallizedpelＧ
lets．Inthisstudy,thesmeltingＧseparationprocess
formetallizedpelletsoftitanomagnetiteconcentrates
wasinvestigated．Theinfluencesoffactorssuchas
smeltingtemperature,smeltingtime,andbasicity
ofthemetallizedpelletontherecoveryratesofvaＧ



nadiumandironwerediscussed,andthephasecomＧ
position and mineralogicalstructure oftitanium
slagswereanalyzed．

１　Experimental
１􀆰１　Materials
　　ThevanadiumＧbearingtitanomagnetiteconcenＧ
tratesusedinthisstudywereobtainedfromPanzhiＧ
hua,sichuanprovinceinChina．Themetallizedpellets
werepreparedusingcarbothermalreductionwithvaＧ
nadiumＧbearingtitanomagnetiteconcentratesasthe
raw materialsandcoalasthereducingagent．The
reductiontemperaturewas１２５０ ℃ andthereducＧ

tiontimewas３０min．Thechemicalcompositionof
themetallizedpelletislistedinTable１．PhasecharＧ
acteristicsofthesamplewereinvestigatedusingXＧ
raydiffraction(XRD)withtheobtainedresultsshown
inFig􀆰１,indicatingthatthemaincrystallinephases
wereFeandFe０􀆰５Mg０􀆰５Ti２O５．Thebinarybasicity
(wCaO/wSiO２)ofthemetallizedpelletcouldbeadjusＧ
tedbyaddingCaO．AccordingtothepreviousexperＧ
imentalresultsobtainedbyDingetal􀆰[２２],theaddiＧ
tionofCaOhadonlyaweakeffectonthecarbotherＧ
malreductionundertheseexperimentalconditions．
Forthisreason,theeffectofCaOadditiononthe
metallizedpelletwasnotinvestigatedinthisstudy．

　　　　　　Table１　Chemicalcompositionofthemetallizedpellets　　　　　　mass％

TiO２ TFe MFe FeO CaO MgO SiO２ Al２O３ V２O５ C S

１７􀆰２６ ５９􀆰４６ ５２􀆰６７ ８􀆰７３ ０􀆰８２ ３􀆰０８ ６􀆰０８ ４􀆰１３ １􀆰００ ３􀆰５９ ０􀆰１４

Fig􀆰１　XRDpatternofthemetallizedpellets

１􀆰２　Experimentalprocedure
　　Themetallizedpelletswereplacedinagraphite
cruciblewith１００mmintopaperturediameter,６０mm
inbottomdiameter,８０mminheight,and１０mmin
wallthicknesstoprovideareducingatmosphere．The
smeltingＧseparationexperiments wereperformedina
highＧtemperatureboxresistancefurnaceusingthe
followingprocessingparameters:thesmeltingtemＧ
peratureswere１５００,１５２５,１５５０,and１５７５℃;the
smeltingtimewas１５,３０,４５,and６０min;andthe
basicityofthemetallizedpelletswasapproximately
０􀆰１,０􀆰３,０􀆰６,０􀆰９,and１􀆰２．Thediameterofthe
metallizedpelletwasapproximately２５mmandthe
totalmassofeachspecimenwasapproximately２００g．
ThecruciblewastheninsertedquicklyintothecomＧ
bustion chamber when the furnace temperature
reachedthesetsmeltingtemperature．Smeltingtime
wascalculated whenthefurnacetemperaturereＧ

turnedback．AftersmeltingＧseparation,thecruciＧ
bles wereextractedfrom thefurnaceandquickly
cooledinair,andthenthemetalandslagwereanaＧ
lyzed．The phase composition and mineralogical
structureofthetitaniumslagwereanalyzedusing
XRDandamineralographicmicroscope,respectiveＧ
ly．ThevanadiumandironcontentsoftheironnugＧ
getsaswellastheTiO２ contentoftitanium slag
weredeterminedviachemicalanalysis．Theformula
forcalculatingthevanadiumandironrecoveryrates
isasfollows:

　　　　Re＝
Me

Oe
×１００％ (１)

where,Rerepresentstherecoveryrate;andMeand
Oearethemassoftheelementinthemetalandin
themetallizedpellet,respectively．

２　ResultsandDiscussion

２􀆰１　Effectofsmeltingtemperature
　　TheeffectofsmeltingtemperatureonthesmeltingＧ
separationprocessofthemetallizedpelletwasstudＧ
iedinthetemperaturerangeof１５００－１５７５ ℃ and
constantsmeltingtimeof３０min,andthebasicityof
the metallizedpellet wasapproximately０􀆰１．The
phasecompositionsofthetitaniumslagsamplesafＧ
tersmeltingＧseparationatvarioustemperaturesare
showninFig􀆰２．From Fig􀆰２,itcanbefoundthat
(Mg０􀆰６Ti２􀆰４)O５(anosovite)andFearethemainphaＧ
sesofthetitaniumslag,withnoobviouschangesin
phasecompositionswhenincreasingthesmeltingtemＧ
perature．Thisindicatesthattheanosovitesolidsolution,
whichistheprimaryusefulmineralinthetitaniumslag,
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